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Bsml polymorphism in the vitamin D receptor gene
is associated with 25-hydroxy vitamin D levels in
individuals with cognitive decline

Polimorfismo Bsml no gene do receptor de vitamina D esta associado aos niveis de
25-hidroxi vitamina D em individuos com declinio cognitivo
Ana Carolina R. de Oliveira’, Carolina A. Magalhdes?, Cristina M. G. Loures? Vanessa G. Fraga?, Leonardo C.

de Souza?®, Henrique C. Guimardes®, Marco T. G. Cintra®, Maria A. Bicalho®, Maira C. R. Sousa?, Josianne N.
Silveira?, leda F. O. Silva?, Paulo Caramelli®, Maria G. Carvalho?, Karina B. Gomes'™?

ABSTRACT

Elderly people are at a high risk of developing vitamin D (VitD) deficiency due to both decreased intake and cutaneous synthesis. Most of the
biological actions of VitD are mediated by the vitamin D receptor (VDR), which is present in neurons and glial cells of the hippocampus, and
in the cortex and subcortical nuclei, essential areas for cognition. It is known that VDR gene polymorphisms may decrease the VDR affinity
for VitD. Objective: The present study aimed to investigate the influence of VitD levels on cognitive decline in patients with dementia due to
Alzheimer’s disease (AD, n = 32) and mild cognitive impairment (MCI, n = 15) compared to cognitively healthy elderly (n = 24). We also evaluated
the association of VDR gene polymorphisms with cognitive disturbance. Methods: Four polymorphisms on the VDR gene were studied, namely,
Bsml, Apal, Fokl and Tagl, by polymerase chain reaction-restriction fragment length polymorphism. Serum levels of 25-hydroxy vitamin D
(25(0H)D) were determined by high performance liquid chromatography. Results: No significant difference in 25(0H)D levels or genotypic/
allelic frequencies was observed between the groups. Deficiency of 25(0H)D was more frequently observed in women. The AA/AG genotypes of
the Bsml polymorphism was associated with sufficient 25(0H)D levels, while the GG genotype of this same polymorphism was associated to
insufficient levels in the cognitively-impaired group (individuals with AD or MCI). Conclusions: The data obtained do not confirm the relationship
between reductions of VitD levels, polymorphisms in the VDR gene, and altered cognitive function in this sample. However, the data indicate
that Bsml polymorphism in the VDR gene is associated with the VitD levels in individuals with cognitive decline.
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RESUMO

Idosos apresentam risco elevado de desenvolverem deficiéncia de Vitamina D (VitD) devido a diminuicao da ingestao e da sintese na pele.
A maioria das ac¢oes biolégicas da VitD é mediada pelo receptor da vitamina D (VDR), que esta presente nos neurdnios e células gliais do
hipocampo, e no cortex e em nlcleos subcorticais, areas essenciais para a cognicao. Sabe-se que polimorfismos do gene VDR podem
diminuir a afinidade do VDR pela VitD. Objetivo: O presente estudo teve como objetivo investigar a influéncia dos niveis de VitD no declinio
cognitivo em pacientes com deméncia devida a doenca de Alzheimer (DA, n = 32) e comprometimento cognitivo leve (CCL, n = 15) em
comparacdo a um grupo de idosos cognitivamente saudaveis (n = 24). N6s também avaliamos a associagéao entre polimorfimos no gene
do receptor de VitD e as alteracdes cognitivas. Métodos: Quatro polimorfismos no gene VDR foram estudados, sendo Bsml, Apal, Fokl e
Tagl, por PCR-RFLP Os niveis séricos de 25-hidroxi vitamina D (25(0H)D) foram determinados por HPLC. Resultados: Nao houve diferenca
significativa nos niveis de 25(0H)D ou nas frequéncias genotipicas / alélicas entre os grupos. Niveis deficientes de 25(0H)D foram mais
frequentes nas mulheres. Os genotipos AA / AG do polimorfismo Bsml foram associados a niveis suficientes de 25(0H)D, enquanto o
genotipo GG deste mesmo polimorfismo foi associado a niveis insuficientes no grupo com comprometimento cognitivo (em individuos com
DA ou CCL). Conclusées: Os resultados obtidos nao confirmam a relagéo entre reducéo dos niveis de VitD, polimorfismos no gene VDR e
funcao cognitiva alterada nesta amostra. No entanto, os dados indicam que o polimorfismo Bsml no gene VDR esta associado aos niveis de
VitD em individuos com declinio cognitivo.
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Currently, there is a significant increase in the number
of elderly people worldwide and, consequently, an increased
prevalence of chronic diseases, such as dementia. Dementia is
asyndrome defined by cognitive decline and loss of autonomy.

