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Abstract

The purpose of this study is to assess the effect of vitamin D replacement on cognitive function in older adults. A total of 560
patients who underwent comprehensive geriatric assessment including Global cognitive assessment, Basic Activities of Daily
Living (BADL), and Instrumental Activities of Daily Living (IADL) twice in 6-month period were retrospectively reviewed. Oral
cholecalciferol was replaced to patients with vitamin D deficiency routinely. In baseline cognitive scores, BADL-IADL scores were
lower in the severe deficiency group than in the deficiency and adequate groups (P < .05). With regard to the relation between
changes in cognitive functions, BADL-IADL scores on the 6-month versus baseline, no difference was determined in patients with
and without dementia (P > .05). Vitamin D replacement may not improve cognitive performance in older adults, even if vitamin D
is raised to adequate level, suggesting that longer term replacement therapy may be needed to improve cognitive function.
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Introduction

Cognitive dysfunction and dementia cause great socioeco-
nomic health burden in societies. Although dementia has
recently become one of the most popular topics in the scientific
community, there is no effective medical treatment yet.! For
this reason, it is important to identify and prevent reversible
risk factors. Many etiologic causes, such as cardiovascular risk
factors, vitamin deficiencies, depression, thyroid dysfunction,
cancer, may lead to the development of dementia.”

One of the suspicious factors is vitamin D, which plays a
primary role in systemic calcium homeostasis and bone health.
Mainly affecting the intestine, kidney, and bone,> biologically
active 1,25-hydroxy vitamin D (1,25 (OH)2 D) has receptors on
many different nucleated cells. Accordingly, vitamin D is also
shown to have effect on the immune system, insulin resistance,
the cardiovascular system, and the central nervous system.*”
Vitamin D deficiency has been found to be associated with
orthostatic hypotension, depression, depression, sarcopenia, and
frailty, which are important causes of mortality and morbidity in
older adults,®’ as vitamin D has many effects on more than one
system. Therefore, the relationship between vitamin D and cog-
nitive functions is one of the most studied topics. Vitamin D has
been reported to play a neuroprotective role by regulating the
release of neurotrophic factors such as neurotrophin 3, nerve
growth factor, and glial cell-derived neurotrophic factor,'®!!
increasing antioxidant pathways'? and reducing inflammatory

biomarkers.'* New evidence suggests that vitamin D may affect
mood and cognitive functions in older adults.'* It has been
reported that low 25 (OH) D levels are common in Alzheimer’s
disease (AD) and depressed patients.'>'® Nevertheless, the cur-
rent evidence in the literature about the relationship between
cognitive performance and vitamin D is controversial.'® Further-
more, it is not clear whether vitamin D supplementation in older
adults is also effective on cognitive functions.'’

In this study, we aimed to show the relationship between cog-
nitive performance and vitamin D level and the effect of vitamin
D supplementation on cognitive functions in older adults.

Materials and Methods

The files of 1684 patients who applied to geriatric outpatient
clinics and underwent comprehensive geriatric assessment
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(CGA) from January 2015 to March 2017 were retrospectively
reviewed. Demographic characteristics, blood pressure levels,
comorbidities, drugs, polypharmacy, cognitive status, activity
of daily living indices, and laboratory data were obtained from
the hospital records. The investigation was approved by the
local ethics committee and conformed to the Declaration
of Helsinki.

Inclusion Criteria

The study included patients who underwent CGA twice at
6-month intervals.

Exclusion Criteria

Exclusion criteria were determined as severe illnesses that can
cause unstable major medical illness (eg, acute cerebrovascu-
lar event, sepsis, gastrointestinal bleeding, acute renal failure,
acute respiratory failure), major primary psychiatric disorders
(schizophrenia, bipolar disorder, or recurrent major depres-
sive disorder), age <60 years, and toxic levels of vitamin D
(even at baseline and/or follow-up level >150 ng/mL).
Patients with missing data in hospital records were also not
included in the study.

