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ABSTRACT
Depression is the most common debilitating psychiatric disease, the pathological mechanisms
of which are associated with multiple aspects of neural function. While recent evidence has
consistently suggested that a suboptimal vitamin D status is frequently observed in patients
with depression, the results concerning whether vitamin D insufficiency is a causal factor of
depression or is secondary to depressive behavior are conflicting; additionally, the lack of
consistency of the method of vitamin D determination between labs has further worsened this
confusion. Herein, we reviewed the neuroactivity of vitamin D that may be associated with
depression and the current studies and clinical investigations to provide a full overview on the
use of vitamin D in the treatment and prevention of depression.
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Depression is a public health concern with no current effective treatment, and approximately
1 out of 10 people are currently suffering from depression worldwide. Depression is also
called major depressive disorder or clinical depression, and it is a common debilitating
psychiatric illness that is marked by sadness, worthlessness, hopelessness, a loss of interest,
and sometimes, feeling as if life is not worth living.1,2 Depression is more than just about of
the blues, depression is not a weakness and you cannot simply “snap out” of it. Depression
may require long-term treatment. However, do not get discouraged. Most people with
depression feel better with medication, psychological counseling or both. Unfortunately, it is
not known what exactly causes depression, and as with many mental disorders, a variety of
factors may be involved, such as biological differences, brain chemistry, hormones and
inherited traits. Because of these uncertainties, researchers are trying to find the underlying
mechanism involved in depression.
Recently, researchers found that there is a slight link between vitamin D and depression;
however, the link is not completely understood.3 Additionally, this link does not prove
whether a low level of vitamin D causes depression or if depression causes a low level of
vitamin D. The only certainty is that the risk of depression may be further exacerbated by low
serum levels of vitamin D.
Vitamin D is a fat-soluble vitamin, which is also known as the “sunshine” vitamin. Vitamin
D3 (cholecalciferol) and D2 (ergocalciferol) are the main precursors of the active vitamin D
hormones. Vitamin D3 can either be obtained from the diet, or it can be synthesized from 7-
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dehydrocholesterol upon sun exposure of the skin. Both vitamin D3 and D2 can enter the
blood circulation and can bind to the vitamin D binding protein (VDBP). Initially, vitamin D
is transported to the liver, where it is hydroxylated at C-25 by the cytochrome P450 enzyme
(CYP2R). In the kidneys, a second hydroxylation at the C1-position by cytochrome P450
[5(OH)D-1α-hydroxylase; CYP27B1] occurs. Then, the best nutritional status indicator of
vitamin D, 25-hydroxyvitamin D (25(OH)D2 or 25(OH)D3), is produced. Next, 25(OH)D3 is
metabolized to 1, 25-dihydroxyvitamin D (1, 25(OH)2D3), which is the most active form of
vitamin D, and it is then transported to the target tissues.4,5 The whole vitamin D metabolic
process is shown in Figure 1.
An accumulating number of studies have indicated that vitamin D also acts as a neuroactive
steroid,6,7 which plays a key role in the expression of neurotransmitters, the regulation of
neurotrophic factors, neuroimmunomodulation, the production of antioxidants and
neurotropic factors , making it biologically plausible that vitamin D might be associated with
depression. Currently, the results concerning whether vitamin D insufficiency is a causal
factor of depression or secondary to depressive behavior are conflicting, and the lack of
consistency in the vitamin D determination methods between labs has further worsened this
confusion. Herein, we reviewed the neuroactivities of vitamin D that may be associated with
depression as well as the current studies and clinical investigations to provide a full overview
of the use of vitamin D in the treatment and prevention of depression.

