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ABSTRACT
Introduction Brain abnormalities detected through 
neuroimaging are described in patients with vitamin D 
deficiency, however, it is still not clear which cerebral 
alterations are more frequent and characteristic in this 
population. Thus, this review aims to identify and classify 
which are the main and most frequent brain changes 
found by neuroimaging in patients with vitamin D 
deficiency.
Methods and analysis The study protocol was 
constructed in accordance with Preferred Reporting Items 
for Systematic Review and Meta- Analysis Protocols and 
the leading research question was formulated through 
Population, Intervention, Comparator, Outcome, Setting. 
The evidence will be researched at the following electronic 
databases: PubMed, PsycINFO, Scopus, Web of Science 
and EMBASE. Two researchers will work in the selection, 
analysis and inclusion phases of the articles. In the case of 
divergence, a third- party reviewer will be contacted. The 
following studies will be included: (1) cohort studies, case–
control studies and cross- sectional studies; (2) studies 
carried out on patients with serum 25- hydroxyvitamin 
D levels below 30 ng/mL; (3) studies conducted with 
an adult population; (4) studies using neuroimaging 
methods. Articles considered eligible will be analysed by 
the Newcastle- Ottawa Quality Assessment Scale/cross- 
section studies to evaluate study quality. The survey will be 
conducted from June to December 2022.
Ethics and dissemination The identification of the 
main and most frequent brain alterations found through 
neuroimaging in patients with vitamin D deficiency can 
guide professionals as to the identification which of the 
main cerebral pathologies detected through neuroimaging 
are related to vitamin D deficiency, in choosing more 
sensitive and specific neuroimaging tests to detect these 
brain changes, in addition to emphasising the importance 
of monitoring and maintaining adequate serum levels of 
vitamin D, in order to reduce possible cognitive sequelae. 
Results will be announced at national and international 
conferences.
PROSPERO registration number CRD42018100074.

INTRODUCTION
The neuroprotective effect of vitamin D is 
well addressed in several studies in which 
many factors are related to this protection, 

considering that the vitamin D receptors 
and the enzymes responsible for its hydrox-
ylation were mapped throughout the brain, 
including the amygdala/limbic system, where 
behaviour/emotions are regulated. In addi-
tion, calcitriol is also involved in the release 
of brain neurotransmitters and neurotrophic 
factors,1 2 highlighting the anti- inflammatory 
mechanism of vitamin D reducing oxidative 
stress and release of inflammatory cytokines, 
attenuating or suppressing the autoimmune 
response.3–6

Vitamin D deficiency is related to several 
pathologies of cerebral involvement, such 
as depression,7 8 all types of dementia, 
Alzheimer,9–11 Parkinson’s disease12–14 with 
systematic review and meta- analysis, from 
2017 demonstrating that vitamin D defi-
ciency contributes to dementia,15 multiple 
sclerosis,5 16 17 cerebral small vessel disease18 it 
being an independent risk factor for cerebro-
vascular accident (CVA),19 20 with vitamin D 
having a potential anti- inflammatory role in 
individuals diagnosed with CVA.6

Among the cognitive symptoms most 
commonly related to vitamin D deficiency, 
cognitive decline and executive dysfunction 
stand out. In addition, evidence has shown 
that severe vitamin D deficiency is signifi-
cantly associated with a greater decline in 
visual memory. Among older adults, he 

STRENGTHS AND LIMITATIONS OF THIS STUDY
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 ⇒ Grey literature will not be considered.
 ⇒ Comparison of studies with different designs cannot 
be done.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-1095-7784
http://dx.doi.org/10.1136/bmjopen-2021-052524
http://dx.doi.org/10.1136/bmjopen-2021-052524
http://dx.doi.org/10.1136/bmjopen-2021-052524
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-052524&domain=pdf&date_stamp=2023-02-27


