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Abstract

INTRODUCTION: The low mild cognitive impairment (MCI)-to-cognitively normal (CN)
reversion rate in the Alzheimer’s Disease Neuroimaging Initiative (2-3%) suggests the need to
examine reversion by other means. We applied comprehensive neuropsychological criteria (NP
Criteria) to determine the resulting MCI-to-CN reversion rate.

METHODS: CN (n=641) or MCI (n=569) participants were classified at baseline and Year 1
using NP Criteria. Demographic, neuropsychological, and Alzheimer’s disease (AD) biomarker
variables as well as progression-to-dementia were examined across Stable CN, Reversion, and
Stable MCI groups.
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RESULTS: NP Criteria produced a one-year reversion rate of 15.8%. Reverters had
demographics, AD biomarkers, and risk-of-progression most similar to the Stable CN group, and
showed the most improvement on neuropsychological measures from baseline-to-Year 1.

DISCUSSION: NP Criteria produced a reversion rate that is consistent with, albeit modestly
improved from, reversion rates in meta-analyses. Reverters’ biomarker profiles and progression
rates suggest that NP Criteria accurately tracked with underlying pathophysiologic status.

Keywords

mild cognitive impairment; reversion; diagnostic criteria; stability; neuropsychology; Alzheimer’s
disease

1. Introduction

Mild cognitive impairment (MCI) is thought to represent a transitional state between normal
cognition and dementia [1,2]. However, the cognitively normal (CN)-to-MClI-to-Alzheimer’s
disease (AD) trajectory is not always unidirectional [3] and a diagnosis of MCI does not
irreparably foreshadow progression to dementia. A large portion of individuals diagnosed
with MCI revert to CN status when reevaluated after one year or more (up to 30-50%) [4—
6]. Meta-analyses report reversion rates of 18% (26% when only “better quality” studies
were included) [7] and 24% [8] across all (clinic- and community-based) studies, and
approximately 25% to 30% when limited to community-based studies [7,8]. The MCI
criteria of studies included in these meta-analyses varied widely. One included studies that
defined MCI based on the International Working Group [9] or Petersen/Mayo Clinic criteria
[10], clinical consensus, use of cognitive screening measures, or combination of
neuropsychological and functional measures; both amnestic and non-amnestic MCI were
included [7]. Another meta-analysis focused on only amnestic MCI based on traditional
Mayo/Petersen criteria, requiring at least one objective memory test be at least 1.5 SDs
below the normative mean; of the 25 studies included, 10 used a consensus diagnosis, 2 used
an algorithmic diagnosis, 9 did not specify whether algorithmic or consensus diagnosis was
used, and 4 used a clinical diagnosis from medical records [8].

Higher MCI-to-CN reversion rates are associated with younger age [11,12], better
neuropsychological test performance and functional abilities [5,12—-14], absence of an
apolipoprotein E (APOE) e4 allele [12,14], and a “normal” AD biomarker profile [14].
Individuals with non-amnestic and single-domain MCI revert more often than those with
amnestic [5,13] and multi-domain MCI [4,5,13], respectively. Finally, diagnostic criteria for
MCI that rely on only cognitive screens, rating scales, or a single impaired score on an
objective memory test lead to higher rates of reversion than criteria that require poor
performance on more than one neuropsychological test [6,15].

The MCI diagnostic criteria used in the Alzheimer’s Disease Neuroimaging Initiative
(ADNI) [16] are similar to the conventional Petersen/Winblad criteria [9,10] and require a
subjective cognitive complaint, normal global cognitive screening, minimal/mild changes on
a self- and study-partner-informed interview of global functioning (Clinical Dementia
Rating [CDRY]), and impaired performance on a single objective memory test (delayed recall
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of one story from Logical Memory [LM]) [16]. ADNI’s one-year reversion rate from MCI to
CN was initially reported to be a surprisingly low 2.2% [16], and similarly was noted to be
3% in a more recent inspection of the larger ADNI dataset [17]. When performance on all
components of the ADNI MCI criteria at baseline and one year later (Year 1) were
examined, about one-third of those who met all criteria at baseline failed to meet all criteria,
particularly an impaired score on the LM test, at Year 1. Instead, it appears that the diagnosis
of MCI was either carried forward from baseline to Year 1, or was primarily based on the
CDR [17] without application of the LM score criterion. If the LM cutoff had been
consistently applied at Year 1, the rate of reversion would have been at least 22% [17], a
value more consistent with rates reported in other studies [7,8].

Lack of guidance on how to weight various components of the diagnostic criteria used in
ADNI and heavy reliance on subjective cognitive complaints may also reduce diagnostic
clarity [18,19]. These limitations can be overcome by using comprehensive
neuropsychological criteria (NP Criteria) for MCI that are primarily based on objective
neuropsychological test scores [15,20]. The NP Criteria classify someone as MCI if they do
not have dementia, but performed >1 SD below a demographically-adjusted mean on two
neuropsychological measures within the same cognitive domain, or >1 SD below the
demographically-adjusted mean on at least one measure across three sampled cognitive
domains; participants who were rated by a study partner to have a functional difficulty
across at least two areas of functioning were also considered MCI [15,20]. Prior work has
demonstrated that these comprehensive NP Criteria offer the optimal balance of sensitivity
(i.e., >1 SD threshold for impairment compared to a 1.5 or 2 SD cut-off) with reliability (i.e.,
two impaired scores within a domain instead of one impaired score across the battery) [15].

