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Abstract

Objective: Comprehensive neuropsychological criteria (NP criteria) for mild cognitive
impairment (MCI) has reduced diagnostic errors and better predicted progression to dementia
than conventional MCI criteria that rely on a single impaired score and/or subjective report. This
study aimed to implement an actuarial approach to classifying MCI in the Advanced Cognitive
Training for Independent and Vital Elderly (ACTIVE) study.

Method: ACTIVE study participants (N=2755) were classified as cognitively normal (CN) or

as having MCI using NP criteria. Estimated proportion of MCI participants and reversion rates
were examined as well as baseline characteristics by MCI subtype. Mixed effect models examined
associations of MCI subtype with 10-year trajectories of self-reported independence and difficulty
performing instrumental activities of daily living (IADLS).

Results: The proportion of MCI participants was estimated to be 18.8%. Of those with MCI

at baseline, 19.2% reverted to CN status for all subsequent visits. At baseline, the multidomain-
amnestic MCI group generally had the greatest breadth and depth of cognitive impairment and
reported the most IADL difficulty. Longitudinally, MCI participants showed faster IADL decline
than CN participants (multidomain-amnestic MCI > single domain-amnestic MCI > nonamnestic
MCI).
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Conclusions: NP criteria identified a proportion of MCI and reversion rate within ACTIVE that
is consistent with prior studies involving community-dwelling samples. The pattern of everyday
functioning change suggests that being classified as MCI, particularly amnestic MClI, is predictive
of future loss of independence. Future work will apply these classifications in ACTIVE to better
understand the relationships between MCI and health, social, and cognitive intervention-related
factors.

Keywords

mild cognitive impairment; diagnostic criteria; everyday functioning; longitudinal trajectories;
cognitive aging

Introduction

Mild Cognitive Impairment (MCI) is a construct thought to represent the prodromal stage

of dementia (Petersen et al., 1999; Winblad et al., 2004). While the field is moving toward
earlier identification of those at risk for Alzheimer’s disease (AD) prior to showing clinical
symptoms of cognitive impairment, the need for sensitive yet reliable diagnostic criteria

for the clinical syndrome of MCI remains a priority. Recent statistics show that if all
individuals alive in 2018 who will develop Alzheimer’s disease were diagnosed in the MCI
stage, rather than after progression to dementia, there could be a cost savings of up to

$7.9 trillion (Alzheimer’s Association, 2019). This savings would likely be due to lower
medical/long-term care costs and lower costs immediately before and after the diagnosis if
it is made during the MCI stage compared to spike in costs surrounding a diagnosis first
made during the dementia phase. Although the advent of AD biomarkers, such as amyloid
and tau PET and biofluid markers, has contributed to significant gain in terms of research
on AD pathogenesis, these approaches are often expensive, invasive, inaccessible due to
location (e.g., rural settings), cost, or medical contraindications (e.g., on blood thinners), and
many are still in experimental phases in regard to understanding the possible implications of
“positive” findings, particularly in a clinical context (Glymour et al., 2018). Therefore, there
is a significant need to for early and accurate characterization of cognitive changes and a
reliable method for MCI diagnosis.

Prevalence rates of MCI vary widely across samples and method of diagnosis (Ganguli et
al., 2010; Jak et al., 2009; Manly et al., 2008; Petersen et al., 2010). Sachdev and colleagues
(Sachdev et al., 2015) examined the prevalence of MCI across 11 studies from Australia,
Asia, Europe, and USA and found published MCI prevalence estimates that ranged from
5.0%-36.7%. Jak and colleagues (Jak et al., 2009) demonstrated that comprehensive
neuropsychological criteria (NP criteria) offer an optimal balance of sensitivity and
reliability by pairing a more liberal >1 standard deviation (SD) cut-off for impairment
(rather than a 1.5-2SD cut-off) with the need for at least two impaired test scores within
one cognitive domain. These criteria have now been applied to large, aging cohorts including
the Alzheimer’s Disease Neuroimaging Initiative (Bondi et al., 2014; Edmonds et al., 2015;
Thomas et al., 2019a) and the Framingham Heart study (Jak et al., 2016; Wong et al., 2018).
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Application of the NP criteria method to MCI classification in ADNI and Framingham
have demonstrated that, relative to conventional MCI criteria that require only one test
(often only memory) to be >1.5 SD below the mean, the NP criteria approach improves
the accuracy of MCI classification, particularly in regard to reducing the number of “false
positive” MCI diagnoses. Within ADNI, approximately one-third of participants diagnosed
as MCI using criteria similar to conventional criteria (Petersen et al., 2010) were found

to be cognitively normal based on NP criteria (Bondi et al., 2014; Edmonds et al., 2015).
In addition to normal cognitive profiles despite their MCI diagnosis, these participants
also demonstrated MRI (Edmonds et al., 2016), amyloid PET (Bangen et al., 2016), CSF
biomarker profiles (Edmonds et al., 2015; Eppig et al., 2017), and everyday functioning
trajectories (Thomas et al., 2017) more consistent with a cognitively normal classification
than an MCI classification.

The Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) study is

a randomized control trial of cognitive training in older adults in which participants were
randomized into one of four groups (memory-trained, reasoning-trained, speed-trained, no-
contact control) and followed longitudinally for 10 years to assess cognitive, functional,
and health-related outcomes (Ball et al., 2002; Jobe et al., 2001; Rebok et al., 2014; Willis
et al., 2006). Participants in ACTIVE were community-dwelling and 26% of the sample
identified as Black/African American. ACTIVE was not designed initially to determine
clinical neurocognitive diagnoses, so there is need for a reliable, algorithmic approach to
classify prevalent and incident cases of MCI. Prior work has examined different algorithmic
methods for classifying cognitive impairment within ACTIVE, including focusing only on
those participants with memory impairment on a word-list learning test (Unverzagt et al.,
2007) or use of cognitive domain composite scores to determine MCI classification (Cook et
al., 2013). However, this is the first time the well-validated NP criteria (Bondi et al., 2014;
Jak et al., 2009) have been applied in ACTIVE and the first time any MCI criteria have
been applied through the Year 10 ACTIVE study visit. The intent of this study is to test

the application of the NP criteria in ACTIVE and assess the ten-year trajectories by MCI
classification. Establishment of a widely-accepted MCI classification criteria in ACTIVE
will facilitate future studies to improve our understanding of ACTIVE’s cognitive training
effects among participants classified as MCI or whether cognitive training reduces risk of
future MCI classification.

The present study has three goals. First, we will apply NP criteria to classify participants

as cognitively normal (CN) or as having MCI and examine stability, progression, and
reversion of the classifications over time. Second, we will describe demographic, health, and
functional characteristics by cognitive status (CN, MCI subtypes). Third, we will investigate
differences in longitudinal everyday functioning trajectories between persons classified as
having MCI relative to CN participants at baseline to test the hypothesis that those we
classified as having MCI would experience faster decline in everyday functioning.
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Participants from the ACTIVE study at baseline who had sufficient cognitive test data

for a determination of CN or MCI status were included in analyses (N=2755). Detailed
inclusion criteria for ACTIVE has been described elsewhere (Jobe et al., 2001). Briefly,
participants were included if they had a score of >23 on the Mini-Mental State Exam
(MMSE), no prior diagnosis of dementia, and intact basic activities of daily living such

as bathing, dressing, etc. Participants in ACTIVE were recruited from six sites throughout
the United States (University of Alabama at Birmingham, Hebrew Rehabilitation Center for
Aged in Boston, Indiana University, Johns Hopkins University, Wayne State University, and
Pennsylvania State University); all procedures were approved by the Institutional Review
Boards, in compliance with the Helsinki Declaration, and informed consent was obtained
prior to participation. Each participant was randomized to receive one of three 10-week
cognitive training interventions (memory, reasoning, or speed) or to a no-contact control
group. Participants had assessments at baseline, immediately post-intervention, and 1-,

2-, 3-, 5, and 10-years after the initial visit. Consistent with other ACTIVE papers (e.g.,
Marsiske et al., 2013) and given the very small number of participants who identified as

a race other than White or Black/African American (n=20), the current analyses excluded
these 20 participants. The number of participants at each occasion was determined based
on the number of individuals with a baseline classification of either CN or MCI and with
instrumental activities of daily living (IADL) data, as this was the longitudinal outcome
of interest (baseline N=2755; Year 1 N=2249; Year 2 N=2168; Year 3 N=2050; Year 5
N=1831; Year 10 N=1194).

Cognitive Measures.—Seven cognitive total test scores were used to determine MCI
status in this study and included three memory measures: Hopkins Verbal Learning Test
(HVLT) immediate free recall, Rey Auditory Verbal Learning Test (AVLT) immediate free
recall and AVLT delayed recognition (hits - false positives + 35); two reasoning measures:
Word Series and Letter Sets total correct; and two speed of processing measures: Digit
Symbol Substitution total correct and Useful Field of View (UFOV) Task 2. In ACTIVE,
the delayed recall trials of the memory tests were not administered; however, the AVLT
recognition trial was administered after a delay. Additionally, written responses, rather than
verbal responses were used for the memory tests, as this allowed some of the tests to be
administered in a group setting. The inductive reasoning measures required the participant
to identify patterns and determine what answer would come next in the series. UFOV Task
2 requires the participant to identify a target of either a truck or a car that is presented

at a central fixation point on the screen and to identify the location of a peripheral car

that appeared in one of eight locations on the screen. Scores were recorded based on the
minimum stimulus duration in which the participant responded correctly 75% of the time.

