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Introduction

With dementia prevalence expected to triple by 2050 (1), continued resources are needed to
enhance our understanding of factors related to disease risk, resilience, and disparities. Though
progress has been made in developing drugs that have been successful in removing the proteins
hypothesized to underlie Alzheimer’s disease (2,3), large questions remain about how well these
treatments work (i.e., are observed benefits clinically meaningful), and for whom they work,
especially in the face of dangerous side-effects (4,5). While research in search of effective
treatments continues, evidence on life-course modifiable risk factors also points to the potential
for policy and lifestyle interventions that may be able to shift the needle at the population level (6).
Accumulating evidence supports the role of a variety of lifecourse risk factors related to
cardiometabolic disease (e.g., hypertension, cholesterol, diabetes), sensory impairment (e.g.,
vision and hearing loss), and social and physical environment (e.g., education, social isolation, air
pollution) (7,8). However, much of the existing evidence supporting this literature comes from

geographically restricted studies in high-income settings (9).

Though geographically restricted samples can provide important insights, generalizability can be a
concern; in contrast, population-representative samples can provide evidence for the same
population that would be impacted by large-scale policy changes or other evidence-based
interventions. In the same way that results from one area of a country may not generalize to a
national level, findings from one country are even less likely to generalize internationally due to
differences in culture and context, including the range of exposures people experience across the
lifecourse (10,11). Beyond the importance of conducting regionally relevant research, collecting
data across contexts to facilitate cross-national comparisons can lead to novel insights through the
comparison of settings with differences in exposure distributions or differences in effect modifiers.
Furthermore, comparisons of associations across settings with different contexts and therefore
different confounding structures can provide an important form of evidence triangulation and

strengthen causal arguments (12).

The Health and Retirement (HRS) study was originally established in the early 1990s to study the
economics of retirement and health among older adults in the United States (US). Over time, the
HRS has expanded and grown to include over 37,000 individuals and is nationally representative of
those over 50, becoming a key data resource for research on cognitive aging in the US (13). HRS has

also become the model for a growing number of studies in the HRS International Network of



Studies (HRS INS) which seek to replicate the design, structure, and content included in the HRS in
order to facilitate comparative research around the world (14-17). One of the key strengths of these
studies is the breadth of information collected across a wide range of topics; however, the time
devoted to any given topic is limited, therefore restricting the feasibility of administering more
detailed scales and assessments with high measurement precision. Prior evaluations of the
cognitive battery concluded that included tests were reasonable given constraints, but raised
concerns about the reliability and validity of the battery (18). In 2001, the HRS study team began
data collection for the Aging Demographics and Memory Study (ADAMS), a sub-study of the HRS
designed to collect more detailed cognitive measures and conduct a full clinical evaluation for
dementia. While successfulin its primary goals, the expensive protocol included in ADAMS limited

sample size and cohort diversity.

Building on lessons from the ADAMS sub-study, the Harmonized Assessment Protocol (HCAP) was
the second sub-study designed to augment the cognitive measures included in the HRS (19). In
addition to serving as a key data resource in HRS, one of the key goals from the inception of HCAP
was to launch a network of partner sub-studies to enable international comparisons of cognitive
aging across countries (19). The initial wave of data collection using the HCAP has now been
completed in the US, England, Mexico, India, China, Chile, and Europe, with the second round of

data collection already underway in a handful of countries (19-22).

Data collection efforts and analyses of cognitive data in the HRS INS and the HCAP studies have
spurred substantial research and led to wide-ranging insights, not only on associations between
risk factors and cognitive outcomes but on topics related to the measurement of cognition as well
(23-25). In particular, the comparable measurement of cognition cross-nationally given differences
in language, context, literacy, and education has been the topic of considerable attention and
research (26-28). The goal of the present paper is to summarize key lessons learned in developing
and administering cognitive assessments cross-nationally using both the brief HRS INS cognitive
battery and the HCAP. Guidance and insights from past data collection efforts can be used to

improve existing data collection efforts and inform the design of new studies.

