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Abstract

Vitamin D, which can protect the nervous system, has been associated with increased learning and
memory function in studies that have also confirmed a relationship between hypovitaminosis D and
cognitive decline. Clinical research, however, has not been promising in this regard and has failed to
verify the association between increased vitamin D levels and improved cognitive outcomes. To address
this gap, a systematic review and a meta-analysis were conducted to determine the relationship of
vitamin D with learning and memory. For this purpose, the ISI, PubMed, and SCOPUS databases were
searched for related studies published from 2000 to 2016. The keywords ‘vitamin D, 1, 25-
dihydroxycholeclciferol”, ¢learning”, ‘“memory”, ‘“memory disorders”, ¢‘“Alzheimer’s disease”,
“executive function disorders’, ‘“concentration difficulty”, ‘“cognitive impairment”, ‘“dementia” and
“psychiatric test” were used in the search. The data is then analyzed using random-effects meta-analysis
model and Stata version 11.2. A total of 11 studies were included in the final analysis. Results showed
that although serum levels of vitamin D were positively correlated with memory, learning, and improved
cognitive and executive dysfunction, this relationship was not significant (summary OR=1.13, 95% CI:
0.57, 1.68). On the basis of years of study, no correlation was found between the effects of vitamin D and
memory and learning. Our findings support the association between serum levels of vitamin D and
memory, learning, and improved executive cognitive dysfunction despite the lack of significance in such
relationship. These findings emphasize the need for strategies to prevent cognitive and executive

dysfunction in patients with severe vitamin D deficiency.
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Introduction

Dementia (Alzheimer’s disease) is one of the most important
public health problem in the world.
Its prevalence is expected to increase three-fold because of the
rise in the global aging population by 2050 [1]. Another
widespread health issue is vitamin D deficiency, with a
prevalence of approximately 1 billion people worldwide [2].
Hypovitaminosis D diminishes vitamin D activity in a variety
of organs, including the central nervous system [2-5]. Bodily
requirements for vitamin D are fulfilled through diet or
synthesis in the skin epidermis [6]. Vitamin D is a fat-soluble
steroid that serves a special role in maintaining healthy bones
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through the regulation of calcium metabolism [3]. In addition
to being involved in calcium absorption and bone health,
vitamin D can affect the functioning of all bodily systems
because both vitamin D receptors and the enzyme that converts
25-OHD to the active form of the vitamin (1, 25-
dihydroxyvitamin D or calcitriol) are expressed in all organs,
including the brain. Given the expression of vitamin D
receptors in the brain and their synthesis of the active form of
the vitamin, the cognitive strengthening activities of vitamin D
may represent primary effects in the brain rather than
secondary systemic effects [7]. Additionally, calcitriol can be
bonded with membrane-bound receptors and non-genetic
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functions, such as calcium transmission through voltage-
gated ion channels, or stimulated by a mitogen-activated
protein kinase, which is an important enzyme involved in
memory stability [8].

The consolidation of information in the brain is the basis for
learning and memory. Various threads of information can be
stored in many parts of the brain, such as the cortex and the
hippocampus. The hippocampus, which is located in the
middle temporal lobe, plays an important role in mammalian
spatial learning and memory consolidation [9]. Low levels of
vitamin D in elderly people are associated with age-related
disorders, including cancer, metabolic disorders, and vascular
diseases [10].

Although information on the association between vitamin D
and cognitive function is scarce, some studies have shown that
the vitamin and its active form (i.e., calcitriol) effectively
improve cognition [11,12]. Vitamin D deficiency impairs the
spatial learning process and, during pregnancy, may diminish
the  formation of long-term  potentiation  [13,14].
Notwithstanding the vitamin D benefits confirmed in previous
works, other studies have indicated that vitamin D deficiency is
not involved in the completion of cognitive tasks and the
functioning of spatial and working memory [15,16].

Structural integrity and neuronal functions are critical in
learning and memory processes, and vitamin D has been shown
to contribute to the maintenance of healthy neurons [17].
Vitamin D protects cortical cells against damage to neurons
through increased messenger RNA expression [18].

A number of mechanisms that determine the relationship
between low levels of vitamin D and the risk of dementia have
been identified [19]. Although the biological mechanisms of
this association are insufficiently clear, low levels of vitamin D
are associated with increased white matter [20,21].

The current research examined the effects of the conservation
of calcitriol on neurons exposed to glutamate. Calcitriol can
reduce the amount of glutamate neurotoxicity in a time
and dose-dependent manner [22]. The aim of the meta-analysis
conducted in this work was to ascertain the relationship
between vitamin D and learning and memory.

Materials and Methods

Search strategy

This meta-analysis and systematic review were conducted to
determine the relationship between vitamin D and learning
(performance) and memory (cognitive function) from January
2000 to December 2016 through a review of existing literature.
The study used articles published in journals included in ISI
Web of Knowledge, PubMed/Medline and SCOPUS databases.