When NP Criteria was applied to the ADNI cohort, we found that the standard ADNI MCI
criteria had resulted in high rates of “false positive” [20,21] and “false negative” MCI
diagnoses [22]. Strikingly, approximately 34% of ADNI-diagnosed MCI participants were
classified as CN by actuarial NP Criteria and demonstrated normal imaging, CSF biomarker
profiles, and functional trajectories [20,21,23-26]. The disagreement between NP Criteria
and ADNI Criteria classifications skewed toward ADNI over-diagnosing MCI at baseline
(“false-positives”); however, there is also evidence that the ADNI Criteria also missed a
small portion of participants who were classified CN by ADNI but met NP Criteria for MCI
(“false-negatives™) [22]. These potentially “missed” MCI participants had
neuropsychological scores, cerebrospinal fluid markers, and progression rates that suggested
an MCI diagnosis was warranted.

Given prior evidence that use of NP Criteria improves the accuracy of the baseline MCI
diagnosis in ADNI relative to their standard methods [20-22], coupled with the observation
that ADNI’s diagnostic tracking produces an artificially low MCI-to-CN reversion rate [17],
we aimed to determine whether the NP Criteria produces a more defensible reversion rate in
ADNI. We hypothesized that application of these criteria at baseline and Year 1 would
provide a more accurate and reliable characterization of those MCI participants who revert
to CN status that is more in-line with reversion rates from recent meta-analyses [7,8] than
the unrealistically low reversion rates using the ADNI MCI diagnoses [17]. If true, these
results would provide further support for the use of the NP Criteria as a flexible method for
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operationally-defining MCI that may be adapted across large aging datasets to yield more
accurate diagnostic and tracking information. Also, findings would be expected to improve
understanding of predictors of reversion when NP Criteria are implemented. Specifically, we
hypothesize that participants who revert will be more likely to have lower proportions of AD
genetic susceptibility, higher levels of cerebrospinal fluid (CSF) p-amyloid (AB), lower
levels of CSF total tau (t-tau) and hyperphosphorylated-tau (p-tau), and be more likely to
have a non-amnestic MCI profile than those participants that remain MCI according to NP
Criteria at both baseline and Year 1 occasions.

2. Methods

Data used in the preparation of this article were obtained from the ADNI database
(adni.loni.usc.edu). ADNI was launched in 2003 as a public-private partnership. The
primary goal of ADNI has been to test whether serial magnetic resonance imaging (MRI),
positron emission tomography (PET), other biological markers, and clinical and
neuropsychological assessment can be combined to measure the progression of MCI and
early AD. For up-to-date information on ADNI, see www.adni-info.org. This study was
approved by the Institutional Review Boards at each of the participating institutions, and
written informed consent was obtained from all participants or authorized representatives at
each site.

2.1. Participants and procedure

The specific enrollment inclusion/exclusion criteria for ADNI have been described
elsewhere [16]. Briefly, participants from ADNI, ADNI-GO, and ADNI-2 cohorts were
diagnosed at baseline by ADNI as CN, MCI (including early- and late-MCI for ADNI-GO
and ADNI-2), or AD. All non-demented ADNI participants who completed a baseline and
Year 1 neuropsychological assessment were considered for the current analyses; there were
also 6 ADNI participants who were classified as AD at baseline, but were considered CN
based on NP Criteria who were included in the analyses (total N=1,210).

Participants were re-classified separately at baseline and Year 1 as either CN or as having
MCI using the following Jak/Bondi comprehensive NP Criteria [15,20]: (1) performance >1
SD below the age/education/sex-adjusted mean on two neuropsychological measures within
the same cognitive domain, or (2) performance >1 SD below the demographically-adjusted
mean on at least one measure across all three sampled cognitive domains, or (3) were rated
by a study partner to have a Functional Activities Questionnaire (FAQ) score >5, suggesting
difficulties across at least two areas of functioning.

Six neuropsychological total test scores were used to determine MCI status via NP Criteria
[21] and included two memory measures: Rey Auditory Verbal Learning Test (AVLT)
delayed free recall and AVLT recognition (hits minus false positives); two /anguage
measures: 30-item Boston Naming Test (BNT), Animal Fluency; and two atfention/executive
function measures: Trail Making Test (TMT), Part A and Part B. The neuropsychological
age/education/sex-adjusted z-scores were based on regression coefficients derived from a
sample of ADNI’s CN participants who did not progress to MCI for the duration of their
study participation (i.e., “robust” controls; N=385) [21,25,26]. Regressions to determine
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demographic adjustment were completed at each occasion. Non-demented participants that
did not meet NP Criteria for MCI were considered CN.

Once all participants were re-classified as CN or MCI at baseline and CN, MCI, or AD at
Year 1, diagnostic stability, reversion, and conversion were examined. We then examined
several biomarker and clinical variables to determine their association with reversion from
MCI to normal. A subset of participants underwent a lumbar puncture (baseline CN n=363,
MCI n=337). Cerebrospinal fluid (CSF) biomarkers of AD (A, t-tau and p-tau) were
measured using Elecsys ® immunoassays. APOE e4 status, based on the presence of at least
one &4 allele, was also examined. The Mini Mental State Exam (MMSE) measured global
cognition; the LM delayed recall subscale was an independent measure of memory
performance that was not included in the NP Criteria diagnosis; the Geriatric Depression
Scale (GDS) measured depressive symptoms; the modified Hachinski Ischemia Scale
measured ischemic risk; and the CDR and FAQ measured everyday functioning. Type 2
diabetes mellitus (T2DM) status was determined via baseline medical history [27] or if they
were on glucose-lowering medications [28].

