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Abstract

In this study, we investigated the ability of commonly used neuropsychological tests to detect cognitive and functional decline
across the Alzheimer’s disease (AD) continuum. Moreover, as preclinical AD is a key area of investigation, we focused on the
ability of neuropsychological tests to distinguish the early stages of the disease, such as individuals with Subjective Memory
Complaints (SMC). This study included 595 participants from the Alzheimer’s Disease Neuroimaging Initiative (ADNI)
dataset who were cognitively normal (CN), SMC, mild cognitive impairment (MCI; early or late stage), or AD. Our cognitive
measures included the Rey Auditory Verbal Learning Test (RAVLT), the Everyday Cognition Questionnaire (ECog), the
Functional Abilities Questionnaire (FAQ), the Alzheimer’s Disease Assessment Scale—Cognitive Subscale (ADAS-Cog),
the Montreal Cognitive Assessment scale (MoCA), and the Trail Making test (TMT-B). Overall, our results indicated that
the ADAS-13, RAVLT (learning), FAQ, ECog, and MoCA were all predictive of the AD progression continuum. However,
TMT-B and the RAVLT (immediate and forgetting) were not significant predictors of the AD continuum. Indeed, contrary
to our expectations ECog self-report (partner and patient) were the two strongest predictors in the model to detect the pro-
gression from CN to AD. Accordingly, we suggest using the ECog (both versions), RAVLT (learning), ADAS-13, and the
MoCA to screen all stages of the AD continuum. In conclusion, we infer that these tests could help clinicians effectively
detect the early stages of the disease (e.g., SMC) and distinguish the different stages of AD.

Keywords Alzheimer’s disease (AD) - Mild cognitive impairment (MCI) - Subjective memory complaints (SMC) -
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worldwide (Alzheimer’s Disease International, 2015). Alz-
heimer’s disease (AD) is the leading cause of dementia and
accounts for approximately 70-80% of diagnoses (Mendez,
2021; Moustafa, 2021). AD is defined as a progressive
neurodegenerative disorder that impacts factors such as
declarative memory, episodic memory, executive function-
ing, spatial and visuoperceptual processing, and language
(McKhann et al., 2011; Mendez, 2021). The initial symp-
toms of AD generally appear in older adults (over 65 years);
however, early-onset AD can begin between 30 and 60 years
of age (National Institute on Aging, 2017). Despite the
overwhelming burden of the disease, the causes of AD are
unknown and current treatments are largely unsuccessful in
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preventing or slowing disease progression (Ang et al., 2020;
Cutsuridis & Moustafa, 2017; Cutsuridis & Moustafa, 2016;
Rasmussen & Langerman, 2019; Warren & Moustafa, 2022).
Accordingly, there is a critical need to understand the pro-
gression of AD.

AD diagnoses are generally received in the later stages
of the disease when the neurological damage is deemed
irreversible (Hill et al., 2020; Rasmussen & Langerman,
2019). In turn, it is difficult to understand the progression
of the disease. However, it is now recognized that AD may
begin decades before the manifestation of clinical symptoms
(Dubois et al., 2016a). In 2011, The National Institute on
Aging and Alzheimer’s Association workgroup (NIA-AA)
outlined a three-stage clinical diagnostic criterion for AD to
understand how the disease progresses from normal cogni-
tion to dementia (Jack et al., 2011; Sperling et al., 2011). The
workgroup defined these three stages as preclinical AD, mild
cognitive impairment (MCI), and AD dementia (Jack et al.,
2011). Since 2011, a conceptual shift has occurred that con-
siders the three AD stages existing on a continuum spanning
from asymptomatic to significantly impaired (Dubois et al.,
2016b; Jack et al., 2018). In turn, medical professionals and
researchers increasingly acknowledge that targeting preclini-
cal symptoms and early-stage cognitive decline could delay
AD and prevent an impending public health crisis (Eppig
et al., 2020). Developments in early treatment and diagno-
sis can also be beneficial to individuals via improving their
quality of life, healthcare systems via decreasing the inten-
sity and cost of care, and caregivers via preserving individu-
als cognitive and functional ability (for more information
see, Dubois et al., 20164, b; Leifer, 2003; Weimer & Sager,
2009).

