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Abstract

Objective—To examine variability across multiple prospective cohort studies in level and rate of
cognitive decline by race/ethnicity and years of education.

Method—To compare data across studies, we harmonized estimates of common latent factors
representing overall or general cognitive performance, memory, and executive function derived
from the: 1) Washington Heights, Hamilton Heights, Inwood Columbia Aging Project (N=4,115),
2) Spanish and English Neuropsychological Assessment Scales (N=525), 3) Duke Memory,
Health, and Aging study (N=578), and 4) Neurocognitive Outcomes of Depression in the Elderly
(N=585). We modeled cognitive change over age for cognitive outcomes by race, education, and
study. We adjusted models for sex, dementia status, and study-specific characteristics.

Results—For baseline levels of overall cognitive performance, memory, and executive function,
differences in race and education tended to be larger than between-study differences and
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consistent across studies. This pattern did not hold for rate of cognitive decline: effects of
education and race/ethnicity on cognitive change were not consistently observed across studies,
and when present were small, with racial/ethnic minorities and those with lower education
declining at faster rates.

Discussion—In this diverse set of datasets, non-Hispanic whites and those with higher
education had substantially higher baseline cognitive test scores. However, differences in the rate
of cognitive decline by race/ethnicity and education did not follow this pattern. This study
suggests that baseline test scores and longitudinal change have different determinants, and future
studies to examine similarities and differences of causes of cognitive decline in racially/ethnically
and educationally diverse older groups is needed.

Keywords

cognitive performance; item response theory; confirmatory factor analysis; harmonization;
cognitive trajectory; race/ethnicity; education

Introduction

Cognitive impairment in older adults is a public health challenge that is increasing in
magnitude as the older population grows. Understanding the risk factors for cognitive
decline is critical for minimizing the impact of cognitive impairment on affected individuals,
their families, and society. The population of older adults in the United States is becoming
increasingly diverse with respect to race, ethnicity, and educational background (United
States Census Bureau, 2012). Prior work has shown that race is associated with level of
cognitive performance, although such associations are inconclusive: low test scores at one
occasion may be a function of other factors such as early life exposures (e.g., education)
(Glymour et al., 2005; Reardon & Galindo, 2007). Cross-sectional studies of older adults
have consistently shown lower test scores in black and Hispanic older adults in comparison
with non-Hispanic whites (Alley et al., 2007; Atkinson et al., 2005; Early et al., 2013;
Herzog & Wallace, 1997; Karlamangla et al., 2009; Leveille et al., 1998; Masel & Peek,
2009; Rodgers et al., 2003; Schwartz et al., 2004; Sisco et al., 2014; Sloan & Wang, 2005;
Wolinsky et al., 2011; Zsembik & Peek, 2001). Lower education levels similarly have been
associated with lower test scores (Albert et al., 1995; Alley et al., 2007; Atkinson et al.,
2005; Early et al., 2013; Manly et al., 2004; Mungas et al., 2000, 2005; Schiae, 1996;
Schneider et al., 2012).

Independent of its relationship to level, race and education could also moderate longitudinal
cognitive decline. Whether differences in longitudinal cognitive change parallel cross-
sectional differences is an important question because, although cross-sectional differences
and longitudinal change may be indicative of both brain disease as well as early and
enduring social inequities, associations involving the former are often confounded by cohort
differences (Schaie, 2005, 2008; Schaie et al., 2005; Willis, 1989) and other factors
(Glymour et al., 2005). Several potential reasons might explain why race or education may
contribute to cognitive decline. Among them, minorities and persons with lower education
are at elevated risk for medical comorbidities such as hypertension and diabetes that may
contribute to accelerated cognitive decline (Carter et al., 1996; Duggan et al., 2014; Zhao et
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al., 2014). Further, social contexts including geographic exposures, socioeconomic position,
and group identity may influence cognitive level over time (Glymour & Manly, 2008).

Longitudinal studies of the association of cognitive decline with race/ethnicity or education
have contributed contradictory results (Alley et al., 2007). Many longitudinal studies have
shown no association of race/ethnicity (Carvalho et al., 2014; Early et al., 2013; Masel &
Peek, 2009; Schneider et al., 2012; Sisco et al., 2014; Wilson et al., 2010) or education
(Early et al., 2013; Glymour et al., 2005; Johansson et al., 2004; Schneider et al., 2012;
Tucker-Drob et al., 2009; Wilson et al., 2009; Zahodne et al., 2011) with rate of cognitive
decline. Some have shown faster decline in racial and ethnic minorities (Albert et al., 1995;
Wolinsky et al., 2011), while other studies have shown faster decline in non-Hispanic whites
(Barnes et al., 2005; Sloan et al., 2005). Similarly, some have reported accelerated decline in
persons with less education (Bosma et al., 2003; Butler et al., 1996; Lyketsos et al., 1999;
Sachs-Ericsson et al., 2005), while other studies report the opposite (Johansson et al., 2004;
Scarmeas et al., 2006).

Clarifying whether race/ethnicity and education are related to cognitive decline, and if these
findings are consistently found in studies of different samples utilizing different methods, is
important for understanding causes of cognitive decline in the increasingly diverse older
population. Cognitive decline in older persons is the cardinal indicator of progressive brain
diseases of aging. If cognitive change varies by race/ethnicity and education, this would
support the hypothesis that health disparities associated with minority status and lower
education account for differences in underlying brain diseases that ultimately explain
differences in cognitive performance. Alternately, cross-sectional effects on cognition in the
context of no association with longitudinal decline would suggest baseline differences might
be due to various life experience and opportunity differences but are not related to
disparities in diseases of aging that cause cognitive decline.

Inconsistencies across studies in associations of race/ethnicity and education with cognitive
decline could be due to methodological factors such as differing sampling strategies across
studies, regional variability among subgroups enrolled in specific studies, and use of
different cognitive tests that vary in their sensitivity to cognitive decline. Large scale studies
using representative samples from different geographic regions and assessing cognition
using the same tests would be especially relevant to clarifying how race/ethnicity and
education affect cognitive decline. However, there are few nationally representative studies
with longitudinal cognitive assessment that have sampled large numbers of older adults.
Two such studies are the Health and Retirement Study (HRS; Juster & Suzman, 1995) and
the Midlife in the US study (Lachman & Firth, 2004). Although these studies provide
important resources for answering question about demographic influences on late life
cognition, their measurements of cognition are relatively limited. In the absence of
nationally representative studies with comprehensive cognitive assessment, an alternate
approach is to combine data from other studies. Common findings across diverse samples
likely represent robust determinants of successful or unsuccessful cognitive aging. Divergent
findings are also informative because they might suggest more nuanced differences
attributable to sampling and other methodological differences between studies. However,
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comparable measurement of cognition is an important prerequisite for this strategy to be
effective in meaningfully comparing results across studies.

