NIH Public Access
Author Manuscript
J Parkinsons Dis. Author manuscript; available in PMC 2014 March 26.

NIH-PA Author Manuscript

Published in final edited form as:
J Parkinsons Dis. 2013 ; 3(4): 547–555. doi:10.3233/JPD-130206.

Memory, Mood, and Vitamin D in Persons with Parkinson’s
Disease
Amie L. Petersona,e,*, Charles Murchisone, Cyrus Zabetianb,c,f, James B. Leverenzb,c,d,f, G.
Stennis Watsonc,f, Thomas Montinef, Natasha Carneya, Gene L. Bowmane, Karen Edwardsf,
and Joseph F. Quinna,e
aParkinson’s Disease Research, Education & Clinical Center (PADRECC), Portland VA Medical
Center, Portland, OR
bParkinson’s

Disease Research, Education & Clinical Center (PADRECC), VA Puget Sound
Health Care System, Seattle, WA
cGeriatic

NIH-PA Author Manuscript

Research, Education & Clinical Center (GRECC), VA Puget Sound Health Care System,
Seattle, WA
dMental

Illness Research, Education & Clinical Center (MIRECC), VA Puget Sound Health Care
System, Seattle, WA
eOregon

Health & Science University, Portland, OR

fDepartment

of Epidemiology, University of Washington, Seattle, WA

Abstract
Background—Research in recent years has suggested a role of vitamin D in the central nervous
system. The final converting enzyme and the vitamin D receptor are found throughout the human
brain. From animal studies vitamin D appears important in neurodevelopment, up-regulation of
neurotrophic factors, stabilization of mitochondrial function, and antioxidation.
Objective—To examine the relationship between serum vitamin D and neuropsychiatric function
in persons with Parkinson’s disease (PD).
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Methods—This is an add-on study to a longitudinal study following neuropsychiatric function in
persons with PD. Baseline neuropsychiatric performance and serum 25-hydroxyvitamin D were
examined for 286 participants with PD. Measures of global cognitive function (MMSE, MOCA,
Mattis Dementia Scale), verbal memory (Hopkins Verbal Learning Test), fluency (animals,
vegetables, and FAS words), visuospatial function (Benton Line Orientation), executive function
(Trails Making Test and Digit-Symbol Substitution), PD severity (Hoehn & Yahr and Unified
Parkinson’s Disease Rating Scale) and depression (Geriatric Depression Scale (GDS)) were
administered. Multivariate linear regression assessed the association between vitamin D
concentration and neuropsychiatric function, in the entire cohort as well as the non-demented and
demented subsets.
Results—Using a multivariate model, higher vitamin concentrations were associated with better
performance on numerous neuropsychiatric tests in the non-demented subset of the cohort.
Significant associations were specifically found between vitamin D concentration and verbal
fluency and verbal memory (t = 4.31, p < 0.001 and t = 3.04, p = 0.0083). Vitamin D
*
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concentrations also correlated with depression scores (t =−3.08, p = 0.0083) in the non-demented
subset.
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Conclusions—Higher plasma vitamin D is associated with better cognition and better mood in
this sample of PD patients without dementia. Determination of causation will require a vitamin D
intervention study.
Keywords
Parkinson’s disease; vitamin D; dementia; depression; cognition

INTRODUCTION
Parkinson’s disease (PD) is characterized clinically by the following motor symptoms:
bradykinesia, resting tremor, rigidity, and impaired postural responses. In addition there are
non-motor features that are common and often times extremely debilitating. About 30% of
persons with PD suffer from cognitive impairment and dementia [1, 2]. Dementia is
associated with nursing home placement and shortened life expectancy in persons with PD
[3, 4]. Intervening in the development of dementia has the potential to improve morbidity
and mortality in persons with PD. Thus far dementia treatments for PD have shown
underwhelming results [5].
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Vitamin D’s role in health first surfaced during the industrial revolution when rickets
appeared as an epidemic in temperate climates. In the last decade the theoretical role of
vitamin D in health has greatly expanded. Data demonstrate that low vitamin D increases the
risk of type 2 diabetes mellitus, multiple sclerosis, hypertension, cancer, and infections [6].
Vitamin D receptors are present in the prostate, breast, colon, kidney, immune cells, and the
brain [6]. In the human brain the final converting enzyme for vitamin D was demonstrated in
all 13 regions examined and its receptor (VDR) in all but one region (the basal forebrain)
[7]. The degree of immunoreactivity varied in the specific hippocampal regions, but most
stained moderately or intensely for the enzyme and receptor [7]. The amygdala had less
intense staining; weak for the receptor and moderate for the enzyme [7].
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Studies looking at the relationship between vitamin D and cognition have been largely cross
sectional and somewhat inconsistent. A 2012 meta-analysis concluded that lower vitamin D
levels are associated with poorer cognitive function and higher risk of Alzheimer’s disease
[8]. There are very few intervention studies that have looked at cognition. One in
institutionalized elderly found an improvement in cognitive function in a subset of their
subjects (those with BMI less than 24.4 kg/m2 at baseline) [9]. Another that focused on
young persons (average age 22) did not show an effect on cognition or mood [10]. A number
of cross–sectional studies have shown relationships between serum vitamin D
concentrations and selfreported mood in persons without PD [11–13]. An interventional
study in Norway showed an improvement in depression symptoms in persons placed on
weekly vitamin D supplementation for a year [14]. To our knowledge, there are no
published studies on the association between vitamin D concentration and
neuropsychological function in a large population with PD. We designed this analysis to test
the hypothesis that vitamin D concentrations have a relationship with neuropsychological
function (mood and memory) in a PD cohort.