Patients’ Characteristics

Patients’ demographic characteristics including age, sex, dura-
tion of education, accompanying systemic diseases, and the
number of drugs used were recorded. Hypertension, coronary
artery disease, congestive heart failure, diabetes mellitus,
hyperlipidemia, peripheral arterial disease, and cerebrovascu-
lar disease were obtained from patients’ reports. Dementia and
depression were diagnosed according to the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition criteria.'®

Comprehensive Geriatric Assessment

In an attempt to assess global cognitive function, the Mini-
Mental State Examination (MMSE) and the Montreal Cogni-
tive Assessment (MoCA) scales were selected for those who
had less than 11 years of education and more than 11 years of
education, respectively. Patients were also assessed using the
Geriatric Depression Scale (GDS),'” the Basic Activities of
Daily Living (BADL) and Instrumental Activities of Daily
Living (IADL), the clock-drawing test (CD), and the Clinical
Dementia Rating Scale.”® The change in points was obtained
by subtracting the initial value from the follow-up value, and
the delta (A) value was specified for each test score—(A) value:
(6-month evaluation—baseline evaluation).

Vitamin D Levels

25 hydroxy-vitamin D [25 (OH) D] levels were used to assess
the vitamin D status of the patients.>' Serum 25-hydroxy D
vitamin radioimmunoassay was measured by the autoanalyzer
diagnostic modular system (Roche E170 and P-800, Roche

Diagnostics International AG, Rotkreuz, Switzerland). Vitamin
D-level status was accepted as <10 ng/mL severe deficiency,
10 to 20 ng/mL deficiency, and >20 ng/mL sufficient in the
baseline.”'*? Oral cholecalciferol was routinely replaced to
patients with vitamin D deficiency. Cholecalciferol was admi-
nistered 50 000 IU once weekly for 6 weeks, followed by 5000
IU cholecalciferol per week for severe D vitamin deficiency.’
Vitamin D deficiency was treated only with maintenance
treatment. After 6 months, these 3 groups were divided into 2
groups according to the levels of vitamin D of >20 ng/mL and
<20 ng/mL.

Statistical Analysis

Analysis of the data was done in the SPSS 22 program.
Descriptive statistics are shown as mean + standard deviation
for normal distribution, median for unaltered distributions
(maximum from minimum), and number of cases and percent-
age for nominal variables. When the group number was 2, the
significance of the differences between the groups was exam-
ined by ¢ test, and mean values were investigated by Mann
Whitney U test. When the number of groups was more than
1, the significance of differences between the groups in terms
of averages was investigated by analysis of variance
(ANOVA), and the significance of the medians was determined
by the Kruskal-Wallis test. Nominal variables were assessed by
Pearson x> or Fisher exact test. Variances in the multiple
groups were assessed by post hoc Tukey test. Binary logistic
regression was used to assess the relationship between vitamin
D-level status and baseline cognitive function. For P < .05, the
results were considered statistically significant. We calculated
that minimum 310 participants were required to show cognitive
effects of vitamin D on cognitive functions at the level of 5%
acceptable error and 95% confidence.”

Results

In this retrospective follow-up study, 560 patients were included.
The characteristics of the patients according to the baseline vita-
min D-level status are shown in Table 1. The average age of the
study group was 74.9 (8.17) years. Female gender and lower
education level were higher in the group with severe vitamin
D deficiency (P < .01). The proportion of dementia in the group
with severe vitamin D deficiency was also higher (P = .01). The
difference between the groups was not significant in terms of
comorbid disease except dementia (P > .05). At the same time,
the results of the baseline comprehensive geriatric evaluation are
summarized in Table 1. Mini-Mental State Examination, MoCA,
BADL, IADL, and clock drawing scores are lower in the group
with vitamin D deficiency.

Since these scores are highly skewed, traditional ANOVA
and linear regression cannot be used without compromising the
interpretability of the data using some complex transforma-
tions. For this reason, the response variables were divided into
2 for all logistic regression models (MMSE score: [<24,
>24],* MoCA score: [<21, >21],>> BADL: [<90, >90],%¢
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Table I. Patients’ Characteristics According to Basal Vitamin D Value Groups.