A method for harmonizing, or mapping cognitive tests from different studies onto
representations of general and specific cognitive domains, would represent a major advance
towards addressing this problem. Merging cognitive test results from multiple studies that
use different tests presents a major methodological barrier to determining whether race/
ethnicity or education predicts cognitive change (Bauer et al., 2010; Curran et al., 2010).
Both Alley and colleagues (2007) and Manly and colleagues (1998) found that the
association of education with cognitive level and change differed depending on the test.
Even if the same cognitive abilities are measured in different studies (e.g., episodic memory,
attention), specific tests of these abilities may have different reliabilities and floor/ceiling
effects. These differing psychometric properties make it difficult to distinguish true
differences from biases introduced by psychometric artifacts.

The goal of the current study was to implement a method for harmonizing cognitive tests
across studies conducted in different regions of the US to better understand the effects of
race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic) and education on
cognitive trajectories. We combined longitudinal data from 5,803 older adults collected
across four studies. We derived precise measurements of overall or general cognitive
performance, memory, and executive function from differing but overlapping sets of
cognitive tests using methods based in item response theory (IRT; Embretson & Reise,
2000) and confirmatory factor analysis (CFA; Brown, 2006). The harmonized dataset
allowed us to examine similarities and differences in the effects of race/ethnicity and
education on cognitive trajectories across the four samples. We then used latent growth
models to evaluate trajectories of cognitive performance. Because prior research has
consistently shown cross-sectional differences but has been inconsistent regarding
associations of race and education with cognitive change in older adulthood, we
hypothesized that cross-sectional effects of race and education would be robust across
studies. However, differences among studies in the rate of cognitive decline would be
relatively large, that is, different patterns of longitudinal change would be observed. If
correct, this would be consistent with the notion that longitudinal findings are more sensitive
to sample and methodology differences which might point the way toward a better
understanding of differential influences on cross-sectional scores and cognitive decline.

Methods

Participants

We used data from four longitudinal studies of older adults with a combined sample size of
5,803 persons and 22,510 study visits. Studies included the Washington Heights, Hamilton
Heights, Inwood Columbia Aging Project (WHICAP) (Tang et al., 2001); Spanish and
English Neuropsychological Assessment Scales (SENAS) study (Mungas et al., 2004); Duke
Memory Health and Aging (MHA\) study (Carvahlo et al., 2014); and Neurocognitive
Outcomes of Depression in the Elderly (NCODE) (Steffens et al., 2004). Longitudinal
cognitive data are available in all studies. WHICAP is a study of community-living older
adults representatively sampled from northern Manhattan. Participants, identified using three
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contiguous US consensus tracts in Northern Manhattan, New York, and in Washington/
Hamilton Heights and Inwood neighborhoods, were non-Hispanic white, non-Hispanic
black, or Hispanic older adults of mostly Caribbean origin. SENAS is a study of cognitive
function in an ethnically and educationally diverse sample of older adults living in northern
CA. The study enrolled white, black, and Mexican Hispanic older adults. The Duke MHA
study is a longitudinal study of normal aging, mild cognitive disorders, and Alzheimer’s
disease in individuals 55 years of age or older in Durham, NC and surrounding areas.
Participants were recruited from both clinical and community samples through the Bryan
Alzheimer's Disease Research Center. NCODE is a study of depression in older adults from
clinics in Durham, NC that also included non-depressed control participants. Duke MHA
and NCODE recruited mostly non-Hispanic white and black older adults.

To avoid reporting results on an internally scaled, nongeneralizeable metric, we externally
scaled the harmonized summary measures to a nationally representative metric by taking
advantage of overlapping cognitive tests across the different studies and the
neuropsychological battery used by the Aging, Demographics, and Memory Substudy
(ADAMS) using a published procedure (Gross et al., 2014a, 2014b). ADAMS is a nationally
representative study of dementia that recruited 856 adults over age 70 living in the United
States interviewed in 2002-2004 (Langa et al., 2005). Its parent study, the Health and
Retirement Study (HRS), is an ongoing longitudinal survey of community-living retired
persons (Juster & Suzman, 1995).

Neuropsychological test batteries—The ADAMS neuropsychological battery
included 10 tests described here. Neuropsychological tests from other studies are listed in
Table 1. Detailed descriptions are available in citations provided. The Trail-Making Test is a
two-part timed test of processing speed (Part A) and processing speed and task-switching
ability (Part B) that requires one to connect an ordered series of numbers and an alternating
ordered series of letters and numbers, respectively (Reitan, 1958). Digit Span Forward and
Backward are measures of auditory attention and short-term memory store (forward), with
an additional manipulation requirement (backward) (Wechsler, 1987). Semantic fluency
measures language ability via speeded retrieval of words by requiring participants to name
as many items as possible in one minute from a preselected category (e.g., animals) (Benton
et al., 1976). Letter/phonemic fluency measures language ability and executive function;
administration is similar to that for semantic fluency but involves speeded retrieval of words
that begin with specific letters. The Symbol Digit Modalities Test is a timed test of
processing speed and attention that requires respondents to match numbers to a series of
symbols as fast as possible (Smith, 1973). A 10-noun word recall task from the Consortium
to Establish a Registry for Alzheimer's Disease battery was used to measure memory
(Morris et al., 1989). We used the sum of three immediate recall trials, and the delayed
recall trial from this test. The 15-item Boston Naming Test is a language task in which
participants name objects represented in a series of drawings (Williams et al., 1989). The
Logical Memory test is a test of memory for short stories; we used the immediate and
delayed total recall for stories | and Il. The Mini-mental state examination (MMSE) is a test
of global mental status that consists of items that assess registration and recall, visuospatial
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ability, orientation to time and place, attention and calculation, complex commands, and
language (Folstein et al., 1975).

Race—In each study, participants self-reported their race as white, black or African
American, or other categories. Participants were also asked whether they self-identified as
Hispanic. We included persons who reported being non-Hispanic white, non-Hispanic black,
or Hispanic. We excluded persons of other racial/ethnic groups including American Indian/
Eskimo/Aleutian islanders, Asian and pacific islanders, and others (N=77).

Education—Participants in each study reported the number of years spent in formal
education. We classified years of education into levels of 12 years or less (high school), 13
to 16 years (college), and more than 16 years (graduate).

Descriptive and adjustment variables—Variables that were available in all four
studies included sex, baseline age, years of education, and clinical diagnostic status
(dementia, no dementia). We also adjusted for depressive symptoms in NCODE.