ADNI’s AD criteria was used in progression-to-dementia analyses in order to be
independent from the components of the NP Criteria. These criteria included: (1) subjective
memory complaint by the subject, study partner, or clinician; (2) abnormal memory function
defined as scoring below the education-adjusted cutoffs on the LM delayed recall subscale
from the Wechsler Memory Scale-Revised (<8 for 16+ years of education, <4 for 8-15 years
of education, and <2 for 0-7 years of education); (3) MMSE score <27; (4) CDR=0.5 or 1.0;
and (5) met NINCDS/ADRDA criteria for probable AD [29].

2.2. Statistical Analyses

Baseline demographic and clinical characteristics for each group (CN and MCI) were
compared using independent t-tests, Mann-Whitney U tests, or chi-squared tests. Proportions
of the sample who remained diagnostically stable, reverted, or progressed from baseline-to-
Year 1 were examined. Group (Stable CN, Reversion, Stable MCI) differences in baseline
demographic, clinical, functional, AD biomarker, and neuropsychological variables were
examined using one-way analyses of variance (ANOVAs; with independent t-test post-hocs),
Kruskal-Wallis tests (with Mann-Whitney post-hocs), or chi-squared tests for categorical
variables. All post-hoc tests of group differences were adjusted for the 3 group pairwise
comparisons, so the alpha was set to .017 (.05/3 groups).

A binary logistic regression was used to examine baseline predictors of Stable MCI versus
Reversion status. Because raw data were used for this analysis, demographic variables (age,
education, sex) were first entered in Block 1. Then, GDS, FAQ, Hachinski score, T2DM
status, APOE e4 status, AB, t-tau, p-tau, MMSE, AVLT Delayed Recall and Recognition,
Animal Fluency, BNT, TMT Parts A and B, and LM Delayed Recall were included in the
Block 2 and a forward stepwise procedure was used to determine which of these variables
were included in the model so that only predictors that add value were included.

Change in raw neuropsychological performance from baseline-to-Year 1 by group (Stable
CN, Reversion, Stable MCI) was evaluated using a repeated measures ANCOVA, controlling
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for age, education, and sex with post-hoc analyses that adjusted for multiple group
comparisons (i.e., alpha=.017). Although some of the neuropsychological measures violate
the assumption of normality (e.g., BNT and TMT are skewed), the analyses were run after
transforming the data using a Blom-transformation and compared to the use of the raw
scores. The results were qualitatively and statistically similar, and there were no differences
in the pattern of findings for the Reversion group. Thus, the raw scores were used for
analysis in order to facilitate clinical translation and interpretation of the results.

A Cox regression adjusting for age, education, and sex was used to determine the hazard
ratio (HR) and 95% confidence interval (CI) of progression to dementia. In these analyses,
time-to-dementia was the number of months (12 to 60 months) from the baseline assessment
to the assessment when the participant first met criteria for dementia. Participants who did
not progress to dementia during their follow-up period were censored at their last visit.
Kaplan-Meier curves were used to show the rate of progression to dementia by group.

3. Results

3.1. Baseline characteristics

At baseline, there were 641 CN (53.0%) and 569 MCI (47.0%) participants based on NP
Criteria, compared to 418 CN (34.5%), 786 MCI (65.0%), and 6 AD (0.5%) participants
based on ADNI classifications. CN and MCI groups based on NP Criteria significantly
differed on all demographic, functional, neuropsychological, and biomarker variables, with
the exception of age (see Table 1). Of the participants diagnosed with MCI, 507 (89%) were
diagnosed based on having two impaired neuropsychological scores within the same
domain, 16 (3%) were diagnosed based on having one impaired score in each of the three
cognitive domains, and 46 (8%) were diagnosed based on an FAQ score >5.

3.2. Classification at Year 1

Examination of stability, progression, and reversion showed that among participants
classified by NP Criteria as CN at baseline (N=641), 508 (79.3%) remained CN, 125
(19.5%) progressed to MCI, and 8 (1.2%) progressed to dementia at Year 1. Of those who
were classified as MCI at baseline (N=569), 381 (67%) remained MCI, 90 (15.8%) reverted
to CN, and 98 (17.2%) progressed to dementia at Year 1. Consistent with what has been
previously described [17], ADNI classifications showed that among participants they
classified as CN at baseline (N=418), 401 (95.9%) remained CN and 17 (4.1%) progressed
to MCI at Year 1. Of those who were classified by ADNI as MCI at baseline (N=786), 659
(83.8%) remained MCI, 24 (3.1%) reverted to CN, and 103 (13.1%) progressed to dementia
at Year 1.

