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Abstract
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Objectives: Very few studies in India have addressed the role of vitamin D in cognitive function. The present study was conducted to
assess the serum levels of 25-hydroxyvitamin D (25(OH)D) and its association with markers of cognitive impairment and homocysteine
levels in the elderly Indian population. Materials and Methods: The study population consisted of patients with dementia (Group A,
n = 32), mild cognitive impairment (MCI; Group B, n = 24), and elderly age-matched controls (Group C, n = 30). Measurement of
serum levels of 25(0OH)D and total homocysteine were done. Results: Significant decreased concentration of 25(OH)D and increased
concentration of homocysteine was observed. Association of serum levels of vitamin D with markers of cognitive decline as well as serum
homocysteine levels was observed in patients with dementia and MCI when compared to controls. Conclusion: Correlation of vitamin
D with markers of cognitive decline and homocysteine opens a new door for early diagnosis of cognitive impairment.
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Introduction

Nutritional factors play a vital role in promoting health and
the majority of evidence has linked nutritional deficiencies
to aggravating cognitive deterioration.!"! Historically,
antioxidative nutrients and B-vitamins have been evaluated for
neuroprotective effects. In recent years, emerging evidence has
linked vitamin D not only to its classical function in mineral
homeostasis, but also to various chronic illnesses involving
neurocognitive decline.”!? Some studies in older adults have
either linked lower 25-hydroxyvitamin D (25(OH)D) levels,
the clinical indicator of vitamin D status in the blood, with
measures of poor cognitive performance or higher 25(OH)
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D levels with measures of better cognitive performance.P
However, the association between 25(OH)D concentrations
and cognitive performance is not yet clear.

Vitamin D is a secosteroid hormone involved with over 2,000
genes in the body. Worldwide low vitamin D concentrations
are prevalent for all age groups; however, the older population
is especially at high risk for vitamin D deficiency due to
the decreased cutaneous synthesis and dietary intake of
vitamin D. Several studies have revealed a high prevalence
of vitamin D deficiency even in areas of the world that
receive ample sunlight. In Australia, India, and Saudi Arabia,
30-50% of children and adults have 25(OH)D levels below
50 nmol/L.** Vitamin D deficiency has also been linked to
vascular dysfunction and ischemic stroke risk!® as well as brain
atrophy.[! Previous prospective studies have established that
low vitamin D concentrations in elderly adults are associated
with an increased risk of cognitive decline.!

Vitamin D obtained from sun exposure, food, and supplements
is biologically inert and must undergo two hydroxylation
reactions in the body for activation. The first occurs in the liver
and converts vitamin D to 25(OH)D, also known as calcidiol.
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The second occurs primarily in the kidney and forms the
physiologically active 1,25-dihydroxyvitamin D (1,25(OH),D),
also known as calcitriol. Serum concentration of 25(OH)D is the
best indicator of vitamin D status. It reflects vitamin D produced
cutaneously and that obtained from food and supplements
and has a fairly long circulating half-life of 15 days.[’! At the
molecular level, the brain has the ability to synthesize the
active form of vitamin D (1,25(OH),D) within many cell types
and regions with predominance in the hypothalamus and the
large neurons within the substantia nigra.'”! Functionally,
vitamin D contributes to neuroprotection by modulating the
production of nerve growth factor (NGF), neurotrophin, glial
cell-derived neurotrophic factor (GDNF), nitric oxide synthase
(NOS), and choline acetyltransferase.! Compelling evidence
suggests a beneficial role of the active form of vitamin D in
the development of brain as well as in adult brain function.
The vitamin D receptor and catalytic enzymes are colocalized
in the human cortex and hippocampus, which are key areas for
cognition and are involved in complex planning, processing,
and the formation of new memories. Therefore, vitamin D has
come under investigation for its role in cognitive preservation.