Depression: Underlying mechanisms involving Vitamin
Although the underlying pathophysiology of vitamin D in depression is still not fully
understood, the main mechanisms of depression that are associated with vitamin D are as
follows.
Vitamin D and neurotrophic hypothesis
Vitamin D receptors (VDRs) were initially found in the central nervous system (CNS) by
immunohistochemical studies, providing the first real clue that vitamin D might have a role in
brain function. The VDR and vitamin D activating enzyme 1-alpha-hydroxylase are widely
distributed in multiple brain regions and in many different types of cells, particularly in the
neurons in the amygdala and the glial cells in the hypothalamus,8,9 thus adding further support
for the hypothesis that vitamin D signaling might be involved in the pathophysiology of
neuropsychiatric disease. VDR is widely distributed throughout the brain, particularly in the
neuroepithelium and proliferating zones, whereas expression is not confined to these regions.
Previous studies have indicated that 1,25(OH)2D3 could cross the blood-brain barrier to bind
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to VDR in specific brain regions, including the hippocampus, which raises the possibility that
vitamin D is either directly or indirectly involved in brain and cognitive function.10
Meanwhile, hippocampal structure could control memory, the emotional function of other
brain regions, and the atrophy of the hippocampus and other limbic structures. In addition,
hippocampal structure abnormalities have also been validated to take place in humans when
they are suffering from chronic depression. The hippocampus plays a key role in the
mechanisms of depression, and therefore, the discovery of VDR within the hippocampus has
prompted many researchers to study the effects of vitamin D on hippocampal structure or
function in rodents.11 Numerous studies have also been conducted with the in vitro culturing
of hippocampal cells, and even on the brains of adult rodents in vivo, and the results have
shown that vitamin D deficiency could change the structure or function during hippocampal
development.
Increasing evidence has revealed that vitamin D is a potent modulator of the expression of
neurotrophic agents, such as nerve growth factor (NGF), brain-derived neurotrophin factor
(BDNF) and neurotrophin (NT)-3. Neurotrophic factors are essential for the survival, growth
and migration of neurons, which exert their biological function by combining with their
cognate tropomyosin-related kinase (Trk) receptors, including NGF/TrkA, BDNF/TrkB, NT3/ TrkC and the common neurotrophin receptor p75 (p75NTR).12 An extensive body of
research has demonstrated that 1,25(OH)2D could increase the expression of BDNF, NGF and
NT-3, whereas NT-4 is downregulated in astrocytes in the brain,13,14 thus providing further
evidence that vitamin D could modulate neuronal survival and differentiation during
development. BDNF plays an important role in the long-term survival, differentiation, and
function of newborn neurons in the adult hippocampus. Therefore, restoring the levels of
BDNF might be beneficial for the treatment of depression. Neurogenesis is also important for
depression, suggesting that the discovery of TrkB ligands might open new avenues for the
treatment of this disorder. NT-3 and NT-4 are vital to the survival of developing neurons,
including the proliferation and differentiation of neural progenitor cells, thereby directly or
indirectly influencing depression. Therefore, vitamin D could modulate neurotrophic agents,
the abnormal function of which is believed to be associated with various psychiatric diseases.

Vitamin D and monoamine neurotransmission hypothesis
The classic monoamine neurotransmission hypothesis suggests that monoamine deficiency
may be a cause of depression; more precisely, depression is related to serotonin (5-HT),
dopamine (DA) and norepinephrine (NE). The common clinical antidepressant drugs, such as

5

tricyclic drugs, function by inhibiting the 5-HT and NE transporters. 5-HT, a monoamine
neurotransmitter, is synthesized from the amino acid tryptophan, and the hypotheses
regarding the role that 5-HT plays in the pathophysiology of depression were formed as early
as the 1960s. Some evidence has verified that 5-HT plays an important role in the brain
functions that are involved with the regulation of mood.15 However, a lack of vitamin D could
affect the synthesis of 5-HT, leading to the abnormal development of the brain and
serotonergic neurons. Additionally, 5-HT also acts on the hippocampus, where the generation
of new neurons and synaptic plasticity has been implicated as possible factors in the
development and treatment of depression. The VDR is expressed in dopaminergic neurons in
the human and rat hippocampus, substantia nigra and prefrontal cortex, which are involved in
depression.16 VDR expression in the substantia nigra could delay DA cell differentiation and
could cause DA-mediated behavioral deficits upon vitamin D deficiency,17 and it further
indicates that vitamin D deficiency could affect the development of dopaminergic neurons
and has serious implications for the development of depression. Therefore, vitamin D might
be involved in depression by directly or indirectly influencing the levels of 5-HT, DA and NE.

