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ABSTRACT
Background: Observational studies have found that
relative to healthy controls, patients with Parkinson’s
disease have lower circulating concentrations of 25-
hydroxyvitamin D, a clinical biomarker of vitamin D
status. However, the causality of this association is
uncertain. We undertook a Mendelian randomization
study to investigate whether genetically decreased 25-
hydroxyvitamin D concentrations are associated with

PD to minimize confounding and prevent bias because
of reverse causation.
Methods: As instrumental variables for the Mendelian
randomization analysis, we used 4 single-nucleotide
polymorphisms that affect 25-hydroxyvitamin D con-
centrations (rs2282679 in GC, rs12785878 near
DHCR7, rs10741657 near CYP2R1, and rs6013897
near CYP24A1). Summary effect size estimates of the
4 single-nucleotide polymorphisms on PD were
obtained from the International Parkinson’s Disease
Genomics Consortium (including 5333 PD cases and
12,019 controls). The estimates of the 4 single-
nucleotide polymorphisms were combined using an
inverse-variance weighted meta-analysis.
Results: Of the 4 single-nucleotide polymorphisms
associated with 25-hydroxyvitamin D concentrations,
one (rs6013897 in CYP24A1) was associated with PD
(odds ratio per 25-hydroxyvitamin D-decreasing allele,
1.09; 95% confidence interval, 1.02-1.16; P 5 0.008),
whereas no association was observed with the other 3
single-nucleotide polymorphisms (P > 0.23). The odds
ratio of PD per genetically predicted 10% lower 25-
hydroxyvitamin D concentration, based on the 4
single-nucleotide polymorphisms, was 0.98 (95% con-
fidence interval, 0.93-1.04; P 5 0.56).
Conclusions: This Mendelian randomization study pro-
vides no clear support that lowered 25-hydroxyvitamin
D concentration is causally associated with risk of PD.
VC 2017 International Parkinson and Movement Disorder
Society

Key Words: Mendelian randomization; Parkinson’s
disease; vitamin D

Parkinson’s disease (PD) is the second most common
form of neurodegeneration among the elderly popula-
tion. PD is clinically characterized by tremors, rigidity,
slowness of movement, and postural imbalance. The
disease is likely a result of combinations of genetic
and environmental factors.1-4 Among environmental
factors, evidence indicates that vitamin D may be
implicated in the development of PD.5 Vitamin D is a
steroid hormone with pivotal roles in a variety of
organs, including the brain.6,7 It is obtained from the
diet and can be made in the skin from sunshine expo-
sure. Systematic reviews and a meta-analyses of obser-
vational studies have found that patients with PD
have significantly lower circulating concentrations of
25-hydroxyvitamin D (25OHD), a clinically relevant
and stable biomarker of vitamin D status, compared
with healthy controls.8,9 Moreover, vitamin D supple-
mentation and working outdoors have been observed
to be inversely associated with PD.10 It remains
unclear, however, whether the observational associa-
tions are causal or related to confounding or reverse
causation bias. The onset of PD may result in reduced
outdoor activity and dietary changes, which
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consequently could lead to reduced circulating
25OHD concentrations because of reverse causation.

Genetic studies have provided the opportunity to
assess the genetic determinates of blood 25OHD con-
centrations. A genome-wide association study (GWAS)
identified 4 genetic variants (single-nucleotide polymor-
phisms [SNPs]) that affect 25OHD concentration,11 and
a recent meta-analysis of 21 cohort studies provided
estimates of the percentage change in 25OHD concen-
tration per effect allele for the four 25OHD-associated
genetic variants.12

Mendelian randomization is an approach that uses
genetic variants associated with the phenotype (eg,
25OHD concentration) as proxies for the phenotype
to determine the causal association between the phe-
notype and disease risk. This method minimizes some
of the crucial limitations of observational studies, such
as confounding because genetic variants are randomly
allocated during inception. Reverse causation bias is
precluded because genotypes are not affected by dis-
ease. We therefore implemented a Mendelian random-
ization approach to evaluate the hypothesis that
genetically lowered 25OHD concentration is associat-
ed with PD.