Preclinical AD is an early stage of the disease where
symptoms are clinically asymptomatic but precede lon-
gitudinal cognitive decline (Aisen et al., 2017; Budson &
Solomon, 2012a). Studying preclinical AD is difficult as
it requires highly detailed measures and because individu-
als often present as clinically ‘normal’ (Aisen et al., 2017;
Budson & Solomon, 2012b; Sperling et al., 2011). In the lit-
erature, neuropsychological (e.g., cognitive tests), neuroim-
aging, and biomarker measures are frequently combined to
detect early-stage AD (i.e.., preclinical AD) and predict MCI
to AD conversion (Brown, 2015). In clinical practice, neu-
ropsychological tests are the predominant methods used to
identify AD. However, these cognitive and behavioral tests
do have some inherent limitations. For example, commonly
used multi-domain cognitive tests are often over-general-
ized and lack the specificity and sensitivity to detect subtle
cognitive changes in early-stage AD (Arevalo-Rodriguez
et al., 2021). Moreover, many functional and cognitive tests
can only assess the later-stage symptoms of AD. However,
research suggests that some cognitive measures—such as
progressive episodic-memory decline—can be effectively
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captured by domain-specific tests and can be used to detect
early-stage AD (El Haj et al., 2015; Warren et al., 2021).
Nonetheless, the early stages of AD, such as individuals with
a significant memory concern (SMC), are under-researched.

Prior research

Prior research has focused on three general types of neu-
ropsychological tests for AD assessment. Specifically, the
literature often studies specific cognitive tests of one domain
(e.g., episodic memory), tests of functional impairment, and
cognitive batteries. Regarding specific tests, the Rey Audi-
tory Verbal Learning Test (RAVLT) is the most common
measure used in the literature. The RAVLT is a psychometri-
cally rigorous measure of episodic memory, widely used in
dementia and pre-dementia assessment. Previous research
has shown that the RAVLT can differentiate between indi-
viduals categorized as cognitively normal (CN), SMC, MCI,
and AD (Estevez-Gonzalez et al., 2003). More recently,
Moradi et al. (2017) found a strong association between
RAVLT scores and early-stage AD-related brain atrophy.
Moreover, Warren et al. (2021) found that the RAVLT could
predict conversion from MCI to AD. In turn, prior research
suggests that the RAVLT may be an effective tool in high-
lighting subtle episodic-memory decline in individuals with
SMC at risk of progressing to MCI (Moradi et al., 2017).
Functional impairments such as difficulty performing
activities of daily living (ADL) are also used to study the
stages of AD (McKhann et al., 2011). However, these func-
tional tests are often developed for late-stage dementia and
can lack the sensitivity required to detect the subtle func-
tional impairments in SMC and MCI (Knopman & Caselli,
2012). To overcome this late-stage bias, researchers suggest
using self-report and informant-report measures more sensi-
tive to the early stages of AD (Knopman & Caselli, 2012).
For example, self-report may be useful in capturing early
functional decline in SMC, and informant-report measures
may be beneficial for capturing decline during MCI due to
the overt anosognosia accompanying the disorder (Knop-
man & Caselli, 2012; Ryan et al., 2019). Instrumental ADLs
(IADL) are functional activities such as cooking, transporta-
tion, and managing finances that allow an individual to live
independently (Marshall et al., 2012). As IADL relies heav-
ily on cognitive functioning, they are generally detected dur-
ing the MCI stage (Marshall et al., 2012). However, IADL
measures sensitive to subtle functional decline may also help
detect SMC (Marshall et al., 2012). The Functional Activi-
ties Questionnaire (FAQ) (Pfeffer et al., 1982) is a subjec-
tive, informant-rated test of IADL. Research has shown the
total FAQ score can discriminate between CN, MCI, and
AD dementia (Marshall et al., 2012). However, due to floor
effects, the FAQ has previously failed to capture early func-
tional changes in CN individuals at-risk of AD (Marshall
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et al., 2015). Subsequently, further research is required to
understand the ability of functional tests to detect the early
stages of AD, such as SMC.