Analysis plan

The integrative data analysis was conducted in three steps. First, to describe demographic
characteristics of the individual and pooled study samples, we calculated descriptive
statistics including means and proportions. Second, we derived factor scores for general or
overall cognitive performance, memory, and executive function across study samples and
cognitive tests. The approach is consistent with the moderated non-linear factor model
approach (Bauer & Hussong, 2009; Curran et al., 2014). Third, we examined effects of race
and ethnicity on cognitive trajectories across datasets using parallel process latent growth
models.

Derivation of cognitive factors—Each study administered different but overlapping
sets of cognitive tests. We scaled estimates of neuropsychological abilities for overall
cognitive performance, memory, and executive function to a nationally representative metric
using data from ADAMS HRS using previously published procedures (Gross et al., 2014a,
2014b). In a pre-statistical harmonization, we first identified tests that were common and
unique to each dataset and assigned tests to cognitive domains based on their content
(Griffith et al., 2013). The overall cognitive performance factor represents a summary of
correlated test results from all tests, and thus is a psychometrically justifiable and
meaningful way of summarizing test performance. Cognitive tests were selected for each
domain based on expert opinion of a group of clinical psychologists with expertise in aging
(AMB, JJM, DMM, HRR, BS). We also conducted parallel analyses with scree plots of tests
in each domain to confirm the indicators were sufficiently unidimensional (Hayton et al.,
2004) (see Supplemental Figures 13-16). Cognitive test scores were discretized into nine or
ten categories to facilitate estimation of models and to avoid modeling of skewed data. Four
of the cognitive test scores in the ADAMS HRS battery were from the Logical Memory test,
so in the model for overall cognitive performance, we added a specific factor (Supplemental
Figure 1) to allow residual correlations between the items to ensure the general factor was
not overly influenced by variability in Logical Memory (McDonald et al., 1999). We call the
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latent trait measured by all the items overall cognitive performance, consistent with prior
work (Gross et al., 2014a, 2014b; Jones et al., 2010; Sisco et al., 2014).

In the second phase of harmonization, we used two-parameter logistic graded response IRT
models (Samejima, 1969) for each cognitive domain to obtain item parameters for cognitive
tests in the ADAMS HRS battery. Separate models were estimated for overall cognitive
performance, memory, and executive function (Supplemental Figure 1); individual tests are
listed in Table 2. All cognitive test scores were indicators for the overall cognitive factor,
memory tests were used for the memory factor, and executive function tests were used for
the executive function factor. IRT facilitates item and test equating, linking, and evaluation
of item bias through item parameters that describe location and discrimination (Jéreskog &
Moustaki, 2001; Lord, 1953, 1980; McArdle et al., 2009; McHorney, 2003). Parameters in
ADAMS were estimated using a maximum likelihood estimator with robust standard error
estimation (MLR) using Mplus (version 7.11, Muthen & Muthen, Los Angeles CA,
1998-2008) software and made use of available complex sampling weights. Latent factors
were fixed to a standardized metric in the nationally representative sample to identify the
model (mean 0, variance 1).

In a third harmonization phase, in a pooled dataset with all the studies and time points, we
derived plausible values of factor scores representing overall cognitive performance,
memory, and executive function with a two-parameter graded response IRT model for each
cognitive trait. We ensured linkage to the nationally representative metric by constraining
item parameters belonging to common tests in the pooled dataset (e.g., SENAS, WHICAP,
Duke MHA, NCODE) and ADAMS HRS to their values estimated in ADAMS from phase
2. Tests in common across datasets anchor the metric in each dataset to that in ADAMS and
to one another. Latent variable means and variances were freely estimated in the pooled IRT
analysis. The models for each cognitive domain used all longitudinal data and incorporated a
clustering term for participants to correct standard errors for within-person correlations;
these models are likely to provide factor scores equivalent to those from models that
estimate a latent variable for each time point separately. Estimated factor scores from
models using all items, memory items, and executive function items were the factor scores
representing overall cognition, memory, and executive function, respectively. The factor
scores were averages from 30 draws from the Bayesian posterior distribution of plausible
values (Asparouhov & Muthén, 2010). These scores were scaled to have a mean of 50 and
standard deviation of 10 in the ADAMS reference sample, which is representative of
community-living older adults in the US aged 70 and older.

Cognitive test scores were discretized to place all tests on a similar scale (Jones et al., 2010).
Cutpoints are shown in Table 3 of the Supplemental Materials. Percentile cutoffs for tests
administered in ADAMS are based on weighted data. Percentiles for tests not included in
ADAMS were estimated within the contributing study. Thresholds for the study-specific
percentile cuts are anchored to the normative ADAMS sample in step 3 by fixing thresholds
of tests from ADAMS to the ADAMS metric.

In the final phase of harmonization, we examined the quality of the link between each study
and the national metric using (1) simulation and (2) testing for differential item functioning
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by study. The simulation, described in Supplemental Materials 1, revealed minimal evidence
of bias by dataset across the range of cognitive scores.

Differential item functioning (DI F): We used pooled data to examine and adjust for biases

in individual items attributable to data source. Item parameters should have the same
relation with the underlying trait (e.g., item discrimination) and location along the latent trait
across datasets. We used Bayesian alignment analysis to identify and correct measurement
bias as a function of study source (Asparouhov & Muthén, 2014; Muthén & Asparouhov,
2014). Alignment analysis is a type of multiple-group confirmatory factor analysis, available
in Mplus version 7.1, in which item loadings and thresholds are systematically tested for
differences across multiple groups (e.g., study). The ultimate goal of the method is to
facilitate comparisons of a factor across groups while accommodating DIF, and we used it to
inform measurement non-invariance in our final models. In the alignment approach, a
configural model with invariant parameters across study is estimated (e.g., all items are
assumed to be DIF-free). Next, the alignment procedure systematically tests each factor
loading and threshold to determine which is different across which dataset; the algorithm
seeks the best-fitting final solution that minimizes the number of non-invariant parameters.
We conducted parameter testing based on the posterior distribution of the test statistic by
specifying a Bayesian estimator (Muthén & Asparouhov, 2014). Alignment analysis is an
efficient alternative to Multiple Indicator Multlple Causes models (Jéreskog & Goldberger,
1975), which requires a potentially lengthy sequence of multiple tests guided by model
modification indices (Asparouhov & Muthén, 2014). Any DIF, indicated by an association
between study assignment and a particular test after controlling for the overall level of
cognitive performance and adjustment variables, suggests measurement bias such that the
item does not measure the latent cognitive ability in the same way in the different studies.
DIF can be accounted for by treating the item as if it were different items across studies,
which also allows for estimation of different item parameters. When the predictor is study
membership, differential item functioning suggests administration and/or scoring differences
that we did not detect in the prestatistical harmonization step, or possibly DIF with respect
to some demographic characteristic that differs across studies; these analyses indicate there
is a problem but do not diagnose what the problem is. After accounting for DIF, any
differences observed in the rate of cognitive decline should be attributable to race or to
education, and not study-specific measurement differences (Crane, Narasimhalu, Gibbons et
al., 2008; Pedraza & Mungas, 2008).