During the past decade, homocysteine has received increasing
attention, as elevated levels of homocysteine have been
implicated as an independent risk factor for cardiovascular
disease and have also been associated with various other
diseases and/or clinical conditions, including Alzheimer’s
disease (AD), neural tube defects, schizophrenia, etc.!!>!*
Earlier studies have revealed homocysteine as a neurotoxin,
which is capable of directly damaging the medial temporal
lobe, the area of the brain that rapidly degenerates in AD.!"!
Homocysteine is easily lowered with intake of inexpensive
B-vitamins. Many factors are thought to raise levels of
homocysteine; among them are poor diet; poor lifestyle,
especially smoking and high coffee and alcohol intake;
some prescription drugs; diabetes; rheumatoid arthritis; and
poor thyroid function. Also, Kriebitzsch et al., have showed
that 1,25(OH),D influences cellular homocysteine levels in
murine preosteoblastic MC3T3-E1 cells by direct regulation
of cystathionine -synthase."”!

Homocysteine is a sulfur-containing amino acid. It is a pivotal
intermediate in methionine cycle, an important metabolic
pathway that generates S-adenosylmethionine (SAM), a methyl
group donor that regulates protein, lipid, biogene amine,
and DNA methylation, as well as many other methylation
reactions. Thus, changes in homocysteine levels lead to
alterations in methylation cycle, thereby, causing defective
methylation reactions in the body. As a result, defect in this
complex mechanism of homocysteine leads to the condition
called hyperhomocysteinemia, which is considered as a risk
factor for dementia."!

A preponderance of evidence has laid the groundwork for
the hypothesis that vitamin D and homocysteine can reduce
the risk of dementia. Hence, the present study was conducted
to evaluate the role of vitamin D in cognitive impairment
by assessing the serum levels of 25(OH)D in patients with
dementia and mild cognitive impairment (MCI) and compare
the same with elderly age-matched controls. We also evaluated
the potential association between vitamin D inadequacy
and markers of cognitive impairment, that is, Mini-Mental

State Examination (MMSE) and Addenbrook’s Cognitive
Examination (ACE) score and homocysteine levels.

Materials and Methods

Study design and participants

In this prospective study, total of 86 study participants aged
>50 years were enrolled. The study population was divided
into three groups; viz., patients suffering from AD and vascular
dementia as well as patients with vascular cognitive impairment
(VCI) not amounting to dementia (Group A, n = 32), patients
with MCI (Group B, n=24), and elderly age-matched controls
(Group C, n = 30). The standard Diagnostic and Statistical
Manual of Mental Disorders IV (DSM 1V) diagnostic criterion
was used for the above diagnoses. Dementia and MCI cases
were referred from two hospitals located in Mumbai; Sir H. N.
Reliance Foundation Hospital and Research Centre, and TN
Medical College and BYL Nair Hospital. Elderly age-matched
controls were healthy individuals from the nearby vicinity of
Sir H. N. Reliance Foundation Hospital and Research Centre
falling in the same age category.

Ethics consideration

Due approval was taken from the Scientific Advisory
Committee and the Institutional Ethics Committee for this
study. The study was carried out in accordance with the “Ethical
Guidelines for Biomedical Research on Human Participants,
2006” by the Indian Council of Medical Research and the
Declaration of Helsinki, 2008.

Written informed consent was obtained from all the study
participants.

At the time of recruitment, all the participants were subjected
to a baseline clinical and neurological examination.

Psychological assessment

Cognitive assessment of participants enrolled for this
study was conducted by a clinical psychologist. All the
participants underwent a comprehensive geriatric assessment,
including history, medication history, and physical and
neurological examination. They were put through questions
for assessment of the MMSE and ACE. In MMSE, functions
such as registration, attention, calculation, recall, language
(comprehension, reading, writing, and naming), ability to
follow simple commands, and orientation were examined.
However, in ACE along with MMSE, other additional questions
for remote memory, verbal fluency, naming, language, and
visuospatial were assessed to test various specific domains of
cognition. For MMSE, scores 27 or above are considered normal.
However, scores below 24 indicates impairment in cognition.
Similarly, in ACE, scores 90 or above are considered normal
and scores below 90 indicates cognitive impairment.

