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Abstract

Objective @ CME Course
To test the hypothesis that individual differences in episodic memory and verbal fluency in NPub.org/cmelist
cognitively normal middle-aged adults will predict progression to amnestic mild cognitive

impairment (MCI) after 6 years.

Method

The cohort analyzed included 842 male twins who were cognitively normal at baseline (mean
56 years) and completed measures of episodic memory and verbal fluency at baseline and again
6 years later (mean 62 years).

Results

Poor episodic memory predicted progression to both amnestic MCI (odds ratio [OR], 4.42; 95%
confidence interval [CI], 2.44-10.60) and nonamnestic MCI (OR, 1.92; 95% CI, 1.32-3.44).
Poor semantic verbal fluency also independently predicted progression to amnestic MCI (OR,
1.86; 95% CI, 1.12-3.52). In the full sample, a semantic-specific fluency latent variable at wave 1
(which controls for letter fluency) predicted change in episodic memory at wave 2 (f = 0.13), but
not vice versa (p = 0.04). Associations between episodic memory and verbal fluency factors were
primarily explained by genetic, rather than environmental, correlations.

Conclusions

Among individuals who were cognitively normal at wave 1, episodic memory moderately to
strongly predicted progression to MCI at average age 62, emphasizing the fact that there is still
meaningful variability even among cognitively normal individuals. Episodic memory, which is
typically a primary focus for Alzheimer disease (AD) risk, declined earlier and more quickly than
fluency. However, semantic fluency at average age 56 predicted 6-year change in memory as well
as progression to amnestic MCI even after accounting for baseline memory performance. These
findings emphasize the utility of memory and fluency measures in early identification of AD risk.
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Glossary

AD = Alzheimer disease; CFI = comparative fit index; CI = confidence interval; CN = cognitively normal; CVLT = California
Verbal Learning Test II; DZ = dizygotic; LM = logical memory; MCI = mild cognitive impairment; MZ = monozygotic; OR =
odds ratio; RMSEA = root mean square error of approximation; VETSA = Vietnam Era Twin Study of Aging; VR = visual

reproduction.

Although  the A/T/N  framework  (amyloid/tau/
neurodegeneration) is agnostic regarding the sequence of
biomarker progression, it is generally assumed that biomarker
positivity is present before cognitive manifestations." B-Amy-
loid and tau biomarkers indicate increased risk because they
reflect underlying disease pathophysiology, but it does not
necessarily follow that—with currently available detection
techniques—these biomarkers will be the earliest predictors of
progression to Alzheimer disease (AD). In older adults without
dementia, including those who already have mild cognitive
impairment (MCI), cognitive markers—particularly episodic
memory—do as well as or better than AD biomarkers.”™ Se-
mantic fluency impairment has also been associated with MCI
and progression to AD in older adults.®'> However, because
the AD process begins decades before dementia onset, re-
searchers have recommended greater emphasis on earlier

identification of risk.'>*

With that in mind, there is substantial variability in cognitive
function even in cognitively normal (CN) middle-aged adults.
To address the need for early identification, we examined the
ability of cognitive measures to predict progression to MCl in a
6-year follow-up of CN, community-dwelling men in their 50s
who were rigorously defined as CN at baseline. We addressed
the following questions: (1) Does episodic memory predict
progression to MCI? (2) Does semantic fluency predict pro-
gression to MCI after accounting for episodic memory? (3)
Does episodic memory predict change in semantic fluency or
vice versa? (4) To what extent do shared genetic influences
underlie associations between semantic fluency and episodic
memory?

Method

Participants

The primary analyses involving MCI progression (questions 1
and 2) were based on 842 individuals from the longitudinal
Vietnam Era Twin Study of Aging (VETSA) project who were
CN at wave 1 and returned to complete the wave 2 assessment
approximately 6 years later. All participants were recruited
randomly from a pool of 3,322 Vietnam Era Twin Registry twin
pairs from a previous study that had no inclusion/exclusion
criteria other than being in the Registry."> All served in the US
military at some time between 1965 and 1975; nearly 80% did
not serve in combat or in Vietnam.'*"” Participants are gener-
ally representative of American men in their age group with
respect to health and lifestyle characteristics."® See table 1 for
demographic characteristics of the subsample of 842 individuals,
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which includes the descriptive statistics for all covariates in the
analyses involving MCI. The only inclusion criteria for wave 1
were that twins must be between ages 51 and 59 at the time of
recruitment, and that both twins in a pair agreed to participate.
All twins were invited to complete wave 2 regardless of partic-
ipation of their co-twin.