Overall key considerations



Based on experiences and prior research within the HRS INS and HCAP networks, we highlight
three overarching considerations that researchers should keep in mind to enhance the

comparability and performance of cognitive batteries for use in cross-national research:

1. Consistency across studies and over time is key
2. Cognitive tests should be acceptable and feasible in both high-income and lower- and
middle-income countries (LMIC)

3. Longer test batteries perform better

Though straightforward, these guiding principles should be considered when making key decisions
on the items to include and the resources to devote to cognitive testing. Further nuance on each of

these topics provides additional insights that may help guide choices.

Consistency across studies and over time

Assessment consistency over time allows for longitudinal modeling and the estimation of cognitive
decline, strengthening the evidence on associations between risk factors and cognitive outcomes.
Consistency over time can also help researchers account for learning or practice effects, which are
often strongest between the first and second assessments, waning over time (29). Although some
researchers have previously suggested that small tweaks to tests may help alleviate practice
effects, this can complicate efforts to model practice effects and account for them statistically
(30). Ultimately, consistent estimation of cognition over time using the same cognitive tests is the
most straightforward way to facilitate the accurate modeling of longitudinal trajectories, accounting

for nuisance factors such as practice effects.

Consistency across studies is key in facilitating comparisons across studies as well. The
application of modern psychometric methods rooted in item response theory (IRT) for the
harmonization of cognitive functioning across studies has been increasingly used across study
consortia (31,32) and relies on the existence of common or “linking” items across studies.
Adequate and statistically appropriate linkage requires not only that items are identical, but that
administration differences are minimized as well. For example, though all studies had administered
10-word recall when conducting statistical harmonization of the studies with the HCAP battery,
investigators chose to separate 10-word recall into two items: one version in HRS-HCAP, ELSA-
HCAP, and CHARLS-HCAP which gave both visual and auditory stimuli, and another version in LASI-
DAD, Mex-Cog, and, Chile-Cog which gave only auditory stimuli (31). Beyond differences in the



different tests used, these administration differences, though small, can pose substantial barriers

to the successful harmonization of cognition across settings.

Acceptability and feasibility across contexts

In line with the goal of increased consistency across countries, it is optimal to select cognitive
items that can be validly administered across all contexts of interest. Cognitive tests with
substantial literacy or numeracy requirements may work well in high-income contexts, but pose
challenges in LMICs (28,33). Items on orientation to place or time are less relevant in contexts
where individuals have lower awareness of Western calendars or geographic boundaries beyond
their village (28,34). A number of studies in LMICs using the HCAP battery have also made
adjustments to accommodate populations with low literacy and numeracy, using for example
symbol cancellation instead of letter cancellation (35). Should these tests function adequately in
high-income contexts, adoption of the versions used in LMICs would serve to further strengthen

comparability and linkage across countries.

Beyond objective cognitive testing, even in informant reports of cognition, care needs to be taken to
ensure the items are culturally relevant and perform similarly across contexts (36). Prior work in the
LASI-DAD study has shown that some items of the Informant Questionnaire for Cognitive Decline in
the Elderly had limited cultural relevance, leading to high endorsement of the “doesn’t do” missing
data category for various items (37). Imputation of missing data in these items help increase
comparability, but existing evidence has also suggested that the performance of the scale may be

preserved even after dropping items with lower cultural relevance across settings (37).

Length of the test battery

The Spearman-Brown Prophecy Formula and classical test theory describe the magnitude of
improvements to the reliability of latent trait estimates with the addition of new items to an existing
scale (38,39). Given scale reliability influences the standard error of measurement for estimates of
cognitive functioning, increasing test length and therefore reliability is a key mechanism by which it
is possible to reduce measurement error, increase the ratio of signal to noise, and increase power
in subsequent analyses based on estimates of cognitive functioning. Though the length of
assessment overallis less of a concern in analyses using the HCAP battery, given the approximately

1-hour cognitive assessment, this is still a concern for the estimation of specific cognitive domains



such as visuospatial functioning, for which the HCAP battery only included a couple of tests,

limiting the precision of estimates (40).