A literature search was conducted using key words of vitamin
D, 1, 25-dihydroxycholeclciferol, learning, memory, memory
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disorders, Alzheimer’s disease, executive function disorders,
impaired concentration, cognitive impairment, dementia and
psychiatric tests in the titles of articles. If the full text articles
were not available, correspondence was conducted through an
email with the author.

Inclusion and exclusion criteria

In order to increase the sensitivity using valid keywords, search
strategy for titles was used and it was tried that all papers
related to the main theme were studied during the study period.

Exclusion criteria for this study were: lack of connection to the
main topic, repetitiveness of article (indexed articles in various
scientific databases), meta-analysis study, report of raw data
and not providing enough information. Articles of poor quality
were deleted using the STROBE checklist [23]. Finally, 11
articles were found eligible for inclusion in the meta-analysis.

Data extraction

To reduce bias, two authors independently selected articles and
extracted data from papers. The agreement between search
results was conducted by third person.

All final papers to the study were extracted by a previous
prepared checklist. This checklist included the author’s first
name, publication year, place of study, study type, study
design, sample size, gender, age, mean concentrations of
vitamin D, neuropsychology test, the results of the study and
OR. Data were collected based on a standard protocol for
Microsoft Excel.

Data synthesis and analysis

The final analysis was carried out after measuring the
heterogeneity (I2) in the main variable. Results were analyzed
using fixed effects model to estimate the overall effect of
vitamin D on memory and learning. Meta-regression analysis
was used to analyze the effect of year of study on the main
variables.

Due to significant heterogeneity in the studies, the fixed effects
model was used. Funnel plot and Begg’s test designs were used
to examine the publication bias. Statistical analysis was
conducted using STATA software (version 11.2).

Significant heterogeneity was present (P<0.05). All statistical
tests were two-sided.

Results

We included 11 studies in the primary meta-analysis. The
characteristics of the reviewed articles on the association of
vitamin D with memory and learning are presented in Table 1.
We included 11 studies in the primary meta-analysis (Figure 1).
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The characteristics of the reviewed articles on the association
of vitamin D with memory and learning are presented in Table
1.

Table 1. Features and extracted data from studies.

Authors Country N Male Female Mean age (Mean Results
* SD)

Jorde [24] Norway 148 80 68 62.1+13.6 Positive association between levels of 25 (OH) D and cognitive
performance in individuals aged 65 y and older.

McGrath [25] USA 1767 No association between lower levels of 25 (OH) D and impaired
performance in either group.

Buell [26] Boston, MA, USA 1069 75.0+85 25 (OH) D levels associate with executive function and attention
but not memory.

Annweiler [27] France 44 20 24 80.6 Vitamin D3 supplementation improves executive function.

L am [28] Australia 179 65 114 65.7+7.3 Serum 25-hydroxyvitamin D concentrations were negatively
associated with measures of verbal episodic learning and memory.

Vicente [29] France 244 88 156 80.2+8.1 There was a link between vitamin D deficiency and memory.

Kuzma [30] Amsterdam, USA 1291 - There was an association between severe vitamin D deficiency
and visual memory decline but no association with verbal memory
decline.

Lee [31] 8 European countries 3133 3133 60+ 11 Lower 25 (OH) D levels were associated with poorer performance
on the Digit Symbol Substitution Test (DSST).

Llewellyn [32] USA 3325 1490 1835 73.7+10.9 Levels of 25 (OH) D significantly associate with odds of cognitive
impairment.

Tolppanen [33] USA 4760 - No association between serum levels of 25 (OH) D and cognitive
function in either group.

Dean [34] Australia 128 73 55 21.45+2.96 No association between vitamin D supplementation does and
influence cognitive or emotional functioning in healthy young
adults.

that although serum levels of calcitriol improve cognitive
allaticles by searching the seientific bases dysfunction, this improvement is not significant.
Being repetitive
N=364
Study %
Abstract evaluation
N=93 s} ES (95% Cl)  Weight
Non-relevant
N=62
Full textfvalumn McGrath.J (2007) -— 1.03 (0.61, 1.74) 95.50
Excluded: 17 Vicente. P (2015) %7 3.40 (1.01,9.19) 1.82
Meta-analysis study .RﬁW data rePon(S) i
N=3 Failure to provide enough Llewellyn.DJ (2011) i 208 (1.13,7.88) 268
information (12) :

Articles included
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Figure 1. Flowchart of the process of selecting studies for inclusion
in the meta-analysis.

Figure 2 presents the results of the individual studies and an
overall summary of research on vitamin D, memory, and
learning. Although a positive correlation was found between
serum levels of vitamin D and specific cases cited, the
relationship was not significant.

