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List of abbreviations
ANCOVA – Analysis of COVAriance
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IPD-MA - Individual Participant Data Meta-Analysis
MMSE - Mini Mental State Examination 
MoCA - Montreal Cognitive Assessment 
PD - Parkinson’s disease
PD-MCI - PD with mild cognitive impairment
PDD - Parkinson Disease Dementia
PIGD - Postural Instability Gait Disturbance
PRISMA - Preferred Reporting Items for Systematic reviews and Meta-Analyses Protocol
ROC – Receiver Operating Characteristic
SAP -Statistical Analysis Plan
TD - Tremor Dominant 
UPDRS  - Unified Parkinson's Disease Rating Scale



Overview of Analyses and Manuscripts
The following provides the planned statistical analyses for the systematic review and individual participant data meta-analysis (IPD-MA) of cerebrospinal fluid biomarkers (CSF) for the diagnosis and prognosis of Parkinson’s disease (PD) (CSF-iPD). The purpose of the document is: (i) to clarify the primary analyses; (ii) to define a comprehensive set of secondary analyses; (iii) anticipate the approaches for handling missing data; (iv) avoid misleading inferences that would arise from post-hoc analyses. The statistical analysis plan (SAP) is formulated according to the guidelines published in the scientific literature1 and should be read in conjunction with the clinical trial protocol2. 
This document describes the analyses that will be undertaken. Two separate reports are planned for the main set of primary analyses (diagnosis / prognosis). Manuscripts will be prepared according to the best strategy for a fruitful dissemination of study results. Descriptive and inferential statistics in technical reports and manuscripts will follow the structure set out in this document.
Regarding time-lines for analysis and reporting the main features are:
· Search strategy will be launched by February 2018. Individual participant data from participants are expected to be required by April 2018 and received by September 2018.
· The analyses about diagnostic accuracy of CSF biomarkers will be performed once all raw data are collected, and after the database has been cleaned. This analysis is expected to report by December 2018.
· The analyses about prognostic accuracy of CSF biomarkers will be performed partially in parallel but is expected to report by June 2019.
· Database and analyses will be updated quarterly until results will be published in scientific journals.

Background to the CSF-iPD study
This IPD-MA will consider studies investigating the value of CSF biomarkers in PD3 4 and will aim to determine whether the CSF biomarkers (alone or in combination) have the potential to:
I. Distinguish PD from healthy subjects, neurological controls and other atypical parkinsonisms;
II. Track disease progression as measured by dependence, motor impairment and cognitive decline;
III. Predict unfavorable outcomes such as dependence, motor impairment and cognitive decline.
The IPD meta-analysis will be performed following the methods recommended by the IPD Meta-analysis Methods Group of the Cochrane Collaboration[footnoteRef:1] and other published guidelines5. This research protocol has been developed according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses Protocol (PRISMA-P) 2015 statement6 and was registered on PROSPERO database, number CRD42017052688[footnoteRef:2]. The actual start date of the study is 1st July 2017 and the anticipated completion date is 1st March 2019. [1:  http://ipdmamg.cochrane.org/resources]  [2:  http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42017052688] 


Inclusion/Exclusion criteria for participants/studies
· Types of studies: cross-sectional, prospective, longitudinal, randomised controlled trials, quasi-randomised clinical trials or controlled clinical trials.
· Types of participants: studies including PD patients and/or another group of individuals who could be either a group of neurological/healthy controls and/or patients with atypical parkinsonism. 
· CSF measurement (centralized and blinded to diagnosis).
· Setting: studies in any setting will be included.
· Diagnostic criteria: Movement Disorder Society Clinical Diagnostic Criteria for Parkinson's disease, UK Parkinson’s Disease Society Brain Bank criteria (UKPDSBB) or the National Institute of Neurological Disorders and Stroke (NINDS).

Study variables and endpoints
Study variables
· Demographic and admission data: age at randomization/enrolment, gender, years of education.
· Clinical Diagnosis Assessment: (International Parkinson and Movement Disorder Society (MDS) Clinical Diagnostic Criteria for Parkinson’s disease (MDS-PD Criteria); UK Parkinson’s Disease Society Brain Bank criteria (UKPDSBB); National Institute of Neurological Disorders and Stroke (NINDS).
· Cerebrospinal fluid (CSF) biomarkers: value, assay description, blood contamination of CSF samples (Haemoglobin, RBC)
· Clinical phenotypes: Tremor Dominant (TD)/Intermediate/Postural Instability Gait Disturbance (PIGD)7 
· Hoehn & Yahr Stage
· Unified Parkinson's Disease Rating Scale part III (UPDRS-III)
· Disability Rating Scales (as recommended by the by the International Parkinson and Movement Disorder Society Task Force)8: Functional Status Questionnaire; Lawton-Brody Activities of Living; Nottingham Activities of Living; Schwab & England ADL; Self-Assessment PD disability; Parkinson Evaluation Scale; Unified PD rating scale II: Activities of Daily Living; Movement Disorder Society UPDRS Motor Experiences of Daily Living; PROMIS Neuro-QoL Physical Function
· Neuropsychological assessment: Mini Mental State Examination (MMSE); Montreal Cognitive Assessment (MoCA); Cognitive Categorization assessment to ascertain Parkinson Disease Dementia (PDD) and PD with mild cognitive impairment (PD-MCI) according to the criteria developed by the Movement Disorders Society 9-11.
· DAT imaging
· Pharmacological treatments of PD; drugs; dosage; LEDD.
· Comorbidities