MATERIALS AND METHODS
This is an add-on study to a longitudinal study following neuropsychiatric function in
persons with PD [15]. Participants were recruited through the Parkinson’s Disease Research,
Education, and Clinical Center at the Portland and Puget Sound Veteran Affair (VA)
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Clinics. TheHumanSubjects Institutional Boards of the VA Puget Sound, the University
ofWashington, and the PortlandVAapproved the study. All individuals provided informed
consent and underwent evaluation including a medical history, a general neurological
examination, examination of PD severity using the Unified Parkinson’s Disease Rating
Scale motor section (UPDRSm) and Hoehn andYahr Scale (H&Y) [16, 17], laboratory tests,
and neuropsychological assessments. All testing and blood draws were completed on the
same day. All subjects fulfilled the United Kingdom Brain Bank clinical criteria for PD as
determined by a movement disorders specialist [18].Aconsensus panel determined the
presence or absence of dementia based on the criteria in the Diagnostic and Statistical
Manual of American Psychiatric Association (4th edition) [19].
Persons with PD were enrolled [18]. Not all participants were Veterans, as non-Veterans
could also be enrolled. Of the original 307 subjects in the Udall dataset, 12 were excluded
due to a diagnosis other than PD while an additional 9 were excluded due to missing data
from the control variables in the models.
Measures
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Baseline cognitive tests and serum 25-hydroxyvitamin D measured by radioimmunoassay
were examined for 286 participants with PD. Measures of global cognitive function (Mini
Mental Status Exam (MMSE) [20], Montreal Cognitive Assessment (MoCA) [21], Mattis
Dementia Scale [22]), verbal memory (Hopkins Verbal Learning Test [23]), semantic verbal
fluency (number of animals, vegetables, and words starting with F, A, and S that can be
given in one minute), visuospatial function (Benton Line Orientation [24]), executive
function (Trails Making Test [24] and Digit Symbol Substitution [25]), and depression
(Geriatric Depression Scale (GDS) [26]). Vitamin D concentration of <20 ng/ml were
considered insufficient ≥20 ng/ml – <30 ng/ml deficient, and >30 ng/ml sufficient [6]. As
this was an addon study explicit data on vitamin D supplementation was not collected during
the assessments.
Statistical analysis
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Principle analysis used direct multivariate multiple linear regression to assess the association
between vitamin D and cognitive function. Relationships between vitamin D concentrations
and the cognitive tests were examined in the entire cohort (n = 286) as well the nondemented and demented subsets of the cohort (n = 225 and n = 61 respectively). All
comparisons were corrected for age, disease duration, and disability according to Hoehn &
Yahr (H&Y) score. These covariates were selected based on the known relationships of
cognitive ability with age and to control confounding according to the observed
relationships between vitamin D and age, disease duration, and severity [27]. Exploratory
data analysis included simple linear correlation of the outcome variables with vitamin D and
comparison of background demographics and neuropsychiatric outcomes between demented
and non-demented subjects using Student’s t-tests.
Given the large number of response variables and to account for the multiple comparisons
between vitamin D and the cognitive tests, a Holm-Bonferroni stepwise correction was
applied to the sets of p-values from the multiple regression models. Linear correlations
between vitamin D and the cognitive tests both before and after multivariate model
adjustment were similarly corrected for multiple comparisons.
Model integrity was evaluated using standard diagnostic procedures for linear regression
models. Potential outliers and leverage points were identified using a combination of Cook’s
Distance and visual inspection of the residual plots. Normality of the outcome sets was
evaluated using Q-Q plots comparing the observed probability quantiles of the data against
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the expected quantiles of the normal probability cumulative distribution function.
Homogeneity of the error variance was evaluated visually using plots of model residuals
against the predicted responses. All diagnostic procedures were done iteratively to verify
consistency and robustness of the adjusted models.
The relationship between vitamin D and cognitive measures was further examined for causal
mediation due to mood as measured by GDS score. Models for mediation and outcome were
taken from the same multivariate linear regression models described above. The analysis
utilized covariate corrected vitamin D3 as the independent variables, GDS score as the
mediator, and the significant cognitive tests as the outcomes. Variance estimation of the
average causal mediation was done using bootstrapping with 10,000 sampling iterations per
model to guarantee robustness of the results. All statistics were carried out using R 2.15 [28]
with additional utility from the ‘car’, ‘ggplot2’ [29],‘mediation’ [30], and ‘sandwich’ [31]
packages.