Figure 3 shows the results on the relationship between
calcitriol levels and episodic memory. Our findings indicated

Biomed Res 2017 Volume 28 Issue 17

Overall (-squared = 186%, p=0293) Q> 113 (0.57, 1.68) 100.00

919 0 919

Figure 2. The results of meta-analysis of association between levels
of vitamin D with memory and learning. Each square represents the
Odds Ratio (OR), which shows the specific estimates in a given study.
The horizontal line indicates the 95% Confidence Interval (CI). A
rhomboid represents the summary estimate for an OR, and its cross
line represents the 95% CI. All the statistical tests carried out in the
reviewed studies were two-sided. The statistical heterogeneity
between studies was assessed using 12. Fixed effects analysis was
carried out because the identified heterogeneity was not meaningful.
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Figure 4 illustrates the relationship between vitamin D and
operational performance. No significant association was found
between impaired executive function before and after
supplementation with vitamin D.

We found no statistically significant positive association
between severe deficiency in serum calcitriol and changes in
mean values (Figure 5).

The results of Begg’s test indicated no publication bias in the
studies, as confirmed by the following values: Z=0/56 and
P=0/573 (Figure 6).

Meta-regression analysis was conducted to investigate the
effects of years of study on the main results. The interpretation
of the meta-regression showed no correlation between the
effects of vitamin D and memory and learning on the basis of
years of study (P > 0.05) (Figure 7).

Study %
D ES (95% CI) Weight
Liewellyn DJ (2011) — 116(-1.40,370) 8583

Uewellyn DJ (2011)

Overall (I-squared=00%, p=0970) <9

102 (525,729) 1417

113(-1.23,349) 100.00

T
129 0 729

Figure 3. The results of meta-analysis of association between 25-
Dihydroxyvitamin D concentrations and episodic memory. Each
square represents the Odds Ratio (OR), which shows the specific
estimates in a given study. The horizontal line indicates the
95% Confidence Interval (CI). A rhomboid represents the summary
estimate for an OR, and its cross line represents the 95% CI. All the
statistical tests carried out in the reviewed studies were two-sided.
The statistical heterogeneity between studies was assessed using 12.
Fixed effects analysis was carried out because the identified
heterogeneity was not meaningful.

Discussion

This study offered a brief look into the relationship between
serum levels of calcitriol and memory, learning, and cognitive
and executive function. Although no significant association
between vitamin D levels and cognitive disorders was found
(summary OR=1.13, 95% CI: 0.57, 1.68), serum levels of
vitamin D in people who exhibit no symptoms of cognitive
impairment were higher than those in people with severe
cognitive impairment.

Serum vitamin D levels and Alzheimer’s disease are important
with respect to the social, health, and economic conditions of
any society. Several studies have been carried out on this
matter in different parts of the world. The findings of such
research are similar to those of the present work, but others
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have found a positive correlation between serum vitamin D
levels and cognitive disorders.

Study %

D ES (95% CI) Weight

Anrweiler C (2012) —_—t 036(073,001) 2303

Dean A (2011) —_— 039(074,-004) 2566

Dean A (2011) —_— 0231(066,004) 2566
Dean A (2011) _—

Overall (-squared = 0.0%, p=0.547) <>

065(-1.00,-0.30) 2566

0.43(:061,-0.25) 100.00

g ' ! j

Figure 4. The results of Meta-analyses of studies on vitamin D
supplementation and executive functions Forest plot for effect size of
impaired executive functions before and after vitamin D
supplementation. Each square represents the Odds Ratio (OR), which
shows the specific estimates in a given study. The horizontal line
indicates the 95% Confidence Interval (CI). A rhomboid represents
the summary estimate for an OR, and its cross line represents the
95% CI. All the statistical tests carried out in the reviewed studies
were two-sided. The statistical heterogeneity between studies was
assessed using 12. Fixed effects analysis was carried out because the
identified heterogeneity was not meaningful.

Study %

D ES (95%Cl) Weight

Elzbieta K (2016) — 001(004,002 8892
i

Elzbieta K (2016) 0.10(019,002) 1108

Overall (I-squared =73.9%, p=0.030) -0.02 (005,001 10000

T . T

19 0 10
Figure 5. The results of meta-analysis of association between
association between severe deficiency in serum 25 (OH) D and mean
changes. Each square represents the Odds Ratio (OR), which shows
the specific estimates in a given study. The horizontal line indicates
the 95% Confidence Interval (CI). A rhomboid represents the
summary estimate for an OR, and its cross line represents the
95% CI. All the statistical tests carried out in the reviewed studies
were two-sided. The statistical heterogeneity between studies was
assessed using 12. Fixed effects analysis was carried out because the
identified heterogeneity was not meaningful.