Vitamin D and neuroimmunomodulation
With a renewed interest in vitamin D, new pharmacological effects of vitamin D in
autoimmune diseases and inflammation have been discovered. Accumulating evidence has
suggested that 1, 25(OH)2D3, a key transcriptional regulator of components of the immune
system, can inhibit the abnormal activation of the immune system, thereby having a
neuroprotective effect.18 Our previous basic research and that of others have shown that
vitamin D insufficiency could elevate inflammatory markers in chronic mild stress (CMS)induced depressive rats, specifically interleukin (IL)-1βand IL-6.19 Thus, vitamin D
insufficiency might contribute to inflammation. However, the underlying mechanisms are not
clearly understood and are topics of ongoing investigation. Vitamin D supplementation could
reduce elevated [Ca2+]i via the CRAC and P2X7 channels and could decrease the expression
of the cell surface P2X7 receptors in early chronic kidney disease (CKD).20 As we and others
previous researchers have shown,21 vitamin D insufficiency exacerbated the depressive
symptoms caused by P2X7R/NLRP3 activation; therefore, we think vitamin D may play a
neuroimmunological role by regulating the activity and expression of P2X7R, thus preventing
the excessive activation of the immune system that is caused by long-term stress, protecting
nerve cells and producing antidepressant effects. Therefore, more research related to this
important potential mechanism is highly warranted.
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Serum vitamin D concentrations and depression
Increasing attention has been paid to the levels of serum vitamin D; in the mid- to late-1980s,
total serum 25(OH)D concentrations were usually used to characterize the vitamin D levels,
as circulating 25(OH)D was deemed the best nutritional status indicator for vitamin D.
Accumulating studies have shown that the levels of 25(OH)D are related to many diseases,
such as cardiovascular disease, cancer, diabetes, obesity, and asthma.22 It should be noted that
vitamin D could regulate the expression of neurotrophic factors and interleukins. Thus, the
role of vitamin D in the prevention and treatment of depression has gained more attention.
Several studies still have not achieved a general consensus regarding whether lower levels of
serum 25(OH)D are significantly associated with depression.23,24 In contrast, recent studies
have failed to demonstrate a correlation between serum 25(OH)D levels and depression in
female subjects25 or in older subjects.26 The small numbers of subjects, and sociodemographic
factors, including sex differences, genetics, body-mass index, residence, family affluence,
parental education levels, subjective academic achievement, diet, drinking and smoking, have
not been comprehensively considered, resulting in discrepancies arising when validating the
previously observed correlations. There is no doubt that lowered serum vitamin D levels
present a nonsignificant but increased risk of depression (OR 1.31, 95% CI 1.00-1.71).27 Thus,
the most important thing that we can do currently is to summarize the best available evidence
to date to clarify the mechanism of vitamin D in the prevention and treatment of depression.

Vitamin D determination
Currently, for the diagnosis of vitamin D deficiency, a doctor or health professional will ask
about your diet and the time spent in the sun. After this, the doctor will order a 25(OH)D
blood test to check the level of vitamin D in your body. A number of hospitals and
laboratories already include vitamin D testing as a part of clinical routine testing, and vitamin
D levels are also a testing item for therapeutic drug monitoring (TDM). There are a variety of
assays used to measure 25(OH)D, such as immunoassays (e.g., radio-labeled, enzyme, or
chemiluminescent),28 electrochemistry assays and chromatographic assays that use different
detectors, e.g., ultraviolet (HPLC-UV) or tandem mass spectrometry (LC-MS/MS).29,30 The
immunoassays, such as the Siemens ADVIA Centaur Vitamin D total assay and Roche
Elecsys Vitamin D total assay, cannot distinguish 25(OH)D from its analogue or its
metabolites, indicating that these assays lack specificity. Chromatographic assays, such as
LC-MS/MS, are considered to be the gold standard with the advantage of having high
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sensitivity and specificity and the ability to simultaneously measure 25(OH)D2 and 25(OH)D3.
The concentration measurements are accurate, but LC-MS/MS is a very complicated assay,
and thus, it is not suitable for routine clinical use by hospitals or laboratories for serum
samples. Therefore, the inconsistency among the various conclusions regarding whether
vitamin D deficiency is a cause of depression may be due to the inconsistencies in the
quantitative methods, which make it hard to make sense of the data.
The inadequate accuracy or the cumber some techniques of the methods used to measure
25(OH)D not only hamper the ability to interpret data in patient care and public health
research but also the diagnosis and treatment of hypovitaminosis D. To solve the problem of
inter laboratory and inter assay discrepancies, vitamin D standardization efforts are ongoing,
and the Vitamin D Standardization Program (VDSP) was established in 2011.31,32 Due to
these efforts, the National Institute of Standards and Technology (NIST), in collaboration
with the US Office of Dietary Supplements (ODS), has developed Standard Reference
Materials (SRM 2972 and 972), and these materials have been certified by the Reference
Materials Procedures (RMPs) for 25(OH)D testing in human serum.33 Based on a method
evaluation study on the new follow-up version of a chemiluminescence immunoassay (CLIA)
and a new enzyme-linked immunosorbent assay (ELISA), both methods are aligned with the
NIST SRM 2972, and the LC-MS/MS method is aligned with the new NIST SRM 972a.34
Both the 25(OH)D2 and 25(OH)D3 concentrations are measured, with the sum gives the total
serum 25(OH)D concentration. Even if the new NIST SRM 972a Standard is a relatively
accurate measurement and assessment method, various discrepancies (e.g., region, ethnicity
and diet) can make it difficult to determine whether the vitamin D level is normal. Despite the
many shortcomings in the determination methods that remain, their use can still provide an
idea of the 25(OH)D level, which is beneficial for the prevention and treatment of depression
in some individuals.