Health and Clinical Variables.—Additional measures were used to characterize the
MCI subtypes and compare group differences at baseline. Self-reported health measures
included presence or absence of: hypertension, diabetes, number of current medications,
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and self-reported physical functioning from the 36-1tem Short-Form Health Survey (SF-36;
Ware & Sherbourne, 1992); objectively-measured health measures included: systolic and
diastolic blood pressure and body mass index (BMI). The MMSE measured global cognition
(Folstein et al., 1975) and the Center for Epidemiological Studies-Depression-12 scale
(CES-D) assessed depressive symptom severity (Radloff, 1977).

Everyday Functioning.—The self-reported Minimum Data Set (MDS; (Morris et al.,
1997) IADL Performance (i.e., how much of the activity did you do on your own?) and
Difficulty (i.e., how difficult was it for you to do the activity on your own? Or, if someone
else did the activity for you, how difficult would it have been for you to do the activity

on your own?) subscales were examined at each study visit. The two subscales were the
sums of the respective ratings for 19 daily tasks spanning meal preparation, housework,
finances, health care, telephone, shopping, travel, and need for assistance in dressing,
personal hygiene, and bathing. Higher scores represent less independence (Performance
subscale) and more difficulty (Difficulty subscale).

MCI Classification

At baseline, participants were classified as either CN or as having MCI (since dementia
was excluded at baseline). MCI classification was determined based on the comprehensive
NP criteria (Bondi et al., 2014; Jak et al., 2009, 2016), which required performance of

>1 SD below an age-, education-, sex-, and race-adjusted predicted score on at least two
cognitive measures within the same cognitive domain (memory, reasoning, or speed). Race
was coded as Black/African American or White. There were only 15 Hispanic participants
(3 Black/African American and 12 White), so ethnicity was not explicitly examined.

Consistent with our previous work (Edmonds et al., 2015; Thomas et al., 2019a) and due

to evidence of increased sensitivity when using a “robust” normative control group (e.g.,
Kramer et al., 2020), in combination with the majority of tests in ACTIVE either non having
published norms and not using standardized test administration procedures for the memory
tests (e.g., written responses instead of verbal), we first identified a “robust” normative
control group to derive the demographically-adjusted z-scores. This normative control group
was determined based on participants from the no-contact untrained group who were in the
study for at least two years and, for the duration of their time in the study, maintained an
MMSE score of >26 for white participants (Markwick, Zamboni, & de Jager, 2012) or >24
for Black/African American participants. Recent work suggested that a traditional cognitive
screening cut-score may lack specificity in predicting cognitively normal and MCI status

in African American older adults, so these cut-scores were used to reduce the likelihood

of misclassifying African American participants as impaired (Rossetti et al., 2019) as well
as to ensure that Black/African American participants were proportionally represented in
the normative control group since this robust norming approach is only appropriate when
the participants closely match the demographic profile of those in the normative group
(Kramer et al., 2020). These criteria resulted in a normative control group of 253 participants
(mean age=72.78, range=65-88 years; mean education=14.04, range=6-20 years; 69.6%
female; 28.5% Black/African American). Second, within the normative control group, each
cognitive test score was regressed on the demographic variables (age, education, sex, and

Neuropsychology. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thomas et al.

Page 6

race) at each occasion. The resulting regression weights were then used to produce predicted
scores for each participant had they remained cognitively stable and been untrained. Third,
participant z-scores were calculated based on the discrepancy between the observed and
predicted scores and divided by the test-specific regression model’s standard error of the
estimate. This method is largely consistent with how z-scores were determined in prior
studies applying these NP criteria in ADNI (Edmonds et al., 2016; Thomas et al., 2019a).

z — scores = (Observed Test Score — Predicted Test Score) / Std. Error of the Estimate

The z-score distributions of some of the cognitive measures were non-normal, so a cutoff of
<16 percentile (comparable to a z-score of < -1 for a normally distributed measure) was
used to determine impairment for each test. Participants who did not meet NP criteria for
MCI were considered CN.

Participants who met criteria for MCI were then classified as one of four possible subtypes
(Petersen, 2004; Berndt Winblad et al., 2004), including: single domain amnestic MCI
(single-aMCl) if they were impaired (i.e., 2 scores > 1 SD below age-, education-, sex-,
and race-adjusted predicted score) in memory only; single domain non-amnestic MCI
(single-naMCI) if they were impaired in either reasoning or speed only; multi-domain
amnestic MCI (multi-aMCl) if they were impaired in memory plus reasoning and/or speed;
or multi-domain non-amnestic MCI (multi-naMCI) if they were impaired in both reasoning
and speed, but not memory.

