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RESEARCH

RELATIONSHIPS BETWEEN PARKINSON'S
DISEASE DEMENTIA AND 25-HYDROXY
VITAMIN D AND BRAIN-DERIVED
NEUROTROPHIC FACTOR LEVELS

AsstracT

Introduction: Parkinson’s disease dementia is an important condition
that worsens the quality of life in approximately 30% of parkinson disease
patients. Vitamin D deficiency and brain-derived neurotrophic factor have
been implicated in the pathogenesis of alzheimer type dementia, parkinson’s
disease, and many neurodegenerative diseases. The aim of this study was to
investigate the relationship between cognitive impairment and 25-hydroxy
vitamin D and brain-derived neurotrophic factor levels in parkinson’s disease
dementia patients.

Materials and Method: 25-hydroxy vitamin D and brain-derived
neurotrophic factor serum levels were evaluated in patients with parkinson’s
disease dementia (n = 63) and healthy controls (n = 33). Brain-derived
neurotrophic factor and vitamin D levels were examined using one sample
t-tests, and multiple comparisons among independent groups were done
using ANOVA post hoc Tukey's test analysis. Wechsler Memory Scale and Mini-
Mental State Examination were used to evaluate the cognitive functions of the
groups. The disease levels of the patients were determined using the Hoehn
and Yahr scale and the Unified Parkinson’s Disease Rating Scale.

Results: There was a significant negative correlation between the
worsening of dementia and vitamin D levels (p = 0.009). However, there were
significant negative correlations between the unified parkinson’s disease rating
scale daily living activity and Hoehn and Yahr scales and vitamin D levels. No
significant relationship was found between brain-derived neurotrophic factor
and parkinson’s disease dementia (p = 0.983).

Conclusions: Vitamin D deficiency plays a role in cognitive loss in
parkinson’s disease dementia. Vitamin D replacement can be used in dementia
support treatment.

Keywords: Parkinson Disease; Dementia; Vitamin D; Brain-Derived
Neurotrophic Factor.
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INTRODUCTION

|diopathic Parkinson'’s disease (IPD) is a progressive
neurodegenerative disease that is accompanied by
resting tremors, bradykinesia, rigidity, and postural
disorders (1). Non-motor signs are also common in
IPD but are mostly ignored. The incidence of IPD
in all age groups ranges from 4.5 to 9 per 100,000
(2). Cognitive loss and dementia develop over the
course of IPD in 30% of patients (3,4). Parkinson'’s
disease dementia (PDD) constitutes 0.5% of all de-
mentia cases in people over the age of 65 and 3-4%
of the dementia cases in all age groups (5,6). Symp-
toms like rigidity and akinesia, recurring falls, and
severe gait disorders are significant risk factors for
slow-onset, severe cognitive deterioration (7). Fron-
tal executive function disorders and memory errors
are the main characteristics of the disease (7).

Vitamin D is a neuro-steroid hormone that has
important roles in bone mineralization and the reg-
ulation of the calcium-phosphorus balance (8). Vi-
tamin D has significant effects on the brain and has
various roles in the central nervous system, in cell
proliferation and differentiation, neurotransmission,
and neuroplasticity as well as neuroprotection (9).

Brain-derived neurotrophic factor (BDNF) is a
member of the neurotrophin family and is found
in several brain regions (10). BDNF mainly affects
neuron development and regeneration and the
structural health of major neural pathways and their
functioning. A correlation has been found between
low BDNF levels and alzheimer’s disease (11,12). It
is believed that BDNF is also associated with other
neurodegenerative diseases, including IPD (13).

The aim of this study was to investigate the rela-
tionship between cognitive impairment and 25-hy-
droxy vitamin D (25 (OH) vitamin D) and BDNF lev-
els in PDD patients.
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MATERIALS AND METHODS
Patient Selection

The study included 63 patients with IPD who were
followed up in the Movement Disorders Clinic of
the Department of Neurology, Inonu University, and
33 healthy individuals of similar age and education
level without any neurological disease. There were
no patients diagnosed with osteoporosis in either
group. Individuals were diagnosed using their files
and clinical evaluations. None of the participants
were using vitamin D, multivitamins, or calcium or
phosphate group drugs.