3.3. Reversion group characteristics

Within the NP Criteria-defined Reversion group, baseline MCI diagnoses were made based
on two impaired scores within at least one cognitive domain in 80 participants (88.9% of
reverters), based on three impaired scores across three cognitive domains in 3 participants
(3.3% of reverters), and based on FAQ >5 in 7 participants (7.8% of reverters). The
proportions of participants classified as MCI using the 3 different NP criteria (i.e., two
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impaired scores in one domain, three impaired scores across three domains, or FAQ >5) did
not differ between Stable MCI and Reversion groups (;(2:0.04, ar=2, p=.98).

When examining baseline MCI subtype of those participants that reverted, 46 participants
were initially considered amnestic MCI (51.1%): 38 single-domain amnestic MCI and 8
multidomain amnestic MCI. There were 34 participants (37.8%) who were impaired in only
non-memory domains; 16 impaired in the language domain, 6 impaired in attention/
executive domain, and 2 impaired in both language and attention/execution domains. As
mentioned above, 3 participants (3.3%) had diffuse impairments with one impaired score in
three cognitive domains and 7 participants (7.8%) were diagnosed based on FAQ. When
examining baseline amnestic and non-amnestic MCI subtypes (diagnosed based on two
impaired scores in one domain), the proportion of non-amnestic MCI participants was
greater in the Reversion group (34 out of 80, 42.5%) than in the Stable MCI group (97 out of
337, 28.8%), y?=5.65, g1, p=.017.

3.4. Baseline group differences

3.4.1. Demographics, clinical characteristics, and vascular risk—Table 2 shows
the omnibus tests for the baseline characteristics of the NP Criteria-defined Stable CN,
Reversion, and Stable MCI groups. Age and education did not differ by group (p-values >.
05) and only the Stable CN and Stable MCI group differed on sex (;(2=8.93, ar=1, p=.003),
with the Stable CN group having a larger proportion of women. All groups endorsed
minimal depressive symptoms, with only the Stable CN and Stable MCI groups significantly
differing from one another such that the Stable MCI group endorsed more symptoms
(U=72903.50, p<.001). On measures of everyday functioning (CDR, FAQ), the Stable CN
group had the least amount of functional difficulty and significantly differed from the
Reversion group (CDR /1/2=9.25, ar=1, p=.002; FAQ U=16797.50, p<.001) and Stable MCI
group (CDR ;(2:242.47, ar=2, p<.001; FAQ U=46752.50, p<.001). The Reversion group has
less functional difficulty that the Stable MCI group (CDR ;(2:65.93, dr=2, p<.001; FAQ
U=12123.00, p<.001). The Reversion group had higher ischemia risk ((=19019.50, p=.004)
and were more likely to have T2DM (y<=10.51, d/~1, p=.001) than the Stable CN group,
but did not statistically differ from the Stable MCI group (Hachinski (=15794.00, p=.197;
T2DM ;(2=3.81, df=1, p=.051). The Stable CN group had lower ischemia risk than the
Stable MCI group (U=87674.50, p=.007), but did not significantly differ on ischemic risk or
T2DM status (y?=2.65, dE1, p=.104).

3.4.2. AD biological markers—Examination of baseline AD biomarkers showed that
Stable CN and Reversion participants did not significantly differ on baseline levels of A
[4431)=2.26, p=.024], t-tau [{431)=0.57, p=.567],0r p-tau [(431)=-0.04, p=.968] after
adjustment for multiple comparisons. Stable CN and Reversion groups had higher (better)
levels of AR [4628)=7.99, p<.001 and #335)=2.55, p=.011, respectively] as well as lower
(better) levels of t-tau [{453.43)=-7.55, p<.001 and {162.58)=-5.96, p<.001, respectively]
and p-tau [4419.80)=—-8.33, p<.001 and 4168.27)=-5.90, p<.001, respectively] compared to
Stable MCI participants. The Stable CN and Reversion groups did not differ in proportions
of participants with an APOE ¢4 allele ()(2:1.53, df=1, p=.216), but both the Stable CN and
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Reversion groups had a smaller proportion of individuals with an e4 allele relative to the
Stable MCI group (y?=51.87, df=1, p<.001 and y?=8.82, df=1, p=.003, respectively).

3.4.3. Neuropsychological functioning—Table 2 displays the mean baseline
neuropsychological scores across NP Criteria-defined Stable CN, Reversion, and Stable
MCI groups and omnibus tests. Baseline neuropsychological performance of the Reversion
group was significantly worse than the Stable CN group on all measures except the MMSE
(U=22553.50, p=.832), including LM [{140.85)=5.10, p<.001], AVLT Delayed Recall
[4595)=9.10, p<.001], AVLT Recognition [£99.52)=9.10, p<.001], BNT ({=15685.50, p<.
001), Animal Fluency, TMT Part A (U=12952.50, p<.001), and TMT Part B (U=14695.00,
p<.001). The Reversion group performed better than the Stable MCI group on the MMSE
(U=9167.00, p<.001), LM [4469)=9.51, p<.001], AVLT Delayed Recall [{119.87)=5.40,
p<.001], AVLT Recognition [{467)=3.57, p<.001], BNT ({=13991.00, p=.007), and TMT
Part B ((=13149.50, p=.001), but not Animal Fluency [£469)=2.06, p=.040] or TMT Part A
(U=16138.50, p=.386). On average, the Reversion group’s lowest baseline
neuropsychological scores were on the AVLT Delayed Recall (mean z-score=-0.82) and
AVLT Recognition (mean z-score=—1.03). The Stable CN group performed better than the
Stable MCI groups across all neuropsychological tests: MMSE (U=48374.00, p<.001), LM
[4887)=22.83, p<.001], AVLT Delayed Recall [{883.82)=26.74, p<.001], AVLT
Recognition [4548.30)=23.21, p<.001], BNT ((=50437.50, p<.001), Animal Fluency
[4887)=14.85, p<.001], TMT Part A (U=53659.50, p<.001), and TMT Part B ({=45217.50,

p<.001).

