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Background	
  

Parkinson	
  disease	
  (PD)	
  is	
  the	
  second	
  most	
  common	
  neurodegenerative	
  disease,	
  

estimated	
   to	
   occur	
   in	
   approximately	
   1%	
   of	
   individuals	
   older	
   than	
   60	
   years,	
   a	
  

number	
   predicted	
   to	
   more	
   than	
   double	
   by	
   2030	
   because	
   of	
   the	
   aging	
  

population[1].	
  Resting	
  tremor,	
  rigidity,	
  hypokinesia,	
  and	
  postural	
  instability	
  are	
  

the	
  four	
  cardinal	
  motor	
  symptoms	
  of	
  PD	
  resulting	
  from	
  the	
  loss	
  of	
  dopaminergic	
  

neurons	
  in	
  the	
  substantia	
  nigra	
  pars	
  compacta[2].	
  Accumulating	
  epidemiological	
  

studies	
   have	
   reported	
   associations	
   between	
   PD	
   and	
   cancers.	
   In	
   a	
   recent	
  

meta-­‐analysis,	
  PD	
  was	
  inversely	
  related	
  to	
  most	
  types	
  of	
  cancers,	
  which	
  included	
  

both	
   smoking-­‐related	
   and	
   non-­‐smoking-­‐related	
   cancers[3].	
   Besides,	
   a	
   positive	
  

relationship	
   between	
   PD	
   and	
   melanoma	
   was	
   also	
   supported	
   by	
   a	
  

meta-­‐analysis[4].	
  

However,	
   in	
   recent	
   studies	
   investigating	
   the	
  association	
  between	
  PD	
  and	
  brain	
  

tumors,	
   the	
   results	
   of	
   which	
   remain	
   controversial[5].	
   Some	
   reported	
   a	
   low	
  

occurrence	
   of	
   brain	
   tumors	
   in	
  PD[6],	
  while	
   others	
   indicated	
   that	
   brain	
   tumors	
  

have	
   higher	
   morbidity	
   among	
   patients	
   with	
   PD[7].	
   In	
   addition,	
   a	
   previous	
  

meta-­‐analysis,	
   which	
   investigated	
   cancer	
   incidence	
   related	
   to	
   central	
   nervous	
  

system	
   (CNS)	
   disorders	
   in	
   more	
   than	
   570,000	
   participants	
   of	
   50	
   studies,	
  

indicated	
  that	
  PD	
  was	
  associated	
  with	
  a	
  potential	
  higher	
  risk	
  of	
  brain	
  cancer.	
  It	
  

further	
   revealed	
   that	
   a	
   lower	
   risk	
   of	
   overall	
   cancer	
   was	
   detected	
   in	
   PD	
  

patients[8].	
  Despite	
  of	
  the	
  non-­‐statistically	
  significant	
  result,	
  a	
  trend	
  of	
  increased	
  

co-­‐occurrence	
  of	
  PD	
  and	
  brain	
  cancer	
  was	
  still	
  identified.	
   	
  

Furthermore,	
   previous	
   studies	
   have	
   provided	
   potential	
   evidence	
   that	
   brain	
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tumor	
   and	
   PD	
   may	
   share	
   many	
   pathophysiological	
   processes	
   including	
   aging,	
  

mitochondrial	
   dysfunction,	
   oxidative	
   stress,	
   DNA	
   damage,	
   abnormal	
   mitotic	
  

signaling,	
   inflammation	
   and	
  aberrant	
   cell-­‐cycle	
   activation[9].	
  These	
   similarities	
  

between	
  the	
  pathology	
  of	
  brain	
  tumor	
  and	
  PD	
  suggested	
  a	
  positive	
  epidemiologic	
  

association[10].	
   Therefore,	
   we	
   decided	
   to	
   conduct	
   a	
   systematic	
   review	
   and	
  

meta-­‐analysis	
  to	
  clarify	
  the	
  exact	
  relationship	
  between	
  PD	
  and	
  brain	
  tumors.	
  

	
  

Objective	
  

The	
  aim	
  of	
  this	
  study	
  is	
  to	
  review	
  the	
  association	
  between	
  PD	
  and	
  brain	
  tumors,	
  

and	
  to	
  assess	
  the	
  possible	
  risk	
  of	
  brain	
  tumor	
  among	
  patients	
  with	
  PD	
  compared	
  

to	
  non-­‐PD	
  participants	
  in	
  epidemiological	
  longitudinal	
  studies.	
  

