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1 | BACKGROUND

| Christopher R.Beam?® |

Alice J. Kim?%2

Abstract

Latent variable models can create a latent dementia index (LDI) using cognitive and
functional ability to approximate dementia likelihood. The LDI approach has been
applied across diverse cohorts. It is unclear whether sex affects its measurement prop-
erties. We use Wave A (2001-2003) of the Aging, Demographics, and Memory Study
(n = 856). Multiple group confirmatory factor analysis (CFA) was used to test mea-
surement invariance (MlI) using informant-reported functional ability and cognitive
performance tasks, which we group into verbal, nonverbal, and memory. Partial scalar
invariance was found, allowing for testing sex differences in LDI means (Mp;; = 0.38).
The LDI correlated with consensus panel dementia diagnosis, Mini-Mental State
Examination (MMSE), and dementia risk factors (low education, advanced age, and
apolipoprotein ¢4 [APOE-¢4] status) for men and women. The LDI validly captures
dementia likelihood to permit estimation of sex differences. LDI sex differences indi-
cate higher dementia likelihood in women, potentially due to social, environmental, and
biological factors.
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Latent variable models quantify dementia likelihood into a latent

dementia index (LDI) using cognitive and functional ability assess-

Women represent two-thirds of Alzheimer’s disease cases, with
lifetime risk doubling that of men.>2 Sex differences may be explained
by environmental and biological factors including genetic and
endocrinological differences like APOE ¢4, hormonal differences,*
and longevity.” Sex differences in Alzheimer’s disease and related
dementias (ADRD) lead to questions of whether cognitive/functional
manifestations of ADRD are sex invariant. For example, measurement
non-invariance of functional ability was found across sex.® Women'’s
higher verbal ability may also reflect cognitive reserve withstanding

neuropathology.”8

ments that are reliable and valid measures of dementia likelihood.”?~ 11
Comparing mean differences in dementia likelihood in an LDI requires
measurement of functional/cognitive ability to be identical across
sex, known as measurement invariance (Ml). Configural invariance
tests whether model structure is equivalent across sex. Metric invari-
ance tests whether the latent variable capturing dementia likelihood
correlates with cognitive/functional ability assessments similarly
across sex. Scalar invariance determines whether expected values of
assessments are identical across sex and is required to test latent mean
differences.
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We know of no studies testing Ml across sex in latent dementia
models. Some studies observed strict M| for memory measures across
sex!? whereas others found partial scalar invariance across sex and
ethnicity.!® Similarly, the Colorado Cognitive Assessment did not show
sex biases.* Yet, women’s verbal ability has been found to be higher
for longer periods of older adulthood than men'’s, possibly reflecting
cognitive reserve advantages.” Among older adults with mild cognitive
impairment, women had higher verbal memory than equally impaired
men.8 These studies, along with measurement non-invariance of func-
tional ability across sex,® suggest that Ml of cognitive/functional items
related with dementia needs to be examined to ensure measurement

equivalence.

1.1 | The health and retirement study

The Health and Retirement Study (HRS) and the Aging, Demographics,
and Memory Study (ADAMS) subsample are instrumental in dementia
research in the United States, including estimating dementia preva-
lence rates.’> The HRS is a biennial nationally representative study
of individuals aged 50+.1¢ The HRS sample is large, with approx-
imately 43,000 individuals interviewed from 1992-2016,17 making
dementia ascertainment challenging. Dementia diagnosis relies on
neuropsychological and functional ability assessment, which can take
several hours and require clinical assay of cerebrospinal fluid or time-
intensive neuroimaging. This makes true clinical diagnosis of dementia
cost prohibitive. Instead, the HRS collects cognitive performance data
through immediate/delayed recall of 10-word lists, serial 7 subtraction,
and backwards counting, and various other assessments described
elsewhere.’® Functional data are assessed through activities of daily
living (ADL) and instrumental ADL (IADL) limitations.

Algorithms have been developed to differentiate cognitive impair-
ment and dementia from normal cognitive function using available
HRS measures. Langa-Weir'? assigned cut-points to a cognitive score
summing participants’ performance across several cognitive tasks.
Classification of proxies is based on proxy assessment of memory,
IADLs, and interviewer assessment of difficulty completing inter-
views due to cognitive limitation.2® Existing algorithmic approaches
to HRS dementia risk scoring?! often use only cognitive tasks. Latent
dementia approaches incorporate the day-to-day functional ability to
better characterize disease processes22 that, also, are unbiased by

measurement error.