Laboratory analysis

Six milliliter of blood was collected by venipuncture after
overnight fasting. After centrifugation at 3,000rpm for 10min;
serum was separated and stored at -80°C for enzyme-linked
immunosorbent assay (ELISA). Analysis of blood glucose
levels, lipid profile, serum glutamic oxaloacetic transaminase
(SGOT), serum glutamic pyruvic transaminase (SGPT), VDRL,
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and thyroid profile (triiodothyronine (T3), thyroxine (T4),
and thyroid-stimulating hormone (TSH)) were performed on
fresh serum on the same day. Biochemical estimations were
performed using a clinical chemistry autoanalyzer Konelab i20
(Thermo Scientific, Waltham, USA). In hematology, erythrocyte
sedimentation rate (ESR) and complete blood count (CBC) were
performed using VES-MATIC 20 and Sysmex 2000l hematology
analyzer, respectively. Serum levels of 25(OH)D using kits from
Immunodiagnostic Systems Ltd, USA, and total Homocysteine
from MyBioSource, USA, were determined by ELISA kit.

Statistical analysis

Statistical evaluation of the results was performed using the
Statistical Package for Social Sciences (SPSS) software, version
21.0 (SPSS, Chicago, IL, USA). The Kolmogorov-Smirnov test
was used to confirm assumptions of normal distributions.
Comparison between groups was done using either one-
way analysis of variance (ANOVA; if normally distributed)
or Kruskal-Wallis test (if not normally distributed) with
post-hoc tests. Correlation between two numerical variables
was assessed using Spearman’s rho correlation coefficient.
Student’s t-test was used to compare the patient group with the
control group. Baseline differences were analyzed using Mann-
Whitney U-test and independent samples t-tests (continuous
data). A p-value <0.05 was accepted as statistically significant.

Results

Baseline characteristics

As shown from Table 1, all the groups were comparable
with respect to the demographic details and anthropometric
measurements.

Markers of cognitive decline

Table 2 shows significantly lower MMSE score in patients with
dementia and MCI group when compared to age-matched
controls. ACE score was found to be significantly lower in
dementia group as compared to age-matched controls. Also
significant difference was observed between MMSE and ACE
score of dementia and MCI group (P <0.001).

As seen in Table 3, a comprehensive analysis of MMSE and ACE
indicated differential significance for each cognitive domain
across the study groups. Scores of cognitive domains such as
orientation, attention, memory, language, registration, remote
memory, recall, verbal fluency, and naming were reduced
significantly in patients with dementia when compared to MCI
cases and age-matched controls (P < 0.001). Also, significantly
decreased scores of visuospatial domain were observed in
patients with dementia when compared to MCI cases and
age-matched controls (P < 0.05). However, significantly
decreased scores in domains like memory and recall were seen
in patients with MCI when compared to age-matched controls.

Serum levels of 25(OH)D and homocysteine across the
study groups

As shown in Table 4, we observed significantly decreased
concentration of 25(OH)D and increased concentration of
homocysteine in serum of patients with dementia when compared
to age-matched controls (P <0.01) and patients with MCI (P <0.05).

Table 1: Baseline characteristics of study population

Parameter Dementia MCI Controls
(n=32) (n=24) (n=30)
Mean = SD Mean = SD Mean = SD
Age in years 68.5£6.9  65.4%¥8.4  66.8+£7.7
Height in inches 5.2£0.4 5.3#0.3 5.2£3.2
Weight in kg 59.01£12.8 63.5£10.3 59.8+14.0
BMI in kg/m? 10.76£2.0  10.9+1.8 10.9+£2.2
Systolic blood pressure inmmHg ~ 123.9+£15.1 129.6+25.8 127.0+15.7
Diastolic blood pressure inmmHg ~ 78.84#5.6  78.8+10.2  83.0+6.5

MCI = Mild cognitive impairment, SD = standard deviation, BMI = body
mass index

Table 2: Comparison of markers of cognitive decline by
MMSE and ACE

Parameter Dementia MCI Controls  P-value
(n=32) (n=24) (n=30)
Mean =+ SD Mean = SD Mean = SD
MMSE score 20.3+6.4 27.5+1.3 29.4+0.77 <0.0012bc
(range: 0-30;
normal score <27)
ACE score(range:  58.0+20.1 84.5+6.0 90.6+6.0  <0.0012¢
0-100;normal
score <90)

aDementia vs controls, ®"MCI vs controls, °dementia vs MCI. MCI = Mild
cognitive impairment, SD = Standard deviation, MMSE = Mini-Mental state
examination, ACE = Addenbrook’s cognitive examination