	
  

Methods	
  

Inclusion	
  and	
  exclusion	
  criteria	
  

Eligible	
  studies	
  should	
  meet	
  the	
  criteria	
  presented	
  below:	
  

(1)	
  Both	
  PD	
  and	
  brain	
  tumor	
  were	
  investigated	
  in	
  the	
  study;	
   	
  

(2)	
  Patients	
  with	
  parkinsonism	
  should	
  not	
  be	
  included;	
  

(3)	
  A	
  measure	
  of	
  association	
  (including	
  an	
  odds	
  ratio	
  [OR],	
  relative	
  risk	
  [RR],	
  or	
  

standardized	
   incidence/event	
   ratio	
   [SIR/SER]),	
   with	
   95%	
   confidence	
   intervals	
  

(CIs),	
  should	
  be	
  reported	
  for	
  the	
  association	
  between	
  PD	
  and	
  brain	
  tumor	
  in	
  the	
  

study;	
   	
  

(4)	
   Studies	
   should	
   be	
   published	
   in	
   peer-­‐reviewed	
   journals	
   without	
   language	
  

restrictions;	
   	
  

(5)	
  It	
  should	
  a	
  longitudinal	
  designed	
  study.	
  

	
  



The	
  Relationship	
  between	
  PD	
  and	
  Brain	
  Tumor	
  

Search	
  strategy	
  

Two	
  investigators	
  will	
  independently	
  search	
  articles	
  before	
  28	
  February,	
  2016	
  in	
  

four	
  major	
   electronic	
   databases,	
   including	
  PubMed,	
   Embase,	
   ScienceDirect	
   and	
  

CBM	
   (China	
  Biology	
  Medicine	
  Disc)	
   by	
   a	
   full	
   Boolean	
   search	
   logic	
  method.	
  We	
  

will	
   perform	
   this	
   meta-­‐analysis	
   according	
   to	
   the	
   recommendations	
   of	
   the	
  

Preferred	
  Reporting	
  Items	
  for	
  Systematic	
  Reviews	
  and	
  Meta-­‐analysis	
  (PRISMA).	
  

Relevant	
   text	
  words	
   and	
  medical	
   subject	
   headings	
   about	
   PD,	
   brain	
   tumor	
   and	
  

brain	
  cancer	
  will	
  be	
  included	
  in	
  the	
  search	
  strategy	
  without	
  restrictions.	
   	
  

	
  

Data	
  extraction	
  

Two	
   investigators	
   will	
   independently	
   rate	
   the	
   quality	
   of	
   the	
   retrieved	
   studies	
  

and	
   extract	
   data	
   from	
   eligible	
   studies	
   including	
   first	
   authors,	
   publication	
   year,	
  

sample	
  size,	
  mean	
  age,	
  regions,	
  follow-­‐up	
  time	
  in	
  years,	
  type	
  of	
  study	
  design,	
  PD	
  

diagnosis	
  time	
  and	
  adjusted	
  risk	
  estimates	
  and	
  their	
  95%	
  CIs.	
  

	
  

Risk	
  of	
  bias	
  assessment	
  

The	
   quality	
   of	
   cohort	
   studies	
   will	
   be	
   appraised	
   according	
   to	
   the	
   9-­‐star	
  

Newcastle-­‐Ottawa	
   Quality	
   Assessment	
   Scale.	
   Disagreements	
   will	
   be	
   solved	
   by	
  

discussion	
  or	
  involvement	
  a	
  third	
  reviewer	
  if	
  necessary.	
  

	
  

Strategy	
  for	
  data	
  synthesis	
  

We	
  will	
  manage	
  all	
  data	
  using	
  STATA	
  12.0	
  (Stata	
  Corporation,	
  College	
  Station,	
  TX,	
  

USA)	
  and	
  set	
  odds	
  ratio	
  (OR)	
  at	
  a	
  95%	
  confidence	
  interval	
  (95%	
  CI)	
  to	
  assess	
  the	
  

association	
  between	
  PD	
  and	
  brain	
  tumor.	
  The	
  involved	
  measures	
  (OR,	
  RR,	
  HR	
  or	
  

SIR)	
  will	
  be	
  treated	
  equally	
  under	
  the	
  assumption	
  that	
  both	
  PD	
  and	
  brain	
  tumors	
  

are	
  rare.	
  As	
  lnOdds	
  ratios	
  (lnORs)	
  will	
  be	
  considered	
  to	
  obey	
  normal	
  distribution,	
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lnORs	
  and	
  the	
  corresponding	
  ln	
  lower	
  limits	
  (lnLLs)	
  and	
  ln	
  upper	
  limits	
  (lnULs)	
  

will	
  be	
  used	
  as	
  data	
  points	
  in	
  pooling	
  analysis.	
  

	
  

Analysis	
  of	
  subgroups	
  or	
  subsets	
  

Subgroup	
  analysis	
  will	
  be	
  conducted	
  and	
  subgrouped	
  by	
  different	
  study	
  design,	
  

PD	
  diagnosis	
  time,	
  gender	
  difference,	
  characteristics	
  of	
  the	
  tumor	
  and	
  ethnicity.	
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