RESULTS
Study population
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Persons with dementia were significantly older, had more severe disease (as measured by
H&Y and UPDRSm), and longer disease duration (Table 1). There were no significant
differences in mean education or vitamin D concentrations between the groups. There was a
significant association between vitamin D and disease severity, as measured by both H&Y
and UPDRSm (r = 0.191, p = 0.0013 and r = 0.242, p = 0.0025).
Cognitive measures
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Significant differences between demented and nondemented subjects were found for all
evaluated neuropsychiatric tests (Table 2). Prior to multivariate model adjustment, initial
analysis revealed significant simple univariate correlations between vitamin D and vegetable
fluency for the entire Udall cohort (Pearson’s r = 0.191, p = 0.013) as well as the
nondemented subset (Pearson’s r = 0.242, p = 0.0025) but not for the demented subjects
(Pearson’s r =−0.0603, p = 0.81) (Table 3). With respect to the multivariate models, analysis
of the neuropsychiatric tests revealed significant associations between vitamin D
concentrations and fluency for naming vegetables (t = 4.04, p < 0.001), naming animals (t =
2.53, p = 0.028), immediate recall in HVLT (t = 2.89, p = 0.015) and delayed recall in
HVLT (t = 3.18, p = 0.012) when looking at all participants (Table 4). In the non-demented
sub-set, similar associations were found for naming vegetables (t = 4.31, p < 0.001),
immediate HVLT recall (t = 3.04, p = 0.0083) and delayed HVLT recall (t = 3.03, p =
0.0083) although only a non-significant trend was observed for animal fluency (t = 2.11, p =
0.086) (Table 4). In the demented sub-set no significant associations were seen between
cognitive testing and vitamin D. These associations were corrected for age, disease duration,
and disease severity (using H&Y) and accounted for outlier removal for the multivariate
models. Corresponding patterns of significance for the simple correlations were also
observed for verbal fluency and memory after multivariate model adjustment (Fig. 1).
Mood measures
Prior to multivariate regression, vitamin D concentrations were significantly correlated with
GDS in the non-demented subset (Pearson’s r =−0.193, p = 0.014) and showed a nonsignificant trend in the entire cohort (r =−0.150, p = 0.053) (Table 3). These associaons were
even more pronounced after accounting for the described covariates, significant for the
entire cohort (t =−2.83, p = 0.015) as well as the non-demented subset (t =−3.08, p = 0.0083)
(Table 4, Fig. 2).
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Because of the known relationship between mood and cognition a mediation analysis was
performed. In all cases, causal effects of mood underlying the relationship between vitamin
D with verbal fluency and verbal recall were found to be nonsignificant. For the entire
cohort, the direct effect between vitamin D and cognitive ability was observed to be
significant (vegetable fluency: β = 0.0456, p < 0.01; animal fluency: β = 0.0407, p = 0.02;
immediate HVLT: β = 0.0643, p < 0.01; delayed HVLT: β = 0.0422, p < 0.01) while
mediation due to GDS score was not (vegetable fluency: β = 0.00786, p = 0.14; animal
fluency: β = 0.00649, p = 0.17; immediate HVLT: β = 0.0131, p = 0.12; delayed HVLT: β =
0.00592, p = 0.14). This pattern held true for the three significant cognitive assessments in
the non-demented cohort as well with significant direct effects due to vitamin D3 (vegetable
fluency: β = 0.0695, p < 0.01; immediate HVLT: β = 0.0602, p < 0.01; delayed HVLT: β =
0.0437, p < 0.01) being observed but with non-significant mediation by GDS (vegetable
fluency: β = 0.00536, p = 0.18; immediate HVLT: β = 0.00764, p = 0.18; delayed HVLT: β
= 0.00240, p = 0.37).

