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Abstract

Background/Objectives: Dementia is a progressive, multifactorial neurodegenerative
syndrome that poses a major public health challenge, with an increasing number of cases
due to an aging population. Vitamin D (vitD) is crucial not only for bone and calcium
homeostasis, but also as a neuroactive steroid that influences brain functions such as
neurotransmission, neuroprotection and immunomodulation. Emerging evidence suggests
that vitD deficiency may be a modifiable risk factor for the development of dementia. Thus,
the aim of this review is to understand the possible role of vitD as a modifiable risk factor
in the prevention of dementia. Methods: Research was conducted in the PubMed and
Scopus databases using combinations of the MeSH terms ‘calcitriol’, ‘dementia’, ‘vitamin
D receptors’, and ‘brain function’ for articles from 2014 until 2026. Results: The analysis
of the 30 articles retrieved exhibited a significant association between vitD deficiency and
an increased risk of dementia. Longitudinal studies and meta-analyses have indicated
an increased risk of dementia and Alzheimer’s disease proportional to the severity of the
deficit. A significant association with vascular dementia was also highlighted, with the
risk increasing synergistically in the presence of hypertension. Conclusions: The evidence
reviewed suggests that both vitD deficiency and insufficiency are strongly associated
with increased risk of dementia, particularly Alzheimer’s disease and vascular dementia.
Addressing vitD deficiency by maintaining adequate levels is proposed as a potentially
effective preventive strategy against cognitive decline and dementia.

Keywords: calcitriol; vitamin D receptor; brain function; dementia; Alzheimer’s disease;
vascular dementia; Lewy bodies dementia

1. Introduction

Vitamin D (vitD) is a fat-soluble steroid hormone derived from cholesterol. It plays
a crucial role in maintaining bone and calcium homeostasis. VitD may be produced
endogenously in the human body, when the ultraviolet B (UVB) radiation stimulates its
synthesis in the skin, or it can be obtained through diet. In the diet the two main forms are
vitamin D2 (vitD2), or ergocalciferol, produced in some types of mushrooms and yeasts, and
vitamin D3 (vitD3), or cholecalciferol, whose main diet sources are from animal origin [1-3].
Upon absorption, these two forms of vitD obtained through diet or supplementation can
either be incorporated into micelles or absorbed by enterocytes [3]. In the skin, vitD3 is
produced from 7-dehydrocholesterol (7DHC), and exposure to ultraviolet B (UVB) radiation
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triggers a rearrangement that creates the pre-vitamin D3 compound, that is converted
in cholecalciferol, accounting for approximately 80% of total production of vitamin D.
Hydroxylation of cholecalciferol (obtained from the diet and synthetized in the skin) and
ergocalciferol occurs in the liver, producing 25-hydroxyvitamin D (25(OH)D) or calcidiol,
and finally, hydroxylation in the kidneys transforms this into 1c,25-dihydroxyvitamin D
(1,25(0OH)2D) or calcitriol, the active form of the molecule [1,2]. Calcidiol is easily detected
in urine, whole blood, serum, plasma or blood spots, and is extremely stable under various
pre-analytical laboratory conditions and during long-term storage. Conversely, calcitriol
concentrations are much lower and are largely regulated peripherally via autocrine and
paracrine mechanisms, which escape systemic endocrine control and detection [1,3].

VitD has been clearly recognized as a molecule with endocrine, paracrine and autocrine
effects in multiple tissues and organs, in addition to maintaining skeletal homeostasis [1].
It is well known that the binding of vitD, which is a neuroactive steroid, to the vitamin D
receptor (VDR), widely expressed in the brain, affects a variety of brain functions, being cru-
cial for neurodevelopment, neurotransmission, neuroprotection, immunomodulation and
synaptic plasticity through both genomic and non-genomic mechanisms [2,4-6]. Addition-
ally, calcitriol can be locally synthesized by neurons and microglia, influencing cognitive,
emotional, and motor functions playing a key role in controlling neuroinflammation with
neuroprotective effects, particularly in the clearance of amyloid plaques [2,4,7].

VitD deficiency is highly prevalent worldwide, and although supplementation prac-
tices are increasing, optimal levels remain debated. Either way, it is recommended to
maintain vitD levels above 20 ng/mL, as deficiency is associated with adverse health
outcomes and may be linked to neurological disorders such as dementia [2,3,8,9].

Dementia is a multifactorial neurodegenerative syndrome characterized by progressive
cognitive decline severe enough to impair daily functioning, affecting millions worldwide
and influenced by various lifelong risk factors [10-12]. It is the loss of intellectual abilities
severe enough to interfere with social or occupational functioning [10]. Its origins and mech-
anisms are complex and, despite the progress made over the last three decades, it remains
poorly understood [13]. Some common causes include Alzheimer’s disease (AD), vascu-
lar dementia (VaD), dementia with Lewy bodies (DLB), frontotemporal dementia (FTD),
brain infections, severe thyroid deficiency, or severe brain injury [10]. Specifically, AD is a
degenerative dementia, as brain cells deteriorate and die, disrupting the production and
distribution of neurotransmitters [10]. VaD is a neurological disorder caused by damage
to the blood vessels in the brain, whether due to large strokes, micro-strokes, small-vessel
disease or cerebral atherosclerosis, leading to significant cognitive decline [14,15]. It is the
second leading cause of dementia, accounting for 20-30% of cases worldwide [10,14,15].
DLB is suspected to be caused by a variety of factors (genetic, lifestyle and environmental
factors) being characterized by attention deficits, fluctuations in cognitive function, re-
current visual hallucinations, and certain features of parkinsonism, including repeated
unprovoked falls, which can be dangerous and lead to hip or spinal fractures [10,12,16,17].
Lastly, FTD emerged as part of a group of clinically, pathologically, and genetically hetero-
geneous diseases in which degeneration is relatively selective for the frontal and temporal
lobes of the brain [10,18,19].