Vitamin D Level (Number of Patients)

Parameters

Group | <10 ng/mL (n = 147) Group Il >10-20 ng/mL (n =200) Group Ill >20 ng/mL (n=213) P

Demographics

Sex (female), % 115 (78.2)
Age, mean + standard 75.22 + 844
deviation
Education >11 years (%) 29 + 197
Comorbidities, %
Dementia 34.7
Cerebrovascular disease 82
Depression 36.1
Diabetes mellitus 29.5
Hyperlipidemia 20.4
Hypertension 70.7
Ischemic cardiac disease 15.0
Congestive cardiac failure 5.4
Comprehensive geriatric assessment
MMSE 22,18 + 6.42
MoCA 21.00 + 5.79
BADL 87.47 + 16.87
IADL 13.90 + 7.33
CD 320 + 1.78
GDS 3.89 + 3.88

119 (59.5) 134 (62.9) <.0l
7471 + 85I 75.11 + 7.65 8l
82 + 41.0 98 + 46.0 <.0l
30.0 19.7 <.01

9.0 5.6 40

335 30.0 47

255 28.6 67

18.0 26.8 08

70.0 65.3 45
20.0 18.3 1.00

6.5 7.0 83
2320 + 6.08 2522 + 457 <.0l
23.68 + 4.60 2433 + 355 0l
91.64 + 14.44 9339 + 11.35 <.0l
16.60 + 7.13 17.04 + 6.53 <.0l
401 + 148 403 + 146 <.0l
3.13 + 3.05 3.13 + 3.52 10

Abbreviations: BADL, Basic Activities of Daily Living (0-100); CD, clock-drawing test; GDS, Geriatric Depression Scale (0-15); IADL, Instrumental Activities of
Daily Living (0-23); MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment. Boldface indicates statistical significance (p < 0.05).

Table 2. Associations Between Vitamin D Status and Global Cognitive Scores and Functionality.

0-10 ng/mL >10-20 ng/mL >20 ng/mL Serum Vitamin D Concentration
Parameters f SE P B (95% Cl) SE P B (95% Cl) SE P B (95% Cl) SE P
MMSE Ref. Ref. Ref. 0.17 (—0.73 to 1.07) 046 .69 0.47 (—0.45to 1.39) 047 .31 —0.008 (—0.02t0 0.01) 0011 .48
MoCA Ref. Ref. Ref. 2.15(—0.16t04.46) 1.18 .07 230 (—0.11t04.71) 123 .06 0.114(—-0.003 t0 0.23) 0.060 .05
BADL Ref. Ref. Ref. 0.28 (—0.40to 0.96) 035 .41 0.69 (—0.05to 1.43) 038 .06  0.037 (0.009 to 0.06) 0.014 <.0l
IADL Ref. Ref. Ref. 1.07 (0.34to 1.79) 037 <.01 0.76 (003 to 1.48) 037 .04 0.003 (—0.0l t0 0.02) 0.009 .76
CD Ref. Ref. Ref. 0.17 (—0.55t0 0.89) 037 .64 0.69 (—0.03to I.4]) 037 .06 —0.003 (-0.02t0 0.01) 0009 .75

Abbreviations: BADL, Basic Activities of Daily Living; CD, clock-drawing test; Cl, confidence Interval; IADL, Instrumental Activities of Daily Living;
MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; Ref., reference.

Boldface indicates statistical significance p < 0.05.

IADL: [<20, >20]*") and used for backward shifting. For all
models, the relationship between cognitive performance and
vitamin D was adjusted for age, gender, education (years),
body mass index, serum calcium, phosphorus, hemoglobin,
thyroid stimulating hormone, folate, vitamin B12, and the envi-
ronment that the patients live in.

The likelihood of being in the high cognitive performance
group is 2.19 times greater than the vitamin D deficiency group
controlling other covariates for the normal vitamin D group.
There was a significant positive effect on baseline BADL score
of vitamin D concentration as a continuous variable. Specifi-
cally, a unit increase in Vitamin D provides a 4% increase in
the likelihood of having a high BADL score. Patients with
normal vitamin D levels were more likely to have higher IADL
scores than the deficient group. The cross-sectional

relationships between vitamin D status and cognitive scores
and functionality are shown in Table 2.