Methods
Genetic Variants and Data Sources

This Mendelian randomization was performed using
summary-level data from GWASs on 25OHD concen-
tration and PD. As instrumental variables, we selected
all SNPs associated with 25OHD concentration at
genome-wide statistical significance (P<5 3 10-8) in a
GWAS on vitamin D (the Study of Underlying Genetic
Determinants of Vitamin D and Highly Related Traits
[SUNLIGHT]), which included 33,996 individuals of
European descent from 15 cohorts.11 The 4 SNPs
were uncorrelated and were located in or close to the
following genes: GC (rs2282679), DHCR7
(rs12785878), CYP2R1 (rs10741657), and CYP24A1
(rs6013897). These genes encode enzymes and carrier
proteins involved in vitamin D synthesis or metabo-
lism. Effect-size estimates (b coefficients and standard
errors) for the 25OHD-asssociated SNPs were not
available in the SUNLIGHT GWAS. However, sum-
mary effect-size estimates for the four 25OHD-
associated SNPs were reported in a study from the col-
laboration investigating vitamin D and the risk of car-
diovascular disease and related traits (D-CarDia).12 D-
CarDia includes 21 cohorts, totaling 42,024 individu-
als of European ancestry from the United States, Can-
ada, the United Kingdom, Sweden, Finland, and
Germany.12 A linear regression model was fitted for
each SNP, with natural log-transformed 25OHD as
the dependent variable and adjusted for age, sex, geo-
graphical site, and/or principal components from the
population stratification analysis as well as month of

blood sample collection and laboratory batch, where
relevant.12 The b coefficients were obtained from the
linear regression model with natural log-transformed
25OHD concentration. The percentage difference in
25OHD concentration per effect allele was obtained
from (exp[b] - 1) 3 100. The analyses were conducted
separately for each cohort, and results were summa-
rized using meta-analysis.12 We extracted the summa-
rized results for each of the 4 SNPs.

Summary effect-size estimates of the four 25OHD-
related SNPs on PD were acquired from the Interna-
tional Parkinson’s Disease Genomics Consortium
(IPDGC).4 The 5 PD GWAS data sets included in the
IPDGC were from the United States, the United King-
dom, Germany, and France and consisted of 5333 PD
cases and 12,019 controls, with genotyped and imput-
ed data on 7,689,524 SNPs.4 Because our Mendelian
analysis is based on summary statistics acquired from
previously published GWASs, we have not sought
additional ethical approval.

Statistical Analysis

An instrumental variable (IV) was constructed for
each 25OHD-associated SNP by dividing the effect-
size estimate (ln[OR]) for the SNP-PD association
(acquired from the IPDGC meta-analysis) by the
effect-size estimate (exp[b] - 1) 3 100) for the SNP–
25OHD association (acquired from the meta-analysis
of 21 cohorts in D-CarDia); see Supplemental Figure
1. The 4 IV estimates were summarized using an
inverse-variance weighted meta-analysis,13 and hetero-
geneity among the IV estimates was quantified using
the I2 statistic. All results are presented as the odds
ratio of PD per 10% decrease in 25OHD concentra-
tion. All tests were 2-sided and considered statistical-
ly significant at P<0.05. The analyses were
conducted in Stata, version 14.1 (StataCorp, College
Station, TX).

Assessment of Pleiotropy

The weighted median and MR-Egger regression
methods14,15 were used to assess and account for plei-
otropy (ie, where a genetic variant affects more than 1
phenotypic characteristic). Furthermore, a publicly
available GWAS database16 was searched for associa-
tions of the 25OHD-associated SNPs with other
phenotypes.