DISCUSSION
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Our data show that vitamin D concentrations relate to multiple measures of PD disease
severity. Vitamin D concentrations also relate to multiple measures of neuropsychiatric
function; specifically depression, verbal fluency, and verbal memory in persons without
dementia.
Vitamin D concentration correlated with PD symptom severity, as measured by both H&Y
and UPDRSm. We and others have found similar relationships in other studies [32, 33].
Prior studies have shown lower vitamin D concentrations in persons with later stage PD and
in PD versus Alzheimer’s patients and controls [34, 35]. It is possible that this is an example
of reverse causation. Persons with more severe PD are less ambulatory, get less sun
exposure, and subsequently have lower vitamin D. It is also possible that vitamin D has an
effect on PD symptoms. The high density of the final converting enzyme and receptors for
vitamin D in the substantia nigra make this an interesting question [7].
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Because of the relationship of vitamin D and disease severity we corrected for this when
looking at the associations between cognitive performance and vitamin D. Again reverse
causation is possible. Persons with worse cognitive function may be more apt to forget to
take vitamin D supplements. It is also possible that the worse cognitive performance is
secondary to vitamin D having effects on mood. Depression is known to worsen cognitive
performance. To examine this we performed a mediation analysis. This showed that vitamin
D had a direct effect on the cognitive measures but there was no significant mediation effect
of depression.
There are a number of hypotheses as to how vitamin D could influence cognitive function. It
could be through established effects of vitamin D on the central nervous system via up
regulation of neurotrophic factors, stabilization of mitochondrial function, or
immunoregulation via antioxidant and anti-ischemic effects [36–38]. Vitamin D may also
play a role in regulation of acetylcholine and clearing of amyloid beta peptide (the pathology
seen in Alzheimer’s disease) [39, 40].
There are a number of limitations to the study. Causation cannot be inferred using cross
sectional data alone. In addition with the available data we are not able to determine clinical
significance of the relationship between vitamin D and neuropsychiatric measures. The
vitamin D levels were not significantly different between the non-demented and demented
subjects (36.2 and 32.9 ng/ml p = 0.16) which would seem to suggest a limited effect of
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vitamin D on cognition. Also we examined many cognitive measures that did not appear
related to vitamin D concentrations. Another limitation of this study is that we did not
collect explicit information on vitamin D supplementation. As this was an add-on study
subjects were not asked about supplement use.
The fact that the relationship between vitamin D concentration and cognitive performance
seemed more robust in the non-demented subset of the cohort suggests that earlier
intervention studies before dementia is present may be more effective. Mild cognitive
impairment (MCI) appears fairly common in PD, with a review reporting a prevalence of
26.7% [41]. Rates of MCI as high as 14.8%, have been found even in newly diagnosed PD
patients [42]. It also appears that MCI predicts the future development of dementia [41, 43].
A recent study found verbal memory to be particularly predictive of progression from MCI
to dementia (they did not assess verbal fluency) [44]. It should be feasible and would be
appropriate for future intervention studies with vitamin D to include participants who are not
yet frankly demented. Many have suggested that this is when therapies have the most
promise of being effective. Our data supports further study of vitamin D supplementation for
possible benefits on both mood and cognitive function.

Acknowledgments
NIH-PA Author Manuscript

This research was made possible with support from the Department of Veterans Affairs Office of Research and
Development CDA2 Award – The Effects of Vitamin D on Balance in Parkinson’s Disease. Also from the
Mentored Clinical Research Award Supported by the Parkinson Study Group and the Parkinson’s Disease
Foundation’s Advancing Parkinson’s Treatments Innovations Grant; the Pacific Northwest Udall Center (P50
NS062684); and the Oregon Clinical and Translation Research Institute (OCTRI), grant number UL1 RR024140
from the National Center for Research Resources (NCRR), a component of the National Institutes of Health (NIH),
and NIH Roadmap for Medical Research, NeuroNext (5U10NS077350-02) funded via NINDS, grant number R01
NS065070, and the Paul and Elizabeth Duffy Family Trust.

REFERENCES

NIH-PA Author Manuscript

[1]. Aarsland D, Zaccai J, Brayne C. Asystematic review of prevalence studies of dementia in
Parkinson’s disease. Mov Disord. 2005; 20:1255–1263. [PubMed: 16041803]
[2]. Riedel O, Klotsche J, Spottke A, Deuschl G, Forstl H, Henn F, Heuser I, Oertel W, Reichmann H,
Riederer P, Trenkwalder C, Dodel R, Wittchen HU. Frequency of dementia, depression, and
other neuropsychiatric symptoms in 1,449 outpatients with Parkinson’s disease. J Neurol. 2010;
257:1073–1082. [PubMed: 20140443]
[3]. Hobson P, Meara J, Ishihara-Paul L. The estimated life expectancy in a community cohort of
Parkinson’s disease patients with and without dementia, compared with the UK population. J
Neurol Neurosurg Psychiatry. 2010; 81:1093–1098. [PubMed: 20571039]
[4]. Aarsland D, Larsen JP, Tandberg E, Laake K. Predictors of nursing home placement in
Parkinson’s disease: A population-based, prospective study. J Am Geriatr Soc. 2000; 48:938–
942. [PubMed: 10968298]
[5]. Burn DJ. The treatment of cognitive impairment associated with Parkinson’s disease. Brain Pathol.
2010; 20:672–678. [PubMed: 20522093]
[6]. Holick MF. Vitamin D deficiency. N Engl J Med. 2007; 357:266–281. [PubMed: 17634462]
[7]. Eyles DW, Smith S, Kinobe R, Hewison M, McGrath JJ. Distribution of the vitamin D receptor
and 1 alpha-hydroxylase in human brain. J Chem Neuroanat. 2005; 29:21–30. [PubMed:
15589699]
[8]. Balion C, Griffith LE, Strifler L, Henderson M, Patterson C, Heckman G, Llewellyn DJ, Raina P.
Vitamin D, cognition, and dementia: A systematic review and meta-analysis. Neurology. 2012;
79:1397–1405. [PubMed: 23008220]
[9]. Manders M, De Groot LC, Hoefnagels WH, Dhonukshe-Rutten RA, Wouters-Wesseling W,
Mulders AJ, Van Staveren WA. The effect of a nutrient dense drink on mental and physical

