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Abstract
This chapter summarizes research related to Mendelian randomization (MR), a robust statistical technique employed to
deduce causal links between exposures and outcomes in observational studies. First, we explore MR methods and their
uses, clarifying their significance in epidemiological research. We then cover issues related to the execution of MR and
provide valuable perspectives on how to effectively manage the intricacies of this approach. Finally, we examine the
influence of various exposures on the likelihood of developing Parkinson’s disease (PD), utilizing MR to reveal probable
causal connections. We hope this chapter enhances readers’ overall comprehension of MR and its adaptability, limitations,
and utility in elucidating causal connections in intricate biological systems. The future development and application of MR
have significant potential to enhance our knowledge of risk factors for PD and inform evidence-based interventions. © 2025
Elsevier Inc. All rights are reserved including those for text and data mining AI training and similar technologies.

Author Keywords
Assumptions;  Exposure;  Instrument variable;  Mendelian randomization;  Multiomics;  Omics;  Outcome;  Parkinson’s
disease;  Quantitative trait loci;  Summary-based data

References
Alvarado, C.X., Makarious, M.B., Weller, C.A., Vitale, D., Koretsky, M.J., Bandres-Ciga, S.,
Iwaki, H., Leonard, H.L.
omicSynth: an open multi-omic community resource for identifying druggable
targets across neurodegenerative diseases
(2023) medRxiv, 

Bandres-Ciga, S., Noyce, A.J., Traynor, B.J.
Mendelian randomization—a journey from obscurity to center stage with a few
potholes along the way
(2020) JAMA Neurol., 77, pp. 7-8. 

Benn, M., Nordestgaard, B.G.
From genome-wide association studies to Mendelian randomization: novel
opportunities for understanding cardiovascular disease causality, pathogenesis,

11/26/24, 11:27 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1863919775&eid=2-s2.0-85208869534&sort=&clickedL… 1/9



prevention, and treatment
(2018) Cardiovasc. Res., 114, pp. 1192-1208. 

Benn, M., Nordestgaard, B.G., Frikke-Schmidt, R., Tybjærg-Hansen, A.
Low LDL cholesterol, and genetic variation, and risk of Alzheimer’s disease and
Parkinson's disease: Mendelian randomisation study
(2017) BMJ, 357. 
j1648

Bowden, J., Holmes, M.V.
Meta-analysis and Mendelian randomization: a review
(2019) Res. Synth. Methods, 10, pp. 486-496. 

Bowden, J., Davey Smith, G., Haycock, P.C., Burgess, S.
Consistent estimation in Mendelian randomization with some invalid instruments
using a weighted median estimator
(2016) Genet. Epidemiol., 40, pp. 304-314. 

Bowden, J., Del Greco, M.F., Minelli, C., Davey Smith, G., Sheehan, N., Thompson, J.
A framework for the investigation of pleiotropy in two-sample summary data
Mendelian randomization
(2017) Stat. Med., 36, pp. 1783-1802. 

Burgess, S., Thompson, S.G.
Interpreting findings from Mendelian randomization using the MR-Egger method
(2017) Eur. J. Epidemiol., 32, pp. 377-389. 

Burgess, S., Davey Smith, G., Davies, N.M., Dudbridge, F., Gill, D., Glymour, M.M.,
Hartwig, F.P., Theodoratou, E.
Guidelines for performing Mendelian randomization investigations: update for
summer 2023
(2019) Wellcome Open Res., 4, p. 186. 

Bykov, K., Yoshida, K., Weisskopf, M.G., Gagne, J.J.
Confounding of the association between statins and Parkinson disease: systematic
review and meta-analysis
(2017) Pharmacoepidemiol. Drug Saf., 26, pp. 294-300. 

Cai, S., Hartley, A., Mahmoud, O., Tilling, K., Dudbridge, F.
Adjusting for collider bias in genetic association studies using instrumental
variable methods
(2022) Genet. Epidemiol., 46, pp. 303-316. 

Chang, B., Ni, C., Mei, J., Xiong, C., Chen, P., Jiang, M., Niu, C.
Relationship between serum uric acid levels and the outcome of STN-DBS in
Parkinson’s disease
(2023) Neurol. Sci., 44, pp. 3913-3917. 