Furthermore, longer batteries may allow for higher precision across the full range of cognitive
functioning, as it is easier to include tests with varying levels of difficulty. This can be important if
capturing both dementia as well as more mild forms of impairment are key study goals. For studies
focused on either cross-sectional differences between groups or the estimation of longitudinal
trajectories, it is important to have good measurement properties and high precision across the
range of cognitive functioning to ensure that findings are due to underlying abilities rather than

psychometric attributes of the measures of interest (41).

Evidence and specific lessons for the design of brief survey instruments for measuring

cognition in cross-national studies

Existing studies within the HRS INS have included measures of orientation, memory,
language/fluency, executive functioning, and visuospatial functioning (Table 1). Only orientation to
time (orientation) and immediate and delayed word recall (memory) have been consistently
administered across all studies. Of language tests, object naming (10/14 studies) and animal
naming (8/14 studies) were most consistently administered. However, object naming assessments
can differ in the specific objects included, impacting comparability. Serial 7s (12/14 studies) is the
most common item on executive functioning, whereas other cognitive test items on executive
functioning have been included more sporadically. Visuospatial functioning assessments were

included in only a handful of studies in the HRS INS.

Although the historical precedent of what has been previously administered in the HRS INS should
inform future decisions in attempts to maximize alignment over time and geographically, other
factors should be considered in tandem. One challenge with many binary items in the existing
batteries is low variability (e.g., because the items are easy, very few people answer incorrectly)
(28). This is a particular challenge with assessments of orientation and object naming, which are
commonly administered across the HRS INS. These assessments were initially developed for use in
clinical settings, or as cognitive screening instruments for dementia (42,43). Although such
assessments are helpfulin identifying individuals with very severe cognitive impairment or
dementia, they are not typically helpful for understanding more mild impairment or cognitive

decline. In population-based settings and studies, where relatively few people have severe



impairments, these items will only be helpful in quantifying cognition for a select number of people
with extreme impairment. While the identification of those with dementia or severe cognitive
impairment may be of particular interest, warranting the focus on capturing low cognitive
performance, extremely low performance on continuous assessments of cognition (e.g., word
recall or animal naming) also points towards severe cognitive impairment or dementia (44). Similar,
continuous assessments of cognition can provide information across a range of cognitive
functioning and are helpful not only for identifying dementia but also for the measurement of subtle

decline or mild deficits.

Continuous measures of cognition with the ability to discriminate across a wide range of cognitive
functioning can provide critical information for cross-country comparisons when acceptable
across settings and administered comparatively across countries. The utility of such measures is
highlighted by the extent to which the existing literature on cross-national comparisons of cognitive
functioning in the HRS INS relies on the word recall and animal naming tasks (45-49). As a
continuous measure of cognition that is informative across the range of cognitive functioning, and
which has been administered comparably across countries, word recall in particular provides an
important link between studies and facilitates comparisons. However, it is important to note
limitations; word recall is a memory measure, and does not capture other aspects of general
cognitive functioning, nor should the measure be interpreted as general cognitive functioning (50).
The addition of other continuous measures administered consistently across countries in the HRS

INS core batteries may bolster the ability to make more generalized conclusions.

Although adding or modifying existing test batteries in the HRS INS will have important and
meaningful effects on future cross-sectional research or prospective longitudinal research,
benefits on longitudinal research including information from prior waves may be limited. Though
methodological approaches based in IRT methods could theoretically allow for the estimation of
cognitive functioning on a constant metric when cognitive tests change over time (51), the
performance of such methods requires the reliability of the measure to be unchanged by addition
or subtract of cognitive test items. When these approaches were testing in the English Longitudinal
Study on Aging to incorporate additional cognitive tests adding in Wave 7, changes to the reliability
led to spurious longitudinal trends (50), suggesting that larger batteries with greater precision
across the full range of cognitive functioning are needed to appropriately apply these methods to

assessments of cognitive functioning in the HRS INS.