1.2 | The current study

Using the HRS ADAMS subsample, we fit a multigroup single latent
variable model to participants’ cognitive/functional ability assess-
ments. We first test Ml across sex expecting that a partial scalar
invariance model would fit the data the best. Second, we test the LDI’s
validity using ADAMS clinical diagnoses to ensure that it is an equal
measure across sex, correlates with diagnosis, and can reproduce sex

differences in dementia observed in prior studies.>®

RESEARCH IN CONTEXT

1. Systematic review: Authors reviewed literature on
latent variable measures of dementia, sex differences
in dementia, and sex differences in measurement of
cognitive/functional ability. Studies have either validated
latent variable measures of dementia or evaluated how
sex affects measurement of cognitive and functional
ability. We did not find studies testing measurement
invariance (M) of latent variable measures of dementia
across sex.

2. Interpretation: Our research shows support for partial
scalar invariance of a latent dementia index (LDI) that
can capture dementia likelihood equivalently for men and
women.

3. Future directions: The manuscript lays groundwork for
constructing LDl measures to test group differences in
other studies. This study uses a subsample of a large
nationally representative study of aging (the Health and
Retirement Study), which is part of an international net-
work of aging studies. Our model, thus, will facilitate
cross-cultural comparisons of dementia and sex differ-
ences in dementia across the globe.

2 | METHODS

2.1 | Participants

We use data from Wave A of the ADAMS, a subsample of 856
adults aged 70+ years from the 2000 and 2002 waves of the HRS
selected based on their cognitive scores. Between 2001 and 2003,
ADAMS assessments were conducted in-person in respondents’ homes
by a nurse and neuropsychology technician. Assessments included
neuropsychological testing of respondents and informant-reported
information including functional ability, history of cognitive symptoms,
history of medical conditions, and current medications, among other
domains.2? Although additional follow-ups of the ADAMS sample have
been conducted, we use the baseline (Wave A) due to larger sample
size and less vulnerability to biases from loss to follow-up and selective
survival in later follow-up waves of the Wave A cohort. Furthermore,
follow-up waves (Waves B-D) were conducted on select subsamples of
the Wave A cohort such as those with cognitive impairment not demen-
tia (CIND) and those without a prior diagnosis of dementia.?* Wave A,
thus, provides the most complete picture of dementia likelihood in the
population.

2.2 | Cognitive assessment

ADAMS included an extensive battery of neuropsychological tests to

ascertain cognitive function across cognitive domains. We use the
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following as cognitive measures in our latent measure of dementia
(Figure 1).

2.2.1 | Nonverbal subtests

Constructional Praxis (CPT), Delayed Constructional Praxis (DCPT),
Recognition Constructional Praxis (RCPT), Trail Making Test A and B
(TMTA, TMTB), Digit Span (DS), and Digital Symbol Modality (DSM).

2.2.2 | Verbal subtests

Animal Fluency (AF), Boston Naming Test (BNT), Controlled Oral Word
Association Test (COWAT), Wide Range Achievement Test (WRAT),
and Shipley Vocabulary Test (SHIP).

2.2.3 | Memory subtests

Benton Visual Retention (BENT), Immediate/Delayed/Recognition
Word Recall (WLI, WLD, WLR), Wechsler Memory Scale (WMS) Log-
ical Memory | (LM1), and WMS Logical Memory Il (LM2). The Fuld
Object Memory Evaluation (FULD) is based on recall of ten common

household objects, which the subject first identifies by touch.

2.3 | Functional ability

Functional ability was reported by knowledgeable informants. Func-
tional ability included ADL and IADL limitations. ADL limitations
included difficulty getting across a room, dressing, bathing, eating, get-
ting out of bed, and using the toilet. IADL limitations included difficulty
preparing meals, shopping for groceries, making telephone calls, taking
medication, and managing money. We created two latent variables for
ADL and IADL limitations.