The specimens for measuring the BDNF levels
of 13 patients had deteriorated, and these patients
were excluded. Subjects who were on any vitamin
replacement treatment, those with a bone metab-
olism disease, such as osteoporosis, or a chronic
systemic disease, were excluded. All subjects pro-
vided informed consent before participating in the
study, which was approved with a protocol code
of 2016/23 by the Malatya Clinical Research Ethics
Committee.

The personal and actual knowledge and long-
term memory of all subjects were assessed using
the Wechsler Memory Scale (WMS) 1; orientation
was assessed with WMS 2: mental control and the
ability to sustain attention were assessed with WMS
3; logical memory (momentary and long-term re-
membering test) was assessed with WMS 4; and
WMS R was used to assess simple and complex at-
tention based on numbers and visual range. Prov-
erb interpretation and similarity tests were used to
assess abstract thinking (abstraction); planning skills
were assessed by drawing clocks; structuring was
assessed by shape copying; concentric circles were
drawn to evaluate constructional praxis; and verbal
conciseness functions were examined via word find-
ing. For the patients who could not perform these
tests due to cognitive loss, the Mini-Mental State
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Examination (MMSE) was administered. In this test,
participants answer 11 questions and can obtain a
maximum of 30 points; scores of 20-24 points indi-
cate mild cognitive disorder, 10-19 indicate mod-
erate dementia, and less than 10 points, severe
dementia. For the patients whose clinical dementia
scores were calculated, orientation, memory, atten-
tion, calculation, recall, language, motor function
and perception, and visuospatial capacities were
evaluated.

After undergoing the neurological examinations,
the patients’ disease levels were determined using
the Hoehn and Yahr (H&Y) scale and the Unified Par-
kinson’s Disease Rating Scale (UPDRS).

Blood Samples

Fasting blood samples were collected in
vacutainers and centrifuged at 3000 rpm for 10 min
to obtain serum. The serum samples were frozen at
—70°C until the BDNF and 25 (OH) Vitamin D levels
were measured. Before the analysis, the frozen se-
rum samples were slowly brought to room tempera-
ture and stirred gently. The BDNF and 25(OH) vita-
min D analyses were performed on the same day.

Biochemical Analysis of Serum BDNF

The serum BDNF levels of both groups were
measured using a commercial enzyme-linked immu-
nosorbent assay (ELISA) kit (Boster Biological Tech-
nology, Pleasanton, CA, USA) based on the manu-
facturer’s instructions. This analysis is based on the
ELISA method. The serum and standard samples
were added to wells that were precoated with hu-
man BDNF monoclonal antibodies and incubated
for 90 min at 37°C. After incubation, the contents
of the wells were removed by overturning the plate
on a paper towel. After this, biotinylated polyclonal
detection antibodies were added to each well and
incubated for 60 min at 37°C. After incubation, the
wells were washed three times to extract unbound
biotinylated polyclonal antibodies. After this, an avi-

din-biotin-peroxidase complex was added to each
well and incubated for 30 min at 37°C. After incuba-
tion, the wells were washed three times to extract
the unbound avidin-biotin-peroxidase complex. A
tetramethylbenzidine (TMB) solution (chromogen)
was then added to each well and incubated in the
dark for 25-30 min at 37°C, and thus, the color of
the fluid in the wells turned blue. The reaction was
ended by adding a TMB stop solution (acidic stop
solution), and the blue color finally turned yellow.
The absorbance values of the yellow fluid were mea-
sured at 450 nm using a microplate reader (Synergy
H1 Hybrid Multi-Mode Reader; BioTek Instruments,
Inc., Winooski, VT). The absorbance of the yellow
color that was obtained was proportional to the lev-
el of human BDNF found in the serum. The results
are reported in units of pg/mL. The intra-assay and
inter-assay coefficient of variation values of the test
were < 4.5% and < 7.5%, respectively.

Biochemical Analysis of Serum Vitamin D

The serum vitamin D levels were analyzed using
high-performance liquid chromatography (HPLC)
with a Shimadzu LC-10ADVP HPLC system (Shimad-
zu Corporation, Kyoto, Japan), Immuchrom vitamin
D3 controls, and an HPLC kit (Immuchrom GmbH,
Heppenheim, Germany) while measuring the serum
25(0OH) vitamin D levels. In summary, this method is
based on subjecting samples to precipitation and
extraction before they are injected into the HPLC
system. The HPLC separation process was carried
out with a ‘reverse phase’ C18, 150 x 4.6 mm parti-
cle-size column (VertiSep GES,; Vertical Chromatog-
raphy Co., Ltd., Thailand) at 30°C at a 1 mL/min flow
rate and using acetonitrile-water (99:1, v/v) as the
mobile phase. The volume of the injected samples
was 50 pl, and the HPLC separation process lasted
for 15 min. Chromatograms were determined using
a UV detector at 264 nm. The results were calcu-
lated with the ‘in-house standard method’ via the
integration of the peak regions. The results are re-
ported as nmol/L. The coefficient of variation values
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of the test were < 2.5% and < 4.0% for intra-assay
and inter-assay, respectively.