No statistically significant difference was observed in non-
demented patients with >20 ng/mL or <20 ng/mL of vitamin D
levels when compared with follow-up neurocognitive test
results at the sixth month. Comprehensive geriatric assessment
details at the sixth month were summarized by baseline vitamin
D-level groups for nondemented patients in Table 3.The
changes in MMSE, MoCA, GDS, BADL, IADL, and CD scores
were not significant for the nondemented 6 groups according to
baseline and following vitamin D status. In addition, at the end
of the sixth month of follow-up, all of the performance of the
nondemented patients with vitamin D deficiency were
observed to be lower than at the end of the sixth month even
if they reached adequate vitamin D levels (P < .05).
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Table 3. Follow-Up Evaluations and Delta (A) Changes in Patients Without Dementia.
Baseline Vitamin D Status <10 ng/mL, n= 96 20 ng/mL, n = 140 >20 ng/mL, N = 171

<20 ng/mL, >20 ng/mL, <20 ng/mL, >20 ng/mL, <20 ng/mL, >20 ng/mL,
Follow-Up Vitamin D Status n=35 n=6l P n =4l n=99 P n =39 n=132 Pe
MMSE 2450 + 476 2432 + 534 .46 2448 + 4.19 2574 + 3.56 48 2538 + 3.86 25.50 + 4.10 5|
AMMSE 1.10 + 2.62 0.13+£3.09 .12 023 + 196 —0.15 + 288 45 —047 + 333 0.60 + 223 .08
MoCA 22,17 + 3.76 2277 + 485 .29 23.80 + 452 2508 + 3.71 30 24.13 + 401 2477 + 3.83 .57
AMoCA 0.83 + 2.04 —0.15+ 307 .62 006 +205 051 +239 .70 —037 + 3.33 —0.20 + 235 9|
GDS 340 + 3.68 3.5+ 339 83 217+ 285 248 +£305 59 373 + 332 246 +297 .02
AGDS —1.23 + 244 —-088 + 283 .13 —0.79 + 249 —027 + 255 61 —0.60 + 347 —0.20 + 2.58 .84
BADL 89.75 + 1392 9023 + 13.09 .73 9593 + 620 9579 + 625 .60 93.06 + 9.13 94.07 + 12.77 .14
ABADL -390 + 10.15 —323 + 865 .81 —0.29 + 497 —025 + 341 58 —0.06 + 3.36 —0.39 + 626 .47
IADL 1690 + 557 1701 +£ 579 .70 1896 + 4.67 1992 + 429 .13 1750 + 541 19.14 +£ 495 .13
AIADL —022 + 284 —1.17 £328 71 —045 + 236 —020 + 1.55 36 —0.39 + 2.13 —033 + 235 .67
CD 331 £ 1.94 365+ 1.64 46 425+ 123 456 + 096 .12 403 + 1.37 422 + 139 .24
ACD 0.01 + 0.08 0.10 + 026 36 003 +£0.12 003+ I.17 81 0.08 + 023 0.04 +£ 020 .66

Abbreviations: A, delta (6th month evaluation-Baseline evaluation); BADL, Basic Activities of Daily Living (0-100); CD, clock-drawing test (0-5); GDS, Geriatric
Depression Scale (0-15); IADL, Instrumental Activities of Daily Living (0-23); MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment.

?For comparisons baseline versus follow-up in patients with severe vitamin D deficiency group in baseline.
®For comparisons baseline versus follow-up in patients with vitamin D deficiency group in baseline.
“For comparisons baseline versus follow-up in patients with adequate vitamin D group in baseline.

Boldface indicates statistical significance p < 0.05.

Owing to the difference in terms of sex and dementia in the
severe deficient group at the baseline, we evaluated both
gender and patients with dementia separately. There was no
difference in MMSE, MoCA scores, and comprehensive
assessment parameters between male and female groups
(P > .05). There was no statistically significant difference in
dementia group after vitamin D replacement. Similar results
were also obtained when vitamin D deficiency was accepted
as <30 ng/mL.

Discussion

In this study, it was demonstrated that older adults with higher
vitamin D level were more likely to have better cognitive per-
formance than those lower vitamin D level. However, vitamin
D replacement had no effect on cognitive functions or ADLs of
patients with or without dementia, although vitamin D levels
were increased from baseline severe deficient to adequate lev-
els in the sixth month.

Vitamin D is an active hormone with many endocrine and
paracrine effects on different tissues. Active vitamin D
enhances intestinal calcium absorption in the small intestine
and interacts with the vitamin D receptor—retinoic acid
x-receptor complex (VDR-RXR) to increase the expression
of the epithelial calcium channel. The VDR-RXR, with muscle
mass and strength enhancing effects, also stimulates the pro-
liferation and differentiation of muscle cells, allowing skeletal
muscle cells to be protected from insulin resistance.”® Further-
more, individuals with insulin resistance have increased risk of
the development of dementia.?® Patients may have limited sun
exposure due to physical and cognitive dysfunction. In other
words, physical and cognitive dysfunction may accelerate the
deficiency of vitamin D.

