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Increasing need for harmonized data in epidemiological research

Driven by need to obtain larger sample sizes and statistical power; conduct comparative research across 
studies/populations; extend the scientific impact of individual studies/data sources.

Offers benefits: enabling timely access to available data and samples, increasing potential to share data 
across studies, and promoting a collaborative approach

Number of publications relevant to
harmonized data - 2000 to 2017
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Study B

Study C





Activities:

Web-based catalogues and 
harmonization platforms 
searchable metadata catalogues and platforms 
to generate common-format variables for co-
analysis

Methodological guidelines/support
for data cataloguing, harmonization, 
integration, and co-analysis

Maelstrom Research

International research program
partnering with over 15 international 
networks and research consortia

Multi-disciplinary team
epidemiologists, data analysts, and computer 
scientists

Who we are:
Hosted at 

Research Institute of the McGill University 
Health Centre in Montreal, Canada

Facilitate collaborative epidemiological research through rigorous data 
documentation, harmonization, integration, and co-analysis

Open-source software
for data cataloguing, harmonization, 
integration, and co-analysis



Methodological guidelines and open-source software to 
support data collection, management, dissemination, 
harmonization and co-analysis

A central study catalogue to foster usage of available data

National and international platforms harmonizing, integrating 
and co-analysing data across studies



Define the research question(s)

Assemble information and select studies
1. Document individual study designs, 
methods and content
2. Select participating studies

Define variables and evaluate 
harmonization potential
1. Select and define the core variables to be harmonized 
2. Determine the potential to create the core variables 
using the study-specific data items

Process data
1. Ensure access to adequate study-specific data items and establish the overall data processing 
infrastructure
2. Process study-specific data under a common format to generate the harmonized datasets

Estimate quality of the harmonization dataset(s) generated

Disseminate and preserve final harmonization products
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Maelstrom harmonization guidelines 

Fortier, Isabel, et al. "Maelstrom Research guidelines for rigorous retrospective data 
harmonization." International journal of epidemiology (2016): dyw075.

http://ije.oxfordjournals.org/content/early/2016/06/05/ije.dyw075.full


A systematic but adaptable process

Iterative, dynamic process of
consideration, evaluation, 
discussion, validation

Documentation and assessment 
of source data heterogeneity 
to understand harmonized 
output



Assemble information and select studies: 
Cohort metadata catalogue

Study description 

(e.g., design, participant selection criteria, 
data collection events)

Areas of information 

(e.g., smoking, cancer, anthropometrics) 

Variable metadata 

(e.g.,variable name/label, categories, units) 

Specific data

(individual participants data collected)



Europe

46%

Africa

2%

America

42% Oceania

4%

Asia

6%

The Maelstrom Research metadata catalogue

Studies, including...

204 studies (122 with variables) 

6,349,772 cohort participants

933,144 variables

18 national and international networks

SPIRIT - Sino-Quebec 
Perinatal Initiative in 
Research and 
Information Technology

PHQE: Quebec 
Europe data 
harmonization 
platform

BRAIN - Broad and 
Deep Analyses in 
Neurodegeneration



Illustrative harmonization projects

Environmental, lifestyle and genetic factors related to the 
development and progression of cancer and chronic diseases;
Prospective design; 5 Canadian provinces

Urban environments and promotion of mental wellbeing and 
cognitive function of older individuals;
Retrospective design; 7 European countries, Russia, and Canada

Canadian pregnancy and birth cohorts data and biological samples 
to study Developmental Origins of Health and Disease (DOHaD);
Retrospective design; Canadian



Study Description

Design

Objectives
Study design

Start and end years
General information on follow-up

Recruitment target
Number of participants

Sub-population

Data Collection Event

Description of the population
Sources of the recruitment

Selection criteria
Number of participants

Description of the event
Start and end years

Data sources
Biological samples



Detailed study-specific source variable 
information





Define core variables (DataSchema)

Study 1 Study 2 Study 3 Study 4 Study 5

Variable X

Study 1 Study 2 Study 3 Study 4 Study 5

Variable X
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Quantity = number of studies to include
Quality = scientific relevance/precision



Study A Study B Study C

Period:

Week (7 days)

Unit:  

Drinks/week

Period:

Weekdays  (Sunday to Thursday)

Weekend days (Friday to Saturday)

Unit:

Per weekdays

Per weekend days

Period :

Weekday day (working day)

Weekend day (non-working day)

Unit:

Per day

status: Complete

Variable: Number of red wine drinks

status: Complete

Number of red wine 
drinks per week

X

DataSchema variable

Comment: The information on alcohol 
quantity is collected differently. The number of 
drinks of alcohol is asked in separate questions 
for working days and non working days without 
specifying the number of days of each period.

+

status: Impossible

Evaluate harmonization potential



Target variable: Frequency of Binge Drinking During Pregnancy

Study A Study B Study C

3 collections 2 collections 1 collection

1st collection : 8 – 14 weeks

Question: Since you have become pregnant, 
how often did you have 5 or more drinks on 
one occasion?