Table 3: Detailed comparison of cognitive domains
across the study groups

Parameter Dementia MCI Controls  P-value
(n=32) (n=24) (n=30)

Mean + SD Mean + SD Mean + SD
Orientation 6.7£3.09 9.29+119  9.83x0.46 <0.0012°
(Range: 0-10)
Attention 5.15£2.1 7.79+0.58  8.00+0.00 <0.0012¢
(Range: 0-8)
Memory 0.85+£0.9 1.37£0.8 2.60+0.5 <0.0012be
(Range: 0-3)
Language 6.78+1.3 7.83+0.3 8.00+0.00 <0.0012¢
(Range: 0-8)
Visuospatial 0.54+0.5 0.83+0.3 0.90+0.3 <0.05%¢
(Range: 0-1)
Registration 19.07+#8.3  45.52+19.2 50.19+24.2 <0.0012¢
(Range: 0-24)
Recall 2.45£2.0 5.2+2.4 8.4+1.4  <0.0012be
(Range: 0-10)
Remote memory  2.12+£1.69 3.66+0.48  3.43+0.85 <0.0012°
(Range: 0-4)
Verbal fluency 3.69+2.19 7.37+2.71 8.63+2.41  <0.0012¢
(Range: 0-14)
Naming 8.18+3.77  11.83+0.56 11.63+0.80 <0.0012¢
(Range: 0-12)

aDementia vs controls, ®MMCI vs controls, °dementia Vs MCI. MCI = Mild
cognitive impairment, SD = Standard deviation

Relationship between markers of cognitive

decline, serum homocysteine, and serum 25(OH)D
concentrations in patient groups

In the patient groups, serum 25(OH)D levels showed a
positive correlation with markers of cognitive decline, that is,
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MMSE score (o = 0.5) and ACE score (¢ = 0.53). Similarly,
serum 25(OH)D levels showed a strong positive correlation
with cognitive domains like attention, language, registration,
and naming; whereas, moderately positive correlation with
domains like orientation, recall, remote memory, visuospatial,
and verbal fluency with P-value less than 0.001 as shown in
Table 5. We did not find significant correlation between serum
homocysteine levels and cognitive domains of MMSE and ACE.

Association between serum levels of homocysteine and
25(0OH)D

Figure 1 shows an inverse correlation between serum levels of
homocysteine and 25(OH) D (6=-0.4 and P <0.001) in patients
with dementia and MCI.

Discussion

In the cross-sectional design of our study, we observed
significantly lower MMSE and ACE scores in patients with
dementia and MCI group when compared to age-matched
controls. Also significantly decreased concentration of
25(0OH)D and increased concentration of homocysteine were
found in serum of patients with dementia when compared to
age-matched controls and patients with MCI. Furthermore, we
found an association of serum levels of vitamin D with markers
of cognitive decline and serum homocysteine levels.

The MMSE and ACE scores aid in understanding cognitive
status of individual, and thus in the diagnosis of cognitive
decline.' Though MMSE is a widely used screening tool across
the world to assess cognitive dysfunction, the ACE is also a
screening battery that examines the same domains as MMSE,
but additionally examines memory in more detail, has a more
detailed language component and visual-spatial functioning
and has items for assessing executive functioning as well. In the
present study, significantly decreased MMSE and ACE scores
were seen in patients with dementia and MCI than elderly
age-matched controls. These results are in accordance with
findings of Bryant et al.*®!Similarly, individual cognitive domain
assessed in MMSE and ACE showed significant difference
between the study groups.