2 Porto CM, et al. BMJ Open 2023;13:e052524. doi:10.1136/bmjopen-2021-052524

Open access 

observed that those moderately and severely deficient in 
serum 25- hydroxyvitamin D (25(OH)D) (30 to <50 and 
<30 nmol/L, respectively) experienced a significantly 
greater annual decline in verbal memory (immediate and 
delayed recall of the word list) compared with enough 
(50 to <125 nmol/L) in an average of 4.8 years.21

Several neurodegenerative and vascular mechanisms 
have been identified explaining the association between 
vitamin D, cognition and dementia. In these studies, 
executive dysfunction is more strongly linked to cerebro-
vascular disease than to neurodegeneration. Low levels of 
25(OH)D are associated with an increased risk of stroke, 
particularly ischaemic.22

Some cross- sectional and cohort studies showed an 
association between low vitamin D concentrations and 
an increased risk of abnormalities in neuroimaging, 
with neurodegenerative and cerebrovascular alterations 
such as white matter hyperintensities,23–25 with increased 
ventricular volume26 related to dementia, as well as infarc-
tions,18 with reduced hippocampal volumes, as revealed 
in Framingham Heart Study,27 as well as in the study in 
patients with schizophrenia, in which was a significant 
positive correlation between vitamin D and the regional 
grey matter volume in the hippocampus.28

In a cross- sectional study performed with 110 elderly 
patients evaluated by MRI, the serum concentration of 
25(OH)D was independently and inversely associated 
with intracranial volume.29

However, two other studies found no correlation 
between abnormalities in neuroimaging and vitamin D 
deficiency.30 31 The Atherosclerosis Risk in Communities 
brain MRI study performed with adult patients did not 
show a cross- sectional association between lower levels of 
vitamin D and the severity score of white matter hyper-
intensity, prevalent high- grade White Matter Hyperinten-
sities (WMHs) score (≥3) or prevalence of infarctions. 
However, 40% of the patients were lost in this study, which 
may have influenced the findings.30 In the other prospec-
tive population cohort study from Cardiovascular Health 
Study performed with 1658 elderly patients, the serum 
25(OH)D status was not significantly associated with the 
development of any neuroimaging abnormalities assessed 
by MRI, but those elderly with vitamin D deficiency were 
linked to an increased risk of infarction compared with 
those with normal vitamin D levels.31

In systematic review and meta- analysis carried out with 
the objective of evaluating cerebral morphometric alter-
ations associated with vitamin D deficiency or sufficiency, 
it was found that low serum vitamin D levels were associ-
ated with cerebral volume reduction, with larger lateral 
ventricles, however, this review included experimental 
studies, not restricting the research to the original studies 
performed with humans.32

Important advances were also related to vitamin D and 
its neuromodulatory role in pain from the reduction of 
chronic pain. Regarding pain sensitisation mechanisms, 
vitamin D seems to stimulate anti- inflammatory processes 
in some cases and thus alleviate the painful sensation of 

many diseases.33 The mechanism by which pain reduc-
tion would occur is related to the fact that the active form 
of vitamin D (1,25(OH)2D) would act on Th2 cells by 
increasing the synthesis of interleukin 4 (IL- 4) and trans-
forming growth factor-β (TGF-β). Knowing that TGF-β 
decreases the expression of pro- inflammatory cytokines, 
such as interferon-γ (IFN-γ), IL- 1 and TNF-α. Both TGF-β 
and IL- 4 are found in microglial cells. In this case, vitamin 
D inhibits the action of PGE 2 by inhibiting its precursor, 
cyclo- oxygenase- 2.34 Additionally, studies have shown that 
1,25(OH)2D prevents the synthesis of inducible nitric 
oxide synthase, an enzyme that produces large amounts of 
nitric oxide when stimulated. These regulatory pathways 
are involved in the sensitisation of pain and 1,25(OH)2D 
and appear to regulate important molecules involved in 
this process, confirming their neuroimmunomodulatory 
role.