Statistical Analyses

Stability and Reversion.—The stability and reversion of MCI status was examined
from baseline-to-Year 2, baseline-to-Year 5, and baseline-to-Year 10. Since training booster
sessions were provided to some participants just prior to Years 1 and Years 3, Year 2 was
chosen as the first follow-up to examine since this would have allowed for at least a year

to have elapsed since the first booster training. Year 5 was chosen as the second follow-up
to examine since over two years would have elapsed since the last booster training. Year 10
stability and reversion are reported; however, by Year 10, a significant portion of those with
MCI at baseline were missing data (i.e., of 518 baseline MCI participants, 142 had Year 10
IADL data), and those who remained were disproportionally the least impaired at baseline
(i.e., single-naMCI). Reversion rates by cognitive intervention group were also examined.

Baseline characteristics.—Baseline demographic, health, cognitive, and everyday
functioning variables for each group were examined using one-way analyses of variance
(ANOVAs; with independent post-hoc t-tests), Kruskal-Wallis tests (with post-hoc Mann-
Whitney U), or chi-squared tests for categorical variables. Given the large number of tests
conducted and the large sample, alpha for all analyses was set to .005 (loannidis, 2018).
An exception to this rule was for the attrition analysis (see below); to ensure a strong, well-
specified model, predictors were considered for inclusion/retention if they had a p-value of
<.05.
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Attrition.—A forward stepwise logistic regression was conducted to determine the

unique predictors of those who had available IADL data at Year 10 (Retained;, N=1194)
compared to those participants with missing data at Year 10 (Missing; N=1561); the
Missing group included both participants who dropped out of the study and who were
missing the MDS IADL measure at Year 10. Demographic variables (age, education, sex,
race), intervention group (memory training, reasoning training, speed training, no-contact),
whether or not they were assigned to receive booster training sessions, physical functioning,
depressive symptoms, and MCI status were all considered in the model. The variables

that uniquely predicted Retained status were included as covariates in the longitudinal
models. Supplemental material Table 1 shows the predictors of attrition and their effects.
The attrition-related covariates explained a large proportion of group differences in attrition
(C=.716, p<.001). Given their relationship with attrition, age, education, sex, race/ethnicity,
physical functioning, depressive symptoms, and booster training were included as covariates
in the mixed effects models.

Functional Trajectories.—Ten-year longitudinal trajectories of everyday functioning
(IADL Performance, IADL Difficulty) by baseline cognitive status were examined using
mixed-effects models. For these analyses, the single-naMCI and multi-naMCI participants
were combined into a non-amnestic (naMCI) group due to the small number of multi-naMClI
participants (n=22). Variables associated with missing Year 10 data, as well as study site

and replicate/cohort (consistent with other ACTIVE manuscripts to adjust for geographic
and seasonal variation across participants; (Willis et al., 2006) were included as covariates in
the models. Since our goal was to use these models to validate the MCI classification rather
than to examine intervention effects on IADL trajectories (Rebok et al., 2014), we adjusted
for both the main effect of intervention group and intervention group x time interactions

in the models. Full information maximum likelihood allowed for use of all available data
(Singer & Willett, 2003). The time variable included six occasion time points over 10 years
(baseline, Year 1, Year 2, Year 3, Year 5, and Year 10) and was modeled as a continuous
parameter. Both the linear and quadratic effects of time were examined given the potential
for accelerated functional decline with worsening cognition. The random effects of intercept
and linear slope were included in the model.

At baseline, of the 2755 participants with sufficient data to be classified, 518 (18.8%) met
NP criteria for MCI. Within the MCI group, 225 (43.4%) were single-aMCI, 164 (31.7%)
were single-naMCl, 107 (20.7%) were multi-aMCl, and 22 (4.2%) were multi-naMCI.
Within the single-naMCI group, 89 (54.3%) were classified based on impairment in the
reasoning domain and 75 (45.7%) were classified based on impairment in the speed domain.
Within the multi-aMCI group, in addition to being impaired in the memory domain, 35
(32.7%) participants were impaired in reasoning only, 46 (43.0%) were impaired in speed
only, and 26 (24.3%) were impaired in both reasoning and speed.
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Stability and Reversion

Figure 1 shows the stability and reversion of participants’ classification at 2, 5, and 10-year
intervals. There was no clinical dementia diagnostic evaluation within ACTIVE at follow-up
visits; thus, the term generic ‘cognitively impaired”was used to identify those that met

NP criteria for MCI at follow-up visits since it is uncertain whether participants had

MCI or would be more appropriately classified as probable dementia. There were 1928
participants with classifications at both baseline and Year 2 (CN n=1634, MCI n=294). Of
the 1634 participants who were unimpaired at baseline, 164 (10.0%) progressed to cognitive
impairment at Year 2. Of the 294 participants classified as MCI at baseline, 198 (67.3%)
remained cognitively impaired at Year 2 and 96 (32.7%) reverted to CN status. At Year 2,
participants who received cognitive training did not revert to CN at a higher rate (31.0%)
than untrained participants (36.9%; ;(2:0.97, df=1, p=.326) and none of the individual
training groups had a higher rate of reversion than the untrained group (12:1.145, ar=3,

p=.766).