2.4 | Dementia diagnosis

Respondents were classified as having normal cognitive function,
CIND, and dementia. Preliminary diagnoses were completed by a
panel including a Duke University geropsychiatrist, neurologist, neu-
ropsychologist, and cognitive neuroscientist using all information from
the ADAMS in-home assessment. The geropsychiatrist then reviewed
medical records and revised the preliminary diagnosis where appro-
priate based on the additional medical information. Specific dementia
etiologies were identified, and diagnostic procedures were based on
standard diagnostic procedures used at the time, that is, the Diagnos-
tic and Statistical Manual of Mental Disorders (DSM-I11-R & DSM-IV).25:26
CIND was based on the judgment of an expert consensus panel and
considered broadly using mild functional or cognitive impairment

not meeting criteria for dementia or neuropsychological test per-
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formance below expectation and more than 1.5 standard deviations
below published norms. The final diagnoses were decided through an
expert consensus panel consisting of neurologists, neuropsychologists,
geropsychologists, and internists. More detail on the diagnostic pro-
cess is available in other work.2® In validation analyses, respondents
were categorized into those diagnosed with any dementia and those
not diagnosed with dementia (i.e., normal cognitive function and CIND
respondents).

2.5 | Data analysis
We first present the means and standard deviations of cognitive and
functional ability measures across sex. In a preliminary step, we esti-
mated a two-factor model of functional ability using Mplus 8.8%27 to
test metric invariance of the two factors. This model was imported
into the confirmatory factor model, so the LDI was fit to the normally
distributed latent variables (Figure 1).

Multigroup confirmatory factor analysis (CFA) was used to esti-
mate and compare LDI scores across men and women using Mplus. The
configural model served as the baseline model and is specified in the

following expression:

k
_ akak Atk K
Z,,,, = Np @A, + Oy, (1)
,u’g = T’; + A’gkk (2)

Covariance among items, Z,, is a linear function of the weighted
effect, A, of the latent variable, ®, and the unique factor variance, ©®
for k groups, here male and female. The latent variances of the LDI
factor, @, are fixed to one in the configural model. In ®, the covari-
ances among the items are independent in except for the nonmemory
cognitive items. This portion of the matrix is saturated to account for
covariances among this subset of items due to a general ability factor.
The mean structure of the model, Equation 2, is estimated so that the
intercepts, 7,, are free across items whereas the latent means, x, are
fixed to zero. Figure 1 presents the model fit to the male and female
samples. Lower LDI scores indicate a higher likelihood of dementia.
Several cognitive ability variables were rescaled to facilitate model
estimation, which is described in the Appendix.

We next tested for full metric invariance followed by scalar invari-
ance. If the difference between configural and metric invariance
models (or metric invariance and scalar invariance models) were statis-
tically different, we tested whether parcels of items were invariant (i.e.,
all verbal items, all nonverbal items, all memory items, and both func-
tional ability variables). Of the various approaches used when some
but not all measured variables are unbiased by group membership,
this approach is compromissory.28 As prior literature suggests sex dif-
ferences in verbal ability and memory measures more often than in
nonverbal ability, we tested nonverbal ability clusters first, verbal abil-
ity clusters second, memory clusters third, and functional ability items
last. Distributions of male and female LDI scores are presented from
the best-fitting model.
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FIGURE 1 Confirmatory factor model for the latent dementia index. AF, Animal Fluency; BENT, Benton Visual Retention; BNT, Boston Naming
Test; COWAT, Controlled Oral Word Association Test; CPT, Constructional Praxis Total; DS, Digit Span; DSM, Digit Symbol Modality; DCPT,
Delayed Constructional Praxis Total; FULD, Fuld Object Memory Evaluation; LDI, Latent Dementia Index; LM1, Wechsler Memory Scale Logical
Memory 1; LM2, Wechsler Memory Scale Logical Memory 2; RCPT, Recognition Constructional Praxis Total; TMTA, Trail Making Test (A); TMTB,
Trail Making Test (B); SHIP, Shipley Vocabulary Test; WLD, Word List Delayed; WLI, Word List Immediate; WLR, Word List Recognition; WRAT,
Wide Range Achievement Test; ADL, Activities of Daily Living measured using items A,_4, which are difficulty getting across a room, dressing,
bathing, eating, getting out of bed, and using the toilet; IADL, Instrumental Activities of Daily Living measured using items |4_s, which are difficulty
preparing meals, shopping for groceries, making telephone calls, taking medication, and managing money. Circles represent unobserved (latent)