Evidence and specific lessons for the design of longer survey instruments for measuring

cognition in cross-national studies

The approximately 1-hour HCAP battery contains a larger set of consistent items across studies
and greater coverage of the orientation, memory, executive functioning, and language domains
(Table 2). The language domain had the largest number of items administered across all or almost
all studies, although many items in this domain and in the orientation domain have issues with low
variability (i.e., most respondents get these items correct). The memory domain had the largest
number of high-quality items administered consistently across all or almost all studies, including
word recall (3 items), the two story recall tests (5 items) (Mex-Cog did not include story recognition),
and delayed constructional praxis (28,31). However, CHARLS-HCAP did not include either story
recall test. Executive functioning has fewer items in common across HCAPs, though all studies
have symbol or letter cancellation. It is important to note, however, that letter cancellation
(administered mostly in high-income contexts) and symbol cancellation (administered mostly in
low-income contexts) cannot be considered comparable despite their similarities (31). Although
the HCAP battery is substantially longer than what is included in the HRS INS, assessments of
visuospatial functioning in HCAP are brief. This highlights the importance of comprehensive
content coverage across domains of interest, as it is difficult to estimate latent constructs with
fewer than three indicators (52). When estimating visuospatial functioning using confirmatory
factor analysis, the small number of items available in HRS-HCAP posed challenges, and
investigators decided to drop the copying polygons item, leaving visuospatial functioning

represented by constructional praxis alone (40).

Although the a priori efforts and emphasis on the development of a harmonized network of studies
has paid off by leading to greater harmonization of cognitive items administered in studies with the
HCAP battery compared to the HRS INS, adjustments may still help in enhancing comparability
across studies. Many of the largest changes to the HCAP battery were made in adjusting the battery
of tests for use in LMICs, and in populations with low levels of literacy, numeracy, and exposure to
test-taking. In addition to changing letter cancellation to symbol cancellation, important
adjustments have been introduced in the trail-making test (using colors and shapes, rather than
numbers and letters) (53), and naming assessments (adjusting the objects used) (35), among
others. A number of new executive functioning tests that do not rely on numeracy, such as the

token test and the Go-No-Go test have also been introduced to bolster the assessment of executive



functioning in LMICs (35). These types of adjustments are necessary to ensure adequate
performance of the batteries across settings but do affect comparability. To the extent possible, the
adoption of some of these assessments in high-income countries as well would improve the ability

to statistically harmonize estimates of cognitive functioning between countries.

One important addition to the longer HCAP battery is the inclusion of informant assessments of
cognitive and physical functioning by a close friend or family member. Informant reports can be
particularly helpful in assessing the physical consequences of cognition or the impacts of cognition
on everyday functioning, as those with cognitive impairment are unlikely to be able to report their
own cognitive failures (54). Supporting the notion that informant reports contain important and
meaningful information, the use of screening procedures using both the Mini-Mental State
Examination (MMSE) and the Informant Questionnaire for Cognitive Decline in the Elderly (IQCODE)
has been shown to outperform the use of either scale in isolation (55,56). Further, in studies that
have developed algorithmic approaches to classify dementia using the HCAP battery, data from
informant reports plays an important role in applying rules from the Diagnostic and Statistical
Manual of Mental Disorders to existing survey data (57,58). Although measurement error in
informant reports is likely, and evidence exists that characteristics of the informant, unrelated to
cognitive functioning, may influence reporting (36), the sources of bias in informant reports are
likely different than those observed in objective cognitive testing, which may help in triangulating

evidence to better understand and characterize cognitive functioning.
Lessons to inform the administration of cognitive testing in cross-national studies