354
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Figure 1: Correlation between serum levels of homocysteine and
25(0OH)D in patients with Dementia and MCI

Based on animal and human observational studies, vitamin D
deficiency has long been suspected as a risk factor for various
chronic illnesses involving neurocognitive decline. There
is growing evidence indicating the role of vitamin D in
regulating the development and function of nerve cells and
the potential ramifications of vitamin D deficiency in this
respect. Measurement of circulating 25(OH)D concentration
is recognized as the best functional measure of vitamin D
status. We found significantly reduced serum levels of
25(0OH)D in patients of dementia group than in MCI and
elderly age-matched controls, which corroborates the findings
by Oudshoorn et al., 2008.2" When we tried to do detailed
group-wise analysis of this data, due to limited sample size we
could not find significant correlation between the parameters.
Thus, we have combined the data of Group A (patients with
Dementia) and Group B (patients with MCI). To the best of our
knowledge, our study examines the association between serum
25(OH)D levels and cognition in dementia and MCI cases for
the first time in elderly Indian population. A significant positive
association was seen between serum levels of vitamin D and
markers of cognitive decline, that is, low MMSE and ACE
scores in patients with dementia and MCI. These results are in
line with a previous study on the association between serum
25(0OH)D levels and cognitive functioning. Also detailed
analysis of association of serum 25(OH)D levels with individual

Table 4: Comparison of serum levels of 25(OH)D and
homocysteine across the study groups

Parameters Dementia MCI Controls P-value
(n=32) (n=26) (n=30)
Mean = SD Mean + SD Mean = SD
Serum 25(0H)D 18.9+8.5 45.5+19.2 50.1+6.9 0.0087,
(nmol/1) 0.03¢
Serum homocysteine 24.5+3.5 21447 21.7+29 0.013
(nmol/ml) 0.008¢

aDementia vs controls, °MCI vs controls, °dementia vs MCI. MCI = Mild cognitive
impairment, SD = standard deviation, 25(0OH)D = 25-hydroxyvitamin D

Table 5: Spearman’s correlation coefficient between
markers of cognitive decline and serum 25(OH)D

Markers of Patients with dementia and MCI
cognitive decline Correlation P-value
coefficient (o)

Serum 25(OH)D(nmol/I)
MMSE score 0.5 <0.001
ACE score 0.53 <0.001

Cognitive domains
Orientation 0.48 <0.001
Attention 0.55 <0.001
Language 0.5 <0.001
Registration 0.53 <0.001
Recall 0.4 <0.001
Remote memory 0.4 <0.001
Verbal fluency 0.4 <0.001
Naming 0.6 <0.001
Visuospatial 0.4 <0.001

MCI = Mild cognitive impairment, 25(OH)D = 25-hydroxyvitamin D,
MMSE = Mini-Mental state examination, ACE = Addenbrook’s cognitive
examination
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cognitive domains showed a significant positive correlation.
Cognitive domains like attention, registration, and naming
showed more significant association with serum 25(OH)D than
other domains, suggesting importance of assessment of these
domains with more consideration.

A positive correlation of vitamin D status with MMSE and ACE
scores can be interpreted in several ways. First, vitamin D deficiency
may lead to a gradual decline in cognitive functions. Data, mostly
from ex vivo and animal studies, suggest that vitamin D metabolites
may have protective effects on neurons or neurotransmitter
pathways which could benefit cognition. Recently, two studies
discussed the role of vitamin D in maintaining brain function.
One examined evidence linking vitamin D deficiency to brain
function/dysfunction;® the other explored the role of vitamin D
in preventing neurocognitive dysfunction.! Collectively, many
of these reports build the foundation for the hypothesis that
vitamin D can reduce the risk of dementia. Furthermore, there is
strong evidence that 1,25(0OH),D contributes to neuroprotection
by modulating the production of nerve growth, decreasing L-type
calcium channel expression, regulating the toxicity of reactive
oxygen species, and neurotrophic factors such as NGF, GDNF,
and NOS.”! Furthermore, vitamin D and its metabolites are
involved in other neuroprotective mechanisms including amyloid
phagocytosis and clearance® and vasoprotection.”! Therefore
the positive, significant correlation between vitamin D status and
markers of cognitive decline suggests the possibility that vitamin
D insufficiency may play role in cognitive dysfunction in elderly
adults.

