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A Systematic Review and Meta-Analysis of The Effect of Low

Vitamin D on Cognition
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BACKGROUND/OBJECTIVE: With an aging population
and no cure for dementia on the horizon, risk factor modi-
fication prior to disease onset is an urgent health priority.
Therefore, this review examined the effect of low vitamin
D status or vitamin D supplementation on cognition in
midlife and older adults without a diagnosis of dementia.
DESIGN: Systematic review and random effect meta-ana-
lysis.

SETTING: Observational (cross-sectional and longitudinal
cohort) studies comparing low and high vitamin D status
and interventions comparing vitamin D supplementation
with a control group were included in the review and
meta-analysis.

PARTICIPANTS: Studies including adults and older
adults without a dementia diagnosis were included.
MEASUREMENTS: Medline (PubMed), AMED, Psych
INFO, and Cochrane Central databases were searched for
articles until August 2016. The Newcastle-Ottawa Scale
and Physiotherapy Evidence Database assessed method-
ological quality of all studies.

RESULTS: Twenty-six observational and three interven-
tion studies (n = 19-9,556) were included in the meta-ana-
lysis. Low vitamin D was associated with worse cognitive
performance (OR = 1.24, CI = 1.14-1.35) and cognitive
decline (OR = 1.26, CI = 1.09-1.23); with cross-sectional
yielding a stronger effect compared to longitudinal studies.
Vitamin D supplementation showed no significant benefit

on cognition compared with control (SMD = 0.21,
CI = —0.05 to 0.46).
CONCLUSION: Observational evidence demonstrates

low vitamin D is related to poorer cognition; however,
interventional studies are yet to show a clear benefit from
vitamin D supplementation. From the evidence to date,
there is likely a therapeutic age window relevant to the
development of disease and therefore vitamin D therapy.
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Longitudinal lifespan studies are necessary to depict the
optimal timing and duration in which repletion of vitamin
D may protect against cognitive decline and dementia in
aging, to better inform trials and practice towards a suc-
cessful therapy. J Am Geriatr Soc 2017.
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Cognitive decline and dementia are among leading
chronic conditions undermining the quality of life in
our aging population. With over 150 unsuccessful com-
pounds tested and a cure for dementia yet to be discov-
ered,’ identifying modifiable risk factors towards disease
prevention is a high priority. Previously identified lifestyle
risk factors have been attributed to half the cases of
dementia,? and should inform clinical intervention towards
preventing or delaying cognitive decline in aging.

Emerging evidence suggests vitamin D deficiency is an
important marker of cognitive decline.>* While the
involvement of vitamin D in musculoskeletal health is
well-established, associations with cognitive health have
been identified.” ' However, longitudinal evidence
remains inconsistent, with some studies reporting cognitive
decline related to vitamin D deficiency,"" ' whilst others
failed to observe associations.'> '

Previous reviews and meta-analyses support the
association between low vitamin D, poor cognition and
risk of cognitive impairment or dementia,”’ however con-
clusions have been drawn from a small pool of studies
(n <12). These reviews have also included both cogni-
tively healthy and impaired participants; therefore, the
relationship between vitamin D and cognition prior to the
manifestation of clinical symptoms remains unclear. Given
the long prodromal stage of cognitive impairment and
dementia,”>** vitamin D repletion may be particularly
important in midlife, prior to symptom onset in later-life.
Therefore, this review aims to address this question
through synthesizing all available data quantifying the
effect of low vitamin D on cognition in cognitively intact
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adults and older adults, a key population for a preventive
intervention.

METHODS

This review adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA-2009)
and Meta-Analysis for Observational Studies in Epidemiol-
ogy (MOOSE) guidelines.

Search Strategy

Medline (PubMed), AMED, Psych INFO, and Cochrane
Central Database were searched with the end-date restricted
to August 31st 2016 and English language. Eight search
terms pertaining to vitamin D (“vitamin D” or “vitamin
D2” or “vitamin D3” or “250OHD” or “25(OH)D” or “25-
hydroxyvitamin D” or “Hydroxycholecalciferols” or “hy-
povitaminosis D”) and 10 for cognition (“cognition” or
“cognitive” or “memory” or “attention” or “executive
functions” or “dementia” or “mild cognitive impairment”
or “mini mental state examination” or “MMSE” or “neu-
ropsychological”) were used. References from previous pub-
lished literature were additionally searched.