The role of vitamin D in improving neuromuscular 
function is also theorised, in which it is known that 
1α,25(OH)2D can bind to its receptor in muscle tissues, 
allowing protein synthesis and cell growth. muscles, thus 
being able to improve muscle strength and function and 
consequently postural and dynamic balance.35

Due to the important role of vitamin D and its receptor 
in various organs, such as the brain, as well as the exis-
tence of a large body of evidence associating its deficiency 
with several pathologies related to the central nervous 
system and also considering the ease and low cost of its 
supplementation, studies aimed at understanding and 
evaluating brain abnormalities related to vitamin D defi-
ciency are essential.

However, it is important to state that there is still no 
consensus on the correlations under study. This review 
proposes to present a descriptive picture on the following 
research question: what is the frequency of brain and 
cognitive changes in neuroimaging tests in adult patients 
with vitamin D deficiency?

METHODS AND ANALYSIS
Inclusion criteria for study selection
Patient and public Involvement
No patient involved.

Design and registration of the study
The methods of the review protocol were drafted in 
accordance with Preferred Reporting Items for System-
atic Review and Meta- Analysis Protocols (PRISMA- P).36 
The systematic review article will follow the guidelines of 
the Systematic Review and Meta- Analysis Protocols.37

The leading research question was based on the Popu-
lation, Intervention, Comparator, Outcome, Setting 
strategy38: ‘What is the frequency of brain and cognitive 
changes in neuroimaging tests in adult patients with 
vitamin D deficiency?’.

Inclusion criteria for study selection
The following studies will be included: (1) cohort studies, 
case–control studies and cross- sectional studies; (2) studies 



3Porto CM, et al. BMJ Open 2023;13:e052524. doi:10.1136/bmjopen-2021-052524

Open access

carried out on patients with serum 25(OH)D levels below 
30 ng/mL; (3) studies conducted with an adult popula-
tion; (4) studies using neuroimaging methods. There 
will be no restrictions regarding the gender or ethnicity 
of the participants or the publication date and language 
of the article. Review studies and editorial notes will be 
excluded from the analysis.

Types of patients
Individuals aged over 18 years with vitamin D deficiency 
who underwent neuroimaging.

Exposure
The exposure of interest is vitamin D deficiency. Thus, 
studies reporting neuroimaging in patients with low 
serum vitamin D levels will be included in the review.

Search methods for the identification of studies
Information sources
The research will be conducted in the following electronic 
databases: EMBASE, Medline via PubMed, Web of Science 
and Scopus and PsycINFO. After the search is carried out, 
the snowball sampling strategy will be adopted for data 
recovery.39 Grey literature will not be considered.

Search strategy
The following descriptors registered in the Mesh will be 
considered:

“Vitamin D” OR “Vitamin D deficiency” [MeSH Terms] 
AND (“neuroimaging” OR “Brain Mapping” [MeSH 
Terms] OR “Magnetic Resonance Imaging” [MeSH 
Terms] OR “Magnetic Resonance Spectroscopy”[MeSH 
Terms] OR “Tomography, X- Ray Computed” [MeSH 
Terms] OR “Tomography, Emission Computed-, Single- 
Photon” [MeSH Terms] OR “magnetoencephalography” 
[MeSH Terms] OR “infrared, Near- spectroscopy” [MeSH 
Terms] OR “Positron-Emission Tomography” [MeSH 
Terms] OR “radionuclide imaging”[MeSH Terms] OR 
“nuclear medicine”[MeSH Terms]) combined with one 
another using the Boolean operator “AND” and “OR. 
Editorials, news and letters will be excluded. No limits as 
to year or language will be applied.

Data analysis
Data management
The data obtained will be exported to Endnote V.7.1 and 
duplicate records will be removed electronically. Tracing 
and extraction will occur in a database created specifi-
cally for the review in Microsoft Excel to ensure that all 
retrieved references are fully traced.

Selection process
In the initial phase of screening, two authors will inde-
pendently select the articles through the analysis of the 
title and summary according to the eligibility criteria. 
These same researchers will critically appraise the full 
text of articles. To reduce the risk of bias and lack of 
potentially relevant studies, researchers will adopt a 
more tolerant approach at the first screening level. Both 

researchers will obtain full- text articles for studies that 
meet the criteria for inclusion of the review. The level of 
agreement between the two reviewers will be calculated, 
the reasons for the rejection of articles during the initial 
screening and the full- text evaluation process will be 
noted and stored in the database. Any discrepancies will 
be discussed and resolved by a third- party reviewer.