variables, rectangles indicate observed (manifest) variables, triangles represent means, and * indicates freely estimated parameters.
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Finally, we estimated and tested differences in correlations among
the LDI, dementia diagnosis, and Mini-Mental Status Exam (MMSE)
scores. For all CFA and validation analyses, we used maximum like-
lihood with robust standard errors to account for violations of mul-
tivariate normality and missing data. Nonresponse was assumed to
be missing at random or missing not at random; in both cases, full
information maximum likelihood is the recommended approach for
obtaining the least biased parameter estimates and standard errors,
even in cases where nonresponse is missing not at random.2? Mod-
els were compared using the Satorra-Bentler chi-squared difference
test of nested models. More parsimonious models that did not statis-
tically significantly differ from more complex models were accepted.
Bonferroni-corrected a cut-off values were used to maintain a Type |
error rate of 0.05. As we present in the Results section, we conducted
36 total tests with this data set, so we used a corrected a cut-off of
0.001. We additionally used the Akaike information criterion (AIC) and
Bayesian information criterion (BIC) to compare models, as each penal-
izes model overfitting differently - the BIC incurs a greater penalty per

parameter3?; with both methods, lower values suggest better model fit.

3 | RESULTS

3.1 | Descriptive analyses

Table 1 presents means and standard deviations of cognitive and func-
tional ability measures for men and women in the ADAMS. The sample
included 355 men and 501 women. A higher proportion of female
participants (42.5%) were considered to have dementia compared to
male participants (26.8%). The mean age for women (82.6) was slightly
higher than for men (80.2).

3.2 | Confirmatory factor analyses and
measurement invariance of latent dementia index

We first used multigroup CFA to test whether the ADL and IADL fac-
tors were invariant across sex. A metric invariant model fit equally as
well as a configural model (S-B)(2 = 3.75, Adf = 9, p = 0.927), and a
scalar invariant model fit equally as well as a metric invariant model
(S—B)(2 =19.25,Adf=9,p=0.023). The latent ADL and IADL means sig-
nificantly differed between men and women, with women scoring 0.52
and 0.47 units lower than men, respectively, We, thus, proceeded with
testing Ml of the LDI across sex.

Table 2 presents the model-fitting results of the factorial invari-
ance tests across sex. A metric invariant model did not fit equally as
well as the configural model (Model 2 vs. 1: S—B)(2 = 45.24, Adf = 20,
p = 0.001) so we proceeded with testing for partial metric and scalar
invariance. We found that all nonverbal item loadings could be con-
strained as equal across men and women (Model 2a vs. 1: S—B)(2 =7.80,
Adf = 6, p = 0.253). Constraining all verbal item loadings across sex
resulted in statistically significantly different model fit (Model 2b vs.
2a: S-B)(2 =22.22, Adf =5, p < 0.001), but only the WRAT loading was

Disease Monitoring

significantly different (S-By? = 14.42, Adf = 1, p < 0.001) (see Table
S1, which contains tests of individual items). All memory item load-
ings could be constrained across sex (Model 2c vs. 2a: S-By? = 23.33,
Adf = 7, p = 0.001) as well as both the latent ADL and IADL factors
(Model 2d vs. 2a: S-By? = 0.97, Adf = 2, p = 0.614). Model 2e in the LDI
section of Table 2, thus, was accepted as the final partial metric invari-
ant model in which only the WRAT statistically significantly differed
across sex.

Next, we tested for partial scalar invariance of all items except the
WRAT and the latent ADL and IADL factors, as the WRAT loading
was not invariant across sex and the means (now intercepts) of the
ADL and IADL factors were found to differ in the analysis of the ADL
and IADL items in our initial analytic step (i.e., Model FA3 in Table 2).
Whereas all intercepts that could be tested for scalar invariance could
not be constrained across sex (Model 3 vs. 2e: S—B)(2 =95.44, Adf =17,
p < 0.001), we proceeded to test ability clusters as in the partial metric
invariance step. The intercepts of all nonverbal items could be con-
strained as equal across sex (Model 3a vs. 2e: S—B)(2 =11.49, Adf = 6,
p=0.074). Although a model that constrained all verbal item intercepts
to be the same across sex was rejected (Model 3b vs. 3a: S—B)(2 =24.16,
Adf = 4, p < 0.001), no item was found to differ significantly when
evaluated individually (see Table S1). We, thus, constrained all verbal
item intercepts except the WRAT to be the same across sex. All mem-
ory intercepts could not be constrained across sex (Model 3c vs. 3a:
S-B)(Z = 45.37, Adf = 7, p < 0.001). When we tested individual mem-
ory items (see Table S1), immediate recall and delayed recall intercepts
were found to differ between men and women whereas all other mem-
ory item intercepts did not. We thus selected Model 3d in Table 2 as
the best fitting model that allowed the WRAT loading and intercept, the
immediate and delayed recall intercepts, and the latent ADL and IADL
intercepts to differ between men and women.