Study Selection

Selection criteria: (1) human, (2) over 18 years, (3) obser-
vational (cross-sectional, case-control, longitudinal) or
interventional design with control group, (4) blood mea-
surement of 250HD, (5) valid neuropsychological test, (6)
vitamin D reported categorically or as a continuous vari-
able were included for the review. Studies with a diagnosis
of dementia or cognitive impairment at baseline were
excluded. Studies reporting results separately for cogni-
tively impaired and intact participants were included, and
data for intact participants was extracted. Studies where
dementia or mild cognitive impairment was the primary
outcome or where vitamin D was compared between
dementia and healthy controls were excluded. Studies
examining other psychological, metabolic or neurological
conditions were excluded. Data extraction involved retrie-
val of authors, study design, population characteristics,
vitamin D measurement, and assay, neuropsychological
test, covariates, and statistical methods. Both authors
reviewed abstracts and full text and conflicts were resolved
accordingly.

Methodological Quality

Methodological quality was assessed using the modified
Newecastle-Ottawa scale (NOS (0-3 pts.)) for observational
studies (Table S6). This scale rates studies, on four
domains; selection bias (participants), performance bias
(sample size and confounders), detection bias (statistical
analyses), and information bias (measurement of the
dependent variable). For interventional studies, the physio-
therapy evidence database (PEDro) scale (0-10 pts.)
assessed five domains: group allocation, blinding, attrition,
statistical analyses, and data variability (Table S7). This
scale is based off the Delphi list for quality assessment of
interventions and randomized control trials.**

Statistical Analyses

Studies categorizing vitamin D into low and high groups
were included in the meta-analysis. Studies reporting
means (SD) and odds ratios (OR) or containing sufficient
data to calculate these parameters were included. All
studies reporting cognition as a continuous variable were
converted to ORs using comprehensive meta-analysis V
3.0.%° This allowed for the combining of studies report-
ing cognition both continuously and dichotomously,
avoiding a systematic loss of information and potentially
bias sample of included studies.”® Sensitivity analysis
was then performed to assess the effect size for only the
longitudinal studies measuring cognition dichotomously
(i.e., non-converted studies). Positive values represented
worse neuropsychiatric test scores with low compared to
high vitamin D.

The majority of studies administered multiple neu-
ropsychological tests. As the same participants performed
all tests within a study, the effect size for each individ-
ual test are not independent of each other.”® Therefore
to obtain a single effect size for each study, all effect
sizes within that study were averaged using a weighted
mean.>

Based on previously published methods,'” for studies
categorizing vitamin D into quintiles, quartiles, or tertiles,
the lowest vs highest vitamin D categories were compared.
Where data was presented for multiple models, fully
adjusted results were used. If publications reported data
from the same population study, data was checked to
ensure different samples were reported and where appro-
priate, the most recent publication was included.

For interventions, means and SD’s for the control and
vitamin D supplementation groups were extracted to com-
pute a standardized mean difference ((SMD) hedges g).
Positive values favored improved cognition with vitamin D
supplementation and negative values favored the control.
As systematic distributions of the true effect size were pre-
dicted, a random effect model was used for all meta-ana-
lyses.”> Heterogeneity was assessed using the I* statistic
with percentage cut-offs 25%, 50%, and 75% correspond-
ing to low, moderate, and high heterogeneity, respectively.
Funnel plots assessed publication bias using Egger’s regres-
sion test of asymmetry. Where funnel plots suggested pub-
lication bias, Duval and Tweedie’s trim and fill plot was
used to estimate the adjusted effect size with imputed stud-
ies.