3.5. Unique predictors of Reversion

Table 3 shows the results, including odds ratios, of the logistic regression that examined the
predictors of Reversion versus Stable MCI group status at Year 1. Block 1 that included
demographic variables did not initially improve fit relative to the null model (;(2:2.78, ar=3,
p=.428). For Block 2, the forward stepwise procedure resulted in the following variables
included in the model: FAQ, t-tau, MMSE, AVLT delayed recall, TMT Part B, and LM.
Block 2 showed significant incremental improvement in model fit over Block 1 (;(2:98.13,
af=6, p<.001; Nagelkerke R°=.421) and correctly classified 81.9% of the participants
(sensitivity=.37; specificity=.94; positive predictive value=.61, negative predictive value=.
85).

3.6. Baseline to Year 1 changes in neuropsychological test scores

Repeated measures ANCOVAS were used to examine neuropsychological raw score change
over time by group. The omnibus statistics for the group x time interactions across all
neuropsychological tests are included in Supplemental Table 1. Notably, all omnibus group x
time interactions were significant (ps<.001). Figure 1 shows the change in
neuropsychological scores by group. Post-hoc analyses revealed that the Stable CN group
showed significant improvement from baseline-to-Year 1 on the MMSE [£501)=2.56, t=.
012], LM [4501)=9.70, p<.001], and BNT [#500)=5.63, p<.001], but not on other
neuropsychological tests (ps>.017). The Reversion group had significant improvements from
baseline-to-Year 1 across most neuropsychological measures, including LM [484)=2.43, p=.
015], AVLT Delayed Recall [(84)=3.67, p<.001], AVLT Recognition [#84)=6.91, p<.001],
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BNT [485)=6.02, p<.001], Animal Fluency [£85)=4.04, p<.001], and TMT Part A [£85)=
-4.80, p<.001], but not on the MMSE or TMT Part B (ps>.150). With the exception of LM,
the raw score improvements were larger for the Reversion group than for the Stable NC
group. Conversely, the Stable MCI group showed significant baseline-to-Year 1 declines on
the MMSE [4376)=-7.66, p<.001], AVLT Delayed Recall [{374)=-2.48, p=.014], AVLT
Recognition [{374)=-5.16, p<.001], Animal Fluency [{375)=—-4.43, p<.001], and TMT Part
B [4374)=3.34, p=.001] over the one-year interval, but not on other neuropsychological
testis (ps>.017). At Year 1, the Stable CN and Reversion groups no longer significantly
differed on the MMSE [£591)=-2.29, p=.022], BNT [{591)=-1.71, p=.086] and Trails A
[4590)=1.66, p=.097], but the Reversion group continued to perform worse than the Stable
CN group on LM [£464)=-4.85, p<.001], AVLT Delay Recall [(465)=-6.86, p<.001],
AVLT Recognition [4465)=-3.11, p=.002], Animal Fluency [{466)=-4.05, p<.001], and
TMT Part B [1(466)=-3.14, p<.001].

3.7. Progression to dementia by group

Differential rates of progression to dementia were examined between NP Criteria-defined
Stable CN, Reversion, and Stable MCI groups. Cox regressions, adjusting for age,
education, and sex, showed that, relative to the Stable CN group, the Reversion group did
not differ in rate of progression (HR 1.67, 95% CI [0.63, 4.55], p=.301), while the Stable
MCI group progressed at a faster rate than the Stable CN (HR 15.78, 95% CI [9.62, 25.86],
p<.001) and Reversion groups (HR 9.35, 95% CI [3.83, 22.83], p<.001). Kaplan-Meier
curves and numbers of events/persons at risk are shown in Figure 2.

4. Discussion

Implementation of the NP Criteria at baseline and Year 1 produced an MCI-to-CN reversion
rate of 15.8%. This reversion rate is largely consistent with, if not modestly lower than, the
reversion rates of 18% (26% when only “better quality” studies were included) [7] and 24%
[8] reported in recent meta-analyses. Moreover, it is much more realistic than the 2.2% and
3% reversion rates found in ADNI [8,16,17], which appear to be artificially low due to
seemingly weighting the subjective CDR maore heavily than the LM element of the ADNI
MCI criteria [17].

The NP Criteria-defined Reversion group did not differ from the Stable CN or Stable MCI
groups on demographics or baseline depressive symptoms. Compared to the Stable CN
group, the Reversion group had more difficulty on baseline measures of everyday
functioning, including the CDR (an independent measure not used in the NP Criteria), but
had better functional scores than the Stable MCI group, which is consistent with previous
studies [5,12]. Notably, the Reversion group did not have a greater proportion of participants
classified as MCI at baseline based on the FAQ >5 element of the NP Criteria relative to the
Stable MCI group, suggesting that the NP Criteria reversion rate was not driven by this
element of the NP Criteria. Consistent with previous work [5,13,15], the Reversion group
had a higher proportion of participants who were diagnosed with non-amnestic MCI (i.e.,
impaired in language or attention/executive functions), relative to the Stable MCI group.
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Consistent with the greater likelihood of non-amnestic impairments in reverters, examination
of vascular risk variables such as the Hachinski ischemia risk index and T2DM status
showed that the Reversion group had the highest scores on the Hachinski index and the
highest proportion of participants with T2DM across the groups, significantly differing from
the Stable CN group. Possible vascular- or diabetes-related variability in performance at
baseline with subsequent regression to the mean at Year 1 (e.g., due to transient cerebral
blood flow disruptions and/or fluctuating glucose levels) is a hypothesis that needs further
investigation.