J Parkinsons Dis. Author manuscript; available in PMC 2014 March 26.

Peterson et al.

Page 7

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

function in institutionalized elderly people. J Nutr Health Aging. 2009; 13:760–767. [PubMed:
19812865]
[10]. Dean AJ, Bellgrove MA, Hall T, Phan WM, Eyles DW, Kvaskoff D, McGrath JJ. Effects of
vitamin D supplementation on cognitive and emotional functioning in young adults–a
randomised controlled trial. PLoS ONE. 2011; 6:e25966. [PubMed: 22073146]
[11]. Hoang MT, Defina LF, Willis BL, Leonard DS, Weiner MF, Brown ES. Association between
low serum 25-hydroxyvitaminD and depression in a large sample of healthy adults: The Cooper
Center longitudinal study. Mayo Clin Proc. 2011; 86:1050–1055. [PubMed: 22033249]
[12]. Kjaergaard M, Joakimsen R, Jorde R. Low serum 25-hydroxyvitamin D levels are associated
with depression in an adult Norwegian population. Psychiatry Res. 2011; 190:221–225.
[PubMed: 21784535]
[13]. May HT, Bair TL, Lappe DL, Anderson JL, Horne BD, Carlquist JF, Muhlestein JB. Association
of vitamin D levels with incident depression among a general cardiovascular population. Am
Heart J. 2010; 159:1037–1043. [PubMed: 20569717]
[14]. Jorde R, Sneve M, Figenschau Y, Svartberg J, Waterloo K. Effects of vitamin D supplementation
on symptoms of depression in overweight and obese subjects: Randomized double blind trial. J
Intern Med. 2008; 264:599–609. [PubMed: 18793245]
[15]. Leverenz JB, Watson GS, Shofer J, Zabetian CP, Zhang J, Montine TJ. Cerebrospinal fluid
biomarkers and cognitive performance in non-demented patients with Parkinson’s disease.
Parkinsonism Relat Disord. 2011; 17:61–64. [PubMed: 21044858]
[16]. Goetz CG, Poewe W, Rascol O, Sampaio C, Stebbins GT, Counsell C, Giladi N, Holloway RG,
Moore CG, Wenning GK, Yahr MD, Seidl L, Movement Disorder Society Task Force on Rating
Scales for Parkinson’s, Disease. Movement Disorder Society Task Force report on the Hoehn and
Yahr staging scale: Status and recommendations. Mov Disord. 2004; 19:1020–1028. [PubMed:
15372591]
[17]. Fahn, S. Fahn, S.; Goldstein, M.; Calne, DB., editors. UPDRS program members, Unified
Parkinson’s Disease Rating Scale; Recent Developments in Parkinson’s Disease. Macmillan
Healthcare Information. 1987. p. 153-163.
[18]. Daniel SE, Lees AJ. Parkinson’s Disease Society Brain Bank, London:Overviewand research. J
Neural Transm Suppl. 1993; 39:165–172. [PubMed: 8360656]
[19]. Diagnostic and Statistical Manual of Mental Disorders. Washington, DC: 2000.
[20]. Tombaugh TN, McIntyre NJ. The mini-mental state examination: A comprehensive review. J Am
Geriatr Soc. 1992; 40:922–935. [see comment]. [PubMed: 1512391]
[21]. Gill DJ, Freshman A, Blender JA, Ravina B. The Montreal cognitive assessment as a screening
tool for cognitive impairment in Parkinson’s disease. Movement Disorders. 2008; 23:1043–1046.
[PubMed: 18381646]
[22]. Gardner R Jr, Oliver-Munoz S, Fisher L, Empting L. Mattis Dementia Rating Scale: Internal
reliability study using a diffusely impaired population. J Clin Neuropsychol. 1981; 3:271–275.
[PubMed: 7328179]
[23]. Shapiro AM, Benedict RH, Schretlen D, Brandt J. Construct and concurrent validity of the
Hopkins verbal learning test-revised. Clin Neuropsychol. 1999; 13:348–358. [PubMed:
10726605]
[24]. Lezak, MD.; Howieson, DB.; Loring, DW. Neuropsychological Assessment. 2004.
[25]. Strong CA, Donders J, van Dyke S. Validity of demographically corrected norms for the WAISIII. Journal of Clinical & Experimental Neuropsychology: Official Journal of the International
Neuropsychological Society. 2005; 27:746–758.
[26]. Sheikh, J.; Yesavage, J. Clinical Gerontology: A Guide to Assessment and Intervention.
Anonymous The Haywood Press; New York: 1986. Geriatric Depression Scale (GDS): Recent
evidence and development of a shorter version; p. 165-173.
[27]. Christensen MH, Lien EA, Hustad S, Almas B. Seasonal and age-related differences in serum 25hydroxyvitamin D, 1,25-dihydroxyvitaminDand parathyroid hormone in patients fromWestern
Norway. Scand J Clin Lab Invest. 2010; 70:281–286. [PubMed: 20429698]