Dementia diagnosis is complex and often delayed, requiring a multidisciplinary eval-
uation based on clinical history, neuropsychological assessment, biomarkers, and imaging,
as no single test can confirm the condition. Early and accurate diagnosis is crucial for inter-
vention, management, and care planning [10,20]. Treatment varies according to the type of
dementia, but in general it focuses on managing cognitive and neuropsychiatric symptoms,
controlling risk factors, and addressing comorbidities, although effective disease-modifying
therapies are still lacking [10,14,16,18,21].
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Due to an aging population, the number of people with dementia is rising, posing a
major challenge to the health system. In fact, a third of the cases can be attributed to poten-
tial modifiable risk factors, including nutritional habits or deficiencies [22]. It is known that
vitD deficiency most commonly affects older people and that VDRs are found in the central
nervous system (CNS), particularly in the pyramidal regions of the hippocampus, playing a
crucial role in memory function [13,22]. Taking this into consideration, emerging evidence
suggests that vitD deficiency may be a risk factor for the development of dementia [13,22].
Thus, the aim of this review is to evaluate the current literature to understand the possible
role of vitD as a modifiable risk factor in the prevention of dementia.

2. Materials and Methods
A search was conducted in the MEDLINE database, using the PubMed and Scopus

search engines, with associations between the MeSH terms “calcitriol”, “dementia”, “vita-
min d receptors”, “brain function” and using the Boolean operators “AND” and “OR” in
the various associations. A total of 190 articles from 2014 to May 2026 were obtained. The
search was limited to articles available in Portuguese, Spanish, and English, and took place
between April 2024 and May 2026. Thirty original articles addressing calcitriol deficiency
and/or dementia and the relationship between them were selected (Figure 1). The inclusion
and exclusion criteria are expressed in Table 1. Regarding the exclusion criteria, since the
review focuses on human epidemiological studies, animal studies were excluded as well
as secondary publications (reviews, etc.) to avoid duplication and to base conclusions
on primary evidence. Considering the predisposed population to dementia and to limit
heterogeneity, only studies on adult populations living in the community or the general pop-
ulation were included, excluding specific contexts and conditions (pregnancy, institutional
care) that could introduce confounding factors into the association between vitamin D and
dementia. Confounding factors may also be attributed to pandemic context (lockdowns,
disruptions to healthcare) that cannot be generalized to the overall relationship.

Records identified in
databases (n= 190):

¢ PubMed (n= 138)
* Scopus (n= 52)

35 excluded due to duplication and
lack of access

4

Articles screeened (n=155):

* PubMed (n=106)
* Scopus (n= 49) s

54 excluded because it was not
possible, after Reading the title and
abstract. To identify relevance to the
! topic or because were animal studies

Articles for detailed
assessment (n=101):

* PubMed (n=75)
* Scopus (n= 26)

71 excluded for not answering the
study question or for exclusively
studying supplementation

Included articles — sample
n=30

Figure 1. Flowchart for selecting articles for systematic review, based on the PRISMA model.
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Table 1. Inclusion and exclusion criteria for article selection.

Inclusion Criteria Exclusion Criteria

Original articles involving animal research.
Reviews, systematic reviews and
meta-analyses, notes, letters, editorials.
Articles written in English, Spanish, and  Articles related to pediatrics and obstetrics.

Portuguese. Articles that study the association between

Original scientific articles that have been vitamin D and dementia only in the

published in the last 10 years. context of the COVID-19 pandemic.
Studies in adult human populations, over  Articles concerning populations residing

18 years of age. in nursing homes and bedridden
individuals.
Duplicate, unrelated, and inaccessible
items.

3. Results and Discussion

Thirty original articles were analyzed, which presented a total population of 1,728,602
individuals. The study by Navale et al. (2022) [23] had the largest sample population,
involving a total of 427,690 individuals. On the other hand, Richter et al. (2024) [24]
studied the smallest sample with only 25 individuals. In total, 19 countries were involved,
including Germany, Belgium, China, South Korea, Denmark, the United States of America,
Finland, France, India, Iceland, Japan, Mexico, Norway, the Netherlands, Poland, the
United Kingdom, Sweden, Thailand, and Turkey. The studies analyzed were published
between 2014 and 2026, when the research ended.

The results of these studies were analyzed according to calcitriol concentration, the
definition of dementia, and the relationship between vitD and mild cognitive impairment,
dementias, Alzheimer’s disease, vascular dementia, dementia with Lewy bodies, and
mixed dementia. Therefore, all these parameters will be summarized below in Table 2 and
discussed in detail in Table S1.

Table 2. Summary comparison of vitD status and cognitive outcomes of the reviewed articles. Leg-
end: Risk signal refers to the association between lower vitD status and MCI, cognitive impairment,
dementia, AD, or VaD, compared with the highest or sufficient vitamin D category within each
study. +++ strong positive association; ++ moderate positive association; + weak, domain-specific, or
marginal association; +/— mixed or attenuated after adjustment; @ no significant association; Ref/ |
reference group or lower-risk group; — not reported or not applicable. Feature codes: L: longitudi-
nal/prospective; X: cross-sectional; CC: case—control; R: registry-based diagnosis; I: neuroimaging;
MR: Mendelian randomization/genetic analysis; S: supplement-related analysis; SL: sleep-related
analysis; V: vascular dementia or vascular cognitive impairment; B: biomarker/CSF analysis; SP:
special population; N: null-adjusted finding; D: domain-specific cognitive decline. Studies using
ng/mL were harmonized approximately to nmol/L.