When examining AD-related biomarkers, the NP Criteria-defined Reversion group did not
differ from the Stable CN group across CSF measures of AB, t-tau, and p-tau, or proportion
of APOE &4 carriers, but the Reversion group differed from the Stable MCI group across all
markers examined. These biomarker findings are consistent with the rates of progression to
dementia across groups. Specifically, the Stable CN and Reversion groups had slower rates
of progression to dementia over 5 years than the Stable MCI group, but did not differ from
each other. The Reversion group’s HR of 1.67 when compared to the Stable CN group is
lower than the rate of progression for reverters in other studies (e.g., HR=6.6 in the Mayo
study [5] and HR=6.4 in the Sydney Memory and Ageing Study [4]). Thus, the participants
identified as reverters via the NP Criteria do not appear to be at the same elevated risk for
dementia as reverters from other studies, suggesting that the NP Criteria, with most
participants being classified based on two tests within a cognitive domain, may provide
improvement in prediction of progression compared to other criteria. An alternative or
additional reason for these findings may be that this study used dementia criteria that were
completely independent of the NP Criteria for MCI. Other studies often use similar criteria
for classifying MCI and dementia, with the primary difference being a greater degree of
severity to meet dementia criteria (e.g., CDR =0.5 for MCI and 1.0 for dementia).

At baseline, as expected based on their initial MCI diagnoses, the Reversion group
performed worse than the Stable CN participants on almost all neuropsychological
measures, but also generally performed better than the Stable MCI group, with the exception
of a couple tests (animal fluency and TMT Part A). When predicting Reversion vs. Stable
MCI status at Year 1, only baseline FAQ score, t-tau, MMSE, AVLT delayed recall, TMT
Part B, and LM emerged as unique predictors of reversion. Notably, even with a model that
considered demographics and available clinical, health, CSF, and cognitive predictors, only
37.3% of the participants who reverted at Year 1 were correctly classified using this
information, suggesting that it is difficult to determine who may be more likely to revert.
Future analyses should also consider the interactive effects of known predictors of reversion
in order to produce models that may better identify those participants who are more likely to
revert vs. remain cognitively impaired.

The Stable CN group demonstrated largely consistent neuropsychological raw score
performances from baseline-to-Year 1, and showed improvements on MMSE, LM, BNT, and
Animal Fluency, which likely represents an expected practice effect. The Reversion group
improved on all measures except MMSE and TMT Part B, and the improvements were
generally greater than those observed by the Stable CN. Thus, the improvements in the
Reversion group likely go beyond the expected practice effect, in that they may also be
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consistent with an overall trend of regression to the mean. Conversely, the Stable MCI group
declined across most neuropsychological measures. The dependent variable of the repeated
measures analyses was in raw score metric, as this is most clinically relevant; however, the
NP Criteria (e.g., >1 SD below mean cutoff on tests) was applied to the demographically-
adjusted z-scores. The z-scores were created separately for each occasion, so the robust
control participant scores at baseline were used to create the baseline z-score and the robust
control participant scores at Year 1 were used to create the Year 1 z-scores. This approach
allowed for the mean practice effect of the robust control participants to be accounted for in
the z-scores. This method, again, supports the likelihood that practice effects alone cannot
fully explain the greater improvement of the Reversion group.

The current findings, however, do highlight the potential for using measures of change, and
accounting for practice effects, as a way of capturing those at risk for future progression.
Previous work in a population-based sample has shown that practice effects may be reduced
in individuals with incident MCI/dementia within a year of testing [30]. Practice effects are
an important consideration for any longitudinal observational study, clinical trial, or clinical
evaluation that involves serial testing [31], and it may be possible to derive predictive
information about future cognitive outcomes by determining if a practice effect is less than
or greater than expected [32,33].

Accurate characterization of reversion is critical in multiple settings. In research, clinical
‘trial ready’ cohorts are being assembled for manytypes of studies. Although it may take
some effort to characterize people with MCI longitudinally, applying a consistent, objective
neuropsychological criteria could help to winnow a cohort such that those most appropriate
candidates for clinical trials are included [34]. Additionally, in clinical practice, patients may
be labeled as having MCI for a variety of reasons, not all of which portend a high risk of
AD. Re-assessment in enough detail to capture reversion would prevent people from
carrying forward a label of MCI, with the negative ramifications that may result from the
inaccurate label and have the potential to adversely impact their social interactions, self-
perceptions, and life decisions (e.g., retirement).