There were 1,237 individuals who completed the protocol at
wave 1. Of these, 107 (8.6%) were excluded from the analysis
of progression to MCI because they had MCI at wave 1. This
left 1,130 (91.4%) CN individuals, 906 (80.2%) of whom
returned for wave 2. Of those 906, 64 were excluded for the
following reasons: missing covariates (57); missing fluency
data (1); MCI with language domain impairment (which
includes fluency) at wave 2 (6). This left 842 (92.9% of 906
and 74.5% of the total CN individuals at wave 1) for the
analyses of progression to MCI. See figure 1 for a flowchart
describing this sample breakdown.

Additional analyses involving the full sample (questions 3 and
4) made use of data from all VETSA participants: 1,484 total
individuals. At wave 2, participants included 1,257 individuals:
1,013 returnees, 191 attrition replacement subjects who were in
the age range of returnees, and 53 attrition replacements who
were in the age range of participants at wave 1. The final 53
attrition replacements were analyzed with the wave 1 subjects.
Despite some missing data, all available participants were in-
cluded because structural equation models (i.e., phenotypic
cross-lagged and genetic twin models) use all available data.
This provides more accurate and less biased estimates of vari-
ance, thus making for more accurate factor loadings and esti-
mates of genetic/environmental influences at each age. Thus
the final sample included 1,290 individuals at mean age 56 (367
monozygotic [MZ] twin pairs, 273 dizygotic [DZ] twin pairs,
and 10 unpaired twins) and 1,204 individuals at mean age 62
(332 MZ twin pairs, 234 DZ twin pairs, and 72 unpaired twins).

Standard protocol approvals, registrations,
and patient consents

All participants provided informed consent, and all proce-
dures were approved by the institutional review boards of
participating institutions.

Measures

Development of latent variable measures of episodic memory,
verbal fluency, and other cognitive variables and MCI di-
agnoses has been reported in our earlier work.'”>* These
measures are summarized briefly here. In addition, all cogni-
tive measures at the second wave of testing were adjusted to
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Table 1 Demographic characteristics of the sample and covariates included in analyses involving mild cognitive

impairment (MCI)

Overall p (CN vs

Demographic variable Mean SD Range p (CN vs aMClI) p (CN vs nMCI) aMClI vs nMCI)
All participants
Lifetime education 14.0 213 8-20 0.229 0.168 0.210
Ethnicity (% white non-Hispanic) 91.0 — — 0.793 0.743 0.325
APOE status (% =4 positive) 30.5 — — 0.499 0.093 0.203
Wave 1
Age 55.8 2.46 51.08-60.67 0.136 0.008 0.004°
Depression symptoms 7.17 7.17 0,45 0.809 0.818 0.955
Diabetes (% yes) 10.3 — — 0.747 0.420 0.554
Hypertension (% yes) 59.4 — — 0.259 0.140 0.248
Wave 2
Age 61.5 2.41 56.50-66.50 0.098 0.012 0.005°
Age interval (wave 2 — wave 1) 5.8 0.69 4.25-9.42 0.607 0.510 0.682

Abbreviations: aMCl = amnestic mild cognitive impairment, CN = cognitively normal; nMCl = nonamnestic mild cognitive impairment.

Atotal of 842 individuals who were CN at wave 1 and returned for wave 2 assessments are included. Columns 6 and 7 display the p values for comparisons
between the individuals who remained CN (n = 762) or progressed to aMCl (n = 42; column 6) or nMCI (n = 38; column 7) at wave 2. The final column displays
the 2 degrees of freedom comparison among all 3 groups. Lifetime education was the number of years of school completed. Depression symptoms were
measured with the Center for Epidemiologic Studies—Depression Scale,® with scores above 15 indicating risk for clinical depression.