Power Calculation

We estimated the statistical power for the Mende-
lian randomization analysis at a 2-sided a of 0.05
using the online tool mRnd (http://cnsgenomics.com/
shiny/mRnd/).17
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Results
Of the four 25OHD-associated SNPs, the SNP in

the GC locus was most strongly associated with
25OHD concentration, with an 8.45% change in
25OHD concentration per effect allele (Table 1). One
of the SNPs (rs6013897 in the CYP24A1 locus) was
associated with PD (OR per 25OHD-decreasing allele,
1.09; 95% CI, 1.02-1.16; P 5 0.008), whereas no
association was observed with the other 3 SNPs
(P> 0.23; Table 1). The OR of PD per genetically pre-
dicted 10% lower 25OHD concentration conferred by
the four 25OHD-lowering alleles was 0.98 (95% CI,
0.93-1.04; P 5 0.56), with heterogeneity among the IV
estimates (I2 5 63.1%); see Supplemental Figure 2. A
sensitivity analysis using the weighted median method
yielded similar results (OR, 0.97; 95% CI, 0.92-1.03).
In MR-Egger regression analysis, there was no clear
evidence of pleiotropy (MR-Egger intercept, -0.064;
P 5 0.23) or a causal effect (P 5 0.23). Our power cal-
culation showed that we had about 80% power to
detect an OR of 1.25 or higher.

None of the 25OHD-associated genetic variants
were associated with other phenotypes at genome-
wide significance (P< 5 3 10-8), but they had associa-
tions at nominal significance (P<0.05) with several
phenotypes, for example, years of education, glomeru-
lar filtration rate (a measure of kidney function), vari-
ous anthropometric measures, blood pressure, and
cholesterol and serum urate concentrations (Supple-
mental Table 1).

Discussion
This is the first Mendelian randomization study

investigating the potential role of vitamin D in the
development of PD. Our results showed no association
between genetically predicted lower vitamin D concen-
tration and PD. The OR for the association was close
to null. Thus, our study decreases the probability that

25OHD levels have a clinically relevant impact on the
risk of PD.

Several previous Mendelian randomization studies
have assessed the association between genetically pre-
dicted 25OHD and other diseases, including other
neurodegenerative diseases and brain disorders. Using
the same genetic instrument as in the present study,
those studies have provided evidence that decreased
25OHD concentration is associated with increased
risk of Alzheimer’s disease,18 multiple sclerosis,19,20

and hypertension21 but not associated with schizo-
phrenia22 or coronary artery disease.23

Our findings corroborate the results from a recent
prospective study of 12,762 US adults, (including 67
incident PD cases identified during 19 years of follow-
up), which showed no association between 25OHD
concentration and PD risk, regardless of how serum
25OHD was modeled.24 However, another prospec-
tive study of 3173 Finnish adults (including 50 PD
cases diagnosed over a 29-year follow-up period)
found that serum 25OHD concentration was signifi-
cantly inversely associated with risk of PD.25 Several
case-control studies have found that PD patients have
lower circulating 25OHD concentrations compared
with healthy controls.8,9 The observational associa-
tions are possibly explained by reverse causation bias
or confounding from diet, obesity, or lifestyle factors
(eg, physical activity, which is associated with both
sunlight exposure and risk of PD2. Furthermore, low
vitamin D status may be just a general marker of poor
health.26

Although Mendelian randomization studies prevent
bias because of reverse causation and minimize bias
because of confounding, results from these studies
could be biased by pleiotropy. Our sensitivity analyses
showed no clear evidence of pleiotropic effects. How-
ever, because we used only 4 SNPs, the MR-Egger
approach lacks statistical power. We also searched a
GWAS database to investigate whether the 25OHD-
associated genetic variants are associated with other

TABLE 1. Characteristics of the 25OHD-associated single-nucleotide polymorphisms used as instrumental variables

Vitamin D results Parkinson’s disease resultsa

SNP Locus Chr

Effect

alleleb

Allele

frequencyc Pathway

Effect on 25OHD

(% change)d
P for association

with 25OHDe

OR (95% CI) of PD

per effect alleleb

P for association

with PD

rs2282679 GC 4 G 0.28 Metabolism -8.45 1.93 10-109 0.97 (0.91-1.02) 0.233
rs12785878 DHCR7 11 G 0.25 Synthesis -3.70 2.13 10-27 1.00 (0.94-1.06) 0.977
rs10741657 CYP2R1 11 G 0.61 Synthesis -3.12 3.33 10-20 1.00 (0.95-1.05) 0.943
rs6013897 CYP24A1 20 A 0.19 Metabolism -1.85 6.03 10-10 1.09 (1.02-1.16) 0.008