Models of cognitive performance by race/ethnicity and educational attainment
—In a parallel process latent growth model, growth processes for each cognitive outcome
(overall or general cognitive performance, memory, executive function) were characterized
by latent variables for an initial intercept, a linear slope or rate of decline, and quadratic
growth (Curran & Hussong, 2009; McArdle & Bell, 2000; Muthen, 1997; Muthen & Curran,
1997; Stull, 2008). The timescale of interest was age, which we centered at 75 years to
facilitate interpretation of the random intercept term as mean cognitive performance at age
75. Three models were estimated. First, a “null” model was estimated with regressions of the
intercept and slope on indicators for years of education, race/ethnicity, sex, dementia status,
and in NCODE, depression status based on clinical diagnosis. Second, we added indicators
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for each study and interaction terms between study and race/ethnicity to accommodate
between-study differences in race/ethnicity effects on the level and change in each cognitive
outcome. Third, we repeated the procedure for years of education in place of race/ethnicity.
To evaluate fit of models to the data, we used graphical tools to examine residuals and detect
outliers (Supplemental Figures 5-6), and calculated the empirical r? as the squared
correlation between observed and model-estimated cognitive outcomes (Singer & Willet,
2003). In a planned sensitivity analysis, we re-ran all models using a timescale of time since
study recruitment; no conclusions differed when we used these models. In a further
sensitivity analysis, we evaluated the possibility that correlates of normative cognitive
decline and dementia-related decline are different by repeating the entire analysis excluding
records of people with dementia; overall conclusions did not differ.

Handling of missing data—In integrative longitudinal data analysis, missing data arise
in two ways, by design and by loss to follow-up, and were handled at different steps of the
analysis. Missing data due to loss to follow-up was handled during the estimation of parallel
process latent growth models, which assume observations are missing at random conditional
on variables in the model. This assumption is the most reasonable assumption; violations of
it are unlikely to affect the interpretation of our key conclusions regarding whether
demographic factors or study membership affects cognitive decline. Missing data for
specific cognitive tests due to study design are assumed to be missing at random conditional
on variables in the measurement model, and handled using maximum likelihood methods
during estimation of the model (Little et al., 2012). The maximum likelihood estimator with
robust standard errors in Mplus uses all available data to estimate parameters that can
heuristically be thought of as resulting from the average of an infinite number of multiple
imputations given the observed data. This is a reasonable approach because missingness is
chiefly due to study membership, not to characteristics of people. Thus, to the extent that
selection into one study versus another in our collection is random, missingness on a
cognitive test because it was not given in a study is not a formidable problem.

Descriptive characteristics

The mean age in the pooled sample was 76 years (range 45, 103 years) (Table 2). Most
participants were female (67%), and the mean years of education was 11 (range 0, 22 years).
The pooled sample was 38% non-Hispanic white, 30% non-Hispanic black, and 32%
Hispanic. Hispanic participants came from the WHICAP study in New York, which
included mostly Caribbean Hispanic older adults, and the SENAS study in northern CA,
which includes mostly Mexican Hispanics. The median amount of follow-up time in the
sample was 4.0 years (range 0, 23 years). The number of study visits ranged from 1 to 36
with a median of 3 in the overall sample. Study-specific mean levels of cognitive
performance in each study except WHICAP were above the average of the nationally
representative ADAMS HRS, probably reflecting a combination of volunteer recruitment
bias and younger age. Mean years of education was highest in the Duke MHA and NCODE
datasets. Mean overall cognitive performance was lowest in WHICAP and highest in
NCODE.
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Derivation and calibration of the cognitive factors

We identified 48 indicators representing 27 cognitive tests administered as part of the
neuropsychological batteries across the studies (Table 1). Most indicators (96%) loaded
highly (standardized loadings above 0.5) onto the domain they represented (see Table 2 for
overall cognitive factor loadings). Of the 48 cognitive indicators, 21 (44%) were in common
across two or more studies. Twelve cognitive indicators (Trail Making parts A and B,
semantic and phonemic fluency, digit span forwards and backwards, Boston Naming, word
recall, constructional praxis, MMSE, and Logical Memory) were administered in at least
four of the studies. Two of 22 cognitive indicators in WHICAP were in common with
ADAMS HRS. Twelve of 22 cognitive indicators in SENAS were in common with ADAMS
HRS. Twelve of 17 cognitive indicators in Duke MHA were in common with ADAMS
HRS. Sixteen of 18 cognitive indicators in NCODE were in common with ADAMS HRS.
As few as one anchor item has been used to calibrate two scales (Jones & Fonda, 2004),
though a simulation study on the topic suggested at least five anchor tests are optimal to
produce an accurate linking (Wang et al., 2004).

Using available cognitive test data, we derived summary factors for overall cognitive
performance, memory, and executive function across studies on the same metric based on
the mean of 30 draws from the Bayesian posterior distribution of plausible scores. Each
factor score has a mean of 50 and standard deviation (SD) of 10 based on the nationally
representative sample of older adults in ADAMS HRS, (e.g., a 1 point difference
corresponds to a 0.1 SD unit difference). Higher scores indicate less impairment. The factors
for overall cognitive performance, memory, and executive function were approximately
normally distributed in each study (Figure 1). Reliability (internal consistency) of the
factors, based on test information functions derived from the standard error of measurement,
for overall cognitive performance and memory were above 0.90 between scores of 40 and 60
in each study, which captured most of the range in each sample (Figure 2). The executive
function factor was less reliable, reflecting that different tests of executive function measure
related but more heterogeneous cognitive processes (e.g., planning, set-shifting) compared,
for example, to tests of memory.

Alignment analyses of items in common across studies revealed two items that were not
psychometrically comparable across study. Semantic and phonemic fluency demonstrated
DIF in item difficulty (i.e., thresholds) in WHICAP compared to the other studies, such that
they were less difficult than in other studies. We allowed item discrimination and difficulty
parameters for these items to vary across dataset when we obtained factor scores, which
ensures that DIF does not endanger the overall harmonization.