The main cause of dementia is Alzheimer’s disease (AD),
a chronic neurodegenerative disorder characterized by pro-
gressive and irreversible cognitive decline. The pathology is
characterized by the presence of B-amyloid (AB) plaques and
neurofibrillary tangles caused by hyperphosphorylation of the
tau protein® These processes have been used as biomarkers in
cerebrospinal fluid, associated with functional neuroimaging,
in order to provide a more accurate AD diagnosis®. Mild cogni-
tive impairment (MCI) is a term used for individuals who have
cognitive decline that is not enough to fulfill the diagnostic
criteria for dementia, but which can be an intermediate stage
between healthy cognitive aging and dementia. Patients with
MCI are at a high risk to convert to dementia’.

Vitamin D (VitD) is synthesized by the skin through
exposure to sunlight, and a small portion comes from dietary
sources. VitD signaling is mediated by the vitamin D recep-
tor (VDR)®. The VDR gene is located on chromosome 12q13,
presents 14 exons and covers 75 kb of genomic DNA. Single
nucleotide polymorphisms (SNPs) in the VDR gene have been
associated with alterations in gene function. Four variants
have been more extensively studied, according to restriction
enzymes used for their detection: FokI (rs10735810), Bsml
(rs1544410), Apal (rs7975232) and Taqgl (rs731236). FokI and
Taqgl are located in exonic regions, while Bsml and Apal are in
intronic regions of the VDR gene. These SNPs are associated
with an altered translation initiation site (Fokl), altered pro-
tein function (Tagl) or expression (Bsml and Apal)®"5°.

The VDR is found in many cell types, including neurons
and glial cells of the hippocampus, cortex and subcortical
nuclei, which are essential for cognition'". Some studies have
investigated the association between VitD levels and cognitive
decline, and most of them showed that adequate levels of VitD
are associated with anti-inflammatory and antioxidant action,
induction of neurotransmitter gene expression, regulation of
neurotrophic agents and AP clearance'®'**1*15167 Other stud-
ies have suggested that VDR gene polymorphisms could be risk
factors for AD development, since those variants may decrease
VDR affinity for VitD and may lead to neurodegeneration with
an increased risk for cognitive decline. Gezen-Ak et al." found
that a specific haplotype of VDR gene (alleles of Tagl, Apal,
Tru9l, Bsml and Fokl, respectively) was significantly higher in
the AD group®®. Laczmanski et al.’’ detected that Apal poly-
morphism was a risk factor associated with AD in Lower
Silesian patients. However, Khorram et al.® observed that Apal
and Taql polymorphisms were not associated with the risk of
late-onset AD in an Iranian population. Therefore, the relation-
ship between VDR polymorphisms and AD is still controver-
sial, and depends on the population studied.

The present study aimed to investigate the association
between serum levels of VitD, measured by the 25-hydroxy

vitamin D (25(0OH)D) form, and polymorphisms in the VDR
gene in a sample of patients with AD and MCI compared to
a control group.

