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life cognitive functions that are sensitive to linguistic, cultural, and educational
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comparison across diverse populations without careful consideration of the best prac-

considerations and offers a set of recommended best practices for conducting cross-
national comparisons of risk factor associations using HCAP data. Because existing and
planned HCAP studies provide cognition data representing an estimated 75% of the
global population >65 years of age, these recommended best practices will support

high-quality comparative analyses of cognitive aging around the world. The principles
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1 | INTRODUCTION

By 2050, ~75% of Alzheimer’s disease and related dementias (ADRD)
cases are projected to occur in low- and middle-income countries.! This
projected shift in the ADRD case burden and associated global popu-
lation aging has, in part, led to the rise of cross-nationally harmonized
studies of aging around the world. The Harmonized Cognitive Assess-
ment Protocol (HCAP) is a harmonized cognitive battery that aims
to provide a comparable yet flexible instrument with which to mea-
sure the cognitive function of older adults around the world.? It was
developed by investigators from the U.S. Health and Retirement Study
(HRS) in collaboration with several of its International Partner Stud-
ies and has been fielded recently in sub-samples of these studies.?>
The HCAP includes neuropsychological test items selected from exist-
ing, validated cognitive test batteries alongside an informant interview
to provide data for the classification of mild cognitive impairment and
dementia.2 For more details on the HCAP battery content and its
comparability across HCAP studies, see Langa et al. and Gross et al.23

The HCAP and its implementation in the HRS International Part-
ner Study network expand upon related initiatives, such as the 10/66
dementia studies in low- and middle-income countries* and the post
hoc data harmonization efforts by the Integrative Analysis of Lon-
gitudinal Studies on Aging (IALSA) network, the Cohort Studies of
Memory in an International Consortium (COSMIC) collaboration, and
others.>”” The HCAP studies represent the novel implementation
of a harmonized cognitive battery within an existing network of
population-representative cohorts with harmonized designs and mea-
sures to further facilitate harmonization of data on cognitive function,
impairment, and dementia and their risk factors across diverse high-
, middle-, and low-income countries.? As of late 2023, the HCAP has
been implemented in 18 countries around the world, with plans for
future HCAP administration underway in at least 6 countries (Figure 1).
These existing and planned HCAP studies represent ~75% of the global
population >65 years of age, such that the HCAP will be a major data
resource for understanding the nature of cognitive aging globally.

The HCAP data may be used by researchers for multiple purposes.
An important use of the data is to provide comparable prevalence
and incidence estimates of mild cognitive impairment and dementia
across different countries. Another important purpose is to lever-
age cross-national variation in suspected risk and protective factors
to gain comprehensive insights into dementia etiology around the
world. Regardless of the research question, researchers wishing to

use the HCAP or other harmonized data for cross-national compar-

described in this perspective are applicable to any researcher aiming to integrate or
compare harmonized data on cognitive outcomes and their risk and protective factors

across diverse populations.

cognitive function, cognitive impairment, cross-cultural research, cross-national comparisons,
harmonization, measurement

isons of risk factor associations with later-life cognitive outcomes
must carefully consider the theoretical grounding of their question
and the methodological options available for answering it. Although
there is a precedent for conducting cross-national comparisons for
other health outcomes such as obesity,® unique considerations are
necessary for cross-national comparisons using continuous cognitive
scores, such as those generated by the HCAP battery. Language, lit-
eracy, numeracy, and cultural differences across populations may bias
assessments of cognitive function when test items are improperly
selected for populations, improperly translated into different lan-
guages, or inappropriately adapted across educationally and culturally
diverse contexts.”10 There is a long and harmful history of intelli-
gence testing that is inextricably tied to inaccurate and racist concepts
of global “racial” differences and hierarchies.!! Global cognitive aging
researchers would do well to be aware of and to avoid reifying this type
of approach when planning their studies and interpreting their find-
ings. As population-based data on later-life cognitive function around
the world become increasingly publicly available, it is imperative that
researchers treat these data fairly, and that they avoid interpretations
of results that attribute observed between-group differences in cog-
nitive outcomes or their risk factors to innate differences between
people or populations based on their assumed national or other
origin.