Author Sample Main N - g
Year Number Outcome Vitamin D Levels Critical Finding Codes
<25 25-50 >50
nmol/L.  nmol/L. nmol/L

Littlejohns Severe deficiency and deficiency were
et al. Dementia, associated with higher dementia and
2014 1658 AD A A Ref/{ AD risk; risk increased below L
[25] 50 nmol /L.

https://doi.org/10.3390/endocrines7030035


https://doi.org/10.3390/endocrines7030035

Endocrines 2026, 7, 35 50f17
Table 2. Cont.
Author Sample Main . . s ..
Year Number Outcome Vitamin D Levels Critical Finding Codes
<25 25-50 >50
nmol/L nmol/L nmol/L
Chei et al. Cognitive Lowest vitD quartile was associated
2014 2004 impair- +++ ++ Ref/] with about twice the odds of X
[26] ment cognitive impairment.
Knekt et al. Inverse association, strongest and
2014 5010 Dementia ++ + Ref/] statistically significant among L
[27] women.
Afzal et al. Reduced 25(OH)D was associated
2014 10,186 AD, VaD + + Ref/| with higher long-term risk, strongest LRV
[28] for combined AD/VaD.
Pra;}:ﬁkar Vascular Deficiency was associated with
201 5' 272 cognitive ++ +/— Ref/| higher vascular cognitive disorder CC,V
[29] disorder risk, especially with hypertension.
Miller et al. Coenitive Deficiency/insufficiency predicted
2015 382 sr ++ ++ Ref/] faster decline in episodic memory LD
decline : ;
[30] and executive function.
Moon et al.
M, B Severe deficiency independently
2[2}? 405 dementia A +/ Ref/| predicted incident MCI or dementia. L
Yesil et al. MCI and AD groups had lower mean
2015 989 MCI, AD — ++ Ref/| vitD than cognitively normal X
[32] controls.
Nagel et al. Dementia, Dementia association was attenuated
2015 1506 cognitive — +/— Ref/| after adjustment; low vitD related to X, D
[33] domains poorer domain-specific performance.
Arnljots et al. VitD deficiency was more frequent
2017 545 Dementia ++ + Ref/] among nursing-home residents with X, SP
[34] dementia.
Cognitive
Feazr(;tle; al. 916 decline, it + Ref/| Deficiency was associated with faster L
dementia, cognitive decline and higher AD risk.
[35]
AD
Licher et al. Dementia Lower vitD was associated with
2017 6220 AD / + + Ref/] modestly increased incident L
[36] dementia and AD risk.
Lu:f zfyk Cdogs?;i:? Higher vitD was independently
201 8. 357 }:cion — ++ Ref/| associated with better cognition and X, SP
[37] dementia lower dementia risk.
Aguilar- . ..
Navarro et al VitD deficiency was strongly
2019 ’ 208 MCI, AD — +++ Ref/| associated with MCI and AD after X
[38] adjustment.
Sakuma et al. Cognitive Low vitD was independently
2019 740 impair- — +++ Ref/| associated with cognitive X
[39] ment impairment.
Fashanu et al. e - .
2019 13,039 Dementia — ++ Ref/| Midlife vitD deficiency predicted L
[40] higher later-life dementia risk.
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Table 2. Cont.
Author Sample Main . . . . 1.
Year Number Outcome Vitamin D Levels Critical Finding Codes
<25 25-50 >50
nmol/L.  nmol/L. nmol/L
Eymundsdottir Dementia group had lower vitD and
et al. M(CI, . L
5162 . + + Ref/| higher deficiency prevalence; X, S
2020 dementia L.
[41] supplementation increased levels.
pements o s amodmed il iR
2022 427,690 stroke, - +/— Ref/] 8 '8 y P VY
. supported a threshold effect below \%
[23] brain MRI
25 nmol/L.
Asante et al. MCI Repeated vitD insufficiency
2023 717 demen,tia — (%) Ref measurements were not associated L N
[42] with MCI, dementia, or MoCA score.
Janse et al. Dementia AD and VaD patients had lower vitD
2023 1758 subtypes, — ++ Ref/| than non-dementia patients; no clear X,V
[43] MCI association for MCI.
Xie et al. Cognitive Sufficiency was associated with lower
2023 3412 impair- +++ ++ Ref/]  cognitive impairment risk, including X, SL
[44] ment among participants with poor sleep.
Richter et al. biomAa]:r)kers Deficiency was common in AD and
2023 25 L +/— +/— — related to amyloid/serotonergic X, B, SP
cognition,
[24] . markers, but sample was small.
behavior
Deficiency and insufficiency
Chen et al.
Dementia, predicted higher dementia, AD, and
2[2;1 269,229 AD, VaD - * Ref/| VaD risk; supplements were LRSSV
associated with lower AD/VaD risk.
Imerbsin et al. MCI No significant association between
2025 718 o niti,o 0 — %] Ref vitD status and MCI, MMSE, or X, N
[46] & MoCA.
Zhou et al. Dementia Lower vitD predicted dementia risk,
2025 411,966 ! +++ ++ Ref/| especially with unfavorable sleep L,R,SL
AD, VaD .
[47] duration.
Luetal. Disablin Higher plasma vitD was associated
2025 4081 ) — ++ Ref/] with lower incident disabling L
dementia ..
[48] dementia risk.
Ren et al. Lower vitD and unfavorable sleep
2026 366,160 Dementia +++ ++ Ref/| characteristics showed the highest L,R,SL
[49] dementia risk.
Cheng etal, Dementia higher study-perific Ssahald owas
2026 32,240 in — ++ + gher study=sp Shod, L R,SP
associated with dementia risk in
[50] glaucoma .
glaucoma patients.
Hung et al. ize;:;:;a Low vitD predicted dementia among
2026 158,382 . . y — ++ + adults with sensory impairment after L, R,SP
impair- . .
[51] matching and adjustment.
ment
Cochar- Deficiency and insufficiency were
Soares et al. Cognitive associated with cognitive decline;
2026 2625 decline A A +/Ref sufficiency was defined above LD
[52] 75 nmol/L.
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3.1. Calcitriol Parameters