Statistical Analysis

Statistical analysis was performed using SPSS
v.17 software (SPSS Inc., Chicago, IL, USA). The data
were analyzed using SPSS, and p < 0.05 was con-
sidered significant. The differences between the
groups in terms of age, education level, disease
duration, age of disease onset, and 25(OH) vitamin
D and BDNF levels were examined using a t-test.
The differences in the gender ratios between the
groups were calculated using the chi-square test.
Analysis of variance (ANOVA) and the post hoc Tuk-
ey’'s test were used for multiple comparisons among
independent groups, while the cognitive levels and
H&Y stages of the groups were compared using the
Pearson’s chi-square test. The Pearson'’s correlation
test was used to determine the correlation between
the UPDRS score and 25(OH) vitamin D and BDNF
levels.

RESULTS

The mean age of the patients was 65.54 + 7.07 years
versus 66.88 = 5.37 years for the controls (p = 0.097).

There was no significant gender difference between
the groups (p = 0.101). The normal range of the
25(0OH) vitamin D levels for both groups was accept-
ed as 75-250 nmol/L. The mean 25(OH) vitamin D
level was 240.55 + 89.01 nmol/L for the patients and
217.03 + 68.71 nmol/L for the controls (p = 0.146).
Similarly, there was no significant difference in the
BDNF levels of the two groups (p = 0.604) (Table 1).

For the patients, the mean disease duration was
5.32 + 3.75 years, and the mean age of disease on-
set was 60.13 + 7.12 years. Comparing the cogni-
tive levels of the patients and UPDRS scores, the
UPDRS-cognitive function score was significantly
correlated with the stage of dementia (p < 0.001)
(Table 2).

In PDD patients, there was a strong correlation
between the worsening of cognitive function and
a reduction in 25(OH) vitamin D levels (p = 0.009,
Table 3). However, no significant relationship was
found between the BDNF levels and cognitive lev-
els of the patients (p = 0.983, Table 3).

There was also an inverse correlation between
worsening H&Y stage and 25(0OH) vitamin D levels
(p = 0.046, Table 4). There was no significant rela-
tionship between BDNF level and H&Y stage (p =

Table 1. Comparison of age, gender, 25(OH) vitamin D, and BDNF levels between patient and control groups

Patient group (n = 63) Control group (n = 33) F P
Age (years) 65.54 + 7.07 66.88 + 537 2.808 0.097*
Vitamin D (nmol/L) 240.55 + 89.01 217.03 + 68.71 2147 0.146*
BDNF (pg/mL) 137.80 + 12.08 137.22 + 16,67 0.271 0.604*
Gender
Female 29 (%58.0) 21 (%42.0) 2.689 0.1011
Male 34 (%73.9) 12 (%26.1)

*t-test,Ichi-square test
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Table 2. Comparison of the patients’ UPDRS scores and cognitive levels

MCI Mild Dementia Moderate Dementia
(n = 36) (n=19) (n=28) Test and Significance
X = SD X = SD X £ SD
F=2112
UPDRS-Motor 22.47 +13.23 25.94 +12.43 32.62 +12.92
p=0.130
F=2662
UPDRS-Daily Life Action 8.41 +5.88 9.68 +5.18 13.62 +6.78
p=0.078
F =14.885
UPDRS-Cognitive Function 3.16 £ 1.63 4.21+1.03 6.25 + 1.66
p < 0.001
8.15+ 4.98 11.37 £ 6.04 F=1.082
UPDRS-Treatment Complication 8.75 £ 5.26
p=0.345
F=2756
UPDRS-Total 42.80 + 23.47 48.00 = 21.7 63.87 £ 24.13
p=0072
Table 3. Comparison of cognitive functions and 25-OH vitamin D and BDNF levels in patient group
25-OH vitamin D (nmol/L) F P
MCI (n = 36) 269.63 + 89.50
Mild Dementia (n = 19) 205.94 +76.39
5.166 0.009#
Moderate Dementia (n = 8) 191.87 + 69.33
Total (n = 63) 240.55 + 89.01
BDNF (pg/mL) F P
MCI (n = 29) 139.90 = 113.06
Mild Dementia(n = 16) 133.10 = 148.63
0.017 0.983v
Moderate Dementia(n = 5) 140.64 + 80.76
Total (n = 50) 137.80 = 12.08