The aim of this perspective is to discuss theoretical and method-
ological considerations and challenges and to describe a set of rec-
ommended best practices for researchers conducting cross-national
comparisons of risk and protective factor associations with later-life
cognitive function using data from the HCAP batteries. The principles
described in this article are applicable not only to HCAP data users but
to any researcher aiming to integrate or compare harmonized data on
cognitive outcomes and their risk and protective factors across diverse
populations.

2 | THEORETICAL CONSIDERATIONS

The theoretical considerations discussed in this section refer to the
thought required in developing a scientific rationale, research question,
and hypothesis for a cross-national comparison analysis. A set of rec-
ommended best practices regarding these considerations is outlined
in Table 1 as a series of questions that researchers may ask them-
selves when designing a cross-national comparison analysis of later-life

cognitive outcomes.
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Map of countries with Harmonized Cognitive Assessment Protocol (HCAP) studies, according to stage of progress as of July 2023:

funding applied for, funding received, data collection begun, data collection complete, and data collection complete and publicly released.

2.1 | Why compare cognitive function risk-factor
associations across countries?

Despite projections about the global distribution of ADRD cases to
come, the bulk of existing dementia evidence comes from the popula-
tions of Western, high-income countries.? Expanding the geographic
scope of existing dementia research is an issue of global equity in
representation in the dementia evidence base. It is also an opportu-
nity to study new risk and protective factors that may have differing
prevalence, distributions, or associations with outcomes across diverse
country contexts.'3 Geoffrey Rose’s seminal text, “Sick Individuals and
Sick Populations” illustrates this point through a discussion of the dis-
tribution of systolic blood pressure among middle-aged men in two
populations: Kenyan nomads and London civil servants.’* An analy-
sis of either of these populations alone would help us to identify the
reasons for individual differences in high blood pressure within popu-
lations, thus answering the question, “Why do some individuals have
higher blood pressure than others?”1* Despite the clinical importance
of such a question, an analysis to provide its answer would miss the
more important public health question asked by Rose, which was “Why
is hypertension absent in Kenya, and common in London?”* One could
consider the analogous question as applied to cognitive function and
impairment or dementia. Despite nearly 40 years having elapsed since
its original publication, researchers have yet to apply the principles

laid out in “Sick Individuals and Sick Populations” in a meaningful way
toward understanding cross-national variation in later-life cognitive
function and outcomes.

Indeed, the triangulation of risk and protective factor associations
across populations and study designs is an important epidemiological
tool that can provide novel etiological insights.’> Formally, trian-
gulation is the practice of strengthening causal inference through
integrating results from different studies and settings with differ-
ing and unrelated sources of bias.’31° It involves making qualitative
inferences about the nature of an exposure-outcome relationship
through evaluating estimates from multiple such sources. The applica-
tion of a triangulation approach to cross-national comparisons using
harmonized cognitive outcome data would specifically leverage het-
erogeneity in the country contexts in which cognitive tests have been
administered, as the confounding structures of data arising from these
countries may differ. The HCAP studies and their parent studies in
the HRS International Partner Study network are longitudinal cohort
studies with harmonized designs and measures, which enhances the
likelihood that observed differences in findings from these studies are
due to contextual factors rather than methodological artifact.

An example of a useful association that could be triangulated across
HCAP studies or other cross-nationally harmonized studies is that
of education and later-life cognitive outcomes. Education is one of

the strongest known protective factors for later-life cognitive decline
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TABLE 1
harmonized cognitive function data.

Theoretical considerations:

o Carefully consider the purpose of the comparative research question.

Recommended best practices for cross-national comparisons of risk factor associations for later-life cognitive outcomes using

o s across-national comparison necessary to answer the research question or better contextualize the data or results at

hand?
o What is the hypothesis regarding cross-national differences?

® Incorporate knowledge of relevant social, cultural, economic, political, and historical contextual factors of the countries

under study.

o s theresearch question appropriately informed by relevant country-specific contextual factors?
o s theinterpretation of results appropriately informed by relevant country-specific contextual factors?
o Arelocal collaborators needed to provide appropriate expertise and experience?

Methodological considerations:

® Ensure that the primary exposure variable can be harmonized.

o Do the measured exposure variables conceptually represent the same construct across countries?
o Do any measurement differences prohibit harmonization of the exposure variable?
o If the exposure variable cannot be harmonized, what are the implications for the project?