Parameter estimates from Model 3d are presented in Table 3. All
nonverbal items were constrained across sex with the highest loadings
among DCPT, DS, CPT, and digit symbol modality. Among the verbal
items, AF and the BNT had the highest factor loadings common across
sex whereas the factor loading for the WRAT was greater in men than
women. All memory items loaded highly on the LDI with logical mem-
ory tests having the highest loadings. For functional ability, the latent
IADL factor was more strongly associated with the LDI than the latent
ADL factor.

3.3 | Validation and evaluation of the latent
dementia index

The receiver operator characteristic curve (ROC) (Figure S1), which we
constructed using LDI factor scores from Model 3d, suggests excellent
sensitivity and specificity of the LDI (area under the curve value = 0.97)
with a cut-off score of —0.65 that maximizes true positive rate (sensi-
tivity) and minimizes false positive rate. The LDI cutoff score of —0.65
suggests that scores below this value are associated with probable
diagnosis of dementia whereas scores above it are associated with no

diagnosis. In support of the LDI’s validity, its correlation with MMSE
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TABLE 1 Descriptive characteristics of baseline aging, demographics, and memory study participants by gender (n = 856).

Demographics and dementia

©
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Dementia diagnosis (n, %)

Cognitive ability

Word List Delayed 783 0-10 3.8 2.5 3.6 29

WMS Logical Memory 1 748 0-18.5 7.5 4.4 6.5 4.7

Animal Fluency 790 0-16.5 6.4 2.7 55 2.8

Constructional Praxis Total 737 0-11 8.9 1.9 8.3 2.1

Constructional Praxis Recognition 725 0-4 3.0 1.1 2.8 1.1

Trails B 370 —7.27t0-0.31 -1.7 0.9 -1.8 11

Digit Span 730 0-14 6.1 21 57 22

Word Association 673 0-6.6 24 1.2 2.3 1.3

Benton 644 0-9 3.5 24 3.0 2.2

MMSE 814 0-30 22.3 6.3 211 7.6

Activities of Daily Living

Difficulty dressing 728 0-1 59 194 151 35.6

Difficulty eating 725 0-1 34 11.2 77 18.3

Difficulty using the toilet 724 0-1 38 12.7 113 26.7

Instrumental Activities of Daily
Living

Difficulty shopping for groceries 707 0-1 80 27.2 200 48.4

Difficulty taking medication 724 0-1 66 21.8 157 37.3

Notes: Authors’ own calculations using Wave A of the Aging, Demographics, and Memory Study. “Dementia diagnosis” made by consensus panels, see Langa
et al.? for more details.
Abbreviations: MMSE, Mini-Mental State Examination; WMS, Wechsler Memory Scale.
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TABLE 2 Modelfit results.

Disease Monitoring

Model LL Parameters Comparison S-By?> Adf p AIC BIC
Functional Ability
FA1. Configural —3002.52 47 6099.03 6315.36
FA2. Metric —3004.24 38 FA2vs.FA1 375 9 0.927 608448 6259.38
FA3. Scalar —-3013.88 29 FA3vs.FA2 1925 9 0.023 608576 6219.23
LDI
1. Configural —25275.26 327 = = = = 51204.53 52755.06
2. Metric —25301.05 307 2vs.1 4524 20 0.001 51216.11 52671.81
Partial metric invariance
2a. All nonverbal items constrained —-25280.22 321 2avs. 1 780 6 0.253 5120245 52724.53
2b. All verbal items constrained —-2529125 316 2bvs. 2a 2222 5 <0.001 5121451 52712.88
2c. All memory items constrained —2529326 314 2cvs.2a 2333 7 0.001 51214.51 52703.41
2d. All latent functional ability variables constrained —25280.75 319 2dvs. 2a 097 2 0.614 51199.50 52712.10
2e. All items except WRAT —25296.98 308 2evs.2a 29.94 13 0.005 51209.96 52670.40
3. Scalar —2534556 291 3vs.2e 9544 17 <0.001 51273.13 52652.96
Partial scalar invariance
3a. All nonverbal intercepts constrained —25303.12 302 3avs.2e 1149 6 0.074 51210.24 52642.24
3b. All verbal intercepts constrained (except WRAT) —25315.54 298 3bvs. 3a 24.16 4 <0.001 51227.07 52640.10
3c. All memory intercepts constrained —2532523 295 3cvs. 3a 4537 7 <0.001 51240.46 52639.26
3d. All intercepts except WLI, WLD, ADL, IADL, & —25324.65 293 3dvs.3a 4285 9 <0.001 5123531 52624.63