A-priori subgroup analyses included; study design
(cross-sectional vs longitudinal), age (<65 vs >65 vs
mixed), adjustments (partial vs multivariate), blood mea-
surement (plasma vs serum), vitamin D assay (radioim-
mune, liquid mass spectroscopy, or ELISA), and cognitive
abilities. The neuropsychological tests were grouped per
cognitive ability in accordance with the Carroll et al.
framework (Table 1).¢

Vitamin D measurements are expressed in interna-
tional system (SI) of units. For reported conventional val-
ues (ng/mL) we used the conversion 2.496. Statistical
significance was alpha < .05 (two-tailed) and confidence
intervals (CI) are reported as 95%. Statistical analyses
were performed using comprehensive meta-analysis (V3.0,
Biostat Englewood, NJ, USA).
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Table 1. Neuropsychological Test and Cognitive Abilities Measured in Each Study

Cognitive Abilities

Neuropsychological Test Used In Assessment

General cognition

Mini Mental State Examination,%912:19:27:42-4547-51 \1qified Mini Mental State Examination, 82833

Montreal Cognitive Assessment,® Cognitive Telephone Screening Instrument,®52%% Short Blessed Test.*®

Reasoning
Mental speed and attention

Ravens Colored Progressive Matrices.'®
Stroop color-word,%#>#+50 Digit Symbol Coding,”">4"4° finger tapping,” Symbol Digit Modalities Test,%®

Trail Making Test A% 11:27:34:42.47.49 gnq p 9:11,18,27,29,33,34,42,44.47.49 Bast Symbol-Digit Substitution

Test,"“ 7,27,28,34,36,39,40,42

serial reaction time,

32,40,42,50 30,42

choice reaction time, switch-cost reaction

time,? letter cancelation,' Go-no-Go.**

Memory and learning

recall 7,14,17,39,42,

Ray Auditory Verbal Learning Test,®*'® California Verbal Learning Test,?” WAIS-Logical Memory delay,
East Boston Memory Test,'® Wechsler Memory Scale-recal
43.50 Rappel indice-48 items,?° Rey-Osterrieth Complex Figure-recognition, CANTAB-Paired
Associate Learning,*® Camden Topographical Recognition Memory,'8%¢ WAIS-Visual Reproductions,
Wechsler Memory Scale-Logical Memory Recognition,*” Digit Span-forward,®

40-42
1,4 immediate and delayed word list

41,42
,27,29,34,37,42,46,47 D|g|t Span-

back,%13:27:29:34.37:42.46.47 garja|-Digit Learning Test,>4® CANTAB-verbal recognition,®”4¢ CANTAB-spatial
working memory, -3¢ Rey-Osterrieth Complex Figure-delay, 26273 N-back 323544

Language
Visuospatial perception

Boston Naming Test,2”> Wide Range Achievement Test.?"42
Rey-Osterrieth Complex Figure-Copy,®'673¢ Clock Drawing (copy and command),?”" Block

Design,*2474° Matrix Reasoning,*” Hooper Visual Organization,*" CANTAB-One Touch Stockings of

Cambridge.3":46

Ideas, abstraction, figural creations,

and mental flexibility 9/13.17,27,29.31,37.42.46.

Fluency,

WAIS:similarities,?”" Controlled Oral Word Association,*” Trail Making Test (B-A),*! Verbal
%0 |saacs Set Test.®

RESULTS

Study Characteristics

Study characteristics are outlined in Tables S1-S5. Of the
41 studies, 18 were cross-sectional, 20 were longitudinal,
and three were interventional (Figure 1). Five longitudinal
studies also reported cross-sectional associations,”>!**17:27-28
Sample sizes ranged from 19-9,556 to 63-128 for observa-
tional and interventional studies respectively. Follow-up
durations ranged from 4 months to 10 years; however
only five studies conducted follow-up’s greater than
5 years.”'1"17:27:2% Intervention durations ranged from a
single dose to 6 weeks of daily vitamin D supplementation
and administration varied from an intramuscular ergocal-
ciferol injection®® to ergocalciferol®! and cholecalciferol®”
oral capsules. Two studies included vitamin D deficient
participants®*?! and two studies used a placebo-controlled
group. 032

Most studies were mixed gender, two included only
women'*?? and five were male only.'®'%3*3¢ While the
majority (n = 25) of studies recruited older adults, five
investigated middle aged adults,!***3%3%35 and 11
included both.>”:%162736=41 Ejsht studies reported vitamin
D as a continuous variable,’®10:27:29:36.3%.42 97 4 4 cate-
gorical variable, and three reported both. Seventeen studies
used a-priori cut offs®%14716:28,34.33,37:41.43-49 1,4 13 cate-
gorized into tertiles,”!”**>%31 quartiles,”>'*'®3% or quin-
tiles.'?4%3%53 The majority of studies analyzed serum
250HD with four analyzing plasma 250HD.'>!32%47
The most commonly reported vitamin D assays were the
Dia Sorin radioimmune (n = 12) and liquid chromatogra-
phy-tandem mass spectrometry (n = 10).