The analysis of the studies included in this review reveals considerable variability
in the criteria adopted for classifying serum vitD levels, which represents a significant
methodological challenge in comparing the results.

In general, the most commonly used cutoff values for vitD deficiency are below
25-30 nmol/L or <10-12 ng/mlL, this threshold being adopted in various
studies [23-25,28-31,34-36,44]. VitD insufficiency was generally defined between 25
and 50 nmol/L (or 10-20 ng/mL), while sufficiency was considered from values above
50 nmol/L (20 ng/mL) [25,30,31,34-36,44,47,48,51], with some variations classifying
levels between 75 and 100 nmol/L (3040 ng/mL) as “optimal state” [30,32]. Other
authors classified as deficient < 30 nmol/L, insufficient > 30 and <75 nmol/L, and
sufficient > 75 nmol/L [52] or vitD deficiency less than 30 ng/mL and an adequacy above
30 ng/mL [50].

Some publications have adopted more refined classifications, including categories
such as severe deficiency (<25 nmol/L), moderate deficiency (25-50 nmol/L), insufficiency
(50-75 nmol /L), and optimal state (>75 nmol/L) [24,30]. Other subdivisions, such as the
use of quartiles or quintiles, on the other hand, reflect specific statistical approaches to the
analysis of dose-response associations [26,27,49].

This heterogeneity limits direct comparison between studies and highlights the lack
of universal consensus on ideal vitD values for cognitive function and dementia preven-
tion. Even so, almost all articles established that levels below 50 nmol/L indicated vitD
insufficiency or deficiency [23-26,28,29,31,33-39,41,43-48,51,52].

This methodological variation reinforces the importance of future investigations stan-
dardizing the criteria for classifying vitD, aiming for greater homogeneity and robustness
of the results.

3.2. Definition of Dementia

The articles analyzed reveal considerable diversity in the diagnostic criteria and instru-
ments used to assess parameters of dementia and cognitive impairment. This heterogeneity
reflects not only chronological and geographical differences between the studies, but also
scientific progress in the field of neuropsychiatry and the adaptation of criteria to clini-
cal contexts.

The most frequently used diagnostic criteria were those of the Diagnostic and Statis-
tical Manual of Mental Disorders (DSM-IV and DSM-5), widely employed for the iden-
tification of dementia and MCI [29,30,32,34,35,38,41-43]. Additionally, for the classifica-
tion of AD, the National Institute of Neurological and Communicative Disorders and
Stroke—Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA) cri-
teria [25,35,43] as well as the International Classification of Diseases—ICD-8 (290.0 and
290.1), ICD-9 and ICD-10 (F00, FO3 and G30) codes [28,47,49-51]—were used. For the clas-
sification of VaD, the National Institute of Neurological and Communicative Disorders and
Stroke—Association Internationale pour la Recherché et I’'Enseignement en Neurosciences
(NINDS-AIREN) criteria [29] and the ICD-8 (293.0 and 293.1) and ICD-10 (F01) codes [28]
stand out.

In a recent multicenter study, specific criteria for dementia subtypes were also applied,
such as the Rascovsky criteria for FTD and the diagnostic criteria for DLB [43].

Regarding neurocognitive assessment, most studies used standardized instruments
such as the Mini-mental State Examination (MMSE) [24,26,33,35,37,38,41,46], frequently
associated with other batteries such as the Trail Making Test (TMT), Free and Cued Se-
lective Reminding Test (FCSRT), Montreal Cognitive Assessment (MoCA), and specific
scales such as the Cornell Scale for Depression in Dementia (CSDD) or the Middelheim
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Frontality Score (MFS) [24,35,42]. Sakuma et al. (2019) [39], who performed a study with a
Japanese population, used the version of the MMSE characteristic of the country, the MMSE-
Japan (MMSE-]). Behavioral assessments were also included, especially when addressing
dementia in moderate or advanced stages [24].

Population-based studies have sometimes used diagnostic algorithms based on medical
records, interviews with informants or family members, and results of laboratory and imaging
tests, with the diagnosis being confirmed by multidisciplinary panels or committees of experts
(geriatricians, neurologists, and neuropsychologists) [23,25,27,34,37,40,41,45,48,52].

This diversity of diagnostic criteria and assessment methodologies influences the
heterogeneity of results, making direct comparison between studies difficult. The stan-
dardization of diagnostic criteria for dementia and cognitive assessment methods therefore
emerges as an essential recommendation for future research aiming to clarify the role of
vitD in cognitive health.

3.3. Relationship Between Mild Cognitive Impairment and Vitamin D

The relationship between vitD levels and cognitive decline shows mixed results, with
evidence of both significant association and neutrality.