The mean annual change in overall or general cognitive performance was -0.030 SD units.
To confirm that model-estimated change in the overall cognitive performance factor
reflected change in observed measures, we estimated random effects models for each
individual cognitive test in the sample. The mean annual rate of decline was -0.039 SD units
across all the measures, some of which overlapped across study while some did not.
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Differences in cognitive performance by race/ethnicity and study

We estimated change processes for overall cognitive performance, memory, and executive
function by race/ethnicity and study. Model-estimated means and 95% confidence intervals
(CI) are plotted in Figures 3 (mean level) and 4 (annual change) by race/ethnicity and study.
Supplemental Table 1 provides numeric results corresponding to those in the Figures.
Supplemental Figures 7-9 show trajectory plots by race and study. Model fits were excellent
for overall cognitive performance (empirical r2 = 0.89), memory (empirical r2 = 0.78), and
executive function (empirical r2 = 0.85), and diagnostic analyses of residuals suggested
adequate model fit (Supplemental Figure 5).

Levels of cognition by race and study

The estimated level of cognitive performance (i.e., cross-sectional performance) at age 75
for each race/ethnicity group is presented by study in Figure 3. In general, for levels of
overall cognitive performance, memory, and executive function, differences by race within
study tended to be larger than between-study differences. For all cognitive outcomes in each
study, non-Hispanic white participants outperformed non-Hispanic blacks by about 0.5 SD
units. For the two studies that included Hispanics, non-Hispanic whites outperformed
Hispanics by 0.9 SD units in WHICAP and 0.5 SD units in SENAS. There were some
exceptions; the difference between non-Hispanic white and non-Hispanic black participants
in SENAS was 0.2 SD units for overall cognitive performance and negligible for memory.

Comparing race groups across studies, mean overall cognitive performance and executive
function for non-Hispanic white participants differed by less than 0.3 SD units. Memory was
more variable between studies among non-Hispanic whites (up to 0.9 SD units different
between WHICAP and SENAS).

In contrast, mean overall cognitive performance, memory, and executive function differed
only by 0.2 to 0.3 SD units among non-Hispanic blacks across the studies. Among Hispanics
in WHICAP compared to those in SENAS, mean overall cognitive performance, memory,
and executive function differed by between 0.2, 0.6, and 0.3 SD units, respectively.
Hispanics in WHICAP performed higher than Hispanics in SENAS for memory.

Changes in cognition by race and study. The estimated annual rate of cognitive change over
time by cognitive domain, study, and race/ethnicity is shown in Figure 4. In contrast to the
pattern for level of cognitive performance, race group differences in rate of cognitive decline
varied across studies, but even when significant, were small. Significant race effects were
found in WHICAP and SENAS, but non-Hispanic whites declined more in both studies.
NCODE showed no substantial decline on any cognitive measure, while the other three
studies showed average annual decline for all groups of about 0.04 to 0.10 SD/year. The
largest difference across race groups for the three cognitive outcomes was less than 0.02 SD/
year for WHICAP and 0.05 SD/year for SENAS (Memory). These results show greater
differences across studies than do findings related to baseline scores, confirming our
hypothesis that longitudinal change would be more affected than cross-sectional scores by
study specific characteristics. However, ever where ethnic group differences were found, the
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pattern did not match that for baseline scores where non-Hispanic whites had the most
positive outcomes.

Differences in cognitive performance by education and study. Educational attainment was
associated with the level of cognitive performance in predictable ways. The models fit well
to the data, as indicated by empirical r? statistics for overall cognitive performance
(empirical r2 = 0.89), memory (empirical r2 = 0.78), and executive function (empirical r2 =
0.85). Diagnostic analyses of residuals suggested adequate model fit (Supplemental Figure
6). Supplemental Figures 10-12 show trajectory plots by years of education and study.

Levels of cognition by education and study. In general, for levels of overall cognitive
performance, memory, and executive function, differences by education within study tended
to be larger than between-study differences. Overall cognitive performance, memory, and
executive function were higher in those with more education and these effects were similar
across studies. Participants with a high school education performed between 0.3 SD units
and 0.7 SD units worse on memory and overall cognitive performance than participants with
a college education and between 0.5 SD units and 1.0 SD units worse than participants with
a graduate education. Disparities by years of education in executive function performance
were greater (between 0.3 and 0.8 SD units between high school and college, and between
0.6 and 1.2 SD units between high school and graduate education).

With respect to between-study differences by years of education, among participants with a
high school education, mean overall cognitive performance, memory, and executive function
differed by as much as 0.4, 0.6, and 0.5 SD units across study, respectively. Among
participants with a college or a graduate education, mean overall cognitive performance,
memory, and executive function differed by as much as 0.3, 1.0, and 0.3 SD units across
study, respectively.

Changes in cognition by education and study. As with race/study trends, trends in slopes by
education and study were opposite from trends in intercept by education and study: between-
study differences in education effects were larger than education differences within each
study. Among all participants, mean annual rate of decline in overall cognitive performance,
memory, and executive function differed by as much as 0.06, 0.09, and 0.03 SD/year across
studies.

With respect to education differences in cognitive change within each study, overall
cognitive performance, memory, and executive function differed by just 0.01 SD/year
between education groupings in WHICAP, 0.04 SD/year between education groupings in
SENAS, 0.02 SD/year between education groupings in Duke MHA, and 0.01 SD/year
between education groupings in NCODE.

Discussion

We used integrative longitudinal data analysis to examine differences in cognitive
trajectories by race and education among older adults across four longitudinal cohort studies.
Non-Hispanic whites consistently had higher baseline scores than blacks in all four studies,
and even larger differences were observed in comparison with Hispanics in the two studies
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that included Hispanics. These differences were robust and from 0.5 SD to more than 1.0
SD. In contrast, racial/ethnic differences in rate of change in cognition were small, and when
present, favored blacks and Hispanics. That is, these minority groups declined less on
average than non-Hispanic whites. The largest average differences in annual decline across
ethnic groups were about 0.05 SD per year, which translates to a 10-year difference in
overall decline of 0.5 SD. For education, results similarly showed large education related
differences in baseline scores and much smaller differences in rate of change. There was an
overall trend for higher education to be associated with slightly more rapid cognitive
decline.

Taken together, results of this study show robust effects of ethnicity and education on
baseline test performance with better performance for non-Hispanic whites and those with
more education. In contrast, differences in rate of change were limited in magnitude, and
minorities and those with lower education declined at slightly slower rates. These results do
not support the hypothesis that racial/ethnic and education-level differences in cross-
sectional cognitive test scores are mirrored in longitudinal rates of decline.