@ Associations that survived multiple comparisons after adjusting for 9 tests (i.e., Bonferroni correction).

account for the fact that many of the participants had en-
countered the tasks before.”® Although practice effects were
small and often nonsignificant, it is important to correct for
them as ignoring these small differences results in the
underdiagnoses of MCI in this sample.*

Episodic memory

Memory was measured with the logical memory (LM) and
visual reproductions (VR) subtests of the Wechsler Memory
Scale III** and the California Verbal Learning Test II
(CVLT).** The dependent measures were the LM and VR
delayed recall scores and the CVLT long delay free recall score.
These measures were combined to create a latent factor.

Verbal fluency

Fluency was measured with 6 verbal fluency subtests from the
Delis-Kaplan Executive Function System.* Participants per-
formed the letter subtests (F, A, and S), followed by semantic
subtests (animals, boys’ names, and fruits/furniture). De-
pendent measures were the number of words generated in 60
seconds. We utilized a latent variable model of verbal fluency
that highlights unique variance in semantic fluency.”® This
model decomposes the variance in the 6 fluency subtests into
2 latent factors: a general fluency factor captures variance
across letter and semantic subtests, and a semantic-specific
factor captures the remaining variance shared among se-
mantic subtests not captured by the general factor. To be
comparable with the other measures, we used the number of
words on fruits/furniture switching condition, ignoring
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switching ability. This was validated in the previous work,*®

which also showed that removal of this subtest has little im-

pact on the factor structure of verbal fluency. Performance on

both factors was explained mostly by genetic influences at

wave 1 and wave 2 and demonstrated strong phenotypic and
. . . . 26

genetic correlations over this 6-year interval.

Mild cognitive impairment

MCI was diagnosed using the Jak-Bondi actuarial/neuro-
psychological approach.”” > Impairment in a cognitive domain
was defined as having at least 2 tests >1.5 SDs below the age-
and education-adjusted normative means after accounting for
premorbid cognitive ability by adjusting neuropsychological
scores for performance on a test of general cognitive ability that
was taken at a mean age of 20 years. The adjustment for age 20
cognitive ability ensures that the MCI diagnosis is capturing a
decline in function rather than long-standing low ability. The
validity of the VETSA MCI diagnoses is supported by previous
studies” >’ and in the present sample by evidence of reduced
hippocampal volume in those diagnosed with amnestic MCL*
Higher AD polygenic risk scores were associated with signifi-
cantly increased odds of MCI,"? indicating that our diagnosis is
genetically related to AD.

Because we were interested in transition to MCI, analyses
involving incident MCI at wave 2 only included individuals
who were CN at wave 1 and had data for all covariates (figure
1). Of the 842 returnees meeting this criterion, 42 (5.0%)
progressed to amnestic MCI, and 38 (4.5%) progressed to

Neurology | Volume 95, Number 8 | August 25,2020

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

e975


http://neurology.org/n

e976

Figure 1 Flowchart of the sample for primary analysis of
progression to mild cognitive impairment (MCl)

Wave 1
Excluded (n = 107); ]
Age 51-59 years .
(N =1,237) MCI at Wave 1 (107)

Cogpnitively normal

(n=1,130)

A

Returnees at Wave 2
Age 56-66 years
(n=906)

Excluded (n = 64):

* Missing covariates (57)

* Missing fluency (1)

* MCl with language domain
impairment at Wave 2 (6)

Returnees with

adequate data
(n=842)

The black box indicates final sample of individuals who were cognitively nor-
mal at baseline, returned for wave 2, and had all data relevant for this analysis.
Gray boxes indicate excluded subjects. Of the 57 subjects missing covariates,
47 were missing the age 20 general cognitive ability measure used in MCI
diagnosis, 9 were missing APOE, and 1 was missing depression symptoms.

nonamnestic MCI. An additional 6 individuals who had MCI
with language domain impairment (3 of whom were also
amnestic) were assigned missing values for all analyses in-
volving MCIL. This was done to prevent biasing estimates of
the association between verbal fluency and MCI because
letter and semantic fluency comprised the language domain.
However, odds ratios (ORs) were nearly identical if these
individuals were all included.