Beyond the choice of which cognitive tests to administer, there are a multitude of additional details
and processes related to the administration and adaptation of cognitive tests that can be incredibly
impactful in ensuring the validity and comparability of cognitive testing. The process of cultural and
linguistic adaptation in particular should be an ongoing consideration throughout the design and
implementation of cognitive testing. In any new setting, pilot testing to ensure cultural relevance is
necessary, and participants piloting cognitive tests should ideally mirror the population of interest,
with diversity across factors such as education, cognitive ability, language, and geography, all of
which may impact testing. This type of diversity is necessary to flag issues related to specific sub-
populations or issues in the comparisons of different groups. Studies also need to stay nimble and
amenable to change in the case of emerging issues. Due to concerns about the lack of familiarity

with cacti in the Indian context, LASI-DAD investigators chose to change this item to naming a



coconutin Wave 1 (35). However, inspection of Wave 1 data and conversations with field
investigators highlighted important state-level differences — the proportion who answered correct
was considerably higher in coastal states in southern India than in mountainous landlocked states
in the north (59). Based on this data and feedback, investigators chose to change this item to
naming a tree in Wave 2 (59). Comprehensive data monitoring, both as data is collected during
waves, and after data collection is complete is important to ensure the validity of cognitive testing,

to allow studies to remain responsive to problems that emerge, and to improve the quality of data.

Beyond the cognitive scores directly, missing data on cognitive testing also should be considered.
Nuances underlying missing data codes can impact the interpretation and ultimately the scoring of
data on cognition. In other types of survey data, all missing data are treated the same, but a missing
data code of “don’t know” on cognitive testing is typically recoded as 0, as not knowing the answer
to a cognitive test implies that they respondent could not answer. In contrast, “refusal” or other
missing codes indicate more general forms of missingness and are often imputed (60,61). Given the
importance of this distinction, it is imperative that studies allow for these different forms of
missingness and train interviewers in their appropriate use. Even in informant questionnaires, the
inclusion or exclusion of missing data option such as the “doesn’t do” option on the IQCODE
questionnaire, has been shown to have detectable impacts on comparisons of mean IQCODE

scores (36).

Supplemental questions or assessments to better understand characteristics that may impact the
testing environment or informant reports can also provide key insights and enable the application
of post-hoc corrections or imputations to improve data quality. Sensory impairment, including
vision and hearing loss, as well as physical impairments, including motor issues or tremor, can
impact cognitive testing and effect missingness or scores. Both assessments of interviewer
observations and objective testing to measure sensory and physical impairments can be helpfulin
determining the impacts of potential deficits on cognitive testing. As prior research has shown that
the characteristics of informants can impact informant reports independent of the respondent’s
cognitive functioning (36,62-65), it is also important to ensure that this data is captured and to

adjust for this potential source of bias in subsequent analyses.

On a larger scale, the mode of administration of cognitive testing in surveys also warrants
consideration. Although historically most cognitive testing is done in face-to-face interviews and

the HCAP battery is designed to be and is implemented as a face-to-face assessment, the core
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HRS INS sometimes utilize different modes of data collection to reduce costs and increase
retention. Though HRS has successfully implemented data collection via telephone and web-based
surveys to achieve these goals (13), mode shifts can have large impacts on cognitive testing (66,67).
Different modes allow for the use of different strategies, including looking up the answers to
questions, or writing down word lists, which may make cognitive tests easier. Although face-to-face
interviews are preferred for cognitive testing, when utilizing different modes of data collection, the
use of calibration samples where both versions of the assessment are administered or the use of
randomization to assign interview mode are critical tools to allow the estimation of mode effects

and the correction of this source of bias.
Conclusion

Despite challenges in the collection of cognitive data across countries in the HRS INS and studies
using the HCAP battery, these surveys are an important and valuable data resource for researchers
focused on cognitive aging. The implementation of harmonized data collection efforts in these
studies has yielded many important lessons in understanding the best practices and key
considerations for the measurement of cognition, with focus on harmonization and cross-national
comparisons. Choices in the design and implementation of cognitive testing will ultimately require
weighing a variety of factors, including consistency across studies and time, feasibility and
acceptability, length of the battery, and resource limits. Though there is no single correct way to
approach the goal of balancing these factors, key considerations and lessons learned from the
implementation of cognitive testing in the HRS INS and in studies using the HCAP to date can
provide lessons on the implications of different choices, and emphasize the importance of
attention to all components of data collection efforts, including pilot testing and data monitoring,
missing data, and collection of information on characteristics that might influence cognitive
testing. These considerations and recommendations, based on experiences administering the
cognitive batteries in HRS INS and HCAP, should be used to guide choices in upcoming data
collection efforts, with future lessons learned from these upcoming data collection efforts
continuously considered in updating and refining protocols for cross-national assessments of

cognition in future HRS INS waves, studies using the HCAP, and other new data collection efforts.
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Table 1. Concordance table showing the cognitive tests included in at least one wave across the HRS INS studies.