Endpoints
· H&Y
· UPDRS-III
· Disability Rating Scales (as recommended by the by the International Parkinson and Movement Disorder Society Task Force) 8: Functional Status Questionnaire; Lawton-Brody Activities of Living; Nottingham Activities of Living; Schwab & England ADL; Self-Assessment PD disability; Parkinson Evaluation Scale; Unified PD rating scale II: Activities of Daily Living; Movement Disorder Society UPDRS Motor Experiences of Daily Living; PROMIS Neuro-QoL Physical Function
· Neuropsychological assessment: MMSE; MoCA; Cognitive Categorization assessment to ascertain PDD and PD-MCI according to the criteria developed by the Movement Disorders Society 9-11.
· 

Statistical Analysis Plan for diagnostic accuracy of CSF biomarkers (I)
1. A detailed flow-diagram with study selection and inclusion following the recommendations of the PRISMA statement 12
2. Summary statistics describing the characteristics of patients included in each study: age (continuous); gender (categorical); disease duration (continuous); H&Y (categorical); UPDRS-III (continuous). The characteristics will be reported for each patients group. Continuous variables will be summarised using the following statistics: sample size, mean, standard deviation, median, range, and missing values. The frequency and percentages of observed levels will be reported for all categorical data. The number of missing observations will also be reported.
3. Summary statistics describing the CSF biomarkers profile in each study. CSF variables will be summarised, for each patient group, using the following statistics; sample size, mean, standard deviation, median, range, and missing values. 
4. Inferential statistics for determining the diagnostic accuracy of each CSF biomarker in each study. Student’s T test or Mann-Whitney U test will be reported for comparing CSF biomarkers levels between groups. ROC analysis results will be used for assessing the diagnostic accuracy with AUC, sensitivity, specificity, and cut-off. Several variables (e.g. age, gender, and pharmacological treatment) will be considered as potential confounders with parametric or non-parametric ANCOVA as well as with covariate-adjusted ROC analyses.
5. Inferential statistics for determining the diagnostic accuracy of a CSF biomarker panel in each study. Results of multivariate logistic regression models will be reported. The final model will be selected with stepwise procedures. ROC analysis will be performed using logistic regression fitted values for assessing the diagnostic accuracy by means of AUC, sensitivity, specificity, cut-off. The role of several variables (age, gender, pharmacological treatment) as potential confounder will be considered.
6. Results of diagnostic meta-analysis of aggregate data for each CSF biomarker. CSF biomarkers will enter in the analyses as means and standard deviations. If originally presented as medians and quartiles/ranges, biomarkers data were transformed into means and standard deviations 13. Hedges’ g standardized mean differences (SMD) and their 95% confidence intervals (CI) were combined in a single measure using random effects models in case of significant heterogeneity. Heterogeneity was assessed by means of Q-statistics and presented as I2. In case of available information, we will extract the data from a study into a 2 x 2 table, showing the binary cross-classified test results with the reference standard. Abstracted data will be tabulated as true positives, false negatives, false positives, and true negatives for calculating the sensitivities, specificities with their 95% CIs. After the acquisition of an adequate set of data, we performed the bivariate method 14. Several factors will be investigated as potential sources of heterogeneity including: the exclusion of blood contaminated samples, type of assay, demographic information (age and gender), clinical features of PD patients (UPDRS-III, Hoehn and Yahr stage, and disease duration), and study quality assessed by QUADAS-2 15. To this aim we performed subgroup analyses and/or meta-regressions.
7. Results of IPD meta-analyses of single CSF biomarkers. For each CSF biomarkers we will report the results of mixed effects logistic regression with PD diagnosis as outcome and CSF biomarker levels as predictor. Several factors will be investigated as potential sources of heterogeneity and included in the models as covariates: the exclusion of blood contaminated samples, type of assay, demographic information (age and gender), clinical features of PD patients (UPDRS-III, Hoehn and Yahr stage, and disease duration), and study quality assessed by QUADAS-2.
8.  Results of IPD meta-analyses of CSF biomarkers panels. We will report the results of mixed effects logistic regression with PD diagnosis as outcome and levels of multiple CSF biomarkers as predictors. Several factors will be investigated as potential sources of heterogeneity and included in the models as covariates: the exclusion of blood contaminated samples, type of assay, demographic information (age and gender), clinical features of PD patients (UPDRS-III, Hoehn and Yahr stage, and disease duration), and study quality assessed by QUADAS-2.