Other cognitive measures (wave 1 only)

To examine how other cognitive abilities account for the
overlap between episodic memory and semantic fluency, a la-
tent factor for vocabulary was created using the vocabulary
subtest of the Wechsler Abbreviated Scale of Intelligence
(WASI)*! and the multiple-choice vocabulary subtest of the
Armed Forces Qualification Test.*>*® Two executive function
latent factors were included based on our previous work.** The
first factor (common executive function) captures common
variance across 6 tasks assessing inhibition, shifting, and
working memory.21 The second latent factor (working
memory-specific) captures covariance among working mem-
ory tasks not already captured by the common factor.

Data analysis

Phenotypic analyses involving MCI were conducted with mixed
effects logistic regression using the Ime4 package in R version
3.3.1.% The Ime4 package uses list-wise deletion with missing
observations, and reports profile-based 95% confidence inter-
vals (95% ClIs). In all models, pair ID was included as a random
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effect to account for the clustering of data within families. We
also controlled for wave 1 age, diabetes, hypertension, de-
pression symptoms (based on Center for Epidemiologic
Studies—Depression scale),®® the time interval between wave 1
and wave 2, APOE status (e4+ alleles vs €4-), and years of
education. Post hoc analyses indicated no evidence that pre-
diction of later MCI differed in MZ vs DZ twins (ie., no
memory X zygosity or fluency X zygosity interactions), so these
interaction terms were excluded in all models presented. Ad-
ditional post hoc analyses revealed that the pattern of results was
nearly identical without having controlled for any covariates.

Additional phenotypic regression and cross-lagged analyses in
the full sample were conducted using Mplus Version 7.*” Ge-
netic analyses were conducted using the structural equation
modeling package OpenMx in R.*®* Both programs account for
missing observations using a full-information maximum likeli-
hood approach. Model fit for these structural equation models
was determined using x” tests, the root mean square error of
approximation (RMSEA), and the comparative fit index (CFI).
Good fitting models had x* values less than 2 times the degrees
of freedom, RMSEA values <0.06, and CFI values >0.95.* In
addition, good fitting genetic models did not fit significantly
worse than a full Cholesky decomposition of all measures, a
common baseline model in twin studies. Significance of in-
dividual parameters was established with standard error-based
(Mplus) or likelihood-based (OpenMx) 95% CL

Genetically informed models were based on the standard as-
sumptions in twin designs, which decompose variance in phe-
notype (and covariance among phenotypes) into 3 sets of
influences: additive genetic influences (A), shared environ-
mental influences (C), and nonshared environmental influences
(E). Additive genetic influences are correlated at 1.0 in MZ twin
pairs and 0.5 in DZ twin pairs because MZ twins share all their
alleles identical by descent and DZ twins share, on average, 50%
of their alleles identical by descent. Shared environmental in-
fluences (C), which are environmental influences that make
twins in a pair more similar, are correlated at 1.0 in both MZ and
DZ twins. Nonshared environmental influences (E), which are
environmental influences that make twins in a pair dissimilar,
are correlated at 0.0 in both MZ and DZ twin pairs, by defini-
tion. We also assume equal means and variances within pairs
and across zygosity. These assumptions for univariate analyses
apply to multivariate cases and to situations where phenotypic
correlations between constructs are decomposed into their ge-
netic (rgeneﬁc) and nonshared environmental components
(Fenvironmental)- Shared environmental influences on verbal flu-
ency factors, and their correlations with episodic memory, were
not estimated based on our previous work showing no evidence
for shared environment on verbal fluency.”®

Data availability

VETSA data are publicly available, with restrictions. In-
formation regarding data access can be found at our website:
medschool.ucsd.edu/som/psychiatry/research/VETSA/
Pages/default.aspx.
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Results

Descriptive statistics

Demographic and clinical characteristics are displayed in table
1. There were no significant differences between CN and MCI
groups in any of these characteristics, except that individuals
who progressed to amnestic MCI were older than those who
remained CN at both wave 1 and wave 2. Descriptive statistics
for fluency and memory measures are displayed in table 2.