Cognitive batteries or general cognitive tests are also
commonly used to assess AD. These general tests are the
most common clinical assessment tool and usually contain
various cognitive measures. Multiple general tests have
been used in the literature, such as the Everyday Cognition
Questionnaire (ECog), Alzheimer’s Disease Assessment
Scale — Cognitive Scales (ADAS-Cog), Montreal Cogni-
tive Assessment Scale (MoCA), and the Trail Making Test,
Part B (TMT-B). The ECog (Farias et al., 2008) is a self
and informant-rated questionnaire that assesses subjec-
tive perception of functional performance across memory,
language, semantic knowledge, visuospatial abilities, and
executive functioning. These domains have been found to
correlate with objective cognitive measures, AD biomark-
ers, and neuroimaging indicators of AD (Farias et al., 2008).
Longitudinal studies have further demonstrated that base-
line ECog performance in CN individuals can predict sub-
sequent progression to MCI (Farias et al., 2013). Similarly,
the ADAS-Cog is a neuropsychological assessment that
can determine the severity of the cognitive dysfunction or
decline in individuals with AD or MCI (Rosen et al., 1984).
The two versions—the ADAS-Cog-11 and ADAS-Cog-13—
assess memory, language, praxis, and orientation to deter-
mine an individual’s level of cognitive functioning (Skin-
ner et al., 2012). The MoCA has also been used to assess
cognition in MCI and dementia. It is a short screening tool
that evaluates an individual’s attention, working memory,
episodic memory, executive function, language, and visu-
ospatial abilities. It has been shown to have high sensitiv-
ity and specificity for determining whether individuals have
MCI (Nasreddine et al., 2005). Lastly, the TMT-B meas-
ures executive function, including the cognitive processes
of working memory, inhibition, and attention. A decline
in executive function usually occurs in the early stages of
AD and contributes to cognitive impairment (Baudic et al.,
2006). To our knowledge, the TMT-B has not been applied
to SMC and evidence suggests that it cannot significantly
distinguish CN from MCI (Papp et al., 2014). In conclu-
sion, multiple general tests are widely used to assess MCI
and AD dementia. However, further research is required to
understand the ability of general tests to detect the early
stages of AD, such as SMC.

The current study

Prior research has shown that neuropsychological tests can
detect the middle-to-late stages of the AD continuum, such
as MCI and AD. However, there is less research on the
early stages of the disease, such as SMC and early-stage
MCI (EMCI). Accordingly, we plan to evaluate the use of

neuropsychological tests to identify the various stages of the
AD continuum. Accordingly, in this study, we will inves-
tigate whether commonly used cognitive and functional
assessments can predict CN, SMC, EMCI, late-stage MCI
(LMCI), and AD dementia (for more information on the
characteristics and differences between EMCI and LMCI
see, Alzheimer’s Disease Neuroimaging Initiative, 2008, p.
27). We have specifically chosen to use the RAVLT, ECog,
FAQ, ADAS-Cog, MoCA, and TMT-B as these measures
are widely used but lack application to early-stage AD. Spe-
cifically, we examine whether these measures can predict
the progression from CN, SMC, EMCI, LMCI, and AD. In
turn, we hypothesize that the RAVLT (i.e., immediate, learn-
ing, forgetting, or forgetting percentage), ADAS-cog (i.e.,
ADAS-11 and ADAS-13), FAQ, ECog, and MoCA will pre-
dict progression towards AD. That is, for every unit increase
in these test scores, there will be a significant increase in the
odds of an individual progressing toward AD.