The studies performed by Miller et al. (2015) [30] and Moon et al. (2015) [31] demon-
strated that participants with severe vitD deficiency (<25 nmol/L) had a higher risk of
developing MCI when compared with participants in the higher or sufficient vitD cat-
egories, as well as of accelerated decline in episodic memory and executive function.
Aguilar-Navarro et al. (2019) [38] reinforced this association, reporting a Hazard Ratio (HR)
of 25.02 (95% Confidence Interval) for MCI in cases of vitamin deficiency. Additionally,
Yesil et al. (2015) [32] observed significantly lower mean vitD levels in groups with MCI
(20.68 ng/mL) compared to controls (23.74 ng/mL), while Chei et al. (2014) [26] reported a
doubled risk of cognitive impairment (adjusted Odds Ratio (OR) 2.15) in individuals with
lower levels (31.9 nmol/L vs. 45.6 nmol/L). In addition, Sakuma et al. (2019) [39] also
observed that low levels of vitD were independently associated with a higher prevalence
of cognitive impairment (MMSE-] < 23). The lowest quartile of vitD had an adjusted
OR of 2.70 (95% CI, 1.38-5.28) for cognitive impairment compared to the highest quartile.
Furthermore, there was a positive correlation between vitD levels and MMSE-] scores in
both sexes.

Cochar-Soares et al. identified vitD deficiency as an independent risk factor for
cognitive decline among adults over 50 years of age, thus providing further supporting
longitudinal evidence that insufficient vitD levels may contribute to age-related cognitive
decline [52]. Consistent with the previous studies, the meta-analysis by Goodwill et al.
(2017) [53] that analyzed 26 observational studies, concluded that individuals with low
vitD levels (25 and 50 nmol /L) had worse cognitive performance (OD = 1.24 with 95% CI)
and a higher risk of cognitive decline (OR = 1.26 with 95% CI) compared with participants
with higher or sufficient vitD concentrations. However, recent studies such as those from
Asante et al. (2023) [42], Janse et al. (2023) [43] and Imerbesin et al. (2025) [46] did not find
significant associations between vitD deficiency and risk of neurocognitive disorders or
mild cognitive impairment, even in longitudinal analyses with a 10-year interval [42].

Regarding the study conducted by Xie et al. (2023) [44], the authors concluded that
older adults with vitD deficiency had a higher prevalence of cognitive impairment and that
sufficiency was associated with a 33 to 55% reduced risk of cognitive impairment. In this
study, vitD deficiency was defined as below 25 nmol/L, insufficiency as 25 to 50 nmol/L,
and sufficiency as above 50 nmol/L or higher; therefore, the suggested protective associa-
tion refers to the sufficient category compared with the deficient or insufficient categories.
The authors went even further by being able to associate the additional benefit of sufficiency
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when combined with good quality and normal duration of sleep, and the opposite was also
observed, since vitD deficiency combined with poor sleep quality or inadequate duration
resulted in an increased risk of cognitive deficit [44]. Similarly, both Zhou et al. [47] and
Ren et al. [49] explored the influence of sleep characteristics in the association between
vitamin D and dementia risk. The authors found that lower vitD levels were associated
with an increased risk of developing dementia, being more pronounced when combined
with unfavorable sleep characteristics, including duration [47] and daytime sleepiness [49].
These findings suggest that there is an interaction between vitD status and sleep charac-
teristics, reinforcing the importance of lifestyle factors in cognitive aging and dementia
development. This divergence can be attributed to methodological differences, such as
varying criteria for disability (e.g., <25 nmol/L vs. <30 nmol/L) or distinct study designs
(cross-sectional vs. longitudinal). Some studies highlight specific impacts on cognitive
domains (episodic memory and executive function) [30,33], while another study does not
identify relationships with decline in semantic memory or visuospatial skills [30].

Overall, most evidence suggests that adequate vitD levels may have a protective role,
while severe deficiency appears to increase the risk of MCI. Furthermore, the link between
vitamin D and dementia may be influenced by sleep behavior. Thus, preventive strategies
should consider both nutritional and lifestyle factors simultaneously. However, causality
remains uncertain, and confounding factors (sun exposure, mobility, or comorbidities) may
influence the results. Future studies should standardize diagnostic criteria and include
therapeutic interventions to elucidate underlying mechanisms.

3.4. Relationship Between Dementia and Vitamin D

Regarding the relationship between vitD and dementia, Chen et al. (2024) [45] high-
lighted that both insufficiency and deficiency of vitD are associated with an increased risk of
all types of dementia, with HR ranging between 1.11 and 1.25, respectively. Meta-analyses
by Zhang et al. (2024) [22] and Kalra et al. (2020) [54] reinforce these results, with the
former pointing to a 42% increase in the risk of dementia in individuals with deficient vitD
levels compared with individuals with sufficient or higher vitD concentrations.

The other studies analyzed in this review corroborate these meta-analyses; however,
they quantify the risk according to the severity of the disability and also provide additional
evidence. For example, Littlejohns et al. (2014) [25] showed that the risk of dementia was
1.53 times higher among the disabled and 2.25 times higher among the severely deficient in
vitD. Similar results were found by Licher et al. (2017) [36], with an increase in the adjusted
risk for each standard deviation decrease in vitD levels (HR: 1.11; 95% CI). Consistent
with these studies, the meta-analysis conducted by Chai et al. (2019) [55] observed a 32%
increase in risk with general disability, 48% with moderate deficiency, and even a high risk
in severe disability.