For both research and clinical settings, older adults may also lack access to a knowledgeable
informant; objective neuropsychological assessment would reduce this as a barrier to
enrollment in a clinical trial or accurate determination of cognitive status, as it is able to
serve as a stand-alone method to determine diagnosis [15,20] and reversion. The meta-
analyses that examined reversion rates generally used criteria that differed from the NP
Criteria; the criteria also varied within and between meta-analyses. Several of the studies
included in both meta-analyses appeared to rely on a consensus diagnosis, which often
includes multiple clinicians integrating information not only from a neuropsychological
assessment but also from the participant and an informant about the course of cognitive
symptoms and functional changes to form a diagnosis. Interestingly, the NP Criteria
produced a similar or modestly better reversion rate than those reported in the meta-analyses
despite only requiring the objective neuropsychological data and consistent application of
the NP Criteria. This finding, in addition to the prior work showing that subjective report of
cognitive difficulties may increase false positive MCI diagnostic errors [19,35], provides
support for the use of a NP Criteria. Furthermore, the meta-analyses examined reversion
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rates over a variable number of years, often =2 years. Malek-Ahmadi [8] suggested that a
longer follow-up period may produce lower rates of reversion; thus, the one-year follow-up
interval in this study may have produced a slightly higher reversion rate than would have
been be produced over a longer follow-up period.

Our study is limited in that the examination of stability and reversion was constrained to the
baseline-to-Year 1 interval. Further work examining the reversion and fluctuation of
diagnoses over a longer follow-up period will expand on the current findings. Our findings,
however, offer an alternative and empirically-supported method of MCI classification using
a comprehensive neuropsychological approach that can be applied across research and
clinical settings and is adaptable to different neuropsychological batteries [15,20,36].
Notably, the NP Criteria resulted in a reversion rate that is more accurate than the extremely
low reversion rate previously reported using the ADNI-based diagnoses [14,16,17], and it is
also modestly lower than those reported in meta-analyses [7,8]. Furthermore, the NP Criteria
appear to reliably capture true “reverters” as evidenced by the low AD biomarkers and
progression-to-dementia risk in the Reversion group, both of which were consistent with
those of the Stable CN group.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Neuropsychological Criteria for MCI produced a reversion rate of 15.8%

. 15.8% is consistent with, or modestly improved, relative to the literature

. Reverters had AD biomarkers and dementia risk similar to the Stable Normal
group

. Neuropsychological Criteria offer an empirically-proven MCI classification
method

. Results extend previous work that these MCI criteria may reduce diagnostic
error

Research in Context

Systematic review:

The authors reviewed studies (using PubMed) related to MCI reversion and predictors of
reversion. Reversion rates and correlates of reversion vary significantly across studies, but
in general, the MCI-to-normal reversion rate reported in the Alzheimer’s Disease
Neuroimaging Initiative was lower than all other studies included in a meta-analysis.

Interpretation:

Our findings demonstrate that MCI diagnosed based on objective neuropsychological
performance, rather than a heavy reliance on subjective criteria, produced a realistic
reversion rate that is consistent with, or slightly improved, relative to meta-analyses.
These results extend evidence that MCI diagnoses based on neuropsychological
performance offer an empirically-supported classification method.

Future directions:

Future work will examine the fluctuation of diagnoses over a longer follow-up period to
determine whether performance variability is related to AD-related changes and
progression risk. We will also continue efforts to compare objective performance and
subjective report methods of detecting those at risk for future decline.
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Figure 1. Baseline to Year 1 change in neuropsychological scores by group.
Error bars represent the 99% confidence interval. MMSE=Mini Mental State Exam;

AVLT=Rey Auditory Verbal Learning Test; BNT=Boston Naming Test (30-item);
TMT=Trail Making Test. For TMT Parts A and B, lower scores represent better (faster)
performance. Raw scores have been adjusted for age, sex, and education.
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Kaplan-Meier curves for Stable CN, Reversion, and Stable MCI group rates of progression

to dementia.
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Baseline demographic and clinical characteristics [mean (SD) or %] by group.

Table 1.

CN (N=641) MCI (N=569) t, U, or 2 p
Age 73.63 (6.95) 73.85 (7.09) t=—0.54 589
Education 16.31 (2.69) 15.89 (2.86) t=2.66 .008
Female, % 47.0% 39.9% x?=57.71 017
GDS 1.16 (1.32) 1.59 (1.42) U=216,896.00 <.001
CDR=0/0.5,% 54.1% / 45.7% 12.3% / 87.5% X2=233-67 <.001
FAQ 0.60 (1.16) 3.85 (4.51) U=271,001.00 <.001
Hachinski 0.57 (0.66) 0.69 (0.77) U=169,161.50  .015
T2DM status*, % 7.2% 10.5% x%=4.01 .045
AB (pg/ml) 1292.46 (621.24)  942.92 (555.04) t=8.71 <.001
t-tau (pg/ml) 243.66 (98.15)  300.85 (129.37) t=-7.27 <.001
p-tau (pg/ml) 22.44 (10.20) 29.58 (14.70) t=-8.22 <.001
APOE &4+, % 33.4% 53.8% x?=51.15 <.001
MMSE 28.69 (1.47) 27.44(1.84)  U=108,803.00 <.001
Logical Memory 10.73 (4.27) 5.32 (4.02) t=21.97 <.001
AVLT Delayed Recall 7.53 (3.75) 2.50 (3.00) t=25.89 <.001
AVLT Recognition 27.30 (2.42) 22.38 (3.90) t=25.88 <.001
BNT 28.15 (1.97) 2554 (3.97)  U=102,273.50 <.001
Animal Fluency 20.62 (5.06) 15.90 (4.84) t=16.51 <.001
TMT Part A 32.81 (9.64) 45.47(20.20)  U=263,723.00 <.001
TMT Part B 82.13 (35.67) 130.76 (71.13)  U=263,467.00 <.001