Predicting progression to MCI

Table 3 displays the longitudinal logistic regression analyses.
Progression to amnestic MCI (table 3A) or nonamnestic MCI
(table 3B) at wave 2 is predicted by general fluency, semantic-
specific, and episodic memory factor scores at wave 1, as well
as the covariates. Higher ORs indicate increased odds of
progression to MCI (estimated for =1 SD decrease on the
original factor score scale). Table 3C displays similar analyses
of progression to any MCI (i.e., amnestic and nonamnestic
MCI collapsed into a single group).

Results indicated that episodic memory at wave 1 strongly
predicted progression to amnestic MCI at wave 2, even when
controlling for both verbal fluency factors (OR, 4.42; 95% CI,
2.44-10.60). Poor semantic-specific fluency was also associ-
ated with nearly double the odds of being diagnosed with
amnestic MCI at wave 2 even when controlling for episodic
memory (OR, 1.86; 95% CI, 1.12-3.52). Poor general fluency
was not associated with increased odds of amnestic MCI (OR,
1.29; 95% CI, 0.79-2.35). Interestingly, poor episodic mem-
ory was also associated with progression to nonamnestic MCI
(OR, 1.92; 95% CI, 1.21-3.34). Neither fluency factor pre-
dicted progression to nonamnestic MCL

Longitudinal associations between episodic
memory and verbal fluency

We next fit a phenotypic cross-lagged model using fluency and
memory data from both waves in the full sample. As seen in
figure 2, memory at mean age 62 was significantly predicted by
semantic-specific fluency at mean age 56 (B = 0.13; 95% CI,
0.01-0.25), even after accounting for memory at age 56 (p =
0.85; 95% CI, 0.74-0.98). In contrast, memory at age 56 did
not predict semantic-specific fluency at age 62 (B = 0.04; 95%
CIL, —0.09 to 0.16). The general fluency factor also did not
predict later memory (or vice versa).

Biometric models of cognitive abilities

In biometric twin models of the age 56 and 62 data (figure 3),
the phenotypic correlations between memory and semantic-
specific fluency were explained primarily by genetic influences at
age 56 (rgeneﬁC = 0.65; 95% CI, 0.46-0.88) and at age 62 (rgeneﬁC
= 0.73; 95% CI, 0.58-0.94), explaining 87% (age 56) and 86%
(age 62) of the total phenotypic correlations. There was also a
significant nonshared environmental correlation between epi-
sodic memory and semantic-specific fluency at age 62 only
(Fenvironmental = 0.28; 95% CI, 0.01-0.55). This environmental
correlation was nonsignificant at age 56, but similar in magnitude
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(Fenvironmental = 0.25; 95% CI, —0.08 to 0.60). Genetic correla-
tions explained 92% (age 56) (rgeneﬁc =0.50; 95% CI, 0.36-0.70)
and 94% (age 62) (rgenetic = 0.36; 95% CI, 0.25-0.50) of the
correlation between memory and general fluency.

Using only the age 56 data, we fit a regression model (figure 4) in
which the 2 fluency factors were regressed on factors for memory,
vocabulary, and the 2 executive function factors. Although
semantic-specific fluency was positively correlated with episodic
memory (r = 0.46; 95% CI, 0.35-0.56), vocabulary (r = 0.19; 95%
CI, 0.10-0.28), and common executive function (r = 0.20; 95%
CI, 0.07-0.33), only the association with memory remained sig-
nificant in the regression model (B = 0.60; 95% CI, 0.41-0.78).
Conversely, the general fluency factor was correlated with all other
cognitive abilities (rs = 0.32-0.50), including memory (r = 0.38;
95% CI, 0.30-0.45), but this association with memory was non-
significant in the regression model (B = 0.04; 95% CI, —0.09 to
0.17). These findings suggest that the genetic correlations be-
tween memory and general fluency were likely explained by their
overlap with other cognitive abilities, but the association between
episodic memory and semantic-specific fluency reflects unique
genetic associations between these constructs.