There were 1528 participants with classifications at both baseline and Year 5 (CN n=1331,
MCI n=197). Of the 1331 participants who were unimpaired at baseline, 170 (12.8%)
progressed to cognitively impaired at Year 5. Of the 197 participants who were classified
as MCI at baseline, 127 (64.5%) remained cognitively impaired at Year 5 and 70 (35.5%)
reverted to CN status. At Year 5, participants who received cognitive training did not revert
to CN at a higher rate (36.6%) than untrained participants (32.7%; ;(2:0.26, ar=1, p=.609)
and none of the individual training groups had a higher rate of reversion than the untrained
group (y?=0.29, df=3, p=.962).

There were 876 participants with classifications at both baseline and Year 10 (CN n=791,
MCI n=85). Of the 791 participants who were unimpaired at baseline, 133 (16.8%)
progressed to cognitively impaired at Year 10. Of the 85 participants who were classified

as MCI at baseline, 48 (56.5%) remained cognitively impaired at Year 10 and 37 (43.5%)
reverted to CN status. At Year 10, participants who received cognitive training did not revert
to CN at a higher rate (43.3%) than untrained participants (44.0%; )(220.003, ar=1, p=.955)
and none of the individual training groups had a higher rate of reversion than the untrained
group (y?=7.20, df=3, p=.066).

Since individuals on the border of CN and MCI may fluctuate between classifications
(Roberts et al., 2014), we also examined the reversion rate when considering all three of

the follow-up visits described (Year 2, Year 5, Year 10). Of the initial 518 participants
classified as MCI at baseline, 317 had at least one follow-up visit. Of these 317 participants
initially classified as MCI, 61 (19.2%) participants reverted to CN at all follow-up visits, 76
(23.9%) fluctuated between CN and MCI, and 180 (56.8%) remained stable MCI across all
occasions. Those baseline MCI participants who reverted to CN and remained CN across
all remaining visits were not disproportionally in a cognitive training group (23.6%) relative
to the untrained group (17.5%; y<=1.51, df=1, p=.219) and none of the individual training
groups had a higher rate of reversion than the untrained group ()(2:2.67, df=3, p=.446).
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Baseline Characteristics

Table 1 shows the baseline demographic, health, cognitive and everyday functioning
characteristics by cognitive group. Regarding demographic variables, there was a small
association with age such that the single-aMCI group was the oldest group while the
multi-naMCI group was the youngest. Participants in the CN group had higher education
than the single-aMCI participants. There were no significant sex or race differences.

Regarding health variables, none of the groups differed on self-reported hypertension or
objectively-measured systolic or diastolic blood pressures. Participants in the single-aMCI
and multi-aMCI groups had higher proportions of individuals with diabetes than the CN
group, and while not statistically significant, the single- and multi-naMCI had higher rates
of diabetes than the CN group. There were no group differences in BMI or in the number of
medications participants were taking. Participants in the single-aMCI and multi-aMCI group
reported worse physical functioning than the CN group. Participants in the multi-aMCl
group reported the most depressive symptoms, followed by the single-aMCI.

Regarding everyday functioning, the multi-aMCI group reported poorer functioning than
the CN and single-naMCI groups on the IADL Performance scale. On the IADL Difficulty
scale, both the single- and multi-aMCI groups reported greater difficulty than the CN group;
the multi-aMCI group also reported greater difficulty than the single-naMCI group.

Everyday Functioning Trajectories

Mixed-effects models examined the longitudinal change of everyday functioning by MCI
status. Due to the low number of multi-naMCI participants classified at baseline, the single-
naMCI and multi-naMCI participants were combined into an overall naMCI group; thus, the
longitudinal analyses compared trajectories of CN, single-aMCI, multi-aMClI, and naMCI.
Key parameter estimates are shown in Table 2 and the trajectories are depicted in Figure

2. For clearer presentation, the categorical variables of replicate, site, booster, intervention
group, intervention group x linear time, and intervention x quadratic time are not included
in Table 2, but were included as covariates in each model (see supplemental material for
description of these effects).

Change in self-reported IADL Performance over 10 years was examined. The cognitive
group X linear time interaction was significant such that both the single-aMClI
[42011.06)=5.98, p<.001, /=.132] and multi-aMCI [42200.95)=6.09, p<.001, r=.129]
groups had greater decline over time (i.e., greater endorsement of being unable to perform
task independently) compared to the CN group. The naMCI group trajectories did not
significantly differ from the CN group (p=.118). The cognitive group X quadratic time
interaction was not suggestive of accelerated decline in the MCI subtypes relative to the CN

group (p5>.05).

When comparing the IADL Performance trajectories of the MCI subtypes with multi-aMCI
as the reference group, the cognitive group x linear time interaction showed that the
multi-aMCI group had faster linear decline than the naMCI group [£2045.53)=-4.27,
p<.001, /=-.083], but not the single-aMCI (p=.079). Qualitatively, there was a pattern of
accelerated decline in the multi-aMCI group relative to the naMCI group [46806.80)=-2.20,
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p=.028, /=—.027] and the single-aMCI group [46902.56)=-2.15, p=.031, r=—.026], but this
interaction did not reach the strict statistical significance criterion.