Ten studies classified cognition dichotomously (e.g.
decline vs no decline)®!H1%17:18,:33.43.4551.53 - ad 28
reported cognition as a continuous score. Overall, 52 neu-
ropsychological tests were used (Table 1). Twenty-three

studies measured general cognition, with the mini-mental
state examination (MMSE (n = 16)) being the most com-
monly administered. Three studies measured reasoning and
language with Ravens colored progressive matrices, Boston
naming test, and wide range achievement test, respectively.
Ideas and figural creations were measured in 12 studies
with verbal fluency being the most common. Ten studies
measured visuospatial abilities using clock drawing, block
design, matrix reasoning, Hooper visual organization, Rey-
Osterrieth copy, and CANTAB-one touch stockings of
Cambridge. Mental speed/attention (n = 12 tests, 25 stud-
ies) and memory/learning (n = 20 tests, 26 studies) were
the most commonly tested abilities, with the trail making
(n = 11), digit symbol substitution (n = 9), word list recall
(n =7), and digit span (n = 9) being the most common
tests.

Methodological Quality

Overall, studies were deemed good quality (low-moderate
bias; Tables S6, S7). The most common source of bias in
observational studies was a lack of power analysis,
although most studies had large sample sizes (n > 100).
Most studies didn’t report handling of missing data; how-
ever, participant characteristics for attrition were well doc-
umented. When considering selection bias, only one study
reported on socioeconomic status (SES).'* The authors
demonstrated no difference in SES in high and low vitamin
D groups.'* For the studies that presented education across
vitamin D groups, the majority (n = 10)%!3-1%18,37:44.48-
3032 4lso observed no difference in level of education
between high and low vitamin D, while seven stud-
jes”>11:12:15.28,3351 4id report lower education in partici-
pants with low vitamin D. Two studies**** performed no
covariate adjustment. Most studies (n = 32) performed
multivariate adjustments and four studies performed par-
tial adjustments for at least age and education.'®*-*-52
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Articles retrieved from database search n = 3,074
Additional articles retrieved n = 1

- ’ Duplicates removed n = 1,581

\

Total titles screened n = 1,494 ‘

|

1

Excluded on title n = 1,318

Excluded on abstract n = 103

Not relevant to vitamin D or cognition n = 693
Vitamin D no cognition n = 421

Cognition no vitamin D n = 55

Non human n = 36

Psychological clinical diagnosis n = 19
Review articles n = 61

Non journal article n = 33

Non journal article/letter/review n = 34

Children or adolescents n = 2

Non humann =15
Psychological/metabolic/neurological conditions n = 23
Maternal n =4

MCI or dementian= 8

Dietary intake n =4

Mixed supplements n =12

Cognition not main outcome n =1

J

Y

Excluded on full text n = 32
MCI or dementia n = 30
Non journal article n = 2

v

Cross-sectional n = 20
Longitudinal n = 18
Interventional n =3

Included for qualitative analysis n = 41

v

Cross-sectional n = 12
Longitudinal n = 14
Interventional n =3

Included for quantitative analysis n = 29

Figure 1. PRISMA flow diagram of study screening and selection.

Common covariates included age, gender, education, sea-
son of blood collection, physical inactivity, smoking, alco-
hol, comorbidities, and depression. Only three studies
adjusted for vitamin D supplementation.!”*>*! For inter-
vention studies the main source of bias was lack of con-
cealed allocation.

Meta-Analysis

Observational Studies

Twenty-six observational studies were included in the
meta-analysis. Two cross-sectional studies®***  were
excluded, as they performed no adjustments. Three authors
were contacted,”>** however did not respond or could
not retrieve sufficient data, to compute an effect size and
seven studies®!* 162723942 meagured vitamin D as a con-
tinuous variable without a comparative group.