Vitamin D supplementation for depression treatment
There is no absolute agreement as to whether there is inter human and inter region diversity in
the ranges of the serum 25(OH)D concentration. Recent reviews have reported that children,
young, middle-aged, and older adults worldwide, especially depressed individuals, are all at
risk for having vitamin D deficiency.35 Based on all of the information that has been collected,
most experts now agree that a 25(OH)D level of <20 ng/mL indicates vitamin D deficiency
and vitamin D insufficiency is now recognized as a 25(OH)D level of 21-29 ng/mL. Many
experts now say that the ideal levels for 25(OH)D are >30 ng/mL. With aging, the skin’s
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ability to synthesize vitamin D significantly decreases. A study indicated that the capacity of
the skin to synthesize vitamin D at 70 years of age is reduced by more than 50% compared to
at 20 years of age. However, aging does not affect the intestinal absorption of vitamin D,36,37
and another study revealed that approximately two-thirds of the population in northern
climates are considered deficient for vitamin D, with average serum 25(OH)D levels of 30
ng/mL;38 thus, vitamin D supplementation is urgently required to reduce the risk of vitaminrelated disease, to improve the quality of life and to prolong the lifetime of humans.
Vitamin D supplementation in combination with fluoxetine is more effective than
fluoxetine alone in reducing depressive symptoms of patients with depression in the general
population; therefore, the efficacy of vitamin D supplementation in depression has raised
much interest. In three small pilot studies, vitamin D supplementation had a positive effect on
the well-being, and the symptoms of depression were improved when high doses of vitamin D
(≥100 µg D3 daily) were given for 1 to 3 months.39 A study with a large sample size (n=441)
demonstrated a similar significant improvement in the Beck Depression Inventory (BDI)
scores in the treatment groups receiving 70 μg and 140 μg vitamin D supplementation
compared to those of the placebo group during a 1-year period.40 In addition, several studies
have also shown that vitamin D supplementation is more effective and relevant in high-risk
participants who have low serum 25(OH)D and have apparent depressive symptoms or
reduced physical functioning.41-43 In conclusion, the treatment of depression with vitamin D
supplementation could have a profound influence, as vitamin D is not only an effective
antidepressant but is also a cost-effective treatment for depression. However, while people
with very low levels of vitamin D could benefit from vitamin D supplementation, people with
a sufficient amount of vitamin D in the blood would not benefit from vitamin D
supplementation and would not experience a decrease in depression. A serum 25(OH)D level
>150 ng/mL is associated with hypercalcemia, hypercalciuria and hyperphosphatemia, which
is called vitamin D intoxication. Therefore, the relationship between vitamin D
supplementation and depression is complicated for the following reasons. First, different
doses of vitamin D have been used for supplementation for different lengths of time in
different studies. Second, different parameters are used to define vitamin D sufficiency and
the efficacy of treatment. Third, different tools are used to evaluate mental health and
depression. Finally, previous studies have administered vitamin D at different frequencies.
Furthermore, serum 25(OH)D concentrations should be determined first, and then, according
to the serum 25(OH)D concentrations, depressed patients might be treated with vitamin D
supplementation in combination with other therapeutic schedules. To verify whether vitamin
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D supplementation improves depressive symptoms, large, randomized and controlled clinical
trials are highly warranted.