Methods
Data source and acquisition

We obtained the data for this study from the Alzheimer’s
Disease Neuroimaging Initiative (ADNI) dataset. ADNI
recruits its participants through its website, media advertise-
ment (newspaper, radio, and social media), and third-party
health care providers. ADNI collects and deidentifies data at
various ADNI sites across North America using trained cli-
nicians. As in prior studies (Alashwal et al., 2020; Moustafa
et al., 2021; Warren et al., 2021), The ADNI data can be
categorized into four different collection periods, ADNI-1
(2004 to 2009), ADNI-GO (2009 to 2011), ADNI-2 (2011
to 2016), and ADNI-3 (2016 to 2021). Each of these stages
involves the addition of new measures and participants as
well as the continued testing of some prior participants.
Access to the ADNI dataset was obtained via a prior appli-
cation, and institutional ethics approval was obtained from
our university’s Human Research Ethics Committee in April
2021. Therefore, this study was in compliance with the 1964
Declaration of Helsinki and its later addenda. For security,
we stored the data on a password-protected computer that
was only accessible to the research team.

Participants

This study includes 596 participants aged 55 to 90 years
old who identified as Male (n=287) or Female (n=309).
Of these participants, 140 were diagnosed as CN, 191 as
SMC, 162 as EMCI, 68 as LMCI, and 35 as AD. These
diagnoses are confirmed by ADNI clinicians using the
Cognitive Change Index (CCI), Clinical Dementia Rating
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Scale (CDR), the Logical Memory subtest (LMT) of the
Wechsler Memory Scale-Revised, the Mini-mental State
Exam (MMSE), and criteria from the National Institute of
Neurological and Communicative Disorders and Stroke and
the Alzheimer’s Disease and Related Disorders Association
Alzheimer’s Criteria (NINCDS-ADRDA). It is important to
note that our SMC participants could be operationalized as
individuals with Subjective Cognitive impairments because
of the tests used in this study. However, we maintain the use
of the term SMC as it is the diagnostic term used by ADNI
in our data. For more information on the diagnostic crite-
ria, see the ADNI procedures manual (Alzheimer’s Disease
Neuroimaging Initiative, 2017). Before the main analysis,
we ran a sample size analysis using the software G¥*Power
(Faul et al., 2009; Faul et al., 2007). We found that a sample
size of 178 would be sufficient to detect if the neuropsycho-
logical assessments could predict AD progression (£ =.15,
power =0.95; n-predictors =11, a=.05).

Scales

Our analysis used six neuropsychological scales to detect
cognitive and functional decline across the AD spectrum.
These scales are outlined below.

Rey Auditory Verbal Learning Test (RAVLT) The RAVLT
(Rey, 1964) is an episodic-memory test that assesses partici-
pants’ ability to learn 15 nouns across five learning trials, to
recall the words immediately following an interference word
list, and to recognize and recall words after a 30-minute time
delay. Four summary scores are derived from RAVLT raw
scores, including the following: Immediate (participants’
recall immediately following the first list learning trial),
Forgetting (number of words forgotten across all trials),
Learning (the number of correct words recalled across all
trials), and Percent Forgetting (percentage quantification of
the RAVLT forgetting score). The RAVLT is widely used in
AD research because it targets episodic-memory decline, a
fundamental aspect of early-stage AD progression (Warren
et al., 2021).

Everyday Cognition (ECog) The ECog (Farias et al., 2008)
is a 39-item questionnaire that assesses the subjective per-
ception of everyday cognitive functioning and performance
across six domains: memory, language, semantic knowledge,
visuospatial abilities, and executive functioning. Disfunc-
tions across these six domains are markers of the neuropsy-
chological decline (e.g., cognitive and functional decline)
observed in AD. The ECog includes identical self-report
and study-partner versions. Participants rate perceived abil-
ity on tasks compared to their ability ten years prior. The
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questionnaire is rated on a four-point scale where one is
“better or no change compared with ten years earlier,” and
four is “consistently much worse.” A total self-report score,
and total study-partner score, are calculated by averaging the
ratings across the 39 items.