The summary effect combining 26 studies (n = 20,750)
showed individuals with low vitamin D status (n = 9,590)
had poorer cognition (OR =1.24, CI=1.14-1.35,
P <.001) compared with high vitamin D (n = 11,033, Fig-
ure 2). In the sensitivity analysis including only longitudinal
studies measuring cognitive decline, the likelihood of cogni-
tive decline with low vitamin D (OR = 1.26, CI = 1.09—
1.23, P <.001) was similar to the overall summary effect.
There was heterogeneity (I* = 74.7%) between the study
effect sizes and Egger’s regression (¢(24) = 5.68, P < .001)
indicated the possibility of publication bias. The trim and fill
plot revealed an adjusted effect size (OR) of 1.15, indicating
a true effect of vitamin D and cognition (Figure S1).

Mixed-effect analyses revealed a stronger effect for
cross-sectional (OR = 1.50, CI = 1.23-1.83) compared
with longitudinal (OR = 1.14, CI = 1.06-1.23) studies
(P =.01). For cognitive abilities, general cognition
(OR =1.21, CI = 1.10-1.33, P < .001), visuospatial abili-
ties (OR = 1.32, CI =1.03-1.68, P =.03), and mental
speed/attention (OR = 1.23, CI = 1.07-1.42, P =.004)
showed stronger effects than idea production (OR = 1.21,
CI=0.97-1.52, P=.09) and memory (OR = 1.10,
CI=0.96-1.24, P =.19). No other subgroup analyses
were significant.

Interventions

The summary effect for three interventional studies
(n = 314) showed no benefit for vitamin D supplementa-
tion on cognition (SMD =0.21, CI=-0.05 to 0.46,
P = .11; Figure 3). These studies had moderate, non-signif-
icant heterogeneity (Q(2) = 3.06, P =.22, I = 34.5%)
and no publication bias (Egger’s #(2) = 0.20, P = .86).

DISCUSSION

Our meta-analyses (n = 26) support the relationship
between low vitamin D, poor cognition, and cognitive
decline in observational studies. The range of neuropsy-
chological tests administered accounted for much of the
heterogeneity. There have only been a small number of
interventional studies employing short therapy durations.
Current knowledge on dementia pathophysiology indi-
cates that disease develops over decades of aging®* and
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Study OR lower upper P-value Odds ratio (95% CI)
Cross-sectional studies
Annweiler et al. 2014 6.794 2.003  23.039 0.002 * =
Brouwer-Brolsma et al. 2013a 2.015 1.360 2.984  0.000 ** +
Brouwer-Brolsma et al. 2013b 1.718 0.813 3.630 0.156 L ]
Brouwer-Brolsma et al. 2015 2.002  1.386  2.893  0.000 ** - B
Buell et al. 2009 1.134 1.016 1.266 0.025 * .
Darwish et al. 2015 1.516 1.168 1.968 0.002 * +
McGrath et al. 2007 0.946 0.879 1.018 0.138 .
Menant et al. 2012 1.328 1.084 1.627  0.006 * {
Pettersen 2016 2.295 1.145 4600 0.019 *
Pettersen, Fontes & Duke 2014 0.859 0.401 1.836 0.694 L
Seamans et al. 2010 1.898  1.309 2753 0.001 * —B—
Wilkins et al. 2009 1.673 0.660 4241 0278 =

1.500 1.231 1.829  0.000 ** ‘
Longitudinal studies
Bartali et al. 2014 1.065 0.945 1.200 0.302 I
Breitling et al. 2012 1.175 0.911 1.516 0.214 — B
Jorde et al. 2015 1.427 1.141 1.783 0.002 * —
Karakis et al.2016 1.050 0.937 1177 0.402 l
Kuzma et al. 2016 1144 0986  1.328 0.075 HIll-
Llewellyn et al. 2010 1265  1.061 1.507  0.009 * S
Maddock et al. 2014 1.048 0.913 1.203 0.509 I
Matchar et al. 2016 1.830 1.099 3.047 0.020 * —_———
Perna et al. 2014 1.404 1.028 1918 0.033 * ——
Schneider et al. 2014 1.005 0.704 1.433 0.979 ——
Slinin et al. 2010 1.303 0.886 1916  0.178 ——
Slinin et al. 2012 1.333 1.017 1749 0.038 * ——
Van Schoor et al. 2016 0.898 0.796 1.012 0.077 .-
Wilson et al. 2014 1.132 1.016 1.260 0.024 * —.