® Ensure that data on desired model covariates are available for all countries under study.
o Does the same confounding structure apply to the research question across all countries under study?

o Are data available on all suspected confounders within each country?

o If the suspected confounding structure varies across countries, will country-specific models with unique covariate sets be

sufficient to answer the research question of interest?

® Choose the most appropriate modeling strategy for the research question and data.

O Is apooled analysis or parallel analyses the most appropriate?

o If apooled analysis is conducted, are fixed effects for country sufficient to answer the question?

o If a pooled analysis with fixed effects for country is conducted, have interaction terms between confounders and country
been tested or the outcome residualized for country-specific confounders?

o If apooled analysis is conducted and random effects preferred, is the group-level N sufficient?

o If apooled analysis is conducted, what is the desired approach to handling sampling weights?

and dementia risk,!? yet unresolved concerns remain regarding the
causality of this association due to the strong potential for confound-
ing by early-life socioeconomic conditions or early-life cognitive
ability as common causes of educational attainment and later-life
dementia risk.26-18 Estimating the education-cognitive function
association across countries where the early-life drivers of entry into
and progression through the educational system vary would provide
an opportunity to triangulate results and evaluate their consistency
across settings with different confounding structures.

Researchers aiming to use the HCAP or other cognitive func-
tion data that have been harmonized across countries or populations
should consider the purpose of their research question. For example,
is the purpose of the comparative research question to understand
whether a suspected association consistently holds in direction and
magnitude across different settings? If so, what does the researcher
hypothesize about differences in the association under study across
settings, and why? Setting up this kind of comparative research ques-
tion and hypothesis requires substantial background knowledge of
the social, political, economic, cultural, and historical contexts of the
countries or populations under study, in addition to the design and
methods of the data sources being used. For example, a researcher
conducting a cross-nationally comparative analysis of later-life cog-
nitive function utilizing data from the Longitudinal Study of Aging in
India—Diagnostic Assessment of Dementia (LASI-DAD) study in India

should be aware of social norms regarding gender and caste in India,

the diversity of language and religions in India, and the country’s his-
tory of partition and independence from British colonial rule. Cognitive
function and dementia risk are heavily socially patterned,’?-2°> and
knowledge of a country’s history and context should be drawn upon
to inform the research question, help select and craft variables for
analysis, and support a rich and thoughtful interpretation of results.
If researchers do not have such knowledge themselves, they should
consider involving local collaborators with relevant knowledge and
experience.?® Indeed, for etiological triangulation as described ear-
lier to be successful, researchers must have an informed idea of the
confounding structure for a given association of interest under study
within each country of interest. Without a clear idea of the relevant
context of each country as it relates to shaping cognitive function and
dementia risk of the older adults represented by each HCAP study, a
high-quality cross-national comparison study is not possible.

2.2 | A warning against essentialist interpretations
of cross-national cognitive data

Because the HCAP data are intended to be a publicly available data
resource, it is important to recognize that there are many possible
interpretations of country-level differences in the means and distribu-
tions of cognitive function data. Although the HCAP is designed to be
a harmonized cognitive battery, the items in the HCAP battery have
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undergone translation into several different languages and adapted for
cultural appropriateness and for non-literate and non-numerate pop-
ulations. For example, an object naming (language) item that asks the
respondent to name a cactus was adapted to refer to a coconut in Wave
1 of the LASI-DAD study in India, as cacti are not indigenous to India.
These adaptations may alter the difficulty, meaning, interpretation, or
scoring of items, which could lead to observed country-level differ-
ences in scores being due to incommensurate measurement, rather
than real population differences in cognitive function.'?

The HCAP battery data from six countries (United States, England,
Mexico, China, India, and South Africa) have undergone a post hoc
process of pre-statistical and statistical harmonization to account for
these adaptations.3? In the pre-statistical harmonization step, each
HCAP cognitive test item was determined by a panel of neuropsychol-
ogists and epidemiologists in collaboration with HCAP study fieldwork
teams to be “comparable” or “non-comparable” across countries, based
on their respective adaptations.>? In the statistical harmonization
step, factor scores for general cognition and domains of memory, lan-
guage, orientation, and executive function were constructed using item
response theory-based models that were serially estimated across
countries with item parameters for “comparable” items held constant
and item parameters for “non-comparable” items freely estimated.
Figure 2 presents the means and distributions of these statistically
harmonized factor scores. These scores are in the process of becom-
ing publicly available for data users through HRS International Partner
Study websites and the Gateway to Global Aging Data website.