Buell et al. conducted a cross-sectional study to assess the
relationship between vitamin D and cognitive impairment in
377 black and 703 non-black elderly individuals. The authors
found that more than 65% of the elderly subjects had vitamin
D below the normal range and approximately 18% suffered
from a deficiency in 25-hydroxyvitamin D. They also showed
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that a vitamin D concentration greater than 20 nanograms per
millilitre was significantly associated with improved executive
function and attention.

Begg's funnel plot with pseudo 95% confidence limits

log[ORA1]

5.8 of: log[OR1)]

Figure 6. Begg's funnel plot for determine to publication bias in the
analysis.
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Figure 7. The meta-regression analysis of relationship between the
effect of vitamin d with memory and learning based on the years of
study.

However, no association was found between vitamin D levels
and performance in memory tests [26]. Buell carried out a
review to determine whether the value of vitamin D physiology
is an indicator of dementia. The author found that although the
mechanism that underlies the increase in vitamin D
concentration for the protection of the nervous system remains
unknown, epidemiological data indicated the protective effects
of the vitamin D on neurological function. Nevertheless, final
judgment on this issue requires further research [35]. In Silin’s
study, 25-hydroxyvitamin D levels and cognitive impairment
were measured by administering the Mini Mental State
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Examination to 1604 men with a history of osteoporotic
fracture. The subjects were evaluated for cognitive impairment
about 4.6 years, but no evidence was found in terms of the
relationship between low levels of vitamin D and cognitive
impairment [36].

In a review of the literature published in 1966 and 2009, Karen
et al. evaluated the effects of vitamin D on cardiovascular
diseases, mortality, and cognitive impairment in people over 65
y. The authors found that vitamin D deficiency was highly
prevalent in the elderly and that a significant association
existed between vitamin D levels and systolic blood pressure,
depression, and cognitive impairment [37]. Liewellyn et al.
performed a study involving 3325 individuals older than 65 y
to determine the serum levels of 25-hydroxyvitamin D and its
association with cognitive disorders. The study revealed a
significant relationship between low levels of vitamin D and
cognitive impairment [32]. In another study, Liewellyn et al.
recruited 1766 elderly individuals and found that 212 of the
subjects suffered from cognitive disorders. In yet another
investigation, the authors discovered that low levels of 25-
hydroxyvitamin D was associated with an increased risk of
cognitive impairment [38,39]. Wass et al.’s review indicated
that the prevalence of cognitive impairment increases with age
[40].

Learning and memory cause long-term changes in nerve cell
activity. Thus, when certain synapses in large quantities are
used, the efficiency of these synapses improves in the long
term [41]. N-methyl-D-aspartate receptor activity is required to
strengthen the inward flow of calcium ions [42]. Any
imbalance in the amount of free calcium ions is associated with
impairment in learning. Several studies on the nervous system
have suggested that vitamin D can determine cognitive
phenomena by acting on intracellular calcium homeostasis
through different ways [43,44].

Learning and memory disorders or cognitive and
administrative disorders become progressively prevalent with
age. In a study in China, the prevalence of cognitive
impairment among the elderly was 19.48%. In a research
performed in South Korea, this prevalence amounted to 33.1%
[45,46]. Vitamin D plays a fundamental role in the metabolism
of minerals, especially calcium, phosphorus, and bone tissue.
Deficiency in the vitamin is associated with fractures. Chronic
diseases, such as type 2 diabetes; cognitive impairment; and
dementia [38,39,46]. Although the cause of dementia and
cognitive disorders is inadequately known, vitamin D can
prevent neuronal damage because it is a key component in the
expression of neurotrophic factors and the detoxification and
removal of amyloid B. It also contributes to regulating
behaviour and protecting the brain through an anti-
inflammatory anti-oxidant buffer [39,46,47].

Our meta-analysis had several limitations. The analysis was
constrained by the issue of ethnicity. That is, the lack of
available research on the relationship of vitamin D with
memory, learning, and cognitive and executive function in
different ethnic groups prevented access to cases of a more
comprehensive scope. Additionally, some of the reviewed
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studies were of unacceptable quality, ultimately providing
insufficient information and lacking important procedures,
such as clinical trials and meta-analyses.

Conclusion

Our results showed that despite the nonsignificance of the
relationship between serum levels of vitamin D and memory,
learning, and cognitive and executive function (summary
OR=1.13, 95% CI: 0.57, 1.68), increased serum levels of
vitamin D and the cases cited in the reviewed studies were
positively associated.

The decline in cognitive and executive function may increase
given the rising prevalence of osteoporosis worldwide and
reduced serum levels of vitamin D among individuals. This
study was an effort at identifying a number of factors that
affect the risk of developing learning and memory impairment
in patients with severe vitamin D deficiency. The findings
emphasize the need to develop risk prevention programs to
avoid disruptions to learning and memory processes and,
eventually, prevent Alzheimer’s disease. More studies are
needed on this issue.
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