METHODS

Clinical samples

In this study, 32 patients with dementia due to AD, 15 with
MCI and 24 elderly individuals without objective cognitive and
functional impairment (control group) were included, matched
by age and sex, and selected from the Neurology and Geriatric
units from the Hospital das Clinicas of the Federal University
of Minas Gerais, Brazil, from 2015 to 2016. Participants under-
went clinical, neurological examinations and neuropsychologi-
cal assessment. The diagnosis of AD dementia was ascertained
according to the National Institute on Aging and Alzheimer’s
Association®. All patients with an AD diagnosis showed a cere-
brospinal fluid biomarker compliant with the disease, with the
Innotest Amyloid Tau Index < 1.0 pg/mL [(AP1-42/(240 + 1.18
x Tau)]. The MCI diagnosis followed the recommendations of
Petersen et al.*". The control group had no history of neurologi-
cal diseases and had performances in the Mini-Mental State
Examination above education-adjusted cut-off scores, and
Functional Assessment Staging Test < 3.

We did not include individuals younger than 50 years or
older than 90 years, as well as patients with chronic kidney
failure, autoimmune and liver diseases, cancer, current or
recent infectious process (within the last four weeks), history
of acute myocardial infarction (last six months), current use
of anti-inflammatories (except acetylsalicylic acid) and anti-
coagulants, or dementia other than AD. Individuals who used
supplements containing VitD six months before the sample
collection were not included in this study.

This study was approved by the Ethics Committee of
Federal University of Minas Gerais and all the participants or
their legal representative signed the informed consent form.
The study was also performed in accordance with the 1964
Declaration of Helsinki and its later amendments.

The Body Mass Index (BMI) was measured by weight in
kilograms divided by the square of the height in meters (kg/
m?). Waist circumference was measured between the low-
est ribs and the iliac crest, as recommended by World Health
Organization and International Diabetes Federation®.

Laboratory tests

Molecular analysis

Genomic DNA was extracted from whole blood sam-
ples collected in EDTA using the BioPur Mini Spin kit
(Biometrix). The VDR gene polymorphisms (rs10735810,
rs1544410, rs7975232, rs731236) were identified through
PCR, followed by digestion with restriction enzymes Fokl,
Bsml, Apal and Taql and, subsequently, 6% polyacrylamide
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gel electrophoresis, stained with silver nitrate®. The APOE
genotyping (rs429358 and rs7412) was also performed by
PCR, followed by enzymatic digestion with Hhal and elec-
trophoresis in 12% polyacrylamide gel, stained with silver
nitrate, as previously described by Hixson and Vernier*.

Biochemical analyses

Blood samples were centrifuged at 3,000 rpm for 15 minutes.
Serum and plasma samples were stored at -80°C until analysis.

Quantification of 25(0H)D in EDTA plasma was performed
according to the methodology described by Hymeller and Jensen
with an A18 column®. The assay is capable of detecting 25(0H)
D2 and 25(0H)D3. The methodology consists of liquid-liquid
extraction of plasma 25(0OH)D, in an alkaline medium, after the
saponification process and addition of the internal standard,
lo-hydroxyvitamin D3. The organic phase is brought to the
extract under nitrogen atmosphere and heating. The extract is
recovered with the mobile phase and analyzed by high perfor-
mance liquid chromatography with UV detector. For the quan-
tification of 25(0OH)D, a calibration curve was constructed by
the relative area (standard area/area PI) of the chromatographic
peaks obtained as a function of the concentrations. The detec-
tion-limits obtained in the study were: 9.6 ng/mL for 25(0H)D3
and 10.6 ng/mL for 25(0H)D2. The linearity was 200 ng/mL for
both metabolites. Plasma levels of 25(0H)D were classified as
deficient when < 20 ng / mL, insufficient between 20 and 30 ng /
mlL and sufficient at > 30 ng / mL.