Statistical Analysis Plan for prognostic accuracy of CSF biomarkers (II)
9. A detailed flow-diagram with study selection and inclusion following the recommendations of the PRISMA statement 12
10. Summary statistics describing the baseline characteristics of patients included in each study: age (continuous); gender (categorical); disease duration (continuous); H&Y (categorical); UPDRS-III (continuous). Continuous variables will be summarised using the following statistics: sample size, mean, standard deviation, median, range and missing values. The frequency and percentages of observed levels will be reported for all categorical data. The number of missing observations will also be reported.
11. Summary statistics describing the baseline CSF biomarkers profile in each study. CSF variables will be summarised using the following statistics: sample size, mean, standard deviation, median, range and missing values.
12. Inferential statistics for determining the ability of each CSF biomarker of tracking the course of PD in each study. Results of mixed effects linear/logistic regression will be reported: Several clinical measures (as reported in the study variables and endpoints section) will be investigated as outcome while time and CSF biomarker levels will enter as covariates. The role of several variables (age, gender, pharmacological treatment) as potential confounder will be tested. The final model will be selected with stepwise procedures.
13. Inferential statistics for determining the ability of a CSF biomarkers panel of tracking the course of PD in each study. Results of mixed effects linear/logistic regression will be reported: Several clinical measures d(as reported in the study variables and endpoints section) will be investigated as outcome while time and CSF biomarker levels will enter as covariates. The role of several variables (age, gender, pharmacological treatment) as potential confounder will be tested. The final model will be selected with stepwise procedures.
14. Results of IPD meta-analyses of single CSF biomarkers. Results of mixed effects linear/logistic regression will be reported: Several clinical measures (as reported in the study variables and endpoints section) will be investigated as outcome while time and CSF biomarker levels will enter as covariates. Several factors will be investigated as potential confounders and included in the models: the exclusion of blood contaminated samples, type of assay, demographic information (age and gender), clinical features of PD patients (UPDRS-III, Hoehn and Yahr stage, and disease duration), study quality.
15.  Results of IPD meta-analyses of CSF biomarkers panels. Results of mixed effects linear/logistic regression will be reported. Several clinical measures (as reported in the study variables and endpoints section) will be investigated as outcome while time and multiple CSF biomarker levels will enter as covariates. Several factors will be investigated as potential confounders and included in the models: the exclusion of blood contaminated samples, type of assay, demographic information (age and gender), clinical features of PD patients (UPDRS-III, Hoehn and Yahr stage, and disease duration), study quality. The final model will be selected with stepwise procedures.
Statistical Analysis Plan for predictive accuracy of CSF biomarkers (III)
16. A detailed flow-diagram with study selection and inclusion following the recommendations of the PRISMA statement 12
17. Summary statistics describing the baseline characteristics of patients included in each study: age (continuous); gender (categorical); disease duration (continuous); H&Y (categorical); UPDRS-III (continuous). Continuous variables will be summarised using the following statistics: sample size, mean, standard deviation, median, range and missing values. The frequency and percentages of observed levels will be reported for all categorical data. The number of missing observations will also be reported.
18. Summary statistics describing the baseline CSF biomarkers profile in each study. CSF variables will be summarised using the following statistics: sample size, mean, standard deviation, median, range and missing values.
19. Inferential statistics for determining the ability of each CSF biomarker in predicting the course of PD in each study. Results of mixed effects linear/logistic regression will be reported: several clinical measures (as reported in the study variables and endpoints section) will be investigated as outcome while time and CSF biomarker levels will enter as covariates. Cox proportional hazards models will also be applied and predictive accuracy measures calculated according to ROC analyses (AUC, sensitivity and specificity). The role of several variables (age, gender, pharmacological treatment) as potential confounder will be tested. The final models will be selected with stepwise procedures.
20. Inferential statistics for determining the ability of a combination of CSF biomarkers in predicting the course of PD in each study. Results of mixed effects linear/logistic regression will be reported: several clinical measures (as reported in the study variables and endpoints section) will be investigated as outcome while time and CSF biomarkers levels will enter as covariates. Cox proportional hazards models will also be applied and predictive accuracy measures calculated according to ROC analyses (AUC, sensitivity and specificity). The role of several variables (age, gender, pharmacological treatment) as potential confounder will be tested. The final models will be selected with stepwise procedures.
21. Results of IPD meta-analyses of single CSF biomarkers. Results of mixed effects linear/logistic regression will be reported: Several clinical measures (as reported in the study variables and endpoints section) will be investigated as outcome while time and CSF biomarker levels will enter as covariates. Several factors will be investigated as potential confounders and included in the models: the exclusion of blood contaminated samples, type of assay, demographic information (age and gender), clinical features of PD patients (UPDRS-III, Hoehn and Yahr stage, and disease duration), study quality.
22.  Results of IPD meta-analyses of CSF biomarkers panels. Results of mixed effects linear/logistic regression will be reported. Several clinical measures (as reported in the study variables and endpoints section) will be investigated as outcome while time and multiple CSF biomarker levels will enter as covariates. Several factors will be investigated as potential confounders and included in the models: the exclusion of blood contaminated samples, type of assay, demographic information (age and gender), clinical features of PD patients (UPDRS-III, Hoehn and Yahr stage, and disease duration), study quality. The final model will be selected with stepwise procedures.
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