WRAT

Abbreviations: LL, log-likelihood of model; AS-By?, Satorra-Bentler corrected y? difference; Adf, difference in degrees of freedom; ADL, Activities of Daily
Living; AIC, Akaike information criterion; BIC, Bayesian information criterion; FA, Functional Ability; IADL, Instrumental Activities of Daily Living; LDI, Latent
Dementia Index; WLD, Word List Delayed; WLI, Word List Immediate; WRAT, Wide Range Achievement Test.

is 0.84. The correlation between the LDI and a dichotomous dementia
diagnosis (estimated through maximum likelihood estimation) is —0.79
(SE = 0.02) whereas the correlation between MMSE and diagnosis
is —0.73 (SE=0.02).

Under a partial scalar invariant model, the LDI mean was 0.38 units
lower in the female group compared to males; the distribution of LDI
scores is shifted slightly to the left in the female group (in blue) com-
pared to the male group (in red; Figure 2). Associations between LDI
scores and ADAMS-diagnosed cognitive status (Figure 3) shows that
mean LDI scores are generally highest in the cognitively normal (CN)
group, followed by the cognitively impaired not dementia group, and
then lowest in the dementia group, regardless of sex. However, there
are sex differences. The location of distributions for CN and cogni-
tively impaired not demented male and female groups are reasonably
comparable. Visual inspection of the distributions of the demented
groups suggests women have higher dementia likelihoods than men, on
average.

Figures S2A-S2C present sex differences of LDI distributions as a
function of age, APOE ¢4 allele count, and education as an additional
validity check given expected differences in dementia across these
domains.31-33 LDI score distributions appear to be similar across age
(Panel A) in males as females; those in the highest age groups had
the lowest LDI scores, although the middle age group was bimodal for
women but not men. Whereas the distributions of male participants

with < high school education, a high school education, and > high
school education are fairly symmetric, the distribution of female par-
ticipants are bimodal or platykurtic suggesting dementia values are not
well discriminated (Panel B). Finally, LDI scores were distributed dif-
ferently across APOE ¢4 allele counts for men and women (Panel C).
The distributions were nearly identical for zero and one alleles in the
men whereas two alleles conferred greater likelihood of dementia. For

women, likelihood of dementia increased with each additional allele.

4 | DISCUSSION

Establishing partial scalar invariance across sex suggests that LDI
scores lay on the same distribution for women as men; mean dif-
ferences, thus, represent estimates of true population differences
in dementia likelihood. Our establishment of metric invariance also
enables meaningful comparison of associations between dementia risk
factors and LDI scores across sex.

Although dementia diagnoses are available in ADAMS, there are
many studies without diagnoses because they were never consid-
ered or were too cumbersome given the sample of study like the
HRS. The LDI approach may be extended to the core HRS and
the more recent Harmonized Cognitive Assessment Protocol (HCAP)
subsample.®4 Furthermore, multigroup latent variable models can test
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TABLE 3 Parameter estimates from best fitting partial scalar invariance model (Model 3d).