Statistical analysis

Statistical analyses were performed using the SPSS v.17.0
program. Normal distribution pattern was checked using the
Shapiro-Wilk test. Parametric variables were presented as

mean * standard deviation, and nonparametric variables such
as medians (interquartile range). Categorical variables were
presented as percentages. Parametric variables were evalu-
ated by the Student’s T-test to compare two groups, or ANOVA
- post hoc/least significant difference (LSD) test to compare
three groups. Nonparametric variables were compared by the
Mann-Whitney test to compare two groups or the Kruskal-
Wallis test to compare three groups, followed by Bonferroni
correction. Categorical variables were compared using the
chi-square test followed by the residual test. The Hardy-
Weinberg equilibrium was evaluated by the exact test in the
GENEPOP software (available at: http://genepop.curtin.edu.
au/genepop_opl.html). The analysis of VDR gene haplotypes
was performed using Phase 2.1 software, considering only the
haplotypes whose frequency was greater than 10% in the two
groups. Correlation between two variables was performed by
Pearsons or Spearmans tests. In all analyses, significant differ-
ences were considered when p < 0.05.

RESULTS

The clinical and demographic characteristics of each group
are shown in Table 1. Among the 71 participants, women rep-
resented 57.8% of the whole sample. No significant difference
was observed regarding age and sex between the groups (p
= (0.102 and p = 0.554, respectively). The control group had a
higher BMI when compared with the AD group (p = 0.001),
while mean abdominal circumference was lower in the AD
group compared with the MCI and control groups (p = 0.044
and p = 0.002, respectively); however waist/hip ratios were not
different between the groups (p = 0.158).

Table 1. Comparison of clinical and demographic variables between the AD, MCl and control groups.

Variables AD (n =32) MCI (n = 15) Control (n = 24) p-value
Age? 69.84 +9.32 74.60 + 4.94 74.09+717 0.102
Sex ®
Male 15 (46.9%) 7 (46.7%) 8(33.3%) 0.554
Female 17 (53.1%) 8(53.3%) 16 (66.7%)
0.002*
. p1=0120"
BMI (kg/m?) 24.30 £ 3.90 26.56 + 3.30 28.87 +4.98 02 = 0.0012
p3 =0115°
0.005*
o p1 = 0.044"
Abdominal circumference (cm) @ 90.29 +12.38 98.07 +9.92 100.05 + 13.09 02 = 0.0022
p3 = 0.468°
Waist / hip ratio© 0.941(0.13) 0.943(0.12) 0.973(0.13) 0.158
Education®
Up to 4 years 11(21.7%) * 10 (66.7%) 17 (70.8%) ** 0.007*
5to 8 years 8(30.4%) 5(33.3%) 4(16.7%)
> 9years 13 (47.8%) *+ 0 (0%)* 3(12.5%)
€40
Not carrier 11(36.7%) * 12(80.0%) *+ 12 (66.7%) 0.012*
Carrier 19(63.3%) ** 3(20.0%) * 6 (33.3%)
25-hydroxy vitamin D (ng/mL) @ 38.71+17.76 36.33 +19.05 34.84 + 20.46 0.757

*p < 0.05. ®:Variables expressed in mean + standard deviation (ANOVA); ®:Variables expressed in n (%) (x2 test with residue analysis);*:Variable expressed in
median (interquartile range) (Kruskal-Wallis); "AD x MCI, 2AD x control, ®MCI x control; ++: more frequent; +: less frequent; BMI: body mass index; AD: Alzheimer’s

disease; MCI: mild cognitive impairment.
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Participants with a lower educational level (< 4 years)
were more frequent in the control group, while those with
higher schooling (> 9 years) were more frequent in the AD
group (p = 0.007). A higher frequency of carriers of the APOE
gene X4 allele was also found in the AD group (p = 0.012)
when compared with the MCI and control groups.

Table 2. 25-hydroxy vitamin D levels categorized in the AD,
MCl and control groups.

Variables AD MCI Control p-value
VitD category

Deficient 3(9.4%) 3(20.0%) 5(23.8%)
Insufficient 9(281%) 3(20.0%)  2(9.5%) 0.405
Enough 20(62.5%) 9(60.0%) 14(66.7%)

Variables expressed in n (%) (Fisher test with residue analysis); AD:
Alzheimer’s disease; MCl: mild cognitive impairment; VitD: vitamin D.