Functional Activities Questionnaire (FAQ) The FAQ (Pfeffer
etal., 1982) is a 10-item, informant-rated measure of IADL.
Decline in IADL is a significant marker of AD decline as
discussed in the introduction above (p. 4). In the FAQ, each
item is scored on a three-point scale where higher scores
indicate greater impairment (0 =normal; 1 =has difficulty
but does by self; 2 =requires assistance; 3 =dependent). No
established cut-off score signifies functional impairment;
however, research suggests a score of >6 out of a possible
30 (Nitrini et al., 2004).

Alzheimer’s Disease Assessment Scale - Cognitive Scales
(ADAS-Cog) The ADAS-Cog-11 (Rosen et al., 1984) meas-
ure consists of 11 subtests that assess numerous cognitive
abilities whose impairment is associated with AD (e.g.,
executive function). The ADAS-Cog-13 includes these 11
subtests and two additional tests to assess executive and
daily functioning associated with MCI. The measures take
approximately 30-45 minutes to administer using a test
kit. ADAS-Cog-11 scores range from 0 to 70, and ADAS-
Cog-13 scores are from O to 85.

Montreal Cognitive Assessment (MoCA) The MoCA
(Nasreddine et al., 2005) is a cognitive screening instru-
ment developed to detect mild cognitive impairment through
assessing multiple cognitive domains with 11 tasks. The
scores of all subtests are summed, and an additional point
is given if an individual has completed 12 years or less of
formal education. The maximum score possible is 30 points,
and scores of 26 and above are considered normal. It takes
ten minutes to administer using paper and a pencil. Unlike
other scales, the MoCA was created specifically for MCI and
is sensitive to mid-to-early stages symptoms of AD, such as
short-term memory recall and executive functioning.

Trail Making Test, Part B (TMT-B) The TMT-B (Reitan, 1955)
task requires an individual to create an ascending pattern of
alternating numbers and letters quickly and accurately. Mis-
takes are pointed out to participants who should correct them
immediately, and the final score is based on the task com-
pletion time. It is completed in under 300 seconds, and the
average score is 75 seconds, while a deficient score is greater
than 273 seconds. The TMT-B assesses neuropsychological
mechanism such as task switching and visual attention that
decline with AD progression.
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Statistical analysis

All statistical analyses were performed using SPSS for
Windows (version 28.0). Frequencies and percentages are
used for categorical variables and means, SDs, and 95%
confidence intervals are reported for continuous variables.
Pearson correlation coefficients are reported between all
variables. The generalized linear model in SPSS was used
to conduct an ordinal logistic regression to determine if the
neuropsychological assessments predicted cognitive and
functional decline across the AD spectrum.

Results

The descriptive statistics and correlations for the vari-
ables included in the ordinal regression are presented in
Table 1. Notably, these findings indicate that the ADAS-
11 and ADAS-13 are strongly correlated. Therefore, only
the ADAS-13 was used in the following ordinal regression
model.

Multi-collinearity

The correlation coefficients in Table 1 indicate the pres-
ence multi-collinearity amongst some of the variables (e.g.,
ADNI 11 & ADNI 13; forgetting and forgetting %). To fur-
ther investigate, VIF and tolerance values were obtained for
each of the I'Vs in the hypothesised model. The analysis
showed that the assumption of multicollinearity was violated

(i.e., VIF>5 and TOL <0.10) for ADAS-11 (VIF=18.22,
Tol=.06), ADAS-13 (VIF=24.35, Tol =.04), Forgetting
(VIF=6.34, Tol =.16), Forgetting % (VIF=0.01, Tol =.10).
After removing ADAS-11 and forgetting percentage the
assumptions for multi-collinearity were met (i.e., all vari-
ables had a TOL > .10 and VIF <5).