Data extraction
The data obtained will be condensed and organised into 
tables created specifically for the review that will bring the 
following information:

 ► Characteristics of the study: authors, year of publica-
tion, study design, study period.

 ► General characteristics of the sample: characteristics 
of the population studied (individuals with vitamin D 
deficiency), methods of recruitment and sampling, 
inclusion/exclusion criteria.

 ► Diagnostic methods and equipment for serum 
25(OH)D dosage and for neuroimaging.

 ► Brain abnormalities found in functional and struc-
tural neuroimaging tests: description of the type of 
brain abnormality, extent and location.

 ► Pathologies of cerebral involvement with neuroim-
aging changes most frequent in patients with vitamin 
D deficiency.

We will consider contacting the corresponding authors 
for any missing information using a standardised email 
template.

Risk of bias quality assessment (in individual studies)
In the evaluation of risk of bias, all included articles 
will be submitted to an analysis of their methodolog-
ical quality, following Newcastle- Ottawa Quality Assess-
ment Scale/cross- section studies40 (NOS) protocol. This 
protocol analyses the articles according to: selection 
(sample representativeness, sample size, subjects which 
did not respond, exposure/risk factors), comparability 
and outcomes (evaluation of outcomes, statistical anal-
ysis). The NOS qualitative analysis is determined using 
the total classification of 10 stars, distributed throughout 
three domains: selection (maximum five stars), compa-
rability (maximum two stars) and outcomes (maximum 
three stars).

The strength of evidence will be assessed using the 
Grading of Recommendations Assessment, Development 
and Evaluation approach,41 the extraction of data and the 
evaluation of quality will be carried out independently 
by two authors. The information will be examined and 
judged independently by a third- party reviewer when 
necessary.

Ethics and dissemination
The review does not require approval of the ethics 
committee and informed consent, and the outcome will 
be released as a literature review. This systematic review 
protocol received no specific grant from any funding 
agency in the public, commercial or non- profit sectors.

https://www.ncbi.nlm.nih.gov/mesh/68049268
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The review will not require the approval of the ethics 
committee, as it is a systematic review. The results and 
conclusions of the review will be taken to national and 
international symposia and forwarded for submission in a 
peer- reviewed journal.

In view of the results of the review, it is intended: (1) to 
identify the most frequent brain changes and cognitive 
impairments found in neuroimaging tests in the popu-
lation of individuals with vitamin D deficiency; (2) assess 
which major brain pathologies detected in neuroimaging 
tests are related to vitamin D deficiency; (3) assess which 
neuroimaging tests are most sensitive and specific for 
detecting brain changes in people with vitamin D defi-
ciency. (4) corroborate the inclusion of the clinical inves-
tigation of these tests in patients with vitamin D deficiency.

This study has some important limitations. As this is 
a review, important associations on the frequency of 
changes and disease severity cannot be performed. In 
addition, it is not possible to precisely identify which are 
the stages and stages of the disease that present greater 
risks and brain impairments, as well as whether there is 
remission of changes after conducting treatments. These 
limitations seem to be important and should be investi-
gated in future studies.

Contributors Data curation: CMP, RdCHL, RAdS, TdPSdS, PRBD, EBS. Formal 
analysis: RdCHL, RAdS, CMP, TdPSdS. Investigation: CMP, TdPSdS. Methodology: 
CMP. Project administration: PRBD,TdPSdS. Software: RdCHL, RAdS, CMP. 
Supervision: TdPSdS, PRBD, EBS. Validation: RdCHL, RAdS, CMP. Visualization: CMP. 
Writing – original draft: CMP. Writing – review and editing: TdPSdS.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer- reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Tatiana de Paula Santana da Silva http://orcid.org/0000-0002-1095-7784

REFERENCES
 1 Wrzosek M, Łukaszkiewicz J, Wrzosek M, et al. Vitamin D and the 

central nervous system. Pharmacol Rep 2013;65:271–8. 
 2 Pathak S, Nisar MA. Rosenthal DS.vitamin D deficiency (VDD) and 

major depressive disorder (MDD): a causal or casual association.  
J Endrocine Society 2012.