Examination of the self-reported IADL Difficulty measure over 10 years demonstrated a
significant cognitive group x linear time interaction such that the naMCI [{1684.29)=2.87,
p~=.004, r=.069], single-aMCI [{2015.32)=7.76, p<.001, r=.170], and multi-aMClI
[42190.25)=6.44, p<.001, r=.136] groups all reported a faster rate of decline over time

(i.e., greater endorsement of difficulty performing the tasks) compared to the CN group.

For the cognitive group x quadratic time interaction, the multi-aMCI group appeared to
show a pattern of accelerated functioning decline [#6435.08)=2.53, p=.011; r=.033], but this
interaction did not reach the strict statistical significance criterion relative to the CN group.

When comparing the MCI subtype IADL Difficulty trajectories with multi-aMCI as the
reference group, the cognitive group x linear time interaction showed that the multi-aMClI
group had faster linear decline than the naMCI group [#2031.45)=-3.77, p<.001, r=—.083],
but not the single-aMCI group (p=.308). There were no significant cognitive group x
quadradic time interactions (ps>.05).

Discussion

The current study classified participants as MCI by applying NP criteria (Bondi et al., 2014;
Jak et al., 2009) in the ACTIVE study. Application of these actuarial criteria resulted in
18.8% of the ACTIVE sample to be classified as MCI. Consistent with the field’s general
understanding of MCI (Albert et al., 2011), there were only small effects of cognitive group
on IADL subscales at baseline, with the multi-aMCI group reporting the least independence
and most difficulty performing IADLs. The longitudinal trajectories of the self-reported
IADL subscales demonstrated that, on average, individuals in the single- and multi-aMCI
subtypes became less independent and had more difficulty performing IADLS over time
compared to the CN participants, with the multi-aMCI group showing the steepest rate of
change. The naMCI group showed a pattern of faster decline relative to the CN group for the
IADL Difficulty subscale.

The proportion of 18.8% classified as MCI at baseline is consistent with other studies of
community-dwelling older adults (12.05% amnestic MCI, 6.75% nonamestic MCI), despite
the use of some experimental tasks in this battery. Evaluation of multiple studies has
suggested that MCI prevalence estimates generally range from 16%-20%, but that there

are higher estimates for some studies conducted with multiethnic cohorts or clinic-based
samples (Roberts & Knopman, 2013). Specifically, a random sample of predominantly-
white residents from Olmstead County, MN, were found to have a prevalence estimate

of 16% MCI (11.1% amnestic MCI, 4.9% nonamnestic MCI; Petersen et al., 2010) and

the Cardiovascular Health Study reported an overall MCI prevalence estimate of 18.8%
(Lopez et al., 2003). The Aging, Demographics, and Memory Study (ADAMS), a nationally
representative sample drawn from the Health and Retirement Study, yielded cognitive
impairment without dementia prevalence estimates of 16% for those 71-79 years old, 29.2%
for those 80-89 years old, and 39.0% for those 90+ years old, for an overall prevalence
estimate of 22.2% (Plassman et al., 2008). A study that included multi-ethnic residents of
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northern Manhattan determined that 26.9% of the 1992 cohort and 21.8% of the 1999 cohort
met criteria for MCI (Manly et al., 2008); similarly, the Indianapolis-Ibadan Dementia
Project, which included only African American participants, estimated a prevalence of
cognitive impairment, no dementia (CIND) among community-dwelling participants to be
23.4% (Unverzagt et al., 2001). When looking at the rate of progression from CN status at
baseline to cognitively impaired status at Year 2, the estimated annual progression rate of
about 5% in this study (10% over 2 years) is consistent with several other studies that report
an annual MCI incidence rate of about 5% (Gao et al., 2014; Manly et al., 2008; Plassman et
al., 2011).

The rate of reversion from being classified as MCI at baseline to CN at a follow-up visit
varied depending on the duration of follow-up (32.7% at Year 2; 35.5% at Year 5; 43.5%

at Year 10), and the higher reversion rate at Year 10 was very likely influenced by selective
attrition with the most impaired individuals dropping out and, therefore, not being counted
as stably cognitively impaired. Previous work has demonstrated that participants who have
reverted from MCI-to-CN are still at greater risk for progression to dementia compared

to those who did not have an initial MCI classification (Aerts et al., 2017; Roberts et al.,
2014). Therefore, we examined the proportion of participants who were MCI at baseline and
had at least one follow-up visit (Year 2, Year 5, and/or Year 10), but then reverted to CN