Chen, J., Chen, H., Zhu, Q., Liu, Q., Zhou, Y., Li, L., Wang, Y.
Age at menarche and ischemic heart disease: an update Mendelian randomization
study
(2022) Front. Genet., 13. 
942861

Chen, C., Wang, J., Pan, D., Wang, X., Xu, Y., Yan, J., Wang, L., Liu, G.-P.
Applications of multi-omics analysis in human diseases
(2023) MedComm (2020), 4, p. e315. 

Cheng, Q., Yang, Y., Shi, X., Yeung, K.-F., Yang, C., Peng, H., Liu, J.
MR-LDP: a two-sample Mendelian randomization for GWAS summary statistics

11/26/24, 11:27 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1863919775&eid=2-s2.0-85208869534&sort=&clickedL… 2/9



accounting for linkage disequilibrium and horizontal pleiotropy
(2020) NAR Genom. Bioinform., 2, p. lqaa028. 

Cheong, J.L.Y., de Pablo-Fernandez, E., Foltynie, T., Noyce, A.J.
The association between type 2 diabetes mellitus and Parkinson’s disease
(2020) J. Parkinsons Dis., 10, pp. 775-789. 

Chohan, H., Senkevich, K., Patel, R.K., Bestwick, J.P., Jacobs, B.M., Bandres Ciga, S.,
Gan-Or, Z., Noyce, A.J.
Type 2 diabetes as a determinant of Parkinson’s disease risk and progression
(2021) Mov. Disord., 36, pp. 1420-1429. 

Cinelli, C., LaPierre, N., Hill, B.L., Sankararaman, S., Eskin, E.
Robust Mendelian randomization in the presence of residual population
stratification, batch effects and horizontal pleiotropy
(2022) Nat. Commun., 13, p. 1093. 

Costa, G., Abin-Carriquiry, J.A., Dajas, F.
Nicotine prevents striatal dopamine loss produced by 6-hydroxydopamine lesion in
the substantia nigra
(2001) Brain Res., 888, pp. 336-342. 

Cui, X., Liew, Z., Hansen, J., Lee, P.-C., Arah, O.A., Ritz, B.
Cancers preceding Parkinson’s disease after adjustment for Bias in a Danish
population-based case-control study
(2019) Neuroepidemiology, 52, pp. 136-143. 

de Leeuw, C., Savage, J., Bucur, I.G., Heskes, T., Posthuma, D.
Understanding the assumptions underlying Mendelian randomization
(2022) Eur. J. Hum. Genet., 30, pp. 653-660. 

Devlin, B., Roeder, K., Wasserman, L.
Genomic control, a new approach to genetic-based association studies
(2001) Theor. Popul. Biol., 60, pp. 155-166. 

Fang, F., Zhan, Y., Hammar, N., Shen, X., Wirdefeldt, K., Walldius, G., Mariosa, D.
Lipids, apolipoproteins, and the risk of Parkinson disease
(2019) Circ. Res., 125, pp. 643-652. 

Foellmer, H.G., Sterzel, R.B., Kashgarian, M.
Progressive glomerular sclerosis in experimental antiglomerular basement
membrane glomerulonephritis
(1986) Am. J. Kidney Dis., 7, pp. 5-11. 

Geiler-Samerotte, K.A., Li, S., Lazaris, C., Taylor, A., Ziv, N., Ramjeawan, C., Paaby, A.B.,
Siegal, M.L.
Extent and context dependence of pleiotropy revealed by high-throughput single-
cell phenotyping
(2020) PLoS Biol., 18. 
e3000836

Grenn, F.P., Kim, J.J., Makarious, M.B., Iwaki, H., Illarionova, A., Brolin, K., Kluss, J.H.,
Blauwendraat, C.
The Parkinson’s disease genome-wide association study locus browser
(2020) Mov. Disord., 35, pp. 2056-2067. 

Grover, S., Lill, C.M., Kasten, M., Klein, C., Del Greco, M.F., König, I.R.
Risky behaviors and Parkinson disease: a Mendelian randomization study
(2019) Neurology, 93, pp. e1412-e1424. 

11/26/24, 11:27 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1863919775&eid=2-s2.0-85208869534&sort=&clickedL… 3/9



Gu, X.-J., Su, W.-M., Dou, M., Jiang, Z., Duan, Q.-Q., Yin, K.-F., Cao, B., Chen, Y.-P.
Expanding causal genes for Parkinson’s disease via multi-omics analysis
(2023) NPJ Parkinsons Dis., 9, p. 146. 