J Parkinsons Dis. Author manuscript; available in PMC 2014 March 26.

Peterson et al.

Page 8

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

[28]. R Development Core Team. R: A language and environment for statistical computing. R
Foundation for Statistical Computing; Vienna, Austria: 2012. ISBN 3-900051-07-0http://www.
R-project.org/2012 [Accessed 4/13, 2013]
[29]. Wickham, H. ggplot2: Elegant graphics for data analysis. Springer; New York: 2009.
[30]. Tingley, D.; Yamamato, T.; Keele, L.; Imai, K. [Accessed 4/13, 2013] Mediation: R package for
causal mediation analysis. R package version 4.1.22012. http://CRAN.R-project.org/
package=mediation 2012
[31]. Zeileis A. Econometric computing with HC and HAC covariance matrix estimators. Journal of
Statistical Software. 2004; 11:1–17.
[32]. Peterson AL, Mancini M, Horak FB. The relationship between balance control and vitamin D in
Parkinson’s disease. Movement Disorders. 28(8):1133–1137. (in press). [PubMed: 23554003]
[33]. Suzuki M, Yoshioka M, Hashimoto M, Murakami M, Noya M, Takahashi D, Urashima M.
Randomized, double-blind, placebo-controlled trial of vitamin D supplementation in Parkinson
disease. Am J Clin Nutr. 2013; 97:1004–1013. [PubMed: 23485413]
[34]. Sato Y, Kikuyama M, Oizumi K. High prevalence of vitamin D deficiency and reduced bone
mass in Parkinson’s disease. Neurology. 1997; 49:1273–1278. [PubMed: 9371907]
[35]. Evatt ML, Delong MR, Khazai N, Rosen A, Triche S, Tangpricha V. Prevalence of vitamin D
insufficiency in patients with Parkinson disease and Alzheimer disease. Arch Neurol. 2008;
65:1348–1352. [PubMed: 18852350]
[36]. Sanchez B, Relova JL, Gallego R, Ben-Batalla I, Perez-Fernandez R. 1,25-Dihydroxyvitamin D3
administration to 6-hydroxydopamine-lesioned rats increases glial cell line-derived neurotrophic
factor and partially restores tyrosine hydroxylase expression in substantia nigra and striatum. J
Neurosci Res. 2009; 87:723–732. [PubMed: 18816795]
[37]. Wang Y, Chiang YH, Su TP, Hayashi T, Morales M, Hoffer BJ, Lin SZ. Vitamin D(3) attenuates
cortical infarction induced by middle cerebral arterial ligation in rats. Neuropharmacology. 2000;
39:873–880. [PubMed: 10699453]
[38]. Chen KB, Lin AM, Chiu TH. Systemic vitamin D3 attenuated oxidative injuries in the locus
coeruleus of rat brain. Ann N Y Acad Sci. 2003; 993:313–324. [PubMed: 12853323]
[39]. Sonnenberg J, Luine VN, Krey LC, Christakos S. 1,25-Dihydroxyvitamin D3 treatment results in
increased choline acetyltransferase activity in specific brain nuclei. Endocrinology. 1986;
118:1433–1439. [PubMed: 3753932]
[40]. Masoumi A, Goldenson B, Ghirmai S, Avagyan H, Zaghi J, Abel K, Zheng X, Espinosa-Jeffrey
A, Mahanian M, Liu PT, Hewison M, Mizwickie M, Cashman J, Fiala M. 1alpha,25dihydroxyvitamin D3 interacts with curcuminoids to stimulate amyloid-beta clearance by
macrophages of Alzheimer’s disease patients. J Alzheimers Dis. 2009; 17:703–717. [PubMed:
19433889]
[41]. Litvan I, Aarsland D, Adler CH, Goldman JG, Kulisevsky J, Mollenhauer B, Rodriguez-Oroz
MC, Troster AI, Weintraub D. MDS Task force on mild cognitive impairment in Parkinson’s
disease: Critical review of PD-MCI. Movement Disorders. 2011; 26:1814–1824. [PubMed:
21661055]
[42]. Poletti M, Frosini D, Pagni C, Baldacci F, Nicoletti V, Tognoni G, Lucetti C, Del Dotto P,
Ceravolo R, Bonuccelli U. Mild cognitive impairment and cognitive-motor relationships in
newly diagnosed drug-naive patients with Parkinson’s disease. J Neurol Neurosurg Psychiatry.
2012; 83:601–606. [PubMed: 22492216]
[43]. Litvan I, Goldman JG, Troster AI, Schmand BA, Weintraub D, Petersen RC, Mollenhauer B,
Adler CH, Marder K, Williams-Gray CH, Aarsland D, Kulisevsky J, Rodriguez-Oroz MC, Burn
DJ, Barker RA, Emre M. Diagnostic criteria for mild cognitive impairment in Parkinson’s
disease: Movement disorder society task force guidelines. Mov Disord. 2012; 27:349–356.
[PubMed: 22275317]
[44]. Pedersen KF, Larsen JP, Tysnes OB, Alves G. Prognosis of mild cognitive impairment in early
Parkinson disease: The Norwegian ParkWest study. JAMA Neurology. 2013; 70:580–586.
[PubMed: 23529397]