for each of the subsequent visits examined. This approach resulted in a reversion rate of
19.2%. These rates of reversion are higher than what was found using the comprehensive
neuropsychological approach to MCI classification in the ADNI study, which has shown a
one-year reversion rate of 15.8% (Thomas et al., 2019a). Classifying participants at each
occasion using the normative control group at the corresponding occasion likely helped

to adjust for the mean practice effects of the untrained normative control group. Notably,
those participants who reverted were not significantly more likely to have been in one

of the three cognitive training groups than the untrained group. This pattern is somewhat
inconsistent with prior ACTIVE study results showing the interventions, especially speed
and reasoning, had long-term effects on cognition (Rebok et al., 2014). However, the fact
that there was not significantly higher rates of reversion in the intervention groups suggests
that the NP criteria were robust to exposure to material similar to the cognitive tests used
for the MCI classifications as well as mood, self-efficacy, or quality of life benefits of being
in the training group (Wolinsky et al., 2006, 2009, 2010). The current study used cognitive/
experimental tasks for classification, particularly in the non-memory domains, that may have
been more challenging and led to a higher rate of non-amnestic MCI than has been observed
in previous studies using these NP criteria. Non-amnestic MCI participants tend to revert to
CN at a higher rate (Pandya, et al., 2017; Thomas et al., 2019a), so the greater proportion

of non-amnestic MCI participants in this current study may also result in a higher reversion
rate.

Although the reversion rate is higher than prior studies using the NP criteria (Jak et al.,
2016; Thomas et al., 2019a; Wong et al., 2018), the ACTIVE study reversion rate is

in-line with other reversion rates in community-dwelling cohorts. For example, in a northern
Manhattan multi-ethnic study, the reversion rate was found to be 45.2% when looking only
at baseline and the first visit; it was 30.2% when reversion was defined as not having MCI
or dementia at any follow-up visits (Manly et al., 2008). The Mayo Clinic Study of Aging
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reported a reversion rate of 38% over a median follow up period of 5.1 years (Roberts

et al., 2014). One meta-analysis of MCI to cognitively normal reversion rates reported a
reversion rate of 31% in community-based studies (Malek-Ahmadi, 2016) and another meta-
analysis reported a reversion rate of 25% in population-based studies (Canevelli et al., 2016).
Furthermore, the prior MCI criteria used in ACTIVE that implemented cognitive composite
scores had a BL-to-Year 2 reversion rate of 42.6%, BL-to-Year 5 reversion rate of 54.8%,
and did not examine BL-to-Year 10 reversion (Cook et al., 2013). Thus, the current study is
not only the first to extend an MCI classification out to the full 10 years of data collection

in ACTIVE, but it also improved upon the stability of classification despite many fewer
people being classified as MCI (18.8%) using this current NP criteria approach relative to
the previously published MCI criteria that classified 33% of the ACTIVE sample as MCI

at baseline. This improvement in stability and reliability of MCI classification is likely due
to the requirement of two test scores to be impaired within a domain to establish reliable
cognitive impairment within the domain, rather than impairment on a single composite
score, which can be heavily driven by only one score in the composite. Additionally, the
lower proportion of non-amnestic participants identified using the current NP criteria (6.8%)
relative to the prior ACTIVE MCI classifications from 2013 (25%) may have also improved
stability given the known higher rate of reversion to CN status in those with non-amnestic
MCI (Pandya, et al., 2017; Thomas et al., 2019a).

Despite only very small differences in the baseline IADL Performance scale between

CN and MCI groups, both the single-aMCI and multi-aMCI groups reported a faster
decline in IADL Performance (i.e., higher scores) than the CN group over time, with the
multi-aMCI group showing the fastest rate of decline. This pattern was similar for the

IADL Difficulty subscale; however, all of the MCI subtypes, including the naMCI group
showed faster decline in IADL Difficulty. These findings with the aMCI groups showing
the fastest declines are consistent with the literature showing that older adults with aMClI
are more likely to progress to AD than naMCI (Manly et al., 2008; Roberts et al., 2014).
Additionally, previous work has shown that impairment in memory plus another domain,
particularly executive functioning, is associated with faster progression to both AD and
non-AD dementia (Roberts et al., 2014) and is associated with faster decline in everyday
functioning relative to those with memory impairment alone (Thomas et al., 2017). In
addition to the aMCI groups showing the fastest rate of functional declines, at baseline, the
single-aMCI and multi-aMCI groups differed from the CN group in proportion of participant
who reported having diabetes, though all of the MCI subtypes showed higher proportions of
participants with diabetes relative to the CN group. The higher rate of diabetes in the MCI
groups, especially the aMCI groups, is in-line with evidence that diabetes is a risk factor for
MCI (Luchsinger et al., 2007) and both AD and vascular dementias (Cheng et al., 2012).