25OHD, 25-hydroxyvitamin D; Chr, chromosome; CI, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism.
aSummary-level data, including ln(ORs), standard errors, and P values, per effect allele for Parkinson’s disease were acquired from the IPDGC.
b25OHD-decreasing allele.
cAllele frequency in the IPDGC.
dThe effect size estimates represent the percentage change in 25OHD concentration per effect allele (25OHD-decreasing allele) and were obtained from a
meta-analysis of 21 European ancestry cohort studies included in the D-CarDia collaboration.
eP for the association between the single-nucleotide polymorphism and 25OHD concentration in the SUNLIGHT consortium.
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phenotypes. It is interesting to note that the 25OHD-
decreasing A allele of rs6013897 in the CYP24A1
locus, which was associated with higher odds of PD,
is associated with lower serum urate (uric acid). Urate
is a potent antioxidant that appears to protect against
dopaminergic neuron degeneration and has been
inversely associated with risk of PD in prospective
studies2 and in a Mendelian randomization study.27

Hence, the observed association between the pleiotro-
pic CYP24A1 locus and PD in this study may be
mediated by lower serum urate concentrations.

A shortcoming of this Mendelian randomization
study is that we were unable to examine a potential
nonlinear association between 25OHD concentration
and PD risk. We therefore could not assess whether
vitamin D deficiency affects the risk of PD. Our study
population only included individuals of European
ancestry with 25OHD concentrations in the middle of
the distribution. Our null results may also have been
influenced by canalization, in which physiologic buff-
ering may have diminished the effect of genetically
lowered vitamin D levels. Although we have not
observed this phenomenon in both a Mendelian ran-
domization study of Alzheimer’s disease18 and multi-
ple sclerosis,19 we cannot exclude that this may have
influenced our results for PD. Another limitation is
that the four 25OHD-associated SNPs explain a rela-
tively small proportion of the variation in 25OHD
concentrations (3.6% in a large study of individuals of
European descent28. This limited the statistical power
to detect a weak association between genetically pre-
dicted 25OHD concentration and PD.

In conclusion, this Mendelian randomization study
provides no evidence that circulating 25OHD concen-
tration plays a major role in the development of PD in
individuals of European ancestry. However, this study
could not rule out a small effect of 25OHD on PD.

Acknowledgments: We thank the International Parkinson’s Dis-
ease Genomics Consortium (IPDGC) for providing summary statistics
data for Parkinson’s disease needed for this analysis. Full acknowledg-
ments are provided in the supplementary data.

References
1. von Bohlen Und Halbach O. Modeling neurodegenerative diseases

in vivo review. Neurodegener Dis 2005;2(6):313-320.

2. Ascherio A, Schwarzschild MA. The epidemiology of Parkinson’s
disease: risk factors and prevention. Lancet Neurol 2016;15(12):
1257-1272.

3. Vinh Quoc Luong K, Thi Hoang Nguyen L. Vitamin D and Par-
kinson’s disease. J Neurosci Res 2012;90(12):2227-2236.

4. Nalls MA, Plagnol V, Hernandez DG, et al. Imputation of
sequence variants for identification of genetic risks for Parkinson’s
disease: a meta-analysis of genome-wide association studies. Lancet
2011;377(9766):641-649.

5. Peterson AL. A review of vitamin D and Parkinson’s disease.
Maturitas 2014;78(1):40-44.

6. Holick MF. Vitamin D and brain health: the need for vitamin D
supplementation and sensible sun exposure. J Intern Med 2015;
277(1):90-93.

7. Annweiler C, Dursun E, Feron F, et al. ‘Vitamin D and cognition
in older adults’: updated international recommendations. J Intern
Med 2015;277(1):45-57.

8. Lv Z, Qi H, Wang L, et al. Vitamin D status and Parkinson’s dis-
ease: a systematic review and meta-analysis. Neurol Sci 2014;
35(11):1723-1730.

9. Rimmelzwaan LM, van Schoor NM, Lips P, Berendse HW,
Eekhoff EM. Systematic review of the relationship between vitamin
D and Parkinson’s disease. J Parkinsons Dis 2016;6(1):29-37.