Hariton, E., Locascio, J.J.
Randomised controlled trials-the gold standard for effectiveness research: study
design: randomised controlled trials
(2018) BJOG, 125, p. 1716. 

Heilbron, K., Noyce, A.J., Fontanillas, P., Alipanahi, B., Nalls, M.A., Cannon, P.
The Parkinson’s phenome-traits associated with Parkinson's disease in a broadly
phenotyped cohort
(2019) NPJ Parkinsons Dis., 5, p. 4. 

Heilbron, K., Jensen, M.P., Bandres-Ciga, S., Fontanillas, P., Blauwendraat, C., Nalls,
M.A., Singleton, A.B., Noyce, A.J.
Unhealthy Behaviours and risk of Parkinson’s disease: a Mendelian randomisation
study
(2021) J. Parkinsons Dis., 11, pp. 1981-1993. 

Hellwege, J.N., Keaton, J.M., Giri, A., Gao, X., Velez Edwards, D.R., Edwards, T.L.
Population stratification in genetic association studies
(2017) Curr. Protoc. Hum. Genet., 95, pp. 1.22.1-1.22.23. 

Hemani, G., Bowden, J., Davey Smith, G.
Evaluating the potential role of pleiotropy in Mendelian randomization studies
(2018) Hum. Mol. Genet., 27, pp. R195-R208. 

Hong, K.-S.
Blood pressure management for stroke prevention and in acute stroke
(2017) J. Stroke Cerebrovasc. Dis., 19, pp. 152-165. 

Hu, G., Jousilahti, P., Nissinen, A., Antikainen, R., Kivipelto, M., Tuomilehto, J.
Body mass index and the risk of Parkinson disease
(2006) Neurology, 67, pp. 1955-1959. 

Ibanez, L., Bahena, J.A., Yang, C., Dube, U., Farias, F.H.G., Budde, J.P., Bergmann, K.,
Benitez, B.A.
Functional genomic analyses uncover APOE-mediated regulation of brain and
cerebrospinal fluid beta-amyloid levels in Parkinson disease
(2020) Acta Neuropathol. Commun., 8, p. 196. 

Jacobs, B.M., Taylor, T., Awad, A., Baker, D., Giovanonni, G., Noyce, A.J., Dobson, R.
Summary-data-based Mendelian randomization prioritizes potential druggable
targets for multiple sclerosis
(2020) Brain Commun., 2, p. fcaa119. 

Jensen, M.P., Jacobs, B.M., Dobson, R., Bandres-Ciga, S., Blauwendraat, C., Schrag, A.,
Noyce, A.J.
Lower lymphocyte count is associated with increased risk of Parkinson’s disease
(2021) Ann. Neurol., 89, pp. 803-812. 

Jin, C., Lee, B., Shen, L., Long, Q.
Integrating multi-omics summary data using a Mendelian randomization framework
(2022) Brief. Bioinform., 23. 

Jordan, D.M., Verbanck, M., Do, R.
HOPS: a quantitative score reveals pervasive horizontal pleiotropy in human
genetic variation is driven by extreme polygenicity of human traits and diseases
(2019) Genome Biol., 20, p. 222. 

11/26/24, 11:27 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1863919775&eid=2-s2.0-85208869534&sort=&clickedL… 4/9



Kim, S.C., Liu, J., Solomon, D.H.
Risk of incident diabetes in patients with gout: a cohort study
(2015) Arthritis Rheum., 67, pp. 273-280. 

Kurvits, L., Lättekivi, F., Reimann, E., Kadastik-Eerme, L., Kasterpalu, K.M., Kõks, S.,
Taba, P., Planken, A.
Transcriptomic profiles in Parkinson’s disease
(2021) Exp. Biol. Med., 246, pp. 584-595. 

La Cognata, V., Morello, G., Cavallaro, S.
Omics data and their integrative analysis to support stratified medicine in
neurodegenerative diseases
(2021) Int. J. Mol. Sci., 22. 

Labbé, C., Lorenzo-Betancor, O., Ross, O.A.
Epigenetic regulation in Parkinson’s disease
(2016) Acta Neuropathol., 132, pp. 515-530. 

Labrecque, J., Swanson, S.A.
Understanding the assumptions underlying instrumental variable analyses: a brief
review of falsification strategies and related tools
(2018) Curr. Epidemiol. Rep., 5, pp. 214-220. 