J Parkinsons Dis. Author manuscript; available in PMC 2014 March 26.

Peterson et al.

Page 9

NIH-PA Author Manuscript
NIH-PA Author Manuscript

Figure 1.

Correlations of cognitive test results and vitamin D3 after multivariate multiple regression
model adjustment.
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Figure 2.

Depression and vitamin D3.
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Table 1

Cohort demographics

NIH-PA Author Manuscript

Total
(n=286)
Gender

Non-demented
(n=225)

Demented
(n=61)

M

F

M

F

M

F

192

94

140

85

52

9

Statistics

Age(mean ± SD)

68.0±9.04

67.3±8.98

70.7±8.82

t = 2.65; p = 0.0095

PD duration (mean ± SD)

9.96±6.90

9.24±6.11

12.6±8.81

UPDRSm (mean ± SD)

28.6±13.3

26.5±12.7

36.7±12.4

t = 5.57; p < 0.001

H&Y (mean ± SD)

2.56±0.749

2.48±0.698

2.88±0.845

t = 3.41; p = 0.0010

Years of education
(mean ± SD)

16.0±2.76

16.1±2.69

15.6±2.97

t = 1.36; p = 0.17

Vitamin D3 (ng/ml)
(mean ± SD)

35.5±17.0

36.2±17.3

32.9±15.6

t = 1.43; p = 0.16

t = 2.81; p = 0.0063

NIH-PA Author Manuscript
NIH-PA Author Manuscript
J Parkinsons Dis. Author manuscript; available in PMC 2014 March 26.

Peterson et al.

Page 12

Table 2

Descriptive statistics of neuropsychiatric tests

NIH-PA Author Manuscript

Total
(n = 286)

Non-demented
(n = 225)

Demented
(n=61)

Statistics

MMSE (mean ± SD)

27.5 (2.63)

28.2 (1.68)

24.8 (3.74)

t = 6.29; p < 0.001

MOCA (mean ± SD)

24.2 (3.52)

25.2 (2.73)

20.5 (3.92)

t = 8.38; p < 0.001

Mattis Scale (mean ± SD)

135 (8.73)

137 (5.60)

125 (12.1)

t = 6.26; p < 0.001

HVLT – Immediate (mean ± SD)

21.2 (6.43)

22.8 (5.34)

13.8 (5.89)

t = 9.21; p < 0.001

HVLT – Delayed (mean ± SD)

6.83 (3.80)

7.53 (3.55)

3.55 (3.17)

t = 7.23; p < 0.001

Vegetable Fluency (mean ± SD)

12.3 (4.63)

13.2 (4.44)

8.64 (3.50)

t = 8.19; p < 0.001

Animal Fluency (mean ± SD)

18.2 (6.35)

19.6 (5.79)

12.5 (5.20)

t = 8.97; p < 0.001

FAS Words Sum (mean ± SD)

38.4 (12.9)

41.2 (12.2)

27.1 (8.97)

t = 9.62; p < 0.001

Benton Line Orientation (mean ± SD)

11.8 (2.52)

12.1 (2.31)