Ordinal regression

An ordinal regression was conducted to test if gender, age,
and neuropsychological assessments can predict the cogni-
tive and functional decline across the AD spectrum (i.e.,
cognitive normal, Subjective Memory Complaints, early
mild cognitive impairment, late cognitive impairment, and
AD). Note that from the complete ADNI data set (N=2129),
only 596 participants had data for all the Neuropsychologi-
cal assessments at baseline. Table 2 presents the descriptive
statistics for each variable across all AD levels (i.e., CN,
SMC, EMCI, LMCI, AD).

The omnibus model for the ordinal regression was statis-
tically significant Xz (11, 596) =455.23, p<.001; and the
results confirmed the model was a good fit for the data, Pear-
son X2 (2369)=2053.60, p=.867. The results of the ordinal
regression are presented in Table 3.

As presented in Table 3, the model’s predictive power
was improved by age, ADAS-13, RAVLT learning, FAQ,
MOCA, Ecog-patient, and Ecog-partner. However, gender,
RAVLT immediate, RAVLT forgetting, and TMT-B scores
did not contribute significantly to the model. The odds ratio
for age indicated that for every single unit increase in age,

Table 1 The mean, standard deviation, 95% confidence interval, and Pearson correlations for age and the ADNI neuropsychological assessment

for AD
95% CI
Variable M SD  Lower Upper 1 2 4 5 6 7 8 9 10 11
Age 7138 7.12  70.81 71.94
ADAS-11 947 481 9.08 985 13"
ADAS-13 14.16 7.08 1359 1473 16" 97"
RAVLT
Immediate 4236 12.04 414 4333 -25" —69" -5
Learning 554 251 534 574  —147 —52" —587 64"
Forgetting 392 322 3.67 418 .04 A0 157 —177 —.05
Forgetting % 4191 3771 3889 4493 .14™ 507 567 -—.62" -5 797
TMT-B 86.19 49.57 8223 90.16 .19 547 59"  _—52" —39™ 03 33"
FAQ 1.84 431 150 219 127 677 697 —54" —467 08 447 487
MOCA 2481 3.61 2452 25.01 —-237 —70% —74" 677 43" 137 —417 —60" —.64™
ECog
Patient 156 052 152 160 .03 23 277 —29" —167 107 17T 297 257 —327
Partner 145 057 140 149 157 597 637 —51" —377 09" 337 49" 84" -—e2" 417

ADAS Alzheimer’s Disease Assessment Scale—Cognitive Subscale, RAVALT Rey’s Auditory Verbal Learning Test, TMT-B Trail Making test,
FAQ Functional Abilities Questionnaire, MOCA Montreal Cognitive Assessment scale, Ecog Everyday Cognition Questionnaire
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Table 2 The mean, standard deviation, 95% confidence interval, the
ADNI neuropsychological assessment across all AD levels

Table 2 (continued)