Additionally, the studies from Knekt et al. (2014) [27] and Fashanu et al. (2019) [40],
analyzed the risk differences in specific populations, such as women and middle-aged
individuals. Knekt et al. showed a significant association between higher vitD levels and a
lower risk of dementia among women, but not among men, suggesting possible gender
differences [27], while Fashanu et al. demonstrated that deficient vitD levels in middle-aged
were linked to an increased risk of developing dementia in subsequent decades (HR: 1.26)
compared with participants with non-deficient or sufficient vitD levels [40]. In a different
perspective, Cheng et al. [50] and Hung et al. [51] conducted two studies using the same
cohort (TriNetX) to evaluate the association between vitD and dementia risk among adults
with sensory impairment, specifically vision or hearing impairment. Cheng et al. identified
a significant increase in the risk of new-onset dementia among patients with glaucoma
and vitD deficiency, also suggesting that treating vitD deficiency may have a positive
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impact on the development of neurodegenerative diseases [50]. Considering that sensory
impairment has been recognized as a risk factor for cognitive decline and dementia, the
study conducted by Hung et al. also found that low vitD levels were associated with a
significantly increased risk of incident dementia over the follow-up period [51].

Lu et al. (2025) [48] presented the results of a case—cohort study integrated into the
Japan Public Health Centre-based Prospective (JPHC) Study. The authors observed that par-
ticipants with higher plasma vitD levels had a lower risk of developing disabling dementia
compared with those in the lowest categories. These results support the hypothesis that
adequate levels of vitD may contribute to the prevention of dementia in older adults [48].

Conversely, two other studies point to less conclusive results. Asante et al. (2023) [42],
for example, found no significant association between vitD deficiency, assessed at two time
points 10 years apart, and the risk of neurocognitive disorders when deficient or insufficient
vitD levels were compared with the respective references. Similarly, Nagel et al. (2015) [33]
observed a non-significant association after statistical adjustments. These results indicate
that the relationship between vitD and dementia may depend on additional factors, such
as the timing of the assessment, duration of follow-up, and the presence of confounders,
including age, sex, BMI, smoking status, alcohol consumption, physical activity, diabetes,
blood pressure, serum cholesterol, depression, and serum creatinine. However, considering
that the Nagel et al. study has a cross-sectional design, it is not possible to rule out reverse
causality, as the temporal relationship is unclear.

Regarding the duration of follow-up, in 2024, Grant et al. [56] published a study on the
implications of follow-up periods for the effect of vitD deficiency on the risk of dementia,
Alzheimer’s disease and cognitive impairment. The authors found that the duration of
follow-up significantly altered the association between low serum vitD levels and an
increased risk of the three neurological conditions, with the link being stronger in shorter
follow-up periods (less than 5 years), and weaker or null in very long follow-up periods
(10-20 years). The authors stated that the decline in vitD levels in the years immediately
preceding diagnosis is likely a consequence of reduced outdoor activity and an inadequate
diet during the preliminary phase of dementia, rather than evidence of a long-term causal
relationship [56].

Despite the contradictions, there is more evidence suggesting a positive causal relation-
ship. In addition to the studies cited above, Navale et al. (2022) [23], through Mendelian
randomization analysis, identified a threshold effect below 25 nmol/L, in which the risk
of dementia increased sharply, supporting a causal link between severe vitD deficiency
and the development of dementia. Lukaszyk et al. (2018) [37], Moon et al. (2015) [31],
Arnljots et al. (2017) [34], Lu et al. [48], Cheng et al. [50] and Hung et al. [51] also point to
vitD deficiency as a modifiable factor associated with cognitive dysfunction and dementia,
especially among the elderly and sensory-impaired adults. These results suggest that main-
taining adequate vitD levels may represent an important preventive strategy in the context
of aging and cognitive health. In a different perspective, Eymundsdottir et al. 2020 [41]
stated that individuals with dementia have a higher risk of vitD deficiency, regardless of
other lifestyle factors; however, the authors did not make the inverse correlation.

In summary, these studies point to a significant proportional relationship between
vitD deficiency and an increased risk of dementia. Studies with different methodological
designs indicate that both vitD deficiency and insufficiency are associated with an increased
risk of developing dementia, with these being especially notable in subgroups such as
women and middle-aged individuals. Although some studies yield less conclusive results,
most research, including Mendelian randomization analyses, reinforces the hypothesis of a
causal role of vitD in cognitive processes and in the prevention of dementia.
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3.5. Relationship Between Alzheimer’s Disease and Vitamin D

Regarding studies on the relationship between AD and vitD, several studies have
shown a significant association between low serum vitD levels, and an increased risk of
AD. Chen et al. (2024) [45] concluded that both vitamin D insufficiency and deficiency are
associated with a higher risk, with an HR of 1.10. Concordantly, but more expressively, the
meta-analysis by Kalra et al. (2020) [54] reported that individuals with vitD deficiency had
a 1.87 times greater risk of developing AD, while those with insufficiency had a 1.25 times
greater risk, compared to those with normal levels. Another meta-analysis developed by
Zhang et al. (2024) [22] also corroborated these data, estimating a 57% increase in the risk
of AD in individuals with vitamin deficiency.

In this sense, the studies analyzed in this work corroborate this association, namely
Feart et al. (2017) [35], after following a cohort with 125 cases of AD, concluded that vitD
deficiency (<25 nmol/L compared with >50 nmol/L) was associated with almost three
times the risk of developing the disease (HR: 2.85). Similarly, Littlejohns et al. (2014) [25]
observed that deficient individuals had a 1.69 times increased risk of developing AD,
while severely deficient individuals presented a 2.22 times greater risk, compared with
participants with sufficient concentrations of 50 nmol/L or higher. Licher et al. (2017) [36]
identified that each standard deviation decrease in vitD levels was associated with a 13%
increase in the risk of AD (HR: 1.13). Finally, Afzal et al. (2014) [28] after multivariate
adjustment, defined that participants with vitD levels < 25 nmol/L had a higher risk for
AD (HR 1.25) when compared to those with >50 nmol/L.