Dementia and cognitive impairment cause dependence and
loss of functioning, which increase the cost of health care and
the need for care in older adults.” Recent data suggest that there
may be a relationship between cognitive functions and vitamin
D deficiency.'® Modulation of cognitive processes in aging and
neuropathophysiology of dementia is complex. It has been
reported that vitamin D has a neuroprotective effect on neuro-
nal integrity by detoxification routes, anti-inflammatory
effects, and neurotrophin synthesis.*° Vitamin D is also asso-
ciated with reduced B-amyloid 1-42 concentrations in cere-
brospinal fluid.>' Genetic linkage to late-onset AD has been
assigned to the 12q13 chromosome containing the gene for
VDR28.>? In addition, vitamin D may also regulate systolic
blood pressure, cardiac autonomic activity, immunological
functions, cellular differentiation and proliferation, insulin
resistance, diabetes mellitus, and hypertension.>*~* All these
factors support that vitamin D may be indirectly related to
cognitive decline and dementia.

On the other hand, it was reported that the total MMSE
score was not related, but the executive function was associ-
ated with vitamin D concentration.'* In addition, intervention
studies of vitamin D supplementation did not show any ben-
efit in cognitive functions.'”>3® However, it is reported that
patients with AD had lower concentrations of vitamin D than
those without AD and that MMSE scores were lower in indi-
viduals with lower 25 (OH) D concentrations in an extensive
meta-analyses.'®

Consistent with previous analyses, low vitamin D levels
were associated with poorer cognitive function and dementia
in this study’’; however, in the following period, it was shown
that vitamin D supplementation did not have clear benefit, nor
was the prevention of cognitive impairment in older adults,
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which may be suggested by various explanations. First, since
both age-related changes in pharmacokinetics and pharmaco-
dynamics can lead to a reduction in the effect of treatments, the
replacement of vitamin D in older adults may not be as effec-
tive as in nonolder patients.*® Second, as vitamin D has nuclear
receptors and mainly acts by gene expression, the effect of
vitamin D on cognition may be seen in the long term.*® For
this reason, 24 weeks may be too short to clearly reveal the
effect of vitamin D replacement, and long-term study may be
an appropriate approach. Thus, vitamin D replacement can be
particularly important at Middle Ages before symptoms
develop in later life*” and should be part of successful aging.
Third, it was previously reported that psychomotor and execu-
tive functions are most susceptible to fluctuations in vitamin
D,*" but only global cognitive score was evaluated in this study.
Vitamin D may be associated with particularly some domains
of cognition. More detailed neurocognitive tests might have
been sensitive to show change in cognitive subdomains.

This study has many powerful features such as sample size,
being a longitudinal study, and assessment of patients’ global
cognitive functions. Moreover, all comorbid diseases that could
affect cognitive functions as well as vitamin B12, folic acid, and
thyroid hormone levels were considered in patients with and
without dementia, which is another powerful aspect of this study.
On the other hand, it has some limitations like seasonal fluctua-
tion effect of Vitamin D, as patients are included in the study in
different seasons. Moreover, when interpreting serial assess-
ments, the roles of practice effects and test-—retest reliability on
follow-up performance may cause some considerations on the
results. We wanted to minimize this effect by assessing patients
with objective scales. Another limitation is that we examined
only global cognitive score; however, it could have been better if
the detailed cognitive evaluation with subdomains could have
been performed, and 6 months follow-up may be insufficient to
show the effect of vitamin D on cognitive functions. Addition-
ally, due to the small sample size of patients with dementia, our
results related to dementia may not be generalized.

Conclusions

Vitamin D deficiency seems to be associated with dementia
and cognitive impairment in older adults. However, even if
vitamin D levels of patients with severe vitamin D deficiency
were increased to an adequate level, the cognitive performance
of these patients did not reach to the cognitive performance of
patients whose vitamin D levels were adequate from the begin-
ning. For this reason, patients should be screened and treated
for vitamin D deficiency as a component of “successful aging”
from Middle Ages.
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