Table 3. Comparison of 25-hydroxy vitamin D levels and sex in
the three groups studied (AD+MCl+control).

. . Sex
Vitamin D Male Female p-value
Category
Deficient 1(91%)"  10(90.9%)
Insufficient 6 (42.9%) 8(57.1%) 0.042*
Sufficient 22(51.2%) 21 (48.8%)

*p < 0.05. Variables expressed in n (%) (Fisher’s test with residue analysis);
++:more frequent; +: less frequent.

No significant difference was observed in 25(0OH)D lev-
els (p = 0.757) when comparing the three groups (Table 1).
Even when 25(0OH)D values were classified as deficient, insuf-
ficient, and sufficient (> 30 ng/mL), no difference was found
(p= 0.405, Table 2). On the other hand, the deficient 25(0H)
D status was more frequent in women (p = 0.042) (Table 3).

We also investigated whether 25(0OH)D levels and VDR
gene polymorphisms correlated with the BMI and abdomi-
nal circumference; however, no significant correlations were
observed between these variables (p > 0.05). Likewise, when
analyzing the relationship between 25(0H)D levels/polymor-
phism and the presence of the APOE ¥4 allele, no correlation
was observed (p > 0.05, data not shown).

All polymorphisms in the VDR gene were under the Hard-
Weinberg equilibrium in the three groups studied (p > 0.025).
When comparing allele and genotype frequencies, no signifi-
cant difference was observed between the AD, MCI and con-
trol groups (all p > 0.05) (Table 4). Haplotype analysis also did
not show different frequencies between groups, as well as no
difference was observed between 25(0OH)D levels with any
genotype (all p > 0.05, data not shown).

Considering that MCI can be considered a predementia
stage of AD in many individuals, and cognitive impairment
may actually be a continuum, the same analyses were per-
formed considering a new classification, named cognitively
impaired, in which patients with AD and MCI were grouped.
The 25(0H)D levels were not different when comparing the

Table 4.: Allelic and genotypic frequencies of VDR gene polymorphisms between AD, MCl and control groups.

Polymorphism (n’:D32) (n'\iﬁ'& Eff'lté?,; AD x MCI AD x Control MCI x Control
Genotype n F(E,Z()]' n F(r;)? n F(r;)? p-value OR Cl p-value OR Cl p-value OR Cl

AA 9 2813 2 1333 2 833 Ref. Ref. Ref.
Bsml AG 11 3437 7 46.67 12 50.00 0.412 2.864 0.374-26.392 0.076 4.909 0.712-42104 1.000 1.714 0.128-23.479

GG 12 3750 6 40.00 10 41.67 0.671 2.250 0.286-21.058 0.249 3.750 0.534-32.444 1.000 1.667 0.118-24.245

AA 14 4375 6 4000 9 3750 1.000 1.286 0.081-39.434 1.000 0.643 0.058-7.488 1.000 0.750 0.021-15.527
Apal AC 15 46.87 8 53.33 13 54.67 1.000 1.600 0.109-47.251 1.000 1.300 0.140-13.516 0.538 0.267 0.008-4.793

CC 3 938 1 667 2 833 Ref. Ref. Ref.

CC 15 46.88 6 40.00 12 50.00 1.000 1.200 0.076-36.636 0.612 2.400 0.176-68.479 1.000 1.833 0.040-85.174
Foki  CT 14 4375 8 53.33 11 45.83 1.000 1714 0116-50.858 0.622 2.357 0.170-67.996 1.000 1.365 0.031-61.177

TT 3 937 1 667 1 417 Ref. Ref. Ref.