1.139 1.057 1.227 0.001 * ’
Summary (random effect) 1.239 1.144 1.345 0.000 ** <
*P <0.05, * P <0.001 0.1 0.2 0.5 1 2 5 10

Q (25) = 98.65, I2 = 74.66
Test for overall effect: Z =5.12, P < 0.001

Low vitamin D
poorer cognition

High vitamin D
poorer cognition

Figure 2. Forest plot of effect sizes for observational studies. The diamonds represent the overall effect for each study design
(cross-sectional and longitudinal) and overall pooled summary effect (odds ratio (OR)). The sizes of the symbols are relative to

each studies weight.

observational studies indicate early exposure is a stron-
ger predictor of later-life cognition.”* The optimal, nec-
essary duration of repletion is in excess of currently
available intervention studies. The optimal age for treat-
ment in individuals at risk of cognitive decline and
dementia also remains unidentified. A better understand-
ing of therapeutic windows and timing of repletion is
crucial to translate observational associations into pre-
ventive therapy.

Vitamin D and Cognitive Abilities

Previous meta-analyses demonstrating the relationship
between vitamin D and cognition have included only the
MMSE,* verbal episodic memory and executive function-
ing tests.'”” The use of narrow selection criteria may
represent fewer than 30% of the published neuropsycho-
logical tests, creating bias within the literature. Our find-
ings expand previous literature by synthesizing all
available evidence on cognition and vitamin D in individu-
als prior to the onset of dementia. When including all neu-
ropsychological tests, despite added heterogeneity, we also

demonstrate a significant association between low vitamin
D and poor cognitive performance.

Evidence suggests psychomotor and executive func-
tions are most susceptible to fluctuations in vitamin D
physiology during aging.?” In line with a previous meta-
analysis'” and observational studies,'>*”3%*147 we
revealed a stronger effect for general cognition, mental
speed, and visuospatial abilities compared with memory.
While many previous studies preference associations with
different cognitive domains, they also represent different
age brackets when specific neuropsychological tests were
used. It is essential we develop greater standardization in
methods and coverage of cognitive domains to draw firm
conclusions on the differential effects of vitamin D on
specific cognitive abilities.

The mechanisms by which vitamin D modulates cogni-
tive processes in aging and the neuro-pathophysiology of
dementia are complex. Vitamin D has been shown to elicit
neuroprotective properties, through calcium homeostasis
and maintaining the integrity of nerve conduction.’* Vita-
min D may also be indirectly related to cognitive decline
and dementia, through its effects on cardiovascular health
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SMD
Study SMD lower upper P-value (Hedges g, 95% Cl)
Dean et al. 2011 0.065 -0.280 0410 0.713 4—
Dhesi et al. 2004 0.473 0.107 0.838 0.011 * ——
Przybelski et al. 2008 0.097 -0.255 0.450 0.589 ——
Summary (random effect) 0.206 -0.047 0459 0.110
*P<0.05,Q(2)=3.06, I>=34.54 -1.00 -050 000 050  1.00
Test for overall effect: Z=1.60, P =0.110 Favors Favors
control supplementation

Figure 3. Forest plot of effect sizes for intervention studies. The diamond denotes the pooled summary effect (standardized mean
difference (SMD)). The sizes of the symbols are relative to each studies weight.

and known vascular risk factors for dementia.’” This evi-
dence for the involvement of vitamin D in vascular health
may further elucidate the preferential effect observed for
executive function and psychomotor speed in this meta-
analysis and previous studies.!®*”*”

Longitudinal Evidence

There have been numerous longitudinal studies published
in the last 4 years to better examine vitamin D status and
cognitive decline in aging. However the majority of studies
only provide follow-up of less than 10 years. Our results
revealed a significant, but weaker effect for longitudinal
compared with cross-sectional studies in relation to low
vitamin D. This less powerful association is likely attribu-
ted to age and gender differences, as well as follow-up
durations between different studies.

When considering the neurophysiological effects of
vitamin D in the brain, it is important to examine gender
differences. Studies'®'®353¢ or sub-samples*®°*°> con-
ducted in males reported non-significant or weaker associ-
ations between vitamin D and cognition than mixed
gender or women only studies. Gender specific cognitive
decline has been related to vitamin D receptor polymor-
phisms and expression of the Megalin gene,’® which may
differentially modulate vitamin D physiology in women
and men. There is also evidence that the expression of the
vitamin D receptor protein is estrogen dependent,’” which
further justifies the different involvement of vitamin D in
women. It is therefore important that future studies per-
form gender-stratified analyses.