10. Shen L, Ji HF. Associations between vitamin D status, supplemen-
tation, outdoor work and risk of Parkinson’s disease: a meta-
analysis assessment. Nutrients 2015;7(6):4817-4827.

11. Wang TJ, Zhang F, Richards JB, et al. Common genetic determi-
nants of vitamin D insufficiency: a genome-wide association study.
Lancet 2010;376(9736):180-188.

12. Vimaleswaran KS, Berry DJ, Lu C, et al. Causal relationship between
obesity and vitamin D status: bi-directional Mendelian randomization
analysis of multiple cohorts. PLoS Med 2013;10(2):e1001383.

13. Burgess S, Butterworth A, Thompson SG. Mendelian randomiza-
tion analysis with multiple genetic variants using summarized data.
Genet Epidemiol 2013;37(7):658-665.

14. Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estima-
tion in Mendelian randomization with some invalid instruments using
a weighted median estimator. Genet Epidemiol 2016;40(4):304-314.

15. Bowden J, Davey Smith G, Burgess S. Mendelian randomization
with invalid instruments: effect estimation and bias detection
through Egger regression. Int J Epidemiol 2015;44(2):512-525.

16. Staley JR, Blackshaw J, Kamat MA, et al. PhenoScanner: a data-
base of human genotype-phenotype associations. Bioinformatics
2016;32(20):3207-3209.

17. Brion MJ, Shakhbazov K, Visscher PM. Calculating statistical
power in Mendelian randomization studies. Int J Epidemiol 2013;
42(5):1497-1501.

18. Mokry LE, Ross S, Morris JA, Manousaki D, Forgetta V, Richards
JB. Genetically decreased vitamin D and risk of Alzheimer disease.
Neurology 2016 87(24):2567-2574.

19. Mokry LE, Ross S, Ahmad OS, et al. Vitamin D and risk of multi-
ple sclerosis: a Mendelian randomization study. PLoS Med 2015;
12(8):e1001866.

20. Rhead B, Baarnhielm M, Gianfrancesco M, et al. Mendelian ran-
domization shows a causal effect of low vitamin D on multiple
sclerosis risk. Neurol Genet 2016;2(5):e97.

21. Vimaleswaran KS, Cavadino A, Berry DJ, et al. Association of
vitamin D status with arterial blood pressure and hypertension
risk: a mendelian randomisation study. Lancet Diabetes Endocrinol
2014;2(9):719-729.

22. Taylor AE, Burgess S, Ware JJ, et al. Investigating causality in the asso-
ciation between 25(OH)D and schizophrenia. Sci Rep 2016;6:26496.

23. Manousaki D, Mokry LE, Ross S, Goltzman D, Richards JB. Mende-
lian randomization studies do not support a role for vitamin D in cor-
onary artery disease. Circ Cardiovasc Genet 2016;9(4):349-356.

24. Shrestha S, Lutsey PL, Alonso A, Huang X, Mosley TH Jr, Chen
H. Serum 25-hydroxyvitamin D concentrations in Mid-adulthood
and Parkinson’s disease risk. Mov Disord 2016;31(7):972-978.

25. Knekt P, Kilkkinen A, Rissanen H, Marniemi J, Saaksjarvi K,
Heliovaara M. Serum vitamin D and the risk of Parkinson disease.
Arch Neurol 2010;67(7):808-811.

26. Autier P, Boniol M, Pizot C, Mullie P. Vitamin D status and ill health:
a systematic review. Lancet Diabetes Endocrinol 2014;2(1):76-89.

27. Simon KC, Eberly S, Gao X, et al. Mendelian randomization of
serum urate and parkinson disease progression. Ann Neurol 2014;
76(6):862-868.

28. Ye Z, Sharp SJ, Burgess S, et al. Association between circulating
25-hydroxyvitamin D and incident type 2 diabetes: a mendelian
randomisation study. Lancet Diabetes Endocrinol 2015;3(1):35-42.

Supporting Data
Additional Supporting Information may be found

in the online version of this article at the publisher’s
website

L A R S S O N E T A L

1252 Movement Disorders, Vol. 32, No. 8, 2017