A number of potential mechanisms linking low vitamin D
levels with the risk of dementia have been identified. Vitamin
D receptors are expressed throughout the brain, including areas
involved in memory such as the hippocampus and dentate
gyrus.'”! Similarly, the enzyme that synthesizes the active
form of vitamin D, la-hydroxylase, is produced in several
cerebral regions. In vitro, vitamin D stimulates macrophages,
which increases the clearance of amyloid plaques, a hallmark
of AD.*! A recent study found that amyloid-f induction of
iNOS, part of the inflammatory process of AD, is dependent on
the disruption of the vitamin D-vitamin D receptor pathway."!
Vitamin D supplementation ameliorates age-related decline in
learning and memory in aged rats.”?*! Therefore, role of vitamin
D deficiency in cognitive dysfunction has come into limelight.

Homocysteine is a key intermediate in methionine metabolism,
an important metabolic pathway that generates SAM. SAM is a
methyl group donor that regulates protein, lipid, biogene amine,
and DNA methylation, as well as many other methylation
reactions. Thus, changes in homocysteine levels lead to
alterations in methylation cycle, thereby, causing defective
methylation reactions in the body. An elevated homocysteine
concentration can impact SAM, the only methyl donor in the
CNS, required for the synthesis of neurotransmitters. Impaired
SAM synthesis may cause impaired myelin synthesis/repair
and impaired neurotransmitter turnover, and thereby, interfere
with cognitive function.” The first evidence that elevated
homocysteine levels might be involved in mental disorder
was recorded in a group of mentally retarded children. A
large number of reports have since followed, in which elevated
homocysteine levels have been found in cognitively impaired
patients or patients with dementia.t"!

We observed that there is a significant increase in serum levels
of homocysteine in dementia patients than MCI patients and
elderly age-matched controls. These outcomes are in line with
previously published studies, In the Framingham Offspring
Study, a relationship between total plasma homocysteine
and cognitive function was found in older, but not younger,
adults. Whereas, epidemiological studies have confirmed
that elevations in plasma total homocysteine temporally
precede the development of dementia and that there is a
continuous, inverse linear relation between plasma total
homocysteine concentrations and cognitive performance
in older persons.P!! Therefore, disordered homocysteine
metabolism might negatively influence some biological
pathways in the brain and enhance the risk of dementia. In the
Hordaland study, plasma homocysteine concentrations were
shown to predict memory decline in elderly people within
6 years of follow-up.

In the present study, an inverse relationship was observed
between serum levels of vitamin D and homocysteine
in dementia and MCI patients, which may imply role of
vitamin D deficiency in the elevation of serum homocysteine
concentrations. Various studies have depicted increased serum
concentrations of homocysteine as a well-established marker
for cognitive impairment, and hence as a diagnostic marker
for dementia. Hence, this inverse correlation may be helpful
in designing treatment to prevent or reverse cognitive decline
in elderly population.

However, several limitation of this study must also be
considered. First, the relatively small sample size in this
study has limited the significance of statistical inference of the
available data. The study could benefit from a larger sample
size. Second, the study had not been able to exclude all possible
confounding factors that may affect the participant’s cognitive
functioning, such as social activities, alcohol intake, smoking
habit, mental activities, and many other factors that may had
influenced participant’s cognitive function. Furthermore, due
to limited duration and budget of the project, we could not
do the follow-up studies to assess difference between levels
of vitamin D and homocysteine with relation to cognitive
functioning at regular intervals for 2-3 years, which could
have given more connotation to the study in the form of better
understanding of the effect of vitamin D and homocysteine
levels on cognitive decline.

Prediction and prevention of neurodegenerative processes
are important for future prevention and management of
other risk factors. In conclusion, the present study reveals that
vitamin D deficiency and elevated homocysteine levels may
be considered as early diagnostic markers of cognitive decline.
A positive correlation between markers of cognitive decline
and vitamin D levels depicts important role of vitamin D in
maintaining normal cognition, whereas an inverse association
between vitamin D and homocysteine levels suggests that
vitamin D may aid in lowering elevated homocysteine levels,
which is an established marker of cognitive impairment.
Therefore, these findings potentially implicate role of vitamin D
in neurocognitive function and may serve as a new and early
marker for assessment of hyperhomocysteinemia which is a
pivotal risk factor for dementia.
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