Discussion

These findings highlight the importance of episodic memory and
semantic fluency as risk factors for cognitive decline and MCIL.
Among middle-aged men (ages 51-60) who were CN at wave 1,
both measures predicted amnestic MCI 6 years later. Impor-
tantly, our previous results showing that higher AD polygenic
risk scores were associated with significantly increased odds of
having MCI in this sample provide support for this diagnosis
being AD-related MCL'? The current study demonstrated that
baseline semantic-specific fluency predicted progression to
amnestic MCI even after controlling for baseline memory. In
other previous work, we found that there was no change in the
semantic-specific factor (d = —0.01) over this 6-year interval,*®
yet in the current study it did independently predict episodic
memory 6 years later. Thus, semantic-specific fluency is associ-
ated with episodic memory, but it does not necessarily change at
the same time or rate as episodic memory. Nevertheless, it does
add to the prediction of memory and progression to amnestic
MCI beyond the predictive value of baseline memory itself.

With respect to amnestic MCI, the focus is naturally on epi-
sodic memory, but our results indicate that relatively poor
semantic-specific fluency performance among CN adults may
precede decline in episodic memory. The associations between
semantic-specific fluency and episodic memory were driven by
genetic influences at both waves. Furthermore, these genetic
influences may overlap with those for AD. Additional research
examining the relationship of cognitive and biomarker trajec-
tories may determine the mechanisms driving this ordering of
decline. For example, the functional networks contributing to
these cognitive processes may be affected at different points in
the aging or disease process due to the topographic spread of
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Table 2 Descriptive statistics for measures of verbal fluency and episodic memory in the full sample

Task N M SD Range Skewness Kurtosis
Mean age 56
Episodic memory
Logical memory 1,279 20.01 6.63 0-41 -0.10 -0.13
Visual reproductions 1,283 54.75 19.51 0-100 -0.15 -0.44
CVLT 1,270 9.07 2.89 0-16 -0.01 -0.30
Verbal fluency
Letter F 1,277 12.28 4.09 1-29 0.29 -0.02
Letter A 1,277 11.15 3.90 1-29 0.41 0.34
Letter S 1,277 13.48 432 1-31 0.25 0.08
Animals 1,275 19.20 4.43 6-39 0.26 0.26
Boys’' names 1,276 19.09 4.48 6-40 0.34 0.58
Fruits/furniture 1,277 12.75 2.55 4-22 -0.01 0.30
Mean age 62
Episodic memory
Logical memory 1,201 17.59 6.81 0-37.36 -0.09 -0.35
Visual reproductions 1,201 51.00 18.97 0-95.47 -0.18 -0.40
CVLT 1,203 8.79 2.98 0-16 -0.10 -0.23
Verbal fluency
Letter F 1,189 11.68 4.04 2.71-21.71 0.32 0.14
Letter A 1,189 10.39 3.87 1.44-26.00 0.31 -0.06
Letter S 1,189 12.7 4.31 0.00-28.83 0.24 -0.08
Animals 1,189 19.11 4.51 5.08-35.08 0.17 0.1
Boys’ names 1,189 18.32 4.5 4.31-37.31 0.23 0.47
Fruits/furniture 1,188 12.3 2.58 2.71-21.71 0.02 0.38

Abbreviation: CVLT = California Verbal Learning Test.

In all analyses involving the full sample, these dependent measures were standardized residual scores after removing the effect of age on each measure, but
the unadjusted scores are presented here. Mean age 56 comprises 1,237 individuals ages 51-60 who were tested at study wave 1 plus 53 individuals in this
same age range who entered the study and were tested for the first time at wave 2. Mean age 62 comprises 1,013 returnees ages 56-66 who were tested a
second time at study wave 2 plus 191 attrition replacement participants in this same age range who entered the study and were tested for the first time at
wave 2. The attrition replacement subgroup was recruited specifically to be age-matched to the returnees in order to calculate practice effects for participants
taking the tests a second time. Thus the scores reported here for the mean age 62 group reflect the adjustments for practice effects for the returnees. Ns vary

in all cases due to missing data.

pathology or the vulnerability of particular brain regions to
pathology. Studies utilizing molecular imaging of AD pathology
(i.e., tau and amyloid PET) will be needed to further clarify the
nature of these relationships. Regardless, these findings dem-
onstrate that semantic fluency tests can be useful indicators of
later memory impairment.