 3 May HT, Bair TL, Lappé DL, et al. Association of vitamin D levels with 
incident depression among a general cardiovascular population. Am 
Heart J 2010;159:1037–43. 

 4 Yang C- Y, Leung PSC, Adamopoulos IE, et al. The implication of 
vitamin D and autoimmunity: a comprehensive review. Clin Rev 
Allergy Immunol 2013;45:217–26. 

 5 Nielsen NM, Munger KL, Koch- Henriksen N, et al. Neonatal vitamin D 
status and risk of multiple sclerosis: a population- based case- control 
study. Neurology 2017;88:44–51. 

 6 Wang Q, Zhu Z, Liu Y, et al. Relationship between serum vitamin 
D levels and inflammatory markers in acute stroke patients. Brain 
Behav 2018;8:e00885. 

 7 Shaffer JA, Edmondson D, Wasson LT, et al. Vitamin D 
supplementation for depressive symptoms: a systematic review 
and meta- analysis of randomized controlled trials. Psychosom Med 
2014;76:190–6. 

 8 Sepehrmanesh Z, Kolahdooz F, Abedi F, et al. Vitamin D 
supplementation affects the beck depression inventory, insulin 
resistance, and biomarkers of oxidative stress in patients with major 
depressive disorder: a randomized, controlled clinical trial. J Nutr 
2016;146:243–8. 

 9 Annweiler C, Rolland Y, Schott AM, et al. Serum vitamin D deficiency 
as a predictor of incident non- alzheimer dementias: a 7- year 
longitudinal study. Dement Geriatr Cogn Disord 2011;32:273–8. 

 10 Littlejohns TJ, Henley WE, Lang IA, et al. Vitamin D and the risk of 
dementia and alzheimer disease. Neurology 2014;83:920–8. 

 11 Afzal S, Bojesen SE, Nordestgaard BG. Reduced 25- hydroxyvitamin 
D and risk of alzheimer’s disease and vascular dementia. Alzheimers 
Dement 2014;10:296–302. 

 12 Wang L, Evatt ML, Maldonado LG, et al. Vitamin D from different 
sources is inversely associated with parkinson disease. Mov Disord 
2015;30:560–6. 

 13 Wang L, Maldonado L, Beecham GW, et al. Dna variants in 
CACNA1C modify parkinson disease risk only when vitamin D level is 
deficient. Neurol Genet 2016;2:e72. 

 14 Rimmelzwaan LM, van Schoor NM, Lips P, et al. Systematic review of 
the relationship between vitamin D and parkinson’s disease.  
J Parkinsons Dis 2016;6:29–37. 

 15 Sommer I, Griebler U, Kien C, et al. Vitamin D deficiency as a risk 
factor for dementia: a systematic review and meta- analysis. BMC 
Geriatr 2017;17:16. 

 16 Banwell B, Bar- Or A, Arnold DL, et al. Clinical, environmental, and 
genetic determinants of multiple sclerosis in children with acute 
demyelination: a prospective national cohort study. Lancet Neurol 
2011;10:436–45. 

 17 Martinelli V, Dalla Costa G, Colombo B, et al. Vitamin D levels 
and risk of multiple sclerosis in patients with clinically isolated 
syndromes. Mult Scler 2014;20:147–55. 

 18 Chung P- W, Park K- Y, Kim J- M, et al. 25- hydroxyvitamin D status 
is associated with chronic cerebral small vessel disease. Stroke 
2015;46:248–51. 

 19 Sun Q, Pan A, Hu FB, et al. 25- hydroxyvitamin D levels and the 
risk of stroke: a prospective study and meta- analysis. Stroke 
2012;43:1470–7. 

 20 Chowdhury R, Stevens S, Ward H, et al. Circulating vitamin D, 
calcium and risk of cerebrovascular disease: a systematic review and 
meta- analysis. Eur J Epidemiol 2012;27:581–91. 