Several reasons have been posited to explain cross-sectional differences by race/ethnicity
and education in cognitive test scores (Albert 1995; Jones, 2003; Zsembik & Peek, 2001).
Differential functioning of test items, or biases, exist in certain tests (Jones, 2003; Pedraza &
Mungas, 2008). Black and Hispanic older adults on average have lower levels of education,
different occupational attainment, and live in lower socioeconomic status (SES)
neighborhoods (Braveman et al., 2005; Williams, 1999; Williams & Collins, 1995). Level of
educational attainment is strongly associated with cross-sectional cognitive test scores,
explaining up to 50% of variance in some studies (Albert et al., 1995; Alley et al., 2007;
Atkinson et al., 2005; Early et al., 2013; Manly et al., 2004; Mungas et al., 2000, 2005;
Schiae, 1996). Additionally, quality of education has been identified as an important
variable that explains substantial variance in cross-sectional test results after accounting for
years of education (Crowe et al., 2013; Johnson et al., 2006; Manly et al., 2002; Sachs-
Ericsson et al., 2005; Sisco et al., 2014). Some older adults, particularly in southern U.S.
states, may have attended race-segregated schools, lacked access to higher quality of
schooling, and had less encouragement to stay in school (Glymour et al., 2008; Glymour &
Manly, 2008). Such early life experiences have been shown to have strong effects on
cognitive test scores in later life and appear to explain much of observed race/ethnicity
differences (Jones, 2003; Sisco et al., 2014).

Understanding why some people show decline cognitively in late life at a rapid rate while
others maintain cognitive health presents a major challenge that has important potential
prevention and public policy implications. Results of this study suggest that race/ethnicity
and education do not have strong effects on cognitive decline, which would imply that
variables that are strongly linked to race/ethnicity and education also are not major
determinants of cognitive decline. It seems likely that diseases of aging such as Alzheimer’s
disease, cerebrovascular disease, and other progressive dementing illnesses are strong
determinants of cognitive decline. Studies to examine similarities and differences of effects
of these diseases in different race/ethnic and education groups will be important for
clarifying the seeming paradox that minority status and lower education, which are
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associated with broad health disparities that could results in brain injury and cognitive
decline, were not associated with faster cognitive decline in four different studies of
different populations that used different methods. The recent availability of brain imaging
and other in-vivo biomarkers makes it possible to directly measure biological effects of
these diseases and to evaluate their differential effects in diverse older persons.

Harmonized analyses of merged samples provide a unique opportunity to identify broad and
generalizable contributions of race/ethnicity and education to late life cognition apart from
study-specific biases. The present study makes a unique contribution to research on late life
cognition in diverse populations by integrating results from multiple diverse studies to
address questions about how ethnicity and education influence late-life cognitive
trajectories. The methods used to harmonize measures across studies represent a distinct
methodological advance for research in this area, and specifically, make it possible to merge
results from different studies to address important questions. Consistent findings across
studies of different samples are vital to science because they tend to highlight results that are
broadly generalizable. Results of this study were consistent in showing robust effects of
race/ethnicity and education on baseline scores but more variable effects on rate of change.
The variability across studies likely represents systematic differences in samples and
methods.

Our study has several strengths. First, the integration of studies with diverse measures,
research designs, and demographic characteristics gives our integrative data analysis a novel
perspective from which to generalize findings across sample, age, and demographic
characteristics (Curran & Hussong, 2009; Shadish et al., 1991). As we move into a new era
where datasets from research projects are publically available and funding for new studies is
limited, this ability to harmonize results across studies will greatly contribute to the ability to
address important research hypothesis and efficiently utilize the studies that have
contributed to this overall body of data. Second, latent factors were constructed to take full
advantage of all available cognitive data and maximize precision. Our analytic approach is
robust to the inclusion of additional studies; because we externally scaled the factors to a
national reference group, item parameters are not overly influenced by studies with larger
sample sizes.

An important limitation of the present study is that we did not adjust for all possible
confounders of the relationship between race and cognitive level and decline, such as
vascular risk factors and educational quality (Manly et al., 2003; Sisco et al., 2014), because
not every study measured relevant variables in the same way. It is conceivable that some
variables are stronger confounders in certain studies than others, but we are unable to assess
this hypothesis. A second limitation is that our calibration procedure was designed to derive
scores across studies that are comparable to a nationally representative sample. This
approach does not make any given study nationally representative by itself and does not
standardize rates of change across studies. Third, although IRT provides a roadmap for
linking a harmonized measure within and across studies, harmonized measures within a
specific study are limited by the psychometric characteristics of the donor items; if a study
chose poor donor tests, harmonization will not help. The factor analytic framework we used
addresses multidimensionality, while more traditional approaches such as standardizing and

Psychol Aging. Author manuscript; available in PMC 2016 December 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gross et al.

Page 15

averaging tests do not. In a similar vein, we mapped certain cognitive indicators to factors
based on clinical judgment. Although sufficiently unidimensional, the overall cognitive
measure and the executive functioning measures are probably not completely
unidimensional. This is a psychometric concern that we partially addressed by including a
specific factor for items from the Logical Memory test. A fourth limitation is that race and
education (e.g., group) differences in cognitive performance in this integrative data analysis
could be biased due to imbalances in measurement precision of the factors across study.
Such a bias would usually make it harder to detect group differences within a given study,
compared to between-study differences, which might be driving our findings with respect to
cognitive change. However, this potential limitation is based on the presumption that
cognitive tests, which overlapped appreciably across dataset, are differentially sensitive to
cognitive change in one study more so than another. A fifth study limitation is that we
examined differential item functioning with respect to study membership, but did not
evaluate item-level differences with respect to other variables such as age, sex, years of
education, or race. Although prior research has suggested differential item functioning based
on these variables for some cognitive tests used here, a key concern in the integrative data
analysis was whether tests were comparable across dataset but comprehensive evaluation of
item bias was not a primary focus of the present study. A final limitation is that the samples
used are different with respect to recruitment factors, lapses between study visits, and age
ranges. These differences may have contributed to findings we attributed to between-study
variability. For example, higher cross-sectional performance in memory among Hispanics in
WHICAP compared to Hispanics in SENAS might be attributable to regional differences in
the Hispanic population in the western U.S. (SENAS) vs. the Northeastern U.S. (WHICAP),
or a function of different recruitment methods (Table 2). This limitation is also a strength in
terms of external validity; our pooled sample was large and represents a level of diversity in
background variables, including different studies with different study procedures, that is
more extensive than individual studies in the integrative data analysis.

We used cognitive tests to measure longitudinal cognitive performance, which presumably
reflects disease-related changes but which is also influenced by other factors including
intrinsic motivation and environmental characteristics. Importantly, longitudinal designs
allow us to separate disease from life experience. Still, cognition is a complex phenotype
determined by many characteristics. This complexity is partly reflected in how we named
the overall or general cognitive performance factor. The broad range of tests making up the
summary factor measure a person’s performance, not necessarily their functioning in the
environment. There could be bias in how we measured functioning, or participants may have
some cognitive or brain reserve that makes their “true” level of functioning different from
their performance (e.g., Stern, 2012). Our goal was to summarize cognitive performance
across a broad range of tests and remove group-level biases. We claim the overall cognitive
performance factor sufficiently summarizes an individual's performance on the tests, not that
it reflects an individual's level of functioning as a single hierarchical ability.