Li, X., Li, W., Liu, G., Shen, X., Tang, Y.
Association between cigarette smoking and Parkinson’s disease: a meta-analysis
(2015) Arch. Gerontol. Geriatr., 61, pp. 510-516. 

Lu, L., Fu, D.-L., Li, H.-Q., Liu, A.-J., Li, J.-H., Zheng, G.-Q.
Diabetes and risk of Parkinson’s disease: an updated meta-analysis of case-control
studies
(2014) PLoS ONE, 9. 
e85781

Makarious, M.B., Leonard, H.L., Vitale, D., Iwaki, H., Sargent, L., Dadu, A., Violich, I.,
Nalls, M.A.
Multi-modality machine learning predicting Parkinson’s disease
(2022) NPJ Parkinsons Dis., 8, p. 35. 

Mencke, P., Hanss, Z., Boussaad, I., Sugier, P.-E., Elbaz, A., Krüger, R.
Bidirectional relation between Parkinson’s disease and glioblastoma multiforme
(2020) Front. Neurol., 11, p. 898. 

Moloney, E.B., Moskites, A., Ferrari, E.J., Isacson, O., Hallett, P.J.
The glycoprotein GPNMB is selectively elevated in the substantia nigra of
Parkinson’s disease patients and increases after lysosomal stress
(2018) Neurobiol. Dis., 120, pp. 1-11. 

Nalls, M.A., Blauwendraat, C., Vallerga, C.L., Heilbron, K., Bandres-Ciga, S., Chang, D.,
Tan, M., Singleton, A.B.
Identification of novel risk loci, causal insights, and heritable risk for Parkinson’s
disease: a meta-analysis of genome-wide association studies
(2019) Lancet Neurol., 18, pp. 1091-1102. 

Noyce, A.J., Bestwick, J.P., Silveira-Moriyama, L., Hawkes, C.H., Giovannoni, G., Lees,
A.J., Schrag, A.
Meta-analysis of early nonmotor features and risk factors for Parkinson disease
(2012) Ann. Neurol., 72, pp. 893-901. 

Noyce, A.J., Kia, D.A., Hemani, G., Nicolas, A., Price, T.R., De Pablo-Fernandez, E.,
Haycock, P.C., Wood, N.W.
Estimating the causal influence of body mass index on risk of Parkinson disease: a

11/26/24, 11:27 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1863919775&eid=2-s2.0-85208869534&sort=&clickedL… 5/9



Mendelian randomisation study
(2017) PLoS Med., 14. 
e1002314

Noyce, A.J., Bandres-Ciga, S., Kim, J., Heilbron, K., Kia, D., Hemani, G., Xue, A.,
Singleton, A.B.
The Parkinson’s disease Mendelian randomization research portal
(2019) Mov. Disord., 34, pp. 1864-1872. 

Oldroyd, J., Banerjee, M., Heald, A., Cruickshank, K.
Diabetes and ethnic minorities
(2005) Postgrad. Med. J., 81, pp. 486-490. 

Randomized placebo-controlled study of the nicotinic agonist SIB-1508Y in
Parkinson disease
(2006) Neurology, 66, pp. 408-410. 

Schwarzschild, M.A., Ascherio, A., Casaceli, C., Curhan, G.C., Fitzgerald, R., Kamp, C.,
Lungu, C., Mestre, T.
Effect of urate-elevating inosine on early Parkinson disease progression: the SURE-
PD3 randomized clinical trial
(2021) JAMA, 326, pp. 926-939. 

Philip, N.S., Carpenter, L.L., Tyrka, A.R., Price, L.H.
Nicotinic acetylcholine receptors and depression: a review of the preclinical and
clinical literature
(2010) Psychopharmacology, 212, pp. 1-12. 

Pierce, S., Coetzee, G.A.
Parkinson’s disease-associated genetic variation is linked to quantitative
expression of inflammatory genes
(2017) PLoS ONE, 12. 
e0175882

Qi, G., Chatterjee, N.
Mendelian randomization analysis using mixture models for robust and efficient
estimation of causal effects
(2019) Nat. Commun., 10, p. 1941. 

Quik, M., O’Leary, K., Tanner, C.M.
Nicotine and Parkinson’s disease: implications for therapy
(2008) Mov. Disord., 23, pp. 1641-1652. 