 21 Miller JW, Harvey DJ, Beckett LA, et al. Vitamin D status and rates of 
cognitive decline in a multiethnic cohort of older adults. JAMA Neurol 
2015;72:1295–303. 

 22 Kuźma E, Soni M, Littlejohns TJ, et al. Vitamin D and memory 
decline: two population- based prospective studies. J Alzheimers Dis 
2016;50:1099–108. 

 23 Annweiler C, Annweiler T, Bartha R, et al. Vitamin D and white matter 
abnormalities in older adults: a cross- sectional neuroimaging study. 
Eur J Neurol 2014;21:1436–95. 

 24 Prager JM, Thomas C, Ankenbrandt WJ, et al. Association of white 
matter hyperintensities with low serum 25- hydroxyvitamin D levels. 
AJNR Am J Neuroradiol 2014;35:1145–9. 

 25 Sakurai T, Ogama N, Toba K. Lower vitamin D is associated with 
white matter hyperintensity in elderly women with alzheimer’s 
disease and amnestic mild cognitive impairment. J Am Geriatr Soc 
2014;62:1993–4. 

 26 Annweiler C, Montero- Odasso M, Hachinski V, et al. Vitamin D 
concentration and lateral cerebral ventricle volume in older adults. 
Mol Nutr Food Res 2013;57:267–76. 

 27 Karakis I, Pase MP, Beiser A, et al. Association of serum vitamin 
D with the risk of incident dementia and subclinical indices 
of brain aging: the framingham heart study. J Alzheimers Dis 
2016;51:451–61. 

 28 Shivakumar V, Kalmady SV, Amaresha AC, et al. Serum vitamin D and 
hippocampal gray matter volume in schizophrenia. Psychiatry Res 
2015;233:175–9. 

 29 Annweiler C, Bartha R, Goncalves S, et al. Vitamin D- related changes 
in intracranial volume in older adults: a quantitative neuroimaging 
study. Maturitas 2015;80:312–7. 

 30 Michos ED, Carson KA, Schneider ALC, et al. Vitamin D and 
subclinical cerebrovascular disease: the atherosclerosis risk in 
communities brain magnetic resonance imaging study. JAMA Neurol 
2014;71:863–71. 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-1095-7784
http://dx.doi.org/10.1016/s1734-1140(13)71003-x
http://dx.doi.org/10.1016/j.ahj.2010.03.017
http://dx.doi.org/10.1016/j.ahj.2010.03.017
http://dx.doi.org/10.1007/s12016-013-8361-3
http://dx.doi.org/10.1007/s12016-013-8361-3
http://dx.doi.org/10.1212/WNL.0000000000003454
http://dx.doi.org/10.1002/brb3.885
http://dx.doi.org/10.1002/brb3.885
http://dx.doi.org/10.1097/PSY.0000000000000044
http://dx.doi.org/10.3945/jn.115.218883
http://dx.doi.org/10.1159/000334944
http://dx.doi.org/10.1212/WNL.0000000000000755
http://dx.doi.org/10.1016/j.jalz.2013.05.1765
http://dx.doi.org/10.1016/j.jalz.2013.05.1765
http://dx.doi.org/10.1002/mds.26117
http://dx.doi.org/10.1212/NXG.0000000000000072
http://dx.doi.org/10.3233/JPD-150615
http://dx.doi.org/10.3233/JPD-150615
http://dx.doi.org/10.1186/s12877-016-0405-0
http://dx.doi.org/10.1186/s12877-016-0405-0
http://dx.doi.org/10.1016/S1474-4422(11)70045-X
http://dx.doi.org/10.1177/1352458513494959
http://dx.doi.org/10.1161/STROKEAHA.114.007706
http://dx.doi.org/10.1161/STROKEAHA.111.636910
http://dx.doi.org/10.1007/s10654-012-9729-z
http://dx.doi.org/10.1001/jamaneurol.2015.2115
http://dx.doi.org/10.3233/JAD-150811
http://dx.doi.org/10.1111/ene.12511
http://dx.doi.org/10.3174/ajnr.A3840
http://dx.doi.org/10.1111/jgs.13048
http://dx.doi.org/10.1002/mnfr.201200418
http://dx.doi.org/10.3233/JAD-150991
http://dx.doi.org/10.1016/j.pscychresns.2015.06.006
http://dx.doi.org/10.1016/j.maturitas.2014.12.011
http://dx.doi.org/10.1001/jamaneurol.2014.755