Conclusion
In our paper, we reviewed the current underlying mechanisms of depression that are involving
vitamin D, as well as vitamin D determination, supplementation and application. Although the
data regarding the relationship between vitamin D and depression are conflicting, lower
serum 25(OH)D levels are associated with an increased risk for depression, and depressive
symptoms could be eased in people with very low levels of vitamin D through vitamin D
supplementation. Additionally, in some cases, monitoring serum 25(OH)D concentrations can
help us to learn about health status and can provide new insights into depression. Furthermore,
we have structured our thoughts into the review and believe that the effective and safe
protocols for dealing with depression will be developed. We hope that every depressed patient
will receive personalized treatment.

CONFLICT OF INTEREST AND FUNDING DISCLOSURE
All authors declare no conflict of interest, financial or otherwise.
The study was supported by the Taishan Scholar Program of Shandong Province
(tsqn201812159) and The Foundation of Clinical Pharmacy of the Chinese Medical
Association (LCYX-M008).

REFERENCES
1. Whiteford HA, Degenhardt L, Rehm J, Baxter AJ, Ferrari AJ, Erskine HE et al. Global burden of
disease attributable to mental and substance use disorders: findings from the Global Burden of Disease
Study 2010. Lancet. 2013;382:1575-86. doi: 10.1016/S0140-6736(13)61611-6.
2. Sánchez-Vidaña DI, Ngai SP, He W, Chow JK, Lau BW, Tsang HW. The effectiveness of
aromatherapy for depressive symptoms: a systematic review. Evid Based Complement Alternat Med.
2017;2017:5869315. doi: 10.1155/2017/5869315.
3. Milaneschi Y, Hoogendijk W, Lips P, Heijboer AC, Schoevers R, Hemert AMV, Beekman ATF, Smit
JH, Penninx BWJH. The association between low vitamin D and depressive disorders. Mol Psychiatry.
2014;19:444-51. doi: 10.1038/mp.2013.36.
4. Jiang P, Zhang WY, Li HD, Cai HL, Liu YP, Chen LY. Stress and vitamin D: altered vitamin D
metabolism in both the hippocampus and myocardium of chronic unpredictable mild stress exposed
rats. Psychoneuroendocrinology. 2013;38:2091-8. doi: 10.1016/j.psyneuen.2013.03.017.

10

5. Orton SM, Ramagopalan SV, Para AE, Lincoln MR, Handunnetthi L, Chao MJ et al. Vitamin D
metabolic pathway genes and risk of multiple sclerosis in Canadians. J Neurol Sci. 2011;305:116-20.
doi: 10.1016/j.jns.2011.02.032.
6. Keisala T, Minasyan A, Järvelin U, Wang J, Hämäläinen T, Kalueff AV, Tuohimaa P. Aberrant nest
building and prolactin secretion in vitamin D receptor mutant mice. J Steroid Biochem Mol Biol.
2007;104:269-73. doi: 10.1016/j.jsbmb.2007.03.031.
7. Kiraly SJ, Kiraly MA, Hawe RD, Makhani N. Vitamin D as a neuroactive substance: review.
Scientificworldjournal. 2006;6:125-39. doi: 10.1100/tsw.2006.25.
8. Hendrix I, Anderson P, May B, Morris H. Regulation of gene expression by the CYP27B1 promoter—
study of a transgenic mouse model. J Steroid Biochem Mol Biol. 2004;89:139-42. doi:
10.1016/j.jsbmb.2004.03.093.
9. Lardner AL. Vitamin D and hippocampal development-the story so far. Front Mol Neurosci. 2015;8:58.
doi: 10.3389/fnmol.2015.00058.
10. Marques AA, Fonseca AMPD, Nardi AE, Thuret S, Dias GP. Gender differences in the neurobiology
of anxiety: focus on adult hippocampal neurogenesis. Neural Plast. 2016;2016:5026713. doi:
10.1155/2016/5026713.
11. Holick MF. Vitamin D status: measurement, interpretation, and clinical application. Ann Epidemiol.
2009;19:73-8. doi: 10.1016/j.annepidem.2007.12.001.
12. Zhang JC, Yao W, Hashimoto K. Brain-derived neurotrophic factor (BDNF)-TrkB signaling in
inflammation-related depression and potential therapeutic targets. Curr Neuropharmacol. 2016;14:72131. doi: 10.2174/1570159X14666160119094646.
13. Wysokinski A, Kloszewska I. P03-361 - Serum levels of brain-derived neurotrophic factor (BDNF)
and neurotrophin-3 (NT-3) and cognitive performance in subjects with schizophrenia. Eur Psychiatry.
2011;26:1531. doi: 10.1016/S0924-9338(11)73235-7.
14. Bilgiç A, Toker A, Işık Ü, Kılınç İ. Serum brain-derived neurotrophic factor, glial-derived neurotrophic
factor, nerve growth factor, and neurotrophin-3 levels in children with attention-deficit/hyperactivity
disorder. Eur Child Adolesc Psychiatry. 2017;26:355-63. doi: 10.1007/s00787-016-0898-2.
15. Sang WJ, Kim YK. Molecular neurobiology and promising new treatment in depression. Int J Mol Sci.
2016;17:381. doi: 10.3390/ijms17030381.
16. Jaumotte JD, Wyrostek SL, Zigmond MJ. Protection of cultured dopamine neurons from MPP(+)
requires a