Ramdhani, S., Navarro, E., Udine, E., Efthymiou, A.G., Schilder, B.M., Parks, M., Goate,
A., Raj, T.
Tensor decomposition of stimulated monocyte and macrophage gene expression
profiles identifies neurodegenerative disease-specific trans-eQTLs
(2020) PLoS Genet., 16. 
e1008549

Ray, D., Chatterjee, N.
A powerful method for pleiotropic analysis under composite null hypothesis
identifies novel shared loci between type 2 diabetes and prostate cancer
(2020) PLoS Genet., 16. 
e1009218

Redenšek, S., Dolžan, V., Kunej, T.
From genomics to omics landscapes of Parkinson’s disease: revealing the
molecular mechanisms
(2018) OMICS, 22, pp. 1-16. 

11/26/24, 11:27 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1863919775&eid=2-s2.0-85208869534&sort=&clickedL… 6/9



Rudakou, U., Yu, E., Krohn, L., Ruskey, J.A., Asayesh, F., Dauvilliers, Y., Spiegelman, D.,
Gan-Or, Z.
Targeted sequencing of Parkinson’s disease loci genes highlights SYT11, FGF20
and other associations
(2021) Brain, 144, pp. 462-472. 

Sääksjärvi, K., Knekt, P., Männistö, S., Lyytinen, J., Heliövaara, M.
Prospective study on the components of metabolic syndrome and the incidence of
Parkinson’s disease
(2015) Parkinsonism Relat. Disord., 21, pp. 1148-1155. 

Sanderson, E., Richardson, T.G., Hemani, G., Davey Smith, G.
The use of negative control outcomes in Mendelian randomization to detect
potential population stratification
(2021) Int. J. Epidemiol., 50, pp. 1350-1361. 

Sanderson, E., Glymour, M.M., Holmes, M.V., Kang, H., Morrison, J., Munafò, M.R.,
Palmer, T., Smith, G.D.
Mendelian randomization
(2022) Nat. Rev. Methods Primers, 2. 

Schilder, B.M., Navarro, E., Raj, T.
Multi-omic insights into Parkinson’s disease: from genetic associations to
functional mechanisms
(2022) Neurobiol. Dis., 163. 
105580

Senkevich, K., Bandres-Ciga, S., Yu, E., Liyanage, U.E., Noyce, A.J., Gan-Or, Z.
No evidence for a causal relationship between cancers and Parkinson’s disease
(2021) J. Parkinsons Dis., 11, pp. 801-809. 

Shi, L., Xu, J., Green, R., Wretlind, A., Homann, J., Buckley, N.J., Tijms, B.M., Legido-
Quigley, C.
Multiomics profiling of human plasma and cerebrospinal fluid reveals ATN-derived
networks and highlights causal links in Alzheimer’s disease
(2023) Alzheimers Dement., 19, pp. 3350-3364. 

Skrivankova, V.W., Richmond, R.C., Woolf, B.A.R., Yarmolinsky, J., Davies, N.M.,
Swanson, S.A., Vander Weele, T.J., Richards, J.B.
Strengthening the reporting of observational studies in epidemiology using
Mendelian randomization: the STROBE-MR statement
(2021) JAMA, 326, pp. 1614-1621. 

Smit, R.A.J., Trompet, S., Dekkers, O.M., Jukema, J.W., le Cessie, S.
Survival bias in Mendelian randomization studies: a threat to causal inference
(2019) Epidemiology, 30, pp. 813-816. 

Stearns, F.W.
One hundred years of pleiotropy: a retrospective
(2010) Genetics, 186, pp. 767-773. 

Storm, C.S., Kia, D.A., Almramhi, M.M., Bandres-Ciga, S., Finan, C., Hingorani, A.D.,
Wood, N.W.
Finding genetically-supported drug targets for Parkinson’s disease using Mendelian
randomization of the druggable genome
(2021) Nat. Commun., 12, p. 7342. 

Swerdlow, D.I., Kuchenbaecker, K.B., Shah, S., Sofat, R., Holmes, M.V., White, J., Mindell,
J.S., Hingorani, A.D.
Selecting instruments for Mendelian randomization in the wake of genome-wide

11/26/24, 11:27 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1863919775&eid=2-s2.0-85208869534&sort=&clickedL… 7/9



association studies
(2016) Int. J. Epidemiol., 45, pp. 1600-1616. 