Men Women
Estimate 0.95Cl Estimate 0.95Cl
Loadings
Verbal
Animal Fluency 2.09 [1.88,2.30] 2.09 [1.88,2.30]
Boston Naming 1.07 [0.95, 1.20] 1.07 [0.95,1.20]
COWAT 0.88 [0.78,0.99] 0.88 [0.78,0.99]
Shipley 0.56 [0.48,0.65] 0.56 [0.48,0.65]
WRAT 0.67 [0.53,0.81] 0.45 [0.35,0.54]
Nonverbal
Constructional Praxis 1.31 [1.11,1.50] 1.31 [1.11,1.50]
Constructional Praxis—Delayed 2.73 [2.46,2.99] 2.73 [2.46,2.99]
Constructional Praxis—Recognition 0.72 [0.64,0.81] 0.72 [0.64,0.81]
TMTA 0.28 [0.21,0.35] 0.28 [0.21,0.35]
TMTB 0.95 [0.73,1.17] 0.95 [0.73,1.17]
Digit Span 1.38 [1.21,1.55] 1.38 [1.21,1.55]
Digit Symbol 1.10 [0.97,1.23] 1.10 [0.97,1.23]
Memory
Benton 1.77 [1.57,1.98] 1.77 [1.57,1.98]
Fuld 321 [2.90,3.52] 3.21 [2.90,3.52]
Word List—Immediate 2.57 [2.34,2.80] 2.57 [2.34,2.80]
Word List—Delayed 2.35 [2.15,2.56] 2.35 [2.15,2.56]
Word List—Recognition 1.27 [1.08, 1.46] 1.27 [1.08, 1.46]
Logical Memory A 4.09 [3.70,4.48] 4.09 [3.70,4.48]
Logical Memory B 3381 [3.41,4.21] 3.81 [3.41,4.21]
Functional Ability
ADL -0.61 [-0.79,-0.44] -0.61 [-0.79,-0.44]
IADL —-1.02 [-1.24,-0.81] —-1.02 [-1.24,-0.81]
Means/Intercepts
LDI 0.00 - -0.38 -
Animal Fluency 6.07 [5.82, 6.33] 6.07 [5.82,6.33]
Boston Naming 6.07 [5.93, 6.21] 6.07 [5.93,6.21]
COWAT 2.20 [2.08,2.33] 2.20 [2.08,2.33]
Shipley 243 [2.34,2.52] 243 [2.34,2.52]
WRAT 3.86 [3.72,4.01] 4.07 [3.97,4.17]
Constructional Praxis 8.58 [8.39,8.78] 8.58 [8.39,8.78]
Constructional Praxis—Delayed 5.23 [4.89,5.56] 5.23 [4.89,5.56]
Constructional Praxis—Recognition 2.88 [2.77,2.98] 2.88 [2.77,2.98]
TMTA -0.85 [-0.0.91,-0.79] —-0.85 [-.0.91,-0.79]
TMTB —2.60 [-2.83,-2.36] —2.60 [-2.83,-2.36]
Digit Span 5.91 [5.72, 6.10] 591 [5.72,6.10]
Digit Symbol 2.01 [1.87,2.16] 201 [1.87,2.16]
Benton 2.99 [2.75,3.23] 2.99 [2.75,3.23]
Fuld 9.39 [9.03,9.76] 9.39 [9.03,9.76]

(Continues)
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TABLE 3 (Continued)
Men Women
Estimate 0.95Cl Estimate 0.95Cl
Word List—Immediate 6.43 [6.15,6.72] 7.10 [6.76,7.43]
Word List—Delayed 3.63 [3.36,3.90] 4.11 [3.81,4.42]
Word List—Recognition 8.34 [8.16,8.52] 8.34 [8.16,8.52]
Logical Memory A 7.18 [6.72,7.64] 7.18 [6.72,7.64]
Logical Memory B 5.06 [4.62,5.50] 5.06 [4.62,5.50]
ADL 0.00 = 0.42 =
IADL 0.00 = 0.34 =

Abbreviations: ADL, Activities of Daily Living; COWAT, Controlled Oral Word Association Test; IADL, Instrumental Activities of Daily Living; LDI, Latent
Dementia index; TMTA, Trail Making Test (A); TMTB, Trail Making Test (B); WRAT, Wide Range Achievement Test.
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FIGURE 2 LDldistribution for male and female ADAMS

participants.

whether common cognitive protocols deployed across cultures - as
in HRS, the ELSA (England), LASI (India), and the MHAS (Mexico) -
enable meaningful cross-cultural comparison of dementia likelihood.
Sex differences in dementia likelihood can be explored both within and
between countries. Cross-nationally comparative work on sex differ-
ences in dementia allows evaluation of consistency of sex differences
in dementia across countries with varying structures and norms sur-
rounding gender, such as access to cognition-promoting resources like
education.®”

We now discuss how our approach fits in with other approaches
to identifying dementia cases in the ADAMS and HRS data sets.2!
First, our ROC curve suggests strong sensitivity and specificity. Sec-
ond, the LDI partitions true score variance from measurement variance
so mean comparisons of the LDI across sex are not confounded by

error variance. Third, given the richness of the neuropsychological and
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FIGURE 3 LDldistribution for dementia cases, CIND, and

cognitive normal ADAMS participants by sex. CIND, cognitive
impairment not dementia; CN, cognitively normal.