The severity of the deficiency appears to directly influence the risk level, as demon-
strated in the meta-analysis by Chai et al. (2019) [55], showing a 34% increased risk of
developing AD in individuals with vitD deficiency (<20 ng/mL) compared with individ-
uals with sufficient vitD levels, a risk that was even higher in moderate deficiency—HR:
1.51—and significant in severe deficiency—HR: 1.36.

A particularly surprising finding comes from Aguilar-Navarro et al. (2019) [38], who
reported an extreme increase in the risk of AD among individuals with vitD deficiency
(<20 ng/mL, compared with individuals with sufficient vitamin D levels > 30 ng/mL; HR:
41.7). Although this value should be interpreted with caution, possibly reflecting specific
sample characteristics or methodology, the authors suggest that the poorer performance in
executive function, attention, evocation, orientation domains found in subjects with VitD
deficiency may be due to damage to the frontal-subcortical circuits.

Observational studies reinforce the relationship between low vitD levels and the
presence of AD. Yesil et al. (2015) [32] found significantly lower mean vitD levels in
patients with AD (20.29 ng/mL) compared to the control group (23.74 ng/mL). Janse et al.
(2023) [43] presented similar results, in which patients with AD had significantly lower
adjusted mean levels (7.77) compared to individuals without dementia (8.27). These data
indicate that vitD deficiency may be present even in the early stages of the disease.

Additionally, there is evidence of biological mechanisms that may explain this asso-
ciation. Richter et al. (2024) [24] observed an inverse correlation between vitD levels and
A[1-42 levels in cerebrospinal fluid, suggesting that vitamin deficiency may contribute to
the deposition of amyloid plaques, a central pathological feature of AD. The authors also
suggested that vitD deficiency is associated with serotonergic alterations, influencing cog-
nitive and behavioral symptoms of the disease. These results reinforce the hypothesis that
vitD may have a relevant neuroprotective role, with implications for both the prevention
and the clinical course of AD [24].

In conclusion, current evidence indicates a robust association between low serum vitD
levels and an increased risk of developing AD, with this risk being proportional to the
severity of the deficiency. Different types of studies, including cohort and observational
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ones, corroborate this relationship, revealing that individuals with vitD deficiency or insuf-
ficiency are more prone to developing the disease, even in its early stages. Furthermore, the
data suggested that vitD may exert important neuroprotective functions, influencing mech-
anisms such as amyloid plaque deposition and the modulation of serotonergic pathways.
Despite certain variations in the results, possibly attributed to methodological differences,
the body of research reinforces the relevance of maintaining adequate vitD levels as a
potential strategy for preventing and controlling AD progression.

3.6. Relationship Between Vascular Dementia and Vitamin D

The association between low vitD levels and risk of VaD has been evidenced by some
recent studies. Chen et al. (2024) [45] found an association between reduced serum levels
and vitD insufficiency (<50 nmol/L compared with >50 nmol/L) with increased risk of
VaD (HR of 1.15). These results indicate that even levels not necessarily classified as severe
deficiency may be implicated in increased vulnerability to this subtype of dementia [45].
Afzal et al. (2014) [28] found that the risk for VaD was elevated among the participants
with vitD levels < 25 nmol/L (HR 1.22; 95% CI 0.77-1.91) compared with participants with
adequate serum vitD levels (>50 nmol /L), although it did not obtain statistical significance.

Corroborating this evidence, the study conducted by Janse et al. (2023) [43] showed
that patients diagnosed with VaD presented significantly lower levels of vitD compared
to individuals without dementia. This difference reinforces the hypothesis that vitamin
deficiency may be related to the development of VaD, even when comparing between
clinical groups.

A previous study by Prabhakar et al. (2015) [29] adds a more detailed perspective.
Although the difference in mean vitD levels between the VaD cases (15.9 ng/mL) and
controls (16.6 ng/mL) was not statistically significant, the prevalence of severe deficiency
(£12 ng/mL) was slightly higher (53% vs. 50%). Importantly, after adjusting for demo-
graphic and biochemical covariates, vitD deficiency (<12 ng/mL compared with vitD
sufficiency > 20 ng/mL) was associated with a 2.2 times higher risk of VaD (adjusted OR:
2.19). Notably, the combination of hypertension and vitD deficiency increased the risk for
VaD sharply, reaching an increase of up to 31.6-fold, suggesting a possible synergistic effect
between these risk factors [29].

In conclusion, the data analyzed throughout all studies suggest a relevant association
between low vitD levels and an increased risk of VaD, although the evidence is more
limited compared to other dementia subtypes. Recent studies indicate that even levels
considered merely insufficient may be implicated in the development of VaD, reinforcing
the importance of vitD as a possible modifiable risk factor. Furthermore, clinical data
demonstrate that individuals with VaD have significantly lower levels of vitD compared to
controls, and adjusted analyses revealed a substantially higher risk among those deficient.
The potential interaction between vitD deficiency and other vascular factors, such as
hypertension, is particularly noteworthy, as it can considerably amplify the risk of VaD.