Szendroedi, J., Phielix, E., Roden, M.
The role of mitochondria in insulin resistance and type 2 diabetes mellitus
(2011) Nat. Rev. Endocrinol., 8, pp. 92-103. 

Taya, M., Hammes, S.R.
Glycoprotein non-metastatic melanoma protein B (GPNMB) and cancer: a novel
potential therapeutic target
(2018) Steroids, 133, pp. 102-107. 

van Kippersluis, H., Rietveld, C.A.
Pleiotropy-robust Mendelian randomization
(2018) Int. J. Epidemiol., 47, pp. 1279-1288. 

Vanderweele, T.J., Arah, O.A.
Bias formulas for sensitivity analysis of unmeasured confounding for general
outcomes, treatments, and confounders
(2011) Epidemiology, 22, pp. 42-52. 

VanderWeele, T.J., Tchetgen Tchetgen, E.J., Cornelis, M., Kraft, P.
Methodological challenges in Mendelian randomization
(2014) Epidemiology, 25, pp. 427-435. 

Vieregge, A., Sieberer, M., Jacobs, H., Hagenah, J.M., Vieregge, P.
Transdermal nicotine in PD: a randomized, double-blind, placebo-controlled study
(2001) Neurology, 57, pp. 1032-1035. 

Vijiaratnam, N., Girges, C., Auld, G., Chau, M., Maclagan, K., King, A., Skene, S., Foltynie,
T.
Exenatide once weekly over 2 years as a potential disease-modifying treatment for
Parkinson’s disease: protocol for a multicentre, randomised, double blind, parallel
group, placebo controlled, phase 3 trial: the “Exenatide-PD3” study
(2021) BMJ Open, 11. 
e047993

Villafane, G., Thiriez, C., Audureau, E., Straczek, C., Kerschen, P., Cormier-Dequaire, F.,
Van Der Gucht, A., Fénelon, G.
High-dose transdermal nicotine in Parkinson’s disease patients: a randomized,
open-label, blinded-endpoint evaluation phase 2 study
(2018) Eur. J. Neurol., 25, pp. 120-127. 

Wang, Y.-L., Wang, Y.-T., Li, J.-F., Zhang, Y.-Z., Yin, H.-L., Han, B.
Body mass index and risk of Parkinson’s disease: a dose-response meta-analysis
of prospective studies
(2015) PLoS ONE, 10. 
e0131778

Williams, D.M., Bandres-Ciga, S., Heilbron, K., Hinds, D., Noyce, A.J.
Evaluating lipid-lowering drug targets for Parkinson’s disease prevention with
Mendelian randomization
(2020) Ann. Neurol., 88, pp. 1043-1047. 

Wirdefeldt, K., Adami, H.-O., Cole, P., Trichopoulos, D., Mandel, J.
Epidemiology and etiology of Parkinson’s disease: a review of the evidence
(2011) Eur. J. Epidemiol., 26, pp. S1-58. 

Ye, Z., Mo, C., Liu, S., Hatch, K.S., Gao, S., Ma, Y., Hong, L.E., Ma, T.
White matter integrity and nicotine dependence: evaluating vertical and horizontal
pleiotropy

11/26/24, 11:27 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1863919775&eid=2-s2.0-85208869534&sort=&clickedL… 8/9



(2021) Front. Neurosci., 15. 
738037

Yue, X., Li, H., Yan, H., Zhang, P., Chang, L., Li, T.
Risk of Parkinson disease in diabetes mellitus: an updated meta-analysis of
population-based cohort studies
(2016) Medicine, 95. 
e3549

Zhang, X., Guarin, D., Mohammadzadehhonarvar, N., Chen, X., Gao, X.
Parkinson’s disease and cancer: a systematic review and meta-analysis of over 17
million participants
(2021) BMJ Open, 11. 
e046329

Zhu, X.
Mendelian randomization and pleiotropy analysis
(2021) Quant. Biol., 9, pp. 122-132. 

Publisher: Elsevier

ISBN: 9780443135507; 9780443135514
Language of Original Document: English
Abbreviated Source Title: Integr. Omics in Parkinson's Disease
2-s2.0-85208869534
Document Type: Book Chapter
Publication Stage: Final
Source: Scopus

Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.

11/26/24, 11:27 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1863919775&eid=2-s2.0-85208869534&sort=&clickedL… 9/9