Why conduct harmonization in the first place? The substantive message from this study is
that differences due to race/ethnicity and education in baseline scores are not mirrored in
differences in longitudinal change. Combining scores on harmonized metrics allowed us to
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examine similarities and differences across studies. We could have done the same thing with
coordinated, or parallel but separate, analyses within specific studies. Results would not be
on the same metric, but the general pattern of results of scientific interest most likely would
have been preserved, albeit with caveats about the differences in metrics addressed in our
approach by the simulation study (Supplemental Materials 1). Harmonizing would have
greater impact when individual studies are not large enough to address the questions of
interest, although such a scenario also would present greater risk because unknown biases
might be present, prohibiting us from verifying that results obtained by combining studies
match those obtained within studies. An ideal harmonization approach, which we conducted,
entails carefully choosing donor items to build in high-quality measurement at the item
level, selecting samples appropriate to the research question being addressed, and
identifying potential biases within samples that either should be removed prior to
harmonization or addressed in analytic models. The alternatives to harmonizing include: a)
not combining results from different studies, which can have scientific costs, b) parallel
analysis that in many cases cannot be done due to sample size issues, and c) standardizing
and averaging together individual tests, which has the same disadvantages of our approach
to harmonization and none of the advantages (Gross et al., 2014b).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Histograms of general and domain-specific cognitive performance by study (N=5,803)
Legend. Distributions of general and domain-specific cognitive performance by study. The

Y-axes are percentages in each sample and the X-axes are level of cognitive performance.
WHICAP = Washington Heights-Inwood Columbia Aging Project; SENAS = Spanish and
English Neuropsychological Assessment Scales; Duke MHA = Duke Mental Health and
Aging Study; NCODE = Neurocognitive Outcomes of Depression in the Elderly.
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Figure 2. Test information plotsfor general cognitive performance, memory, and executive
function by study (N=5,803)
Legend. Dataset-specific information of the general cognitive performance (top left),

memory (top right), and executive function (bottom left) factors are plotted over the range of
cognitive ability. Test information is calculated as the inverse of the square of the standard
error of measurement. A dotted vertical line denotes a score of 50, which represents the
mean cognitive performance in the Aging, Demographics, and Memory Substudy Health
and Retirement Study (ADAMS HRS) normative sample. The bell-shaped distributions are
consistent with scores optimized for the study of between-persons differences and
longitudinal change across a wide range of cognitive performance. The horizontal line at a
reliability of 0.80 indicates acceptable reliability for between-persons differences and the
one denoting a reliability of 0.95 represents acceptable reliability for empirical analyses of
within-person change. Reliability = 1 — 1 / Information, where information was calculated as
the square root of the inverse of the standard error of measurement.

WHICAP = Washington Heights-Inwood Columbia Aging Project; SENAS = Spanish and
English Neuropsychological Assessment Scales; Duke MHA = Duke Mental Health and
Aging Study; NCODE = Neurocognitive Outcomes of Depression in the Elderly.
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Figure 3. Model-estimated mean level of general cognitive performance, memory, and executive

function by study and race at age 75 year s (N=5,803)

Legend. Results from a parallel process latent growth curve model of general cognitive
performance, memory, and executive function in the pooled sample, with indicators for race,
study, and control variables (sex, clinical diagnostic status, and depressive symptoms in
Neurocognitive Outcomes of Depression in the Elderly [NCODE]). Age from 75 years was
the timescale of interest. This plot shows estimated mean levels at age 75 for each race and
study group. The x-axis is on a T-score metric (mean 50, standard deviation 10) scaled to a

national metric using the Aging, Demographics, and Memory Substudy Health and
Retirement Study (ADAMS HRS) study. WHICAP = Washington Heights-Inwood

Columbia Aging Project; SENAS = Spanish and English Neuropsychological Assessment
Scales; Duke MHA = Duke Mental Health and Aging Study; NCODE = Neurocognitive

Outcomes of Depression in the Elderly.
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Figure 4. M odel-estimated annual changein general cognitive performance, memory, and
executive function by study and race (N=5,803)

Legend. Results from a parallel process latent growth curve model of general cognitive
performance, memory, and executive function in the pooled sample, with indicators for race,
study, and control variables (sex, clinical diagnostic status, depressive symptoms in
Neurocognitive Outcomes of Depression in the Elderly [NCODE]). Age from 75 years was
the timescale of interest. This plot shows estimated annual rates of change for each race and
study group. The x-axis is on a T-score metric (mean 50, standard deviation 10) scaled to a
national metric using the Aging, Demographics, and Memory Substudy Health and
Retirement Study (ADAMS HRS) study. The model-estimated variance for annual changes
in general cognitive performance, memory, and executive function was 0.029, 0.066, and
0.011, respectively. WHICAP = Washington Heights-Inwood Columbia Aging Project;
SENAS = Spanish and English Neuropsychological Assessment Scales; Duke MHA = Duke
Mental Health and Aging Study; NCODE = Neurocognitive Outcomes of Depression in the

Elderly.
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Figure 5. M odel-estimated mean level of general cognitive performance, memory, and executive
function by study and education level at age 75 year s (N=5,803)

Legend. This plot shows estimated mean levels at age 75 for each education and study
group. Results from a parallel process latent growth curve model of general cognitive
performance, memory, and executive function in the pooled sample, with indicators for
educational attainment, study, and control variables (sex, clinical diagnostic status,
depressive symptoms in Neurocognitive Outcomes of Depression in the Elderly [NCODE]).
Age from 75 years was the timescale of interest. The x-axis is on a T-score metric (mean 50,
standard deviation 10) scaled to a national metric using the Aging, Demographics, and
Memory Substudy Health and Retirement Study (ADAMS HRS) study. WHICAP =
Washington Heights-Inwood Columbia Aging Project; SENAS = Spanish and English
Neuropsychological Assessment Scales; Duke MHA = Duke Mental Health and Aging
Study; NCODE = Neurocognitive Outcomes of Depression in the Elderly.
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Figure 6. M odel-estimated annual changein general cognitive performance, memory, and
executive function by study and education level (N=5,803)

Legend. This plot shows estimated annual rates of change for each education and study
group. Results from a parallel process latent growth curve model of general cognitive
performance, memory, and executive function in the pooled sample, with indicators for level
of education, study, and control variables (sex, clinical diagnostic status, depressive
symptoms in Neurocognitive Outcomes of Depression in the Elderly [NCODE]). Age from
75 years was the timescale of interest. The x-axis is on a T-score metric (mean 50, standard
deviation 10) scaled to a national metric using the Aging, Demographics, and Memory
Substudy Health and Retirement Study (ADAMS HRS) study. The model-estimated
variance for annual changes in general cognitive performance, memory, and executive
function was 0.025, 0.064, and 0.009, respectively.