5Porto CM, et al. BMJ Open 2023;13:e052524. doi:10.1136/bmjopen-2021-052524

Open access

 31 Littlejohns TJ, Kos K, Henley WE, et al. Vitamin D and risk of 
neuroimaging abnormalities. PLoS One 2016;11:e0154896. 

 32 Annweiler C, Annweiler T, Montero- Odasso M, et al. Vitamin D and 
brain volumetric changes: systematic review and meta- analysis. 
Maturitas 2014;78:30–9. 

 33 Le Goaziou MF, Kellou N, Flori M, et al. Vitamin D supplementation 
for diffuse musculoskeletal pain: results of a before- and- after study. 
Eur J Gen Pract 2014;20:3–9. 

 34 Moreno J, Krishnan AV, Peehl DM, et al. Mechanisms of vitamin D- 
mediated growth inhibition in prostate cancer cells: inhibition of the 
prostaglandin pathway. Anticancer Res 2006;26:2525–30.

 35 Zhang S, Miller DD, Li W. Non- musculoskeletal benefits of vitamin D 
beyond the musculoskeletal system. Int J Mol Sci 2021;22:2128. 

 36 Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for 
systematic review and meta- analysis protocols (PRISMA- P) 2015 
statement. Syst Rev 2015;4:1. 

 37 Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for 
reporting systematic reviews and meta- analyses of studies that 
evaluate health care interventions: explanation and elaboration.  
J Clin Epidemiol 2009;62:1–34. 

 38 Stone PW. Popping the (PICO) question in research and evidence- 
based practice. Appl Nurs Res 2002;15:197–8. 

 39 van Weert JCM, van Munster BC, Sanders R, et al. Decision AIDS to 
help older people make health decisions: a systematic review and 
meta- analysis. BMC Med Inform Decis Mak 2016;16:45. 

 40 Wells GA, Shea H, O’Connell D. The newcastle- ottawa scale (NOS) 
for assessing the quality of nonrandomised studies in meta- analyses. 
n.d. Available: https://www.ohri.ca/programs/clinical_epidemiology/ 
oxford/asp

 41 Atkins D, Best D, Briss PA, et al. Grading quality of evidence and 
strength of recommendations. BMJ 2004;328:1490. 

http://dx.doi.org/10.1371/journal.pone.0154896
http://dx.doi.org/10.1016/j.maturitas.2014.02.013
http://dx.doi.org/10.3109/13814788.2013.825769
http://dx.doi.org/16886660
http://dx.doi.org/10.3390/ijms22042128
http://dx.doi.org/10.1186/2046-4053-4-1
http://dx.doi.org/10.1016/j.jclinepi.2009.06.006
http://dx.doi.org/10.1016/j.jclinepi.2009.06.006
http://dx.doi.org/10.1053/apnr.2002.34181
http://dx.doi.org/10.1186/s12911-016-0281-8
https://www.ohri.ca/programs/clinical_epidemiology/oxford/asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford/asp
http://dx.doi.org/10.1136/bmj.328.7454.1490

	Brain changes in neuroimaging of adult patients with vitamin D deficiency: systematic review protocol
	Abstract
	Introduction
	Methods and analysis
	Inclusion criteria for study selection
	Patient and public Involvement
	Design and registration of the study
	Inclusion criteria for study selection
	Types of patients
	Exposure


	Search methods for the identification of studies
	Information sources
	Search strategy

	Data analysis
	Data management
	Selection process
	Data extraction
	Risk of bias quality assessment (in individual studies)

	Ethics and dissemination

	References