Although the prediction was not as strong as that for amnestic
MC, episodic memory at wave 1 also predicted nonamnestic
MCI at wave 2, suggesting it can also be a predictor of cognitive
decline in other domains (except fluency). Some of this pre-
diction may also be due to AD pathology, where both memory

Neurology | Volume 95, Number 8 | August 25,2020
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and other cognitive abilities are declining together (but with
memory not yet reaching criteria for amnestic MCI). However,
this association may simply reflect other nonpathologic
changes in aging. Specifically, memory is more strongly cor-
related with general cognitive ability than verbal fluency in this
sample (especially the semantic-specific factor, which adjusts
for letter fluency),*®*' and general cognitive ability may be
driving age-related changes across all domains.**** Studies with
multiple longitudinal assessments, especially those that can
elucidate the relationship between biomarker and cognitive
trajectories, will be useful in clarifying the causal mechanisms
domain-specific changes.
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Table 3 Logistic regression for mild cognitive impairment (MCl) at wave 2 predicted by fluency and memory factor scores

at wave 1
No MCI vs amnestic MCI® No MCI vs nonamnestic MCI® No MCl vs any MCI®

Dependent variable OR 95% Cl OR 95% Cl OR 95% Cl
Cognitive factor scores

General fluency 1.29 0.79-2.35 1.29 0.82-2.12 1.24 0.91-1.76

Semantic-specific 1.864 1.12-3.52¢ 0.92 0.59-1.42 1.24 0.91-1.71

Episodic memory 4,424 2.44-10.60¢ 1.92¢ 1.32-3.34¢ 2.66¢ 1.71-1.88¢
Covariates

Age (wave 1) 1.28 0.76-2.32 1.77¢ 1.13-3.05¢ 1.50¢ 1.09-2.15¢

Age interval (wave 2 — wave 1) 1.41 0.87-2.44 0.99 0.58-1.57 1.17 0.85-1.61

Depression (wave 1) 0.92 0.56-1.47 1.01 0.66-1.52 0.96 0.71-1.29

APOE =4+ 1.49 0.54-4.95 0.47 0.13-1.25 0.86 0.43-1.64

Diabetes (wave 1) 1.05 0.21-4.47 1.55 0.43-4.94 1.34 0.54-3.18

Hypertension (wave 1) 1.35 0.52-4.28 1.69 0.72-4.48 1.42 0.78-2.77

Years of education 0.96 0.57-1.65 0.82 0.49-1.29 0.88 0.63-1.21

Abbreviations: Cl = confidence interval; OR = odds ratio.

Factor scores for verbal fluency and episodic memory were scored and standardized so the ORs indicate the increase in odds of converting to amnestic MCl,
nonamnestic MCl, or any MCI (i.e., collapsing amnestic and nonamnestic MCl into a single group); individuals with nonamnestic MCl were excluded from
analyses of amnestic MCl and vice versa. Measures of age, depression, and years of education were also standardized, but not reverse scored. ORs for APOE
status, diabetes, and hypertension reflect increase in odds for having an €4 allele, diabetes, or hypertension, respectively. All analyses also included a random

effect of family (°SD = 1.91; ®SD =1.52; °SD = 1.15).
9 Significant ORs (p < 0.05).

Although biomarkers are necessary for biologically based di-
agnosis, and are important for identifying individuals at
greatest risk for cognitive decline and dementia, several
studies have shown that neuropsychological tests are often

better and earlier predictors of progression to AD than
biomarkers.>>**~* One reason may be that current tech-
niques for measuring biomarkers are not necessarily able to
detect the earliest stages of disease progression. For example,

Figure 2 Phenotypic cross-lagged model of verbal fluency and episodic memory

Semantic-
specific
(Age 56)

0.80 specific

(Age 62)
0.04

0.52

0.13

Episodic Episodic
memory 0.85 memory
(Age 56) (Age 62)

-0.02

0.37

-0.04
General

0.92 —»| fluency
(Age 62)

General
fluency
(Age 56)