WHICAP = Washington Heights-Inwood Columbia Aging Project; SENAS = Spanish and
English Neuropsychological Assessment Scales; Duke MHA = Duke Mental Health and
Aging Study; NCODE = Neurocognitive Outcomes of Depression in the Elderly.
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Baseline demographic characteristics of the overall and study-specific samples (N=5,803)
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Pooled sample Washington Spanishand DukeMental Neurocognitive
Heights English Health and Outcomes of
Inwood Neuropsychological ~ Aging Study Depression in
Columbia Assessment Scales the Elderly
Aging Project (SENAS) (NCODE)
(WHICAP)
Sample size 5803 4115 525 578 585
Age, years, mean (SD) 76 (8) 77(7) 74 (7) 73(9) 72 (7)
Sex, Female, N, % 3889 (67) 2820 (69) 317 (60) 356 (62) 396 (68)
Race/ethnicity (N, %)
Non-Hispanic White 2225 (38) 1014 (25) 235 (45) 460 (80) 516 (88)
Non-Hispanic Black 1715 (30) 1390 (34) 138 (26) 118 (20) 69 (12)
Hispanic 1863 (32) 1711 (42) 152 (29) 0 (0) 0(0)
Education
Years, mean (SD) 11 (5) 9 (5) 13 (5) 15 (3) 14 (3)
High school or less, (N, %) 3748 (65) 3206 (78) 243 (46) 112 (19) 187 (32)
College, (N, %) 1393 (24) 689 (17) 185 (35) 261 (45) 258 (44)
Graduate, (N, %) 662 (11) 220 (5) 97 (18) 205 (35) 140 (24)
Number of study visits, median (IQR) 3(2,5) 3(2,9) 4(2,6) 3(2,5) 7(4,12)
Follow-up time (years), median (IQR) 4(1,7) 4(1,8) 4(2,6) 3(L,4) 5(2,9)
Cognitive status, n (%)
Cognitively normal 3363 (64) 2678 (65) 263 (51) 392 (68) 30 (42)
MCI 1020 (19) 731 (18) 178 (35) 86 (15) 25 (35)
Alzheimer's disease 896 (17) 706 (17) 73 (14) 100 (17) 17 (24)
Cognitive performance scores, mean (SD)
General cognitive performance 48 (10) 47 (10) 51 (7) 54 (10) 56 (5)
Memory 53 (13) 53 (13) 50 (13) 56 (17) 55 (5)
Executive function 49 (12) 47 (12) 53 (8) 54 (11) 55 (7)

SD: standard deviation; MCI: Mild Cognitive Impairment.
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Neuropsychological tests from each study, included in general cognitive performance, memory, and executive

functioning factors in the present integrative data analysis

Cognitive Neur opsychological Test Variablesfrom the ADAMS Washington Spanish and Duke  Neurocognitive
Domain tests HRS Heights- English Mental Outcomes of
Inwood Neuropsychological  Health Depression in
Columbia Assessment and the Elderly
Aging Scales (SENAYS) Aging (NCODE)
Project Study
(WHICAP)
Consortium to Establish a Immediate and delayed 0.85 0.85 0.85 0.85
Registry for Alzheimer’s recall
Disease
(CERAD) word list learning
Word recall test Immediate and delayed 0.83
recall
Wechsler Memory Scale, Story A, immediate 0.94 0.94 0.94 0.94
Logical recall
Memory | & 11
Story A, delayed recall 0.97 0.97 0.97 0.97
Story B, immediate 0.97 0.97
recall
Story B, delayed recall 0.98 0.98
Memory Constructional Praxis Total recall 0.75 0.75 0.75 0.75 0.75
Delayed recall 0.73 0.73
Recognition 0.74 0.74 0.74
Benton Visual Retention Test ~ Correct 0.88 0.88
(BVRT)
Matching 0.68
Recognition 0.69
Bushke Selective Reminding ~ Immediate recall 0.88
Test
Long-term recall 0.83
Delayed recall 0.80
Recognition 0.79
Executive Trail Making Test Part A 0.84 0.84 0.84 0.84
Functioning Part B 0.92 0.92 0.92 0.92
Color Trail Making Test Part 1 0.68
Part 2 0.66
Digit Span Test Forward and backwards 0.71 0.71 0.71 0.71
0.80 0.80 0.80 0.80
Digit Symbol Substitution, Number of 0.78 0.78
Wechsler Memory Scale- number/symbol
Revised matches
Symbol-Digit Modalities Test  Number of 0.93 0.93
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Cognitive Neur opsychological Test Variablesfrom the ADAMS Washington Spanish and Duke  Neurocognitive
Domain tests HRS Heights- English Mental Outcomes of

Inwood Neuropsychological  Health Depression in
Columbia Assessment and the Elderly
Aging Scales (SENAYS) Aging (NCODE)
Project Study
(WHICAP)
number/symbol
matches
Controlled Oral Word Sum of F,A,S words 0.81 0.75 0.81 0.81 0.81
Association
Test
Sum of F,L words 0.70
Semantic fluency Animals 0.80 0.76 0.80 0.80 0.80
Vegetables 0.75 0.75
Fruits 0.78
Ascending digits One list sorting 0.80
Two list sorting 0.76
Shape recognition Time to complete 0.37
Consonant trigrams Time to complete 0.34
WAIS Similarities Number reported 0.75
WAIS Identities/Oddities Number reported 0.61
Repetition Maximum span 0.53
Comprehension Total recall 0.67
Object naming Number of objects 0.82
named
Boston Naming Test 15-item 0.79 0.79 0.79 0.79
30-item 0.73 0.73
Other tests 60-item 0.81
Orientation Total recall 0.68
Mini Mental Status Exam Sum score 0.89 0.89 0.89 0.89
(MMSE)
Pattern recognition Number of patterns 0.69
Rosen drawing test Drawing score 0.55
Spatial Localization Number of patterns 0.70
Total number of cognitive 10 15 14 10 10
tests
Total number of cognitive test indicators 16 22 22 17 18
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Legend. Numbers in cells are standardized factor loadings, from a model for the overall cognitive performance factor, for the Legend. Numbers in
cells are standardized factor loadings, from a model for the overall cognitive performance factor, for the cognitive test indicator representing the
variable in the row for the dataset in the column.
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