The current study has several strengths including the large sample that is more representative
than many of the large aging cohorts in which NP criteria has previously been applied.
Additionally, the 10 years of follow-up data allowed for longitudinal validation of the

MCI criteria via changes in IADLs. The ACTIVE study, however, did not collect AD
biomarkers, which would have been another independent validation of the MCI criteria.
While ACTIVE did exclude individuals thought to have dementia at baseline, it is possible
that a small proportion of the MCI group, particularly the multi-aMCI group would be better
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characterized as very early dementia. Also, ACTIVE was not a clinical study so incident
clinical dementia was not identified; however, ongoing research in ACTIVE will allow for
the examination of Medicare/Medicaid records, thus allowing for an independent validation
of the MCI classifications in the future.

The use of a sample-specific normative group for this study is similar to the identification

of a robust normative control group, defined as those who have stable “normal” performance
over time, used in previous work to get the regression weights for the demographically-
adjusted z-scores (Edmonds et al., 2015; Thomas et al., 2019a). Although published
normative studies do not often have the luxury of longitudinal data from which to determine
a normative group that does not show significant decline over time, robust normative data
have been shown to be more sensitive to early detection of cognitive impairment (Kramer et
al., 2020; Pedraza et al., 2010). The use of the MMSE for identifying this robust normative
control group in the current study allowed for a way of identifying individuals without
significant cognitive decline over time that was independent of the cognitive measures used
to later classify CN and MCI status. Our previous work has used a very similar approach to
determine a robust control group in the ADNI cohort; however, rather than using the MMSE,
we used the ADNI-based cognitively normal classifications, which is heavily driven by the
Clinical Dementia Rating (CDR; e.g., Edmonds et al., 2015, Thomas et al., 2019b). While
we would have preferred to use this approach over an MMSE cutoff, neither the CDR nor
clinical diagnostic classifications were available in ACTIVE. While the MMSE is certainly
limited as a cognitive screener and may be weighted to memory-type items, this approach
also allowed for the same normative control participants to be used at each occasion, which
helped to factor in practice effects of the no-contact control group without also washing out
the potential training effects that were tested.

Although the comprehensive neuropsychological approach to classifying MCI has
previously been applied to multiple aging cohorts that have traditional neuropsychological
measures (e.g., Framingham, ADNI; (Bondi et al., 2014; Jak et al., 2016; Wong et al.,
2018), it had not previously been applied to a large, aging study that includes more
traditional clinical neuropsychological measures (e.g., AVLT, HVLT, Digit Symbol), some
of which were administered in a non-traditional way (e.g., written responses and no delayed
free recall on AVLT or HVLT), and experimental cognitive aging measures (e.g., Word
Series, Letter Sets, UFOV) that were not developed to determine cognitive impairment.
Furthermore, since neither a confrontation naming test nor a semantic fluency test were
included in the ACTIVE cognitive battery, it was not possible to create a meaningful
language domain to assess for a dysnomic subtype of MCI. Despite the limitations of

the cognitive test battery that may have been the biggest test of the flexibility of these

NP criteria to date, the application of the NP criteria produced MCI classification rates

and stability estimates consistent with other community-dwelling samples and the MCI
classification appeared to perform as expected on measures of everyday functioning, both
cross-sectionally and longitudinally. This highlights the flexible nature of these criteria,

as they were designed to be applicable across different studies and for use with different
neuropsychological measures; this study extends even this definition to show the utility of
the NP criteria for implementation in studies that include non-traditional cognitive measures.
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The current classifications and findings open up a number of opportunities for future
research, including improving the understanding of cross-sectional and longitudinal
associations between mild cognitive difficulties and health factors, social forces, and
everyday functioning. Further, the ACTIVE study allows for the unique opportunity to
examine whether mild cognitive difficulties impact the magnitude or breadth of benefit from
the cognitive interventions as well as whether the cognitive interventions reduce the rates of
progression to MCI over time.
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Key Points
Question:

This paper tests the use of neuropsychological criteria for the classification of MCI in the
ACTIVE study.

Findings:

The proportion of ACTIVE study participants classified as MCI (18.8%) and the rates
of reversion from MCI to cognitively normal using the neuropsychological criteria were
consistent with other studies, and MCI participants, particularly those with a memory
impairment, had the fastest decline in everyday functioning.

Importance:

Results show that this approach of classifying MCI is extremely flexible and produced
meaningful MCI classifications in a study that did initially intend to identify cognitive
impairment.

Next Steps:

Future research will use these MCI classifications in ACTIVE to examine cognitive
training effects among participants classified as MCI or whether cognitive training
reduces risk of future MCI classification.
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Stability and reversion of baseline classifications to Year 2, Year 5, and Year 10.
CN=cognitively normal; MCIl=mild cognitive impairment.
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Figure2.
Everyday functioning trajectories of a.) IADL Performance and b) IADL Difficulty

subscales by cognitive group status.

CN=cognitively normal; single-aMCI=single-domain amnestic MCI; multi-aMCl=multi-
domain amnestic MCI; naMCl=nonamnestic MCI. Shaded area represents the 99.5%
confidence interval.
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