functional ability variables used to estimate dementia likelihood, the
current results extend algorithmic approaches?! using only cognitive
and proxy measures. We use respondents’ cognitive performance in
addition to functional ability. For example, a comparison of algorithmic
approaches in HRS show inconsistent invariance in memory-related
measures.3¢ The LDI approach, however, is a comprehensive test of
invariance at the level of the association between dementia likelihood

and all measures of cognitive and functional ability. Fourth, the LDI
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provides a continuous measure of dementia likelihood, capturing the
dementia process,'! instead of relying on an ordered categorical vari-
able decided by the placement of cut-points. Fifth, compared to prior
algorithmic approaches, we explicitly tested whether the LDI scores
are comparable across sex. Simple sum scores of manifest variables
cannot determine whether the scores measure the same underlying
construct across sex. Finally, the LDI approach accommodates miss-
ing data by using full information maximum likelihood estimation to
reduce biases associated with missing data even when data are not
missing at random.2? This is often the case in population-based studies
of cognition where respondents may not be able to complete cognitive
assessments due to cognitive decline itself.

Substantively, there are notable sex differences in LDI scores wor-
thy of mention. First, several of the LDI distributions in female subsam-
ples were bimodal whereas the distributions were generally unimodal
in male subsamples. For example, the LDI distributions of each educa-
tion group in the female participants are either bimodal (< high school
and > high school) or somewhat uniform (high school). These distribu-
tions could represent heterogeneous subgroups within each education
group, that is, dementia likelihood is not equally distributed in more
highly educated women whereas it is more equally distributed in less
educated (< high school) women. Second, LDI distributions as a func-
tion of age differed between men and women. As with education, the
bimodal LDI distribution in women aged 80-90 suggests high-risk and
low-risk groups. As expected, women in the oldest age group had the
highest overall expected dementia likelihood with scores piling at the
low end of the distribution compared to men. Third, LDI distributions
based on APOE allele counts followed expected sex differences.33”
Expected dementia likelihood increased with each additional allele in
women whereas only men with two APOE ¢4 had higher risk compared
to men with one or no alleles.

There are several limitations. First, ADAMS had lower participation
rates than anticipated,? leading to potential selection biases. Sec-
ond, the ADAMS sample only includes individuals aged 70+. Although
most dementia cases occur in this group, results regarding patterns
of (non)invariance across sex may differ in other age groups. Third,
ADAMS data were collected 2001-2003. More recent older adult
cohorts show higher education and more gender parity in education,
which may affect cognitive function and dementia.®3? Additionally,
the age of the ADAMS data means that standards and criteria for the
diagnosis of dementia and cognitively impaired not demented have
changed during this time. A strength of the LDI is that its estimation
does not depend on the evolution of diagnostic criteria for major neu-
rocognitive disorders or mild cognitive impairment. We nevertheless
used the diagnostic criteria in the ADAMS sample for the reason the
LDI should be able to order individuals in a population based on their
likelihood of dementia. Last, although full scalar invariance of cogni-
tive assessments across education level has been reported,*® prior
work has largely tested Ml of measures of general cognitive ability or
cognitive domains instead of latent dementia measures.

Future work should assess Ml across sex in more recent cohorts of
older adults with potentially different characteristic profiles, such as

higher educational attainment. Additionally, future work should esti-

mate comparable LDI scores across different subpopulations of the
HRS and its cousin studies (e.g., the Mexican Health and Aging Study,
the Longitudinal Study of Aging in India). Notably, one advantage of the
LDl is that it can be estimated using any combination of cognitive abil-
ity (both memory and nonmemory) and functional ability items.? Thus,
harmonization of LDI scores across populations should be feasible as
long as studies have a subset of items in common.
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APPENDIX: RESCALING OF VARIABLES FOR
CONFIRMATORY FACTOR ANALYSES
Several variables were rescaled to facilitate model estimation. Mini-

Mental State Examination (MMSE), animal fluency, Boston Naming,
digit span, Immediate Word Recall, WMS Logical Memory 1 & 2,
and Fuld Object Memory were divided by two. Shipley, Digit Sym-

bol Modalities, Word Association, and Wide Range Achievement Test

were divided by ten. Trails making tests were divided by one hun-

dred and multiplied by negative one so higher values represent faster

completion time (that is, higher cognitive ability).
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