TT 10 31.25 7 46.67 13 5417 0.229 3.850 0.515-35122 0192 2.860 0.624-13.730 1.000 0.743 0.074-6.473
Tagl TC 11 34.37 6 40.00 25.00 0.407 3.000 0.392-27722 1.000 1.200 0.224-6.516 0.663 0.400 0.034-4.131

CC 11 3437 2 1333 5 20.83 Ref. Ref. Ref.
Alleles n F([)Z‘; n F([}Z? n F([}Z? p  OR Cl p  OR Cl p  OR Cl

A 29 453111 36.67 16 33.33 1.097 0.378-3.208
Bsml 0.960 1.024 0.368-2.823 0773 1123 0.473-2.661 0.851

G 35 54.69 19 63.33 32 66.67

A 43 6719 20 66.67 31 64.58 1.097 0.378-3.208
Apal T e 0 anas 17 angy 0960 1024 0.368-2.823 0773 1123 0.473-2661 0.851

C 44 6875 20 66.67 35 58.34 0743 0.247-2.241
Fokl 0.840 1110 0.394-3.049 0.632 0.817 0.329-2.019 0.556

T 20 31.25 10 33.33 13 41.67

T 31 48.44 20 66.67 32 66.67 1.000 0.342-2.942
Taql C 33 5166 10 3303 16 33qg 0098 0470 0172-1.265 0054 0.470 0.201-1.092 1.000

OR: odds ratio; Cl: confidence interval; AD: Alzheimer’s disease; MCl: mild cognitive impairment.
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Table 5. Bsml polymorphism frequencies in the groups with
insufficient and sufficient levels of 25-hydroxy vitamin D,
considering the cognitively impaired group (MCI + AD).

Vitamin D - Category

Variable Insufficient Sufficient p-value
Bsml
AA 4(22.2%) 7 (241%) 0.023*
AG 3(16.7%)* 15 (51.7%)*
GG 11 (61.1%)* 7 (241%)*
Bsml
AA/AG 7 (38.9%)* 22 (75.9%)** 0.016*
GG 11 (61.1%)* 7 (241%)*

*p < 0.05. Variables expressed in n (%) (Fisher test with residue analysis) ++:
more frequent; +: less frequent; AD: Alzheimer’s disease; MCI: mild cognitive
impairment

cognitively impaired and control groups (p = 0.803), and did
not show an association with VDR gene polymorphisms (p >
0.050, data not shown). However, a higher frequency of indi-
viduals with the GG genotype in the Bsml polymorphism
and insufficient 25(OH)D levels (< 30 ng/mL) were observed
in the cognitively impaired group (p = 0.023). Subsequently,
more frequent AA and AG carriers with sufficient 25(OH)D
levels (p = 0.016) were observed in the same group (Table 5).

DISCUSSION

Our study found no significant difference in 25(0H)D lev-
els or genotypic and allelic frequencies of the polymorphisms
in the VDR gene between the AD, MCI and control groups.
However, the Bsml polymorphism was associated with
25(0H)D levels in individuals with cognitive impairment (AD
or MCI).

Concentrations of 25(0H)D did not differ significantly
between groups according to our cross-sectional results.
However, prospective studies have supported the hypothe-
sis that cognitive decline in AD and hypovitaminosis D have
a partially common pathophysiological pathway. According
to these studies, VitD has neuroprotective actions, including
clearance of AP, antioxidant and anti-inflammatory effects,
avoiding calcium excitotoxicity, and presenting possible pro-
tection against the neurodegenerative mechanisms associ-
ated Wlth AD14.26,27\28\29.

Our results are supported by previous studies, which have
not shown beneficial effects in prevention or improved cog-
nition in AD, as well as not having observed an association
between lower levels of VitD and a worse cognitive perfor-
mance®?!. Contradictory results may be due to several fac-
tors, including limited sample sizes, use of vitamin supple-
mentation in some studies, cross-sectional design, difficulty
in retrospective analysis of VitD intake and cognitive func-
tion, and lack of adjustment for confounders. In addition,
studies that have shown an association between low levels
of VitD and dementia may represent reverse causality, that

Arg Neuropsiquiatr. 2018;76(11):760-766

is, VitD deficiency was a consequence and not a cause of
dementia, since individuals with cognitive impairment may
have had deficient food intake or reduced exposure to sun-
light, which may have led to a reduction in VitD levels®. Also,
Brazil is a tropical country, with easier exposure to solar radi-
ation. Therefore, higher VitD levels are expected when com-
pared to most studies from around the world***.