Although country-level differences in mean scores and their dis-
tributions are evident from Figure 2, it is important to guard against
essentialist interpretations of these country-level differences that
attribute them to inherent differences between people or populations.
Rather, there are global differences in the totality of risk and protec-
tive factors for later-life cognitive function and decline that people
experience across their lifetimes. The degrees to which the impacts of
these factors are mitigated or exacerbated by contextual factors such
as policies and social and physical environments is likely to vary across
countries.?>27 Comparisons of risk-factor associations across diverse
country contexts, rather than direct comparisons of means, are thus
valuable for understanding how these factors play out across differ-
ent settings to affect later-life cognitive function, decline, and dementia
risk.28

It is important to note that despite test item adaptations and sub-
sequent statistical harmonization, as in the factor scores presented
in Figure 2, there may be cultural, linguistic, and other assumptions
“baked in” to many cognitive test items that cannot be corrected for,
and which may favor English-speaking, highly educated, and Western
populations. Such assumptions can never be fully empirically quanti-
fied after HCAP battery data collection, as the statistical procedures
required to harmonize tests rely on untestable assumptions.” HCAP
data users should consider these possibilities as they interpret their
findings. Additional sensitivity analyses can be helpful to identify
potential areas of measurement error or bias, which could be achieved
through approaches such as manipulating scores to have variable

floor and ceiling effects, using alternative linking approaches such as

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

equipercentile equating, or using tobit regression where floor or ceiling
effects are observed.2%%0

3 | METHODOLOGICAL CONSIDERATIONS

Once a comparative research question and hypothesis are settled
upon and well justified based on theory and prior evidence, the
methodological considerations discussed in this section become rel-
evant for conducting cross-national comparison analyses (Table 1).
Table 1 presents these considerations as a series of questions that
researchers may ask themselves when designing a cross-national com-
parison analysis of later-life cognitive outcomes. These considerations
are discussed with the assumption that the cognitive outcome vari-
able(s) of interest are appropriately measured and harmonized as best
as possible according to modern methodology, as with the HCAP data
or other cognitive function assessments that are harmonized across
settings or populations. Further discussion of modeling approaches
for cross-national comparisons of aging data broadly can be found in
Kapteyn,3! with an emphasis on studying the causal effects of policies
on aging-related health outcomes. Here, we complement his discus-
sion, focusing on aspects that received less or no attention in Kapteyn’s

paper, with a focus on harmonized cognitive outcomes.

3.1 | Ensure that the primary exposure variable
can be harmonized

This consideration is not simply a data feasibility issue. Harmonization
of exposure variables requires an understanding of the construct
of the exposure across the countries or populations under study.
Several exposures of interest for understanding later-life cognitive
outcomes may have different meanings across different settings.2®
For example, educational attainment is typically measured in research
studies either as years of education or degree level obtained. The
mechanisms through which education is thought to promote cognitive
health include the conferral of knowledge, the conferral of skills
such as literacy and numeracy, providing enhanced opportunities for
employment and earnings, shaping social networks, and influencing
health-related behaviors.32-34 Educational attainment may be dif-
ferentially effective in conferring these outcomes across different
settings where the quality, content, and access to educational curricula
vary, and where post-educational opportunities for employment and
social mobility may vary as well. Hence, the construct of educational
attainment as typically measured in research studies may not be
similarly associated with cognitive function across different contextual
settings. Although some researchers may consider this a violation
of the consistency assumption for causal inference, violations of the
consistency assumption may in fact be informative.?® In the case of
cross-national cognitive aging research, understanding consistency
violations can improve our understanding of global heterogeneity
in commonly used research constructs, support the refinement of

measurements of these constructs across diverse global settings,
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FIGURE 2 Distributions of general cognitive factor scores for HCAP data in six studies: Health and Retirement Study Harmonized Cognitive
Assessment Protocol (HRS-HCAP, United States), English Longitudinal Study of Aging Healthy Cognitive Aging Project (ELSA-HCAP, England),
Mexican Cognitive Aging Ancillary Study to the Mexican Health and Aging Study (Mex-Cog, Mexico), Longitudinal Study of Aging in
India—Diagnostic Assessment of Dementia (LASI-DAD, India), Health and Aging in Africa: A Longitudinal Study of an INDEPTH Community in
South Africa Dementia Study (HAALSI-HCAP), and China Health and Retirement Longitudinal Study (CHARLS-HCAP, China). The general
cognitive factor scores are standardized to the HRS-HCAP distribution, which has a mean of 0 and standard deviation of 1, and for each country

they incorporate all cognitive test items included in its HCAP protocol.