While it is accepted that vitamin D levels decline with
age, only one study?” measured time-course changes in
cognition and vitamin D concurrently. Therefore, age-
related fluctuations in vitamin D may influence cognition
at follow-up. Further, only three studies adjusted for vita-
min D supplementation'”***! and only recorded usage at
baseline. Given the relationship between aging, declining
vitamin D and increased use of supplementation, future

studies should control for supplement use across all points
of neuropsychological testing.

Of the studies greater than 5 years, only
three performed multiple neuropsychological tests to
allow modelling of cognitive decline.!'"*” Most of
these studies are also performed in older adults
(>65 years), which show more consistent associations''*”
than studies in midlife."*'”?° These findings may how-
ever represent the co-existence of low vitamin D and
cognitive decline in older adults, rather than causation
across the lifespan. In midlife adults (45 years), vitamin
D was not associated with cognition 5 years later.'®
However in healthy middle-aged adults, cognitive reserve
may prevent decline over a short duration. It would be
of greater interest to see the association with follow-ups
at an age where clinical symptoms of cognitive decline
begin to manifest.

In a 10-year follow-up (age range 45-65 at baseline),
no association between vitamin D and subsequent risk of
dementia or cognitive decline was observed.'” Although
this study included middle-aged adults, the average base-
line age was still greater than 60 years. Only one study
has provided longitudinal data from midlife through to
later-life.””> The authors found a positive association
between midlife vitamin D and cognitive function 13 years
later, only for low educated older adults. Unfortunately
this study did not measure baseline cognition and results
may be confounded by reverse causality. It is essential we
examine longer duration studies with time-course cognitive
testing to determine the importance of midlife vitamin D
on cognitive decline in aging.

Given the prolonged prodromal stage of cognitive
decline,?**? lifespan cohort studies are needed to deter-
mine the correct timing, duration, and therapeutic window
for this potential therapy. Further investigation into the
effect of midlife vitamin D and later-life cognition will
help determine the potential to prevent cognitive decline,
through supplementation of an inexpensive and readily
available therapy, which carries low toxicity.

7,11,17,27,29
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Interventions

While the three included intervention studies did not
demonstrate a benefit of vitamin D therapy, it is important
to examine these in the context of the observational litera-
ture, which now indicates that preventative therapy should
begin earlier** and for significant duration.? As these stud-
ies were performed in either young or older adults, the age
window for vitamin D supplimentation may have been
overlooked. While the development of cognitive decline
occurs over decades and the pathological antecedents of
dementia occur 20-30 years before diagnosis, the interven-
tional studies to date, that demonstrate no clear improve-
ments in cognition, have only been performed for a
maximum of 6 weeks. There is current incongruity of the
timing and duration for preventative treatments in which
longitudinal studies indicate is important.'” A return to
lifespan observational studies to provide empirical evidence
as to the optimal timing and duration is essential to inform
therapeutic interventions towards delaying or preventing
cognitive decline in aging.

Limitations

When interpreting these findings, heterogeneity amongst
the studies should be considered. The included studies
differed in the neuropsychological tests and diversity in
categorizing low (ranging from <25 to <50 nmol/L) and
high (ranging from >50 to >100 nmol/L) vitamin D. Five
studies®?**>**53 4150 had marginally unequal sample
sizes between low and high vitamin D categories. As our
summary effect was significant, these factors are also
notable strengths in our review, allowing for greater clini-
cal application and generalizability of results for the
effect of low vitamin D on overall cognition. Lastly,
while we excluded studies with baseline dementia, the
possibility of undiagnosed or unreported dementia in
elderly participants included in the study samples cannot
be disregarded.

CONCLUSION

Our findings support the relationship between low vitamin
D, poor cognition, and cognitive decline. However given
disease development and pathology are measured in dec-
ades, the majority of the available evidence conducted less
than § years, and primarily in the elderly, may be sub-
jected to reverse causation. Lifespan cohort studies are
needed to inform clinical trials, regarding the optimal ther-
apeutic window and duration of supplementation for pre-
vention of cognitive decline in later-life.
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