3.7. Relationship Between Dementia with Lewy Bodies, Mixed Dementia and Vitamin D

The only study that refers to these two types of dementia is the one performed by
Janse et al. (2023) [43], where 1758 patients over the age of 60 with cognitive diagnoses
were analyzed. All participants underwent a standardized cognitive assessment performed
by a multidisciplinary team, which included a geriatrician, neurologist, specialist nurse
and, if necessary, neuropsychologist. Clinical diagnoses followed current international
criteria, and vitD status was measured at the first appointment. However, the authors
found no significant differences in vitD levels between patients with MCI, DLB and mixed
dementia [43].
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Thus, this work suggests that the evidence on the association of vitD with all types of
dementia analyzed is currently scarce and inconclusive. It is therefore essential that future
investigations and longitudinal clinical trials include these patient groups to determine
whether vitD deficiency is a relevant risk factor as observed for other etiologies of dementia.

4. Conclusions

The evidence gathered throughout this review confirms the role of vitD in brain
function and in the risk of developing dementia, especially AD and VaD.

Recent large-scale demographic studies analyzed throughout this work, such as the
Navale et al. (2022) [23] and Chen et al. (2024) [45] studies, which evaluated hundreds
of thousands of individuals, demonstrate that vitD deficiency or even insufficiency is
associated with a significant increase in the risk of dementia in general and AD in particular,
with risks proportional to the severity of the deficit. Furthermore, several epidemiological
studies, both cross-sectional and longitudinal, point to a significant relationship between
low vitD levels and MCI, especially in domains such as memory and executive function.
However, although they are useful methods for identifying associations and estimating
prevalence, cross-sectional studies lack a timeframe and therefore cannot establish causality.
In this case, longitudinal studies are preferrable since a temporal analysis allows us to
understand how the disease state may affect serum vitD concentrations.

The methodological heterogeneity among the studies was notable, related to the di-
agnostic criteria for dementia and the cutoff values for vitD deficiency. Although this
variability limits the direct comparability of the results, there is consensus that concentra-
tions below 50 nmol/L correspond to significant deficits and that maintaining adequate
levels can be a fundamental prevention strategy.

Although some investigations have not found significant associations after adjusting
for confounding factors (e.g., age, sex, season, ethnicity, cardiovascular factors, calcium,
renal function, depression, outdoor activity, and APOE4), the preponderance of evidence
reinforces the hypothesis of a causal and modifiable role of vitD in dementia. Finally, the
synergistic interaction between vitD deficiency and classic vascular risk factors, notably
hypertension, in increasing the risk of vascular disease is highlighted.

An additional methodological consideration is the type of evidence available for evalu-
ating vitD with respect to cognitive decline and dementia. Although randomized controlled
trials are generally considered the highest level of evidence for interventions, vitD trials
present specific challenges that may hinder their interpretability. Nutrient trials differ from
drug trials because the biological effect depends not only on the assigned dose, but also
on baseline nutrient status, achieved serum vitD concentrations, dose-response relation-
ships, adherence, background intake, and the duration of exposure. Trials that include
participants with sufficient vitD status at baseline, use inadequate doses, fail to measure
achieved vitD concentrations, or have insufficient follow-up may underestimate potential
benefits in deficient individuals. These issues have been highlighted in methodological
guidelines for nutrient studies and in critical appraisals of large randomized controlled
trials of vitD [57,58]. Therefore, well-designed observational studies, particularly prospec-
tive cohort studies with baseline vitD assessment and long-term follow-up, remain highly
relevant for evaluating the epidemiological association between vitD status and cognitive
decline or dementia. However, such studies are still susceptible to residual confounding
and reverse causation, and their findings should be interpreted as supportive rather than
definitive evidence of causality.

Thus, this review suggests that combating vitD deficiency, especially in the elderly,
could represent an effective preventive approach to cognitive decline and dementia, partic-
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ularly AD and VaD. However, defining ideal levels and confirming the clinical impact of
supplementation requires further standardized and, eventually, interventional research.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/endocrines7030035/s1, Table S1: Detailed overview of the thirty
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Abbreviations

The following abbreviations are used in this manuscript:

1x,25(OH)2D 1a,25-dihydroxyvitamin D or calcitriol

7DHC 7-dehydrocholesterol

25(OH)D 25-hydroxyvitamin D or calcidiol

AD Alzheimer’s disease

ADL Activities of daily living

BMI Body mass index

BNT Boston Naming Test

BP Blood pressure

CDR Clinical dementia rating scale

CERAD Consortium to Establish a Registry for Alzheimer’s Disease
CMAI Cohen-Mansfield agitation inventory

CNS Central nervous system

CSDD Cornell Scale for Depression in Dementia

CVD Cerebrovascular disease

DLB Dementia with Lewy bodies

DSM Diagnostic and Statistical Manual of Mental Disorders
FCSRT Free Selective Recall Test and Cued

FTD Frontotemporal dementia

HDL High-density lipoprotein

HR Hazzard ratio

IADL Instrumental activities of daily living

ICD International Classification of Diseases

MCI Mild cognitive impairment

MFS Middelheim frontality score

MINI Mini international neuropsychiatric interview

MMSE Mini-mental state examination

MNA-SF Mini-form nutrition assessment

MoCA Montreal Cognitive Assessment

MRI Magnetic resonance imaging

NIA-AA National Institute on Aging and Alzheimer’s Association

NINCDS-ADRDA

National Institute of Neurological and Communicative Disorders
and Stroke-Alzheimer’s Disease and Related Disorders Association
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National Institute of Neurological Disorders and Stroke (NINDS) and the
NINCDS-AIREN  Association Internationale pour la Recherche et I’Enseignement en
Neurosciences (AIREN)

OD Odds ratio
TMT Trail Making Test
UVB Ultraviolet B
VaD Vascular dementia
VDR Vitamin D receptor
VitD Vitamin D
VitD2 Vitamin D2
VitD3 Vitamin D3
VFT Verbal fluency test
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