YANOVA Post-Hoc Tukey test
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Table 4. Comparison of H&Y stages and 25-OH vitamin D levels in patient group

25-OH vitamin D (nmol/L) F P
H&Y Stage 1 (n = 18) 267.05 + 88.35
H&Y Stage 2 (n = 31) 247.38 + 88.22
3.247 0.046*
H&Y Stage 3 (n = 14) 191.35+ 76.97
Total (n = 63) 240.55 + 89.01
HANOVA Post-Hoc Tukey test
Table 5. Correlation analysis of patients’ UPDRS scores with vitamin D and BDNF levels
2> s | T
a) 83 o _ tR °
cd = : 2 B BES bEs | &
I E> LE 25 2 < 2 E 2£a e
082 | &% | £3 | 82 | 88E | S9§F | 8
QS e o2 53 55 S0 SEO >
25-OH Vitamin D (nmol/L) 1
0,016**
BDNF (pg/ml) (b = 0912) 1
-0,164** -0,117**
UPDRS-Motor (b = 0,200) (o = 0,417) 1
R . . -0,310** -0,161** 0,823**
UPDRS-Daily Life Activity (p=0,014) | (p=0265 | (p<0,001) 1
i . -0,156** -0,051** 0,602** 0,624**
UPDRS-Cognitive Function (o= 0,222) (o =0,723) (o < 0,001) (b < 0,001) 1
I -0,157** -0,081** 0,721** 0,658** 0,451**
UPDRS-Treatment Complication (o = 0,219) (o = 0,575) (b < 0,001) (o < 0,001) (b < 0,001) 1
UPDRS-Total -0,216** -0,128** 0,969** 0,903** 0,667** 0,823** 1
(p=009) | (p=0375 | (p<0,001) | (p<0,001) | (p<0,001) | (p<0,001)

** Pearson correlation test

0.375). When the UPDRS subscale scores of the pa-
tients and their 25(OH) vitamin D and BDNF levels
were compared, an inverse correlation was found
between their daily life activities and vitamin D lev-
els (p = 0.014, Table 5), while there was no signifi-
cant relationship between the vitamin D and BDNF
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levels and the other subscales. Accordingly, the re-
lationship between low vitamin D levels and H&Y
stage was stronger than low vitamin D levels rela-
tionship with the UPDRS subscales, except for the
daily life activities subscale.
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DISCUSSION

Vitamin D is a secosteroid that plays a role in the
regulation of bone health physiology and calci-
um-phosphorus homeostasis (14). Vitamin D lev-
els were determined by measuring serum levels of
25(0OH) vitamin D. In our study, we tried to obtain
reliable results by examining the 25(OH) vitamin
D levels, which has a half-life that can be extend-
ed when blood samples are taken under protec-
tion from light. Statistically, there was no significant
difference between the 25(0OH) vitamin D levels of
the patients and those of the controls in this study.
Both groups had mean 25(OH) vitamin D levels in
the normal reference range. The lack of a differ-
ence between our two groups might be explained
by the fact that most of our patients lived in rural
areas, were sufficiently exposed to sunlight, and
consumed mostly organic foods, unlike individuals
in developed countries or urban areas.

Vitamin D is a neurosteroid, and its deficiency
has been the subject of research in the pathogen-
esis of many neurological diseases. There are many
studies that examine the relationship between
cognitive loss and vitamin D deficiency, especial-
ly in alzheimer's disease. In a study of 412 Korean
patients, Ahn et al. found a positive correlation be-
tween vitamin D levels and MMSE scores (15). They
also showed that physical activity affected vitamin
D levels, and independence in physical activity
might indirectly affect MMSE scores (15). Llewellyn
et al. examined cognitive function in elderly individ-
uals and reported a 0.3-point loss per year in the
MMSE scores of those with vitamin D deficiencies
(16). Peterson et al. obtained similar results, finding
positive correlations between vitamin D levels and
verbal conciseness and verbal memory (17). These
studies have suggested that vitamin D has a posi-
tive effect on cognitive function. There are few stud-
ies that examine the relationship between PDD and
vitamin D. In this study, our patients were divided
into three groups according to their MMSE scores:
mild cognitive impairment, mild dementia, and

moderate dementia. A positive correlation was ob-
served between the MMSE scores of PDD patients
and vitamin D deficiency. Although vitamin D levels
were still in the normal reference range, a decrease
in these levels might have contributed to the devel-
opment of cognitive loss or dementia in PDD.

