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4. Rationale:

Data harmonization methods provide powerful approaches for combining multiple large,
population-based data sets, and have been increasingly applied to cognitive data (Gross et al.,
2014). Pooling cognitive data from longitudinal population-based cohorts facilitates improved
power and novel capabilities to investigate biomedical, lifestyle, and cultural factors that may
affect cognition across the lifespan (2,3). Harmonization endeavors require pre-statistical
harmonization steps to identify common tests and/or test items across datasets.

Pre-statistical harmonization (Griffith et al., 2013) is a complicated, qualitative
component of the harmonization process that precedes pooling of data from different studies. It
involves a careful review of cohort characteristics (e.g., subject selection procedures,
demographic factors such as race/ethnicity, socioeconomic status, language) and of available

variables of interest. Pre-statistical harmonization also involves review of cognitive instruments
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and associated data in individual datasets to identify common and unique test items across
datasets, as well as candidate items that might be made comparable with minimal transformation.
A critical challenge in harmonizing large population-based datasets is the considerable
variability that exists in the instruments used to measure cognition, and the procedures for
administering them. Even seemingly equivalent cognitive instruments may exhibit differences in
implementation across studies that could impact test score interpretation and suitability for data
pooling. Variability such as differences in test version, administration and scoring rules, and
selection of summary scores for specific instruments may contribute to such differences. Despite
these challenges, this critical step of the harmonization process is rarely described. We aim to

describe our procedures and findings from this critical step of the harmonization process.

5. Main Hypothesis/Study Questions:

The goal of the present paper is to describe the procedures and findings from the pre-
statistical harmonization of cognitive instruments for six longitudinal population-based cohorts:
the Atherosclerosis Risk in Communities (ARIC) study, the Coronary Artery Risk Development
in Young Adults study (CARDIA), Cardiovascular Health Study (CHS), Framingham Offspring
Study (FOS), Multi-Ethnic Study of Atherosclerosis (MESA), and the Northern Manhattan Study
(NOMAS). Specifically, we will: 1) describe findings from our detailed review of the
administration, scoring procedures, and score ranges of cognitive instruments across cohorts to
determine their degree of equivalence and suitability for pooling; 2) examine the impact of
procedural differences on test score equivalence across cohorts; and 3) offer recommendations

for the pre-statistical harmonization process for future studies.



6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Cohort studies: Six NIH-funded, longitudinal cohort studies will be included in the
present study: The Atherosclerosis Risk in Communities Study (ARIC (5)); The Coronary Artery
Risk Development in Young Adults Study (CARDIA (6)), the Cardiovascular Health Study
(CHS (7)); the Framingham Offspring Study (FOS (8)), the Multi-Ethnic Study of
Atherosclerosis (MESA (9)) and the Northern Manhattan Study (NOMAS (10)). A description of
each cohort study is available (11).

Procedure: Neuropsychologists (EB, BG) will identify cognitive instruments in each of
the six cohort studies from documentation provided by each cohort, from available published
papers, and from scrutiny of provided datasets. Cohort study investigators will be contacted to
request unpublished administration, scoring, and procedural details of cognitive test batteries.
Cognitive tests will be reviewed and categorized into relevant cognitive domains (e.g., memory,
executive functioning) by neuropsychologists (EB, BG). All cognitive instruments will be
reviewed for inclusion in the harmonization, with the exception of instruments that measure
crystallized abilities that are known to be insensitive to age-related cognitive decline (e.g.,
measures of literacy and premorbid intellectual functioning) in light of study aims. For cognitive
instruments for which composite test items are available (e.g., individual test items for the Mini
Mental State Examination (MMSE); Telephone Interview for Cognitive Status (TICS), Modified
Mini Mental State Examination (3MSE), or Montreal Cognitive Assessment (MoCA)), each test
item will be reviewed. Common and unique instruments and test items across cohorts will be

identified.



After available cognitive instruments were identified, procedural details will be gleaned
from documentation provided by each cohort study, including test forms, data entry forms, and
administration and scoring instructions. Procedural details extracted from this process will
include the published test version, administration and scoring details (e.g., stopping rules;
acceptable responses for specific items), possible raw score ranges (based upon the instrument
structure and number of items), and metrics available for each instrument (e.g., individual item
data, raw and standardized summary scores). Available raw data for each instrument will also be
reviewed for score ranges and distributions. When procedural or distributional differences
across cohorts in common test items are identified, each item will be reviewed for possible data
transformation.

Data analysis: The findings from this detailed review, including procedural differences
amongst common cognitive instruments, will be summarized in tables. We will select a
representative example of an instrument that is administered across two or more cohorts and will

illustrate the impact of procedural differences on test score distributions.
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