HRS | MHAS | ELSA | SHARE | CRELES | KLoSA | JSTAR | TILDA | CHARLS | NICOLA | ELSI | LASI | SPS | MARS
Orientation
Orientation to Time X X X X X X X X X X X X X X
Orientation to Space X X X X X X X X X
Memory
reCalllmmed|ate and delayed word > > > > > % % % < % % < % %
Recall planned action X X X
Figure recall X X
Language/Fluency
Object naming X X X X X X X X X X
Animal naming X X X X X X X X
Writing or reading a sentence X X X X X X
Repeat a phrase X X X X
Close your eyes X X X X X
Country ruler X X X X X X
3-stage task X X X X X X X
Medicine label comprehension X X
Executive functioning
Clock drawing X X
Serial 7's X X X X X X X X X X X X
Symbol cancellation X X
Backwards counting X X X X X X X
Backwards digit span X X
Number series X X X X
Numbers in everyday life X X X X X
Visuospatial
Overlapping pentagons X X X X X
Overlapping circles X X

*SPS refers to the SPS-ENCAVIDAM sub-survey but is shortened to “SPS” for brevity
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Table 2. Concordance table showing the cognitive tests included in at least one wave across HCAP

studies.

HRS-HCAP

ELSA-HCAP

LASI-DAD

Mex-Cog

CHARLS-HCAP

Chile-Cog

Orientation

Day of the week

Day of month

Month

X
X
X

Season

Year

XXX |[X X

XXX XX

XXX XX

XXX XX

XXX XX

What time is it

What city are we in

X

What county are we in

XX

X [X

XX

What province are we in

What country are we in

What floor are we on

What street are we on

XXX X

What building are we in

X X

What address are we at

X

XX

X

Memory

Word listimmediate 3 trials

Word list delay

Word list recognition

X XX

Logical memory immediate

Logical memory delay

XXX |[X X

XXX XX

Logical memory recognition

East Boston memory immediate

East Boston memory delayed

Constructional praxis delay

3-Word recall immediate

3-Word recall delay

XXX XXX XXX XX

XXX XXX XXX XX

XXX XXX XXX XX

XXX |[X X

XXX |[X (X

Executive Functioning

Symbol/letter cancellation

X

X

X

Symbol digit modalities test

XX

X [X

Symbols and digits test

X

Serial threes

Serial sevens

X XX

Spelling backwards

Backward day naming

Backward counting

Backwards numbers

Backward counting from 20

Number series

Digit span forward

Digit span backward

Trail-making test part A

Trail-making test part B

Raven’s progressive matrices

X XX

X XX

Go-No-Go

Token test

XXX XXX [X
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Similarities

Problem solving

XX

Language

Animal fluency

X

Name cactus

Name coconut

Name tree

Name scissors

Name prime minister

XX

X X

XXX (X

Name deputy president

Name elbow

Do with a hammer

X [X

Following instructions

Where is the local market?

XXX |[X

XXX |[X

XXX (X

Define bridge

XXX |[X X

Name watch

Name pencil

XX

XX

XX

XX

XXX (X

Name shoe

Write/say a sentence

Point to things

Read and follow command

Repetition of phrase

XXX |[X

Following instructions 3-step

XXX |[X X

XXX XX

XXX |[X X

XXX XXX X

XXX XX

Visuospatial Functioning

Constructional praxis

Copy polygons

XX

X | X

XX

X [X

Clock drawing

X XX
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