The relationship between the motor symptoms
of parkinson’s disease and vitamin D has recently
been a subject of research. It has been thought that
there may be many factors affecting vitamin D de-
ficiency in parkinson’s disease. Knekt et al. found a
significant relationship between parkinson’s disease
and vitamin D levels, which was affected by age, sex,
marital status, education level, alcohol consump-
tion, physical activity, smoking, and body mass in-
dex (18). In another study, Evatt et al. examined the
vitamin D levels of parkinson’s patients and healthy
individuals and found that the vitamin D levels of
parkinson'’s patients were significantly lower (19).

Suzuki et al. also found significant correlations
between the H&Y and UPDRS total and motor
scores of individuals with a diagnosis of parkinson’s
and the vitamin D receptor Fok1 genotype and low
vitamin D levels (20). Similarly, in our study, there was
a relationship between the H&Y and UPDRS-daily
life activity scores of the patients and low vitamin
D levels. We found a significant negative correla-
tion between PDD and 25(OH) vitamin D levels and
a negative correlation between the patients’ H&Y
stages and their 25(0OH) vitamin D levels. However,
the only relationship between the UPDRS scores
and 25(0OH) vitamin D levels was for the daily life
activities subscale.

In a meta-analysis, Zhou et al. stated that low vi-
tamin D levels may contribute to the development
of parkinson’s disease, but vitamin replacement
does not have a significant effect on motor func-
tion (21). However, Llewellyn et al. showed that early
stage vitamin D replacement therapy is important in
improving MMSE scores in elderly individuals (16).
Accordingly, we think that although the measured
25(0OH) vitamin D levels were in the normal range,
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supplementary treatment should be started when
these scales worsen, which might slow the progres-
sion of dementia rather than motor symptoms.

BDNF is a neurotrophin that contributes to the
development and regeneration of neurons in the
central and peripheral nervous systems (10). How-
ells et al. determined that BDNF expression was de-
creased in alzheimer’s, parkinson’s, and huntington’s
disease, amyotrophic lateral sclerosis, and multiple
sclerosis (13). Also, Laske et al. compared the se-
rum and cerebrospinal fluid BDNF levels of patients
with alzheimer's disease, normal-pressure hydro-
cephaly, and healthy individuals and found that the
BDNF levels were significantly lower in both disease
groups compared to the healthy individuals (22). In
another study, researchers examined 47 parkinson'’s
patients and 23 healthy individuals and found that
the serum BDNF levels were significantly lower in
the patients (23). By contrast, Faria et al. examined
50 Alzheimer's patients, 37 mild cognitive disorder
patients, and 56 healthy individuals and found that
the plasma BDNF levels were significantly higher in
the alzheimer’s group (24). Hence, different results
have been found regarding BDNF levels in various
neurodegenerative diseases. In our study, there
was no significant relationship between BDNF and
PDD or disease stages. According to our current
knowledge, BDNF is not suitable for predicting the
course of neurodegenerative diseases. However,
this needs to be clarified with larger, more compre-
hensive studies. When evaluating the differences in
the results of the different studies, we should note
that neurotrophin synthesis is influenced by genet-
ic, environmental, and infectious factors.

This study has some limitations. We had a low
number of patients and controls. Our results should
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be supported by studies with a larger number of pa-
tients. The absence of any severe dementia in our
study may affect the results.

In conclusion, a negative correlation was found
between the H&Y stages, UPDRS-daily living activi-
ties and PDD dementia levels and vitamin D levels.
These results suggest that vitamin D has an import-
ant role in cognitive functions in PDD. However, no
significant difference was found in the BDNF levels
between the PDD and healthy groups or based on
the dementia stages of the PDD group. In this study,
the idea that vitamin D affects dementia pathogen-
esis and cognitive degeneration is supported, and
early vitamin D replacement can contribute to de-
mentia prevention. More comprehensive studies
are needed on this subject.
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