Response:  #days of week OR #days of month 
OR #days since beginning of your pregnancy

2nd collection: 20 - 24 weeks

Question: Since your last visit, how often did 
you have 5 or more drinks on one occasion? 

Response: #days of week OR #days of month 
OR #days since beginning of your pregnancy

3rd collection: 32 - 35 weeks

Question: Since your last visit, how often did 
you have 5 or more drinks on one occasion?

Response: #days of week OR #days of month 
OR #days since beginning of your pregnancy

1st collection : 12 – 16 weeks

Question: Please specify the number of times 
per month you have four or more drinks at the 
same sitting or occasion (during this 
pregnancy)?

Response: >= 1times/month. Please specify 
number:___  | < 1/month | None

2nd collection : 28 – 32 weeks

Question: Over the past 3 months, how often 
did you have four or more drinks at the same 
sitting or occasion?

Response: 6 to 7 times a week | 4 to 5 times 
a week | 2 to 3 times a week | once a week | 
2 to 3 times a month | about once a month | 
6 to 11 times a year | 1 to 5 times a year | 
never

1st collection : 21 – 39 weeks

Question: During this pregnancy, how many 
times have you consumed at least 5 or more 
drinks of alcohol in a day?

Response: continuous

Challenges
• Timing
• Wording of questions
• Wording of categories
• Responses options
• Data collection events



Process data: Access to data

Data repository application integrating 

and storing data from multiple sources 

Open-source software 

for data analysis



Table



Variable



Assess study-specific source data

• Verify:
• Data format and compatibility with Opal

• Entity IDs, duplicate IDs, IDs missing values

• Inclusion criteria

• Variable list, metadata, format

• Univariate checks

• Multivariate checks for cross-variable coherence

• Document issues, summary reports, communication with cohorts

• …



Generate core variables

Study specific variables

Case 1: Ever had sigmoidoscopy or colonoscopy

Case 2: Ever had sigmoidoscopy 
Ever had colonoscopy

DataSchema variable

Ever had sigmoidoscopy or 
colonoscopy



Variable summary 
statistics



Generate core variables



Estimate quality of harmonized dataset

• For each study-specific harmonized dataset:
• Validate harmonization process (algorithms, scripts)

• Validate data content and consistency

• Distributions and missing values

• Consistency with DataSchema (format, categories)

• Harmonization completion statuses

• Multivariate checks for cross-variable coherence

• Document issues, summary reports, communication with cohorts

• …



Alcohol consumption of mother 1 year prior to pregnancy : Y/N ?

Category Freq.

Every day 43

4-6 / week 185

2-3 / week 503

1/ week 380

2-3 /month 278

1 / month 185

< 1 /month 325

Never 461

Missing 5

Total 2 365

Category Freq.

Yes 2 728

No 590

Missing 23

Total 3 341

Study-specific 
harmonized 

variable

Category Freq.

Yes 1 899

No 461

Missing 5

Total 2 365

Study A

Study B

Study-specific 
harmonized 

variable

Category Freq.

Yes 2 728

No 590

Missing 23

Total 3 341

Study C

Study-specific 
harmonized 

variable

Category Freq.

Yes 0

No 0

Missing 2  187

Total 2 187

Category Freq.

Yes 261

No 1835

Missing 90

Total 2 187

59%
13%

28%

Harmonized variable

Yes

No

Missing



Harmonization potential across studies: 
CPTP Health and Risk Factor Questionnaire

Health and Risk Factor Questionnaire – Harmonized variables



Estimate quality of harmonized dataset

Understand the potential and limitations of the harmonized dataset
N Mean

ATL_Measurements 4872 130,88
ATL_Measurements 22703 88,01
ATP_Measurements 29347 89,8
ATP_Measurements 1149 90,2
BCGP_Measurements 16363 133,21
CAG_Measurements 19992 126,83
LSC_Measurements 649 129,78
Pilot_Measurements 7970 131,3

Sitting height



Proportion of participants with 
missing values for more than 5% 
according to data collection mode 
and basic demographic 
characteristics

Proportion missing values

Missing values: CPTP data collection mode



Harmonization process: MINDMAP variable profiles

Cognitive processing 
(z-score standardized)

Average # cigarettes smoked



Disseminate and preserve harmonization products

Harmonized variables

Ensure transparency and leverage usage of harmonized data



Data portal

A data portal application used to describe central
data and manage data access requests



Document the overall harmonization process



Maelstrom Research process for rigorous  
data harmonization

Retrospective data harmonization offers 
many benefits but is necessarily challenging.

Need a general systematic process that can be 
adapted to each initiative.

Applying systematic approach to ensure 
proper quality checks and documentation 
throughout is critical for assessing and 
interpreting results.



Funding and support:

www.maelstrom-research.org

THANK YOU! 



Population-based cohort studies



Study 
description



Dataset 
description



Variable 
description

Summary statistics (real time)



Variable  
search