combination of

neurotrophic

factors. Eur

J Neurosci. 2016;44:1691-9. doi:

10.1111/ejn.13252.
17. El Mansari M, Guiard BP, Chernoloz O, Ghanbari R, Katz N, Blier P. Relevance of norepinephrinedopamine interactions in the treatment of major depressive disorder. CNS Neurosci Ther. 2010;16:e1e17. doi: 10.1111/j.1755-5949.2010.00146.x.
18. Wei R, Christakos S. Mechanisms underlying the regulation of innate and adaptive immunity by
vitamin D. Nutrients. 2015;7:8251-60. doi: 10.3390/nu7105392.

11

19. Grudet C, Malm J, Westrin Å, Brundin L. Suicidal patients are deficient in vitamin D, associated with
a

pro-inflammatory

status

in

the

blood.

Psychoneuroendocrinology.

2014;50:210-9.

doi:

10.1016/j.psyneuen.2014.08.016.
20. Lajdova I, Chorvat D, Chorvatova A. Rapid effects of 1α,25(OH)2D3 in resting human peripheral
blood mononuclear cells. Eur J Pharmacol. 2008;586:14-23. doi: 10.1016/j.ejphar.2008.02.004.
21. Lajdova I, Spustova V, Oksa A, Kaderjakova Z, Chorvat D, Morvova M, Sikurova L, Marcek
Chorvatova A. The impact of vitamin D3 supplementation on mechanisms of cell calcium signaling in
chronic kidney disease. Biomed Res Int. 2015;2015:1-12. doi: 10.1155/2015/807673.
22. Hossein A. Vitamin D for health: a global perspective - Mayo Clinic Proceedings. Mayo Clin Proc.
2013;88:720-55. doi: 10.1016/j.mayocp.2013.05.011.
23. Polak MA, Houghton LA, Reeder AI, Harper MJ, Conner TS. Serum 25-hydroxyvitamin D
concentrations and depressive symptoms among young adult men and women. Nutrients. 2014;6:472030. doi: 10.3390/nu6114720.
24. Hoogendijk W, Beekman A, Deeg D, Lips P, Penninx B. S67-01 Depression is associated with
decreased 25-hydroxyvitamin-D and increased parathyroid hormone levels in old age. Eur Psychiatry.
2009;24:S317. doi: 10.1016/s0924-9338(09)70550-4.
25. Herrán A, Amado JA, García-Unzueta MT, Vázquez-Barquero JL, Perera L, González-Macías J.
Increased bone remodeling in first-episode major depressive disorder. Psychosom Med. 2000;62:77982. doi: 10.1097/00006842-200011000-00006.
26. Pan A, Lu LO, Yu Z, Li H, Lin X. Association between depressive symptoms and 25-hydroxyvitamin
D

in

middle-aged

and

elderly

Chinese.

J

Affect

Disord.

2009;118:240-3.

doi:

10.1016/j.jad.2009.02.002.
27. Ganji V, Milone C, Cody MM, McCarty F, Wang YT. Serum vitamin D concentrations are related to
depression in young adult US population: the Third National Health and Nutrition Examination Survey.
Int Arch Med. 2010;3:29. doi: 10.1186/1755-7682-3-29.
28. Garg U. 25-hydroxyvitamin D testing. Clin Lab Med. 2018;38:439-53. doi: 10.1016/j.cll.2018.05.007.
29. Wang H, Guo Y, Li G, Xie R, Zhang Z, Han W, Yang M, Chen D, Jiang P. The association between
vitamin D binding protein polymorphisms and vitamin D level on epilepsy in China. DNA Cell Biol.
2018;37:786-90. doi: 10.1089/dna.2018.4252.
30. Xue Y, He X, Li H-D, Deng Y, Yan M, Cai H-L, Tang M-M, Dang R-L, Jiang P. Simultaneous
quantification of 25-hydroxyvitamin D3 and 24,25-dihydroxyvitamin D3 in rats shows strong
correlations between serum and brain tissue levels. Int J Endocrinol. 2015;2015:1-10. doi:
10.1155/2015/296531.
31. Sempos CT, Vesper HW, Phinney KW, Thienpont LM, Coates PM. Vitamin D status as an
international issue: National surveys and the problem of standardization. Scand J Clin Lab Invest Suppl.
2012;72:32-40. doi: 10.3109/00365513.2012.681935.

12

32. Durazo-Arvizu RA, Ahmed F, Berry J, Cavalier E, Gunter E, Jones G et al. Estimating uncertainty of
target values for DEQAS serum materials. J steroid Biochem Mol Biol. 2019;188:90-4. doi:
10.1016/j.jsbmb.2018.12.011.
33. Bedner M, Phinney KW . Development and comparison of three liquid chromatography-atmospheric
pressure chemical ionization/mass spectrometry methods for determining vitamin D metabolites in
human serum. J Chromatogr A. 2012;1240:132-9. doi: 10.1016/j.chroma.2012.03.091.
34. Li L, Zheng Q, Yuan J, Xie Z. Performance evaluation of two immunoassays for 25-hydroxyvitamin D.
J Clin Biochem Nutr. 2016;58:186-92. doi: 10.3164/jcbn.15-61.
35. Schwalfenberg GK, Genuis SJ. Vitamin D, essential minerals, and toxic elements: exploring
interactions between nutrients and toxicants in clinical medicine. ScientificWorldJournal.
2015;2015:318595. doi: 10.1155/2015/318595.
36. Genuis SJ, Schwalfenberg GK, Hiltz MN, Vaselenak SA. Vitamin D status of clinical practice
populations at higher latitudes: analysis and applications. Int J Environ Res Public Health. 2009;6:15173. doi: 10.3390/ijerph6010151.
37. Albrahim TI, Binobead MA . Vitamin D status in relation to age, bone mineral density of the spine and
femur in obese Saudi females - A hospital-based study. Saudi Pharm J. 2019;27:200-7. doi:
10.1016/j.jsps.2018.10.004.
38. Goncalves-Mendes N, Talvas J, Dualé C, Guttmann A, Corbin V, Marceau G et al. Impact of vitamin
D supplementation on influenza vaccine response and immune functions in deficient elderly persons: a
randomized placebo-controlled trial. Front Immunol. 2019;10:65. doi: 10.3389/fimmu.2019.00065.
39. Li G, Mbuagbaw L, Samaan Z, Zhang S, Adachi JD, Papaioannou A, Thabane L. Efficacy of vitamin
D supplementation in depression in adults: a systematic review protocol. Syst Rev. 2013;2:64. doi:
10.1186/2046-4053-2-64.
40. Gowda U, Mutowo MP, Smith BJ, Wluka AE, Renzaho AM . Vitamin D supplementation to reduce
depression in adults: meta-analysis of randomized controlled trials. Nutrition. 2015;31:421-9. doi:
10.1016/j.nut.2014.06.017.
41. Bouillon R, Marcocci C, Carmeliet G, Bikle D, White JH, Dawson-Hughes B et al. Skeletal and extraskeletal actions of vitamin D: Current evidence and outstanding questions. Endocr Rev. 2019;40:110951. doi: 10.1210/er.2018-00126.
42. Akiba T, Morikawa T, Odaka M, Nakada T, Kamiya N, Yamashita M et al. Vitamin D
supplementation and survival of patients with non-small cell lung cancer: a randomized, double-blind,
placebo-controlled trial. Clin Cancer Res. 2018;24:4089-97. doi: 10.1158/1078-0432.ccr-18-0483.
43. de Koning EJ, van Schoor NM, Penninx BW, Elders PJ, Heijboer AC, Smit JH et al. Vitamin D
supplementation to prevent depression and poor physical function in older adults: Study protocol of the
D-Vitaal study, a randomized placebo-controlled clinical trial. BMC Geriatr. 2015;15:151. doi:
10.1186/s12877-015-0148-3.

13

Figure 1. The process of vitamin D metabolism.