and allow the generation of new hypotheses regarding the various
mechanisms influencing cognitive outcomes in varying populations and
places.

3.2 | Ensure that data on desired covariates are
available for all countries under study

The selection of model covariates should be informed by the suspected
confounding structure of the exposure-outcome relationship for each
country under study, the availability of data on desired confounding
variables, and the choice of modeling approach. Confounder selection
based on a priori theory and empirical evidence and guided by the use
of directed acyclic graphs (DAGs) is the preferred approach in many

health science disciplines.?> Researchers conducting cross-national

comparison analyses should consider whether the same confound-
ing structure applies to their research question of interest across all
countries under study, or whether there should be country-specific
confounding variables. A good example is that of race and/or ethnic-
ity as a confounding variable for many research questions of interest
regarding cognitive function and dementia risk.2> Because race and
ethnicity are socially constructed and reflect experiences of differ-
ent forms of racism,3¢ variables representing race and/or ethnicity
across different countries and cultures have different sociological
meanings as well as different categories that cannot easily be harmo-
nized. In addition, differential response propensities across countries
on scale-based self-reported measures, such as self-rated health, may
complicate the harmonization of such measures across countries.3’

The suspected presence or absence of different confounding struc-

tures across countries has implications for the choice of modeling
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approach. If there is cross-country variation in the desired set of con-
founding variables and their ideal operationalizations, the primary
outcome can be residualized for the country-specific set of confound-
ing variables. Otherwise, pooled analyses may leave results subject
to residual confounding that varies in magnitude across countries. If
adjustment is infeasible, parallel analyses of country-specific stratified
models may be preferred. Of note, even if the same confounding struc-
ture is thought to apply across country settings, the magnitudes and
directions of confounding relationships may vary across countries. In
pooled models with fixed effects for country, allowing harmonized con-
founding variables to interact with an indicator variable for country
would allow them to be differentially related with the outcome across
countries, a strategy which could help to improve confounder control

and model fit.

3.3 | Choose the most appropriate modeling
strategy for the research question and data
3.3.1 | Pooled analysis versus parallel analysis?

A primary decision point for modeling cross-national comparisons,
aside from the type of model to be used, is whether to do a pooled
analysis of data from multiple countries in a single model or a par-
allel analysis of such data in stratified country-specific models.” The
choice of pooled or parallel analyses depends on the research question
at hand, the researcher’s hypotheses about the consistency of associa-
tions across countries, and the feasibility of pooling data based on the
nature of the exposure of interest and desired model covariates. Par-
allel analyses of stratified models allow for greater flexibility in model
specification and the selection of model covariates across samples, at
the potential cost of comparability. Parallel analyses allow the qual-
itative comparison of associational point estimates and can be used
to assess the consistency of associations across countries and might
be preferred during initial stages of model building prior to pooled
analyses. This approach has been used by the IALSA network, for
the integration of data more broadly from longitudinal aging studies
around the world.” Pooled analyses allow for statistical significance
testing of interaction terms between exposure variables and country,
but they have stricter variable harmonization requirements and may
be subject to differential degrees of residual confounding and model

misspecification across countries.

3.3.2 | Fixed effects or random effects for country?