As previously described in other studies, we also found
that VitD deficiency was more frequent in female partici-
pants'®®. A meta-analysis showed that cohort studies of
women with poor cognitive performance is associated with
insufficient levels of VitD, whereas cohort studies of men did
not show this association®. One hypothesis to partially jus-
tify this finding could be the fact that body fat in women is
greater than in men. In this way, circulating VitD could be
stored in adipose tissue and, given its lipophilic characteris-
tics, would be less available in plasma. In fact, the mean BMI
in females was 27.19 + 5.00, and in males was 25.23 + 4.85,
with a tendency to a higher BMI in females observed when
compared to the male group (p = 0.075).

The active form of VitD, 1,25 dihydroxyvitamin D
[1,25(0H),D], exerts its biological effects mediated by the
VDR. Environmental factors that influence VitD levels in
humans are complex, and there is a relationship, not com-
pletely elucidated, between VitD concentration and VDR
gene polymorphisms®. Martineau et al.** demonstrated that
individuals with the TT genotype for Tagl SNP showed a dif-
ferent response to VitD supplementation when compared
with carriers of other genotypes (TC and CC).

The genotypic and allelic frequencies of the poly-
morphisms in the VDR gene did not differ between the
three groups in the present study. Our results are in agree-
ment with the studies of Khorram et al.> and Luedecking-
Zimmer et al.*, who did not observe an association of these
polymorphisms with AD in Iranian and Caucasian popula-
tions, respectively. However, some studies have reported the
association of Tagl and Apal polymorphisms with a potential
risk for AD¥*, Kuningas et al.*® associated the Taql and Bsml
SNPs with cognitive decline and Laczmalski et al." related
the A allele in Apal polymorphism with the lowest suscepti-
bility to AD. The heterogeneity of these results may be due to
different ethnic origins and the degree of miscegenation in
the populations investigated, different diagnostic criteria for
dementia, as well as other genetic or environmental factors
that act in synergisms with the VDR gene SNPs.

We also investigated the influence of VDR gene
polymorphisms on 25(0H)D serum levels, combining cogni-
tively impaired participants (AD+MCI), and found a signifi-
cant association between insufficient levels of 25(0H)D and
the GG genotype of the BsmlI polymorphism. When compar-
ing the frequency of the GG versus AA and AG genotypes,
the association with insufficient concentrations of 25(0H)
D was maintained, suggesting that the Bsml polymorphism,
which regulates the expression of the VDR protein, may



modulate the levels of 25(OH)D in MCI and AD patients. On
the contrary, Agenello et al.? found this association with Fokl
polymorphism in patients with multiple sclerosis, but not
with BsmlI polymorphism. The heterogeneity of these find-
ings could be related to different ethnic origins of the study
groups (multiple sclerosis patients from Sicily versus a pop-
ulation with cognitive impairment from Brazil), or to the
degree of genetic admixture of the population investigated
(Brazilian: Amerindian, African and Caucasian miscegena-
tion). Although genetic VDR polymorphisms are a determi-
nant of the VitD status, they act together on other genetic
and environmental factors, which are influenced by sun
exposure and diet.

This study has several limitations. We had a small sam-
ple size. Therefore, as discussed previously, the apparent dis-
crepancy between studies investigating VDR gene polymor-
phisms and dementia, results from ethnic differences as well
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gene is associated with 25(OH)D in individuals with cog-
nitive decline. Our results emphasize the need for further
studies involving larger cohorts and longitudinal long-term
studies, with VDR gene sequencing to investigate all pos-
sible genetic variants.
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