10.3 (2.78)

t = 4.57; p < 0.001

Trails B Time (mean ± SD)

143 (87.9)

118 (71.9)

242 (76.1)

t =−11.0; p < 0.001

Digit-Symbol Score (mean ± SD)

37.6 (13.8)

40.1 (13.1)

26.3 (9.80)

t = 8.96; p < 0.001

GDS (mean ± SD)

6.07 (1.80)

5.83 (1.68)

7.00 (1.95)

t =−4.20; p < 0.001
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Comparison between demented and non-demented with two-tailed t-test – Holm-Bonferroni corrected.
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Table 3

Initial simple correlations of neuropsychiatric tests with vitamin D3 (Pearson’s r; p-value)

NIH-PA Author Manuscript

Total
(n = 286)

Non-demented
(n = 225)

Demented
(n=61)

MMSE

0.0298; p = 0.71

−0.0128; p = 0.97

0.0862; p = 0.81

MOCA

0.0531; p = 0.49

0.00802; p = 0.97

0.173; p = 0.81

Mattis Scale

0.118; p = 0.25

0.0662; p = 0.69

0.173; p = 0.81

HVLT – Immediate

0.157; p = 0.053

0.132; p = 0.24

0.237; p = 0.81

HVLT – Delayed

0.0940; p = 0.31

0.0851; p = 0.55

0.0857; p = 0.81

Vegetable Fluency

0.191; p = 0.013

0.242; p = 0.0025

−0.0603; p = 0.81

Animal Fluency

0.0844; p = 0.31

0.108; p = 0.31

−0.0766; p = 0.81

FAS Words Sum

0.0591; p = 0.48

0.0552; p = 0.69

0.0339; p = 0.81

Benton Line Orientation

0.0220; p = 0.40

0.00262; p = 0.97

0.0493; p = 0.81

Trails B Time

−0.0237; p = 0.71

0.00516; p = 0.97

−0.0331; p = 0.81

Digit-Symbol Score

0.0727; p = 0.37

0.0428; p = 0.78

0.166; p = 0.81

GDS

−0.150; p = 0.053

−0.193; p = 0.021

0.0605; p = 0.81
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Significance of direct correlations Holm-Bonferroni corrected.
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Table 4

NIH-PA Author Manuscript

Associations of neuropsychiatric tests with Vitamin D3 – standardized coefficients from multivariate multiple
regression corrected for age, gender and Parkinson’s disease severity

NIH-PA Author Manuscript

Entire cohort Vitamin D3

Non-demented Vitamin D3

Demented Vitamin D3

MMSE

β = 0.00924
t = 0.18, p = 0.86

β = 0.0108
t = 0.16,p = 0.94

β = −0.0781
=−0.64, p = 0.95

MOCA

β = 0.0528
t = 0.93, p = 0.53

β = 0.0390
t = 0.64, p = 0.70

β = 0.247
t = 1.40, p = 0.60

Mattis Scale

β = 0.0409
t = 1.04, p = 0.51

β = 0.0602
t = 1.00, p = 0.48

β = 0.123
t = 0.93, p = 0.86

HVLT – Immediate

β = 0.163
t = 2.89, p = 0.015

β = 0.196
t = 3.04, p = 0.0083

β = 0.328
t = 1.84, p = 0.60

HVLT – Delayed

β = 0.197
t = 3.13, p = 0.012

β= 0.208
t = 3.03, p = 0.0083

β = 0.0108
t = 0.082, p = 0.97

Vegetable Fluency

β = 0.233
t = 4.04, p < 0.001

β = 0.264
t = 4.31, p < 0.001

β =−0.0707
t =−0.53, p = 0.95

Animal Fluency

β = 0.144
t = 2.53, p = 0.028

β = 0.133
t = 2.11, p = 0.086

β = 0.0107
t = 0.058, p = 0.97

FAS Word Sum

β = 0.0463
t = 0.82, p = 0.55

β = 0.0652
t = 1.04, p = 0.48

β = 0.00503
t = 0.034, p = 0.97

Benton Line Orientation

β = 0.0333
t = 0.63, p = 0.63

β = 0.0199
t = 0.33, p = 0.89

β = 0.0573
t = 0.48, p = 0.95

Trails B Time

β =−0.0179
t =−0.34, p = 0.80

β =−0.00416
t =−0.072, p = 0.94

β = 0.0145
t = 0.086, p = 0.97

Digit Symbol Score

β = 0.0796
t = 1.55, p = 0.24

β = 0.0562
t = 1.05, p = 0.48

β = 0.229
t = 1.45, p = 0.60

β =−0.170
t =−2.83, p = 0.015

β =−0.205
t =−3.08, p = 0.0083

β = 0.229
t = 1.30, p = 0.60

GDS

Significance of multiple comparisons Holm-Bonferroni corrected.
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