Semantic-

0.36

Both fluency latent factors are correlated with
episodic memory at wave 1 (age 56) and predict
episodic memory at wave 2 (age 62). Episodic
memory at wave 1 also predicts the fluency fac-
tors at wave 2. Each factor at wave 1 also predicts
itself at wave 2, and there are residual correla-
0.39 tions between the residual variances (g) on the
fluency factors at wave 2 and the episodic
memory factor at wave 2. Not pictured are the
factor loadings on individual tasks (which were
equated across time and similar in magnitude to
those displayed in figure 2) or residual correla-
tions between all observed variables across time
(e.g., animals at wave 1 correlated with animals
at wave 2). The semantic-specific factor is the
only factor to significantly predict another con-
struct at the second wave (B = 0.13).
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Figure 3 Genetic and environmental associations between verbal fluency and episodic memory
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Full correlational models of the genetic (A), shared environmental (C), and nonshared environmental (E) influences on the general fluency, semantic-specific,
and episodic memory latent variables at wave 1 (mean age 56; top) and wave 2 (mean age 62; bottom). Ellipses indicate latent variables and rectangles
indicate measured variables. Significant factor loadings are displayed with black text and lines (p < 0.05). Variation explained by latent factors can be

computed by squaring the factor loadings. CVLT = California Verbal Learning Test; LM =

logical memory; VR = visual reproduction.

p-amyloid accumulates slowly for as much as 2 decades before
symptom onset, but PET ligands have high affinity only for
later stage neuritic B-amyloid plaques.*”*® Continuing the
search for earlier biomarker detection is critically important.
Meanwhile, the present results suggest that measures of
memory and fluency are effective early indicators of risk for
progression to amnestic MCI given that participants were
only in their 50s at the baseline assessment. They can also be
completed in a short amount of time at little expense. Fluency
and memory measures may be combined with biomarkers to
further improve prediction of MCI and AD. Biomarker data
will improve determination of specificity for AD-related

Neurology | Volume 95, Number 8 | August 25,2020
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deficits, and fluency and memory measures may also be useful
as screening tools for identifying individuals who should be
followed up with biomarker testing.

This sample comprised primarily white, non-Hispanic men,
so these findings may not generalize across sex and race/
ethnicity. It will also be important for future work to directly
compare these ORs with those for biomarkers (preferably in
the same model) and to examine whether neuropsychological
tests more strongly predict progression to MCI in subsets of
individuals (e.g., who are already amyloid positive). Finally, in
most longitudinal studies, attriters tend to have lower
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Figure 4 Regression model of verbal fluency and other cognitive latent factors at age 56
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Structural equation model where both fluency
factors are regressed on latent variables for ex-
ecutive function (common executive function,
working memory-specific), vocabulary, and epi-
sodic memory. Not pictured are factor loadings
on latent factors (which are similar to our pre-
vious work and those displayed in figure 2). Sig-
nificant paths and correlations are displayed with
black text and lines (p < 0.05).

cognitive ability than the returnees. In the present study,
dropouts had significantly lower memory factor scores at wave
1, but no differences for fluency factor scores. Thus, we may
have lost some individuals who were at the greatest risk for
later memory impairment, but that would suggest that our
findings regarding predictive ability are actually conservative.
Strengths of the study are that this is a national, rather than a
local, community-based nonclinical sample of middle-aged
men with health, education, and lifestyle characteristics that
are representative of American men in their age range. The
young age of the wave 1 assessment is also a strength with
respect to early identification of risk.

This study demonstrated that episodic memory and semantic
fluency independently predicted progression to amnestic MCI
in CN, middle-aged men who were only in their 50s at baseline.
Episodic memory also predicted progression to later non-
amnestic MCI, although not as strongly as amnestic MCI.
These findings demonstrate the usefulness of examining neu-
ropsychological variability among CN individuals for early
identification of risk for AD, highlighting the fact that CN
adults should not be treated as a homogeneous group. Efforts
to improve the treatment of AD are beginning to focus on early
identification, in part because developing effective treatments
are seen as most likely to require intervention during the ear-
liest stages of the disease,'>* but also because diagnosing in-
dividuals in the stage of MCI could improve patient quality of
life and is projected to substantially reduce the financial impact
of the disease (e.g,, due to nontherapeutic interventions such as
financial planning, management of other medical conditions,
and household safety).”® In the meantime, the results suggest

Neurology.org/N

that it will be important to take advantage of the predictive
ability of episodic memory and verbal fluency tests in studies
designed to identify individuals at greatest risk for MCI (and
later dementia). Ultimately, the combination of these cognitive
abilities and biomarkers may further improve prediction of
MCI and AD.
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