Page 19

CN=Cognitively Normal; MCI=Mild Cognitive Impairment; GDS=Geriatric Depression Scale; MMSE=Mini-Mental Status Exam; CDR=Clinical
Dementia Rating; FAQ=Functional Activities Questionnaire; AVLT=Rey Auditory Verbal Learning Test; BNT=Boston Naming Test (30-item);
TMT=Trail Making Test; AB=B-amyloid; t-tau=total tau; p=tau=hyperphosporylated tau; APOE=Apolipoprotein E. Sample size for cerebrospinal

fluid biomarkers: CN n=363, MCI n=337.
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Table 2.
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Baseline demographic, clinical, neuropsychological, and biomarker characteristics of Stable CN, Reversion,

and Stable MCI groups.

Stable CN (N=508) Reversion (N=90) Stable MCI (N=381) F H, x? p
Age 73.61 (6.80) 74.85 (6.67) 73.73(7.22) F=1.22 295
Education 16.37 (2.68) 15.88 (2.66) 15.95 (2.91) F=3.01 .050
Female, % 47.9% 40.0% 38.8% x%=9.65 .008
cps* 1.10 (1.32) 1.47 (1.55) 1.64 (1.40) H=4251 <001
CDR*=0/05,% 59.4% / 40.6% 42.2% 1 57.8% 8.4% /91.3% x2=242.35  <.001
FAQ™ 0.45 (0.99) 1.58 (2.51) 3.66 (4.42) H=21452 <.001
Hachinski * 0.53 (0.64) 0.83 (0.90) 0.67 (0.75) H=12.38  .002
T2DM status ™ % 6.1% 16.1% 9.0% x?=10.49 .005
AB (pg/ml) 1330.63 (597.63)  1152.50 (628.86) 954.24 (566.27) F=3143 <001
t-tau ™ (pg/ml) 236.44 (93.75) 229.51 (86.96) 307.97 (132.27) F=36.47  <.001
p-tau (pg/ml) 21.58 (9.57) 21.63 (9.62) 30.33 (15.08) F=44.00 <.001
APOE ed+” % 30.1% 36.7% 54.1% x2=52.49 <001
MMSE 28.83 (1.31) 28.72 (1.49) 27.32 (1.77) H=179.54 <.001
Logical Memory 11.37 (4.10) 9.34 (3.35) 5.27 (3.73) F=268.42 <.001
AVLT Delayed Recall 8.21(3.63) 4.45 (3.38) 2.35 (2.89) F=340.19 <.001
AVLT Recoghnition 27.61 (2.16) 24.06 (3.58) 22.43 (3.93) F=311.78 <.001
BNT 28.33 (1.74) 26.86 (2.73) 25,52 (3.17) H=155.17 <.001
Animal Fluency 21.05 (5.09) 17.17 (4.50) 15.99 (4.95) F=117.13  <.001
TMT Part A, total seconds * 32.31(9.37) 41.98 (14.82) 45.27 (20.50) H=144.26 <001
TMT Part B, total seconds *  78.61 (31.46) 104.79 (52.56) 129.76 (68.84) H=181.84 <001

*

Denotes variable in which lower scores are better. CN=cognitively normal; MCI= mild cognitive impairment; GDS=Geriatric Depression Scale;
CDR=Clinical Dementia Rating; FAQ=Functional Activities Questionnaire; T2DM=type 2 diabetes mellitus; AB=p-amyloid; t-tau=total tau; p-
tau=hyperphosphorylated tau; APOE e4+ = apolipoprotein E epsilon 4 allele positivity; MMSE=Mini Mental State Exam; AVLT=Rey Auditory
Verbal Learning Test; BNT=Boston Naming Test (30-item); TMT=Trail Making Test; Sample size for cerebrospinal fluid biomarkers: Stable CN
n=363, Reversion n=70, stable MCI n=267.
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Final logistic regression predicting Reversion group status (compared to Stable MCI).

OR 95% ClI p

Block 1

Age 1.092 1.034-1.153 .001

Education 0.872 0.762-0.998 .046

Female 0.765 0.375-1.559 .461
Block 2

FAQ * 0.855 0.765-0.956 .006

t-tau ™ (pg/ml) 0996 0.992-0.999 .025

MMSE 1.307 1.040-1.642 .021

AVLT Delayed Recall 1.159 1.038-1.294 .009

TMT Part B, total seconds ™ 0-988  0.980-0.995 002

Logical Memory 1.180 1.059-1.314 .003

Table 3.
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*

Denotes variable in which lower scores are better. OR=0dds Ratio; Cl=Confidence Interval; FAQ=Functional Activities Questionnaire; t-tau=total
tau; MMSE=Mini Mental State Exam; AVLT=Auditory Verbal Learning Test; TMT=Trail Making Test. There were 321 participants with all
available data for this analysis; the Reversion group (n=67) was coded as 1 and the Stable MCI group (n=254) was coded as 0 for this logistic

regression.
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