If a pooled analysis is conducted, researchers may run a standard
least squares regression model with fixed effects for country to adjust
for unmeasured country-level differences and interact these country
fixed effects with other variables, as appropriate, or they may run
a random effects model to model heterogeneity between countries
while accounting for the within-country clustering of cognitive out-

come data. The fixed-effects approach may be most appropriate if
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the researcher is interested in the specific countries in the sample, if
the number of countries is small, or if the set of countries cannot be
viewed as representative of a population of countries. Dependence of
observations at the country level can be handled using a cluster-robust
variance estimator, although appropriate corrections to variance esti-
mation are needed because model standard errors will be biased
downwards with this approach if the number of countries is small (e.g.,
less than 30).38

Random-effects models are most suitable when there is a sufficient
sample size of countries, and they can be viewed as a representa-
tive sample of some population of countries. However, random-effects
models are generally less robust to confounding than fixed-effects
models. Multilevel models are an extension of random-effects mod-
els that can more flexibly model heterogeneity between countries.
Some researchers may be interested in decomposing variance in later-
life cognitive function to between-person and between-population
variance or identifying potential ecological country-level influences
on later-life cognitive function, such as gender inequality, income
inequality, or other macro-contextual or compositional factors. Multi-
level models with individuals clustered within countries are a possible
approach for answering these kinds of research questions, but the
number of available countries may be insufficient, especially for exam-
ining country-level ecological variables.3? An alternative approach
for decomposing variance and examining contextual variables at the
group level would be to use sub-national geographies such as states,
provinces, or counties in countries where such divisions are theoreti-

cally and empirically feasible for a given research question.

3.3.3 | Handling HCAP study sampling weights

Sampling weights are desirable or necessary for inclusion in most sub-
stantive analyses of risk and protective factors using HCAP data as
there are disparate approaches to sampling across parent studies of the
HRS International Partner Study network, and because several HCAP
study samples are not random samples of their parent study.? In pooled
analyses of HCAP battery data or any other harmonized cognitive
outcome data that require the application of sampling weights, such
weights need to be standardized consistently across samples so that
appropriate inferences can be drawn from weighted models. In general,
there are three options for handling HCAP study sampling weights in
pooled cross-country models: (1) Use unstandardized weights that sum
to the size of the underlying general population of each country (i.e., the
sum of the weights for each sample is equal to the target population of
each country); (2) Standardize weights so that each HCAP study sample
is weighted equally in the analysis (i.e., the sum of the weights for each
sample is equal to an arbitrary constant such as 1 or 3.14); and (3) Stan-
dardize weights so that the contribution of each HCAP study sample
is proportionate to its sample size (i.e., the sum of the weights for each
sample is equal to the sample size). The desired approach for handling
sampling weights will depend on the researcher’s question and goal
of modeling. In the first option, countries with very large populations

such as China or India will have domineering effects on the resulting
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pooled regression coefficient, but this option may be appropriate for
questions aiming to describe characteristics of such populations. In the
second option, the sizes of individual HCAP samples are ignored in the
weighting, which may not be preferable due to the influence of sample
size on precision. In the third option, sample sizes may differ enough to
make within-country standard errors meaningfully different, but not so
much as to minimize the influence of small countries on pooled regres-
sion coefficients. We believe that the third option for handling sampling
weights in pooled analyses of HCAP data is the most appropriate for
most research questions, but researchers should consider their goals
of modeling, hypotheses about the consistency of associations across
countries, the potential influence of sample sizes or population sizes on

results, and the desirability of such influences.

4 | CONCLUSION

The increasing public availability of harmonized data on later-life cog-
nitive function brings about powerful opportunities for expanding
the global dementia evidence base. However, cognitive function is an
outcome that is highly sensitive to linguistic, cultural, social, and educa-
tional factorsinits measurement, and differences in such factors across
diverse countries around the world have the potential to introduce
bias into measurement and interpretation. Researchers should care-
fully consider the purpose of their cross-national comparison analyses
of later-life cognitive function. Careful consideration includes being
thoughtful about the context and history of the countries included in
analyses, even for research questions that are not explicitly social in
nature. Researchers should also be informed about the methods and
measurements of the data sources being used. Resources such as the
Gateway to Global Aging are valuable for gaining insights into cross-
nationally harmonized data,*® and local collaborators should also be
involved, where appropriate. We caution against attributing observed
differences in cognitive function and other cognitive health outcomes
to innate differences between people or populations based on their
assumed national or other origins. Despite these challenges, the HCAP
battery brings incredible potential for new insights into the etiology of
dementia and expansion of the evidence base to represent some of the
most globally disadvantaged populations that will bear a heavy share of
global dementia prevalence in the coming decades. The research com-
munity has the important privilege and power of being able to use these
data for the public good in reducing the global dementia burden in an

equitable fashion.
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