95% CI
5% Cl M SD Lower Upper
M SD Lower Upper
AD
CN ADAS-13 31.05 6.75 28.73 33.37
ADAS-13 11.04 4.40 10.30 11.77 RAVALT
RAVALT Immediate 23.71 6.86 21.36 26.07
Immediate 48.26 10.66 46.49 50.04 Learning 2.40 1.67 1.83 2.97
Learning 6.39 222 6.02 6.76 Forgetting 5.26 1.80 4.64 5.88
Forgetting 3.48 3.71 2.86 4.10 TMT-B 172.34 90.06 141.41 203.28
TMT-B 68.43 27.71 63.81 73.04 FAQ 13.80 6.78 11.47 16.13
FAQ 0.07 0.35 0.01 0.13 MOCA 17.71 421 16.27 19.16
MOCA 26.53 2.38 26.14 26.93 Ecog
Ecog Patient 1.88 0.68 1.64 2.11
Patient 122 0.25 1.18 1.27 Partner 261 0.69 238 2.85
Partner 1.11 0.18 1.08 1.14
SMC CN cognitively norma.l,. SMC Su.bjective Memory Complai['lts, EMCI
early-stage mild cognitive impairment, LMCI late-stage mild cogni-
ADAS-13 12.24 4.32 11.62 12.85 tive impairment, AD Alzheimer’s Disease, ADAS Alzheimer’s Dis-
RAVALT ease Assessment Scale-Cognitive Subscale, RAVALT Rey’s Audi-
Immediate 46.09 10.27 44.63 47.56 tory Verbal Learning Test, TMT-B Trail Making test, FAQ Functional
Learning 6.07 253 571 6.43 Abilities Questionnaire, MQCA Mo‘ntreaq Cognitive Assessment
scale, Ecog Everyday Cognition Questionnaire
Forgetting 3.62 3.02 3.19 4.05
TMT-B 72.29 32.91 67.60 76.99
FAQ 0.34 1.38 0.14 0.53 there was a small 2.00% significant decrease in the prob-
MOCA 26.27 253 2591 26.63 ability that an individual would progress towards AD. For
Ecog RAVLT learning, there was a significant 8.30% decrease in
Patient 1.46 0.35 1.41 151 the odds that a person would progress towards AD. There
Partner 1.21 0.28 1.17 1.25 was a significant 13.69% increase in the odds that a person
EMCI would progress towards AD for every unit increase in FAQ.
ADAS-13 12.92 5.34 12.09 13.75 A single unit increase in MOCA resulted in a significant
RAVALT 8.91% decrease in the odds that an individual would pro-
Immediate 40.58 10.52 38.95 4221 gress towards AD. For every single unit increase in a partici-
Learning 5.49 2.33 5.13 5.86 pant’s self-reported cognitive decline, there was a significant
Forgetting 4.02 2.55 3.63 442 152.37% increase in the odds of progressing towards AD.
TMT-B 92.13 40.94 85.78 98.48 Finally, there was a significant 274.13% increase in the odds
FAQ 1.68 3.07 1.20 2.16 that a person would progress towards AD for every single
MOCA 24.15 2.93 23.70 24.61 unit increase in partner reported cognitive decline.
Ecog
Patient 1.81 0.57 1.72 1.90
Partner 1.57 0.49 1.50 1.65 Discussion
LMCI
ADAS-13 19.35 5.63 18.00 20.71 In this study, we aimed to distinguish CN, SMC, EMCI,
RAVALT LMCI, and AD groups using cognitive and functional
Immediate 3451 9.97 32.11 36.90 tests (the RAVLT, ECog, FAQ, ADAS-Cog, MoCA, and
Learning 3.88 227 3.34 4.43 TMT-B). We focused on these measures because iden-
Forgetting 4.48 4.58 3.38 5.58 tifying differences in cognition and function could have
TMT-B 97.52 52.61 84.88 110.16  potential real-world implications for detecting early-stage
FAQ 3.45 4.18 2.44 4.45 AD. We hypothesized that—out of the tests studied—the
MOCA 2272 3.14 21.97 23.48 RAVLT (i.e., immediate, learning, forgetting, or forgetting
Ecog percentage), ADAS-cog (i.e., ADAS-11 and ADAS-13),
Patient L77 0.58 1.63 1.91 FAQ, ECog, and MoCA would predict progression towards
Partner 1.86 0.63 1.71 2.02
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AD. Our results provide evidence that some cognitive and
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Table 3 Ordinal regression

- - Variable 95% Wald CI 95% Wald CI
predicting participant’s B — .
cognitive and functional decline B SE Lower  Upper Wald Xz P Exp(B) Lower  Upper
across the AD spectrum

Female -0.02 0.17 -035 031 0.02 .904 0.98 0.71 1.36
Age -0.03 0.01 -005 -0.01 587 .015 0.97 0.95 0.99
ADAS-13 0.07 0.02 0.03 0.11 11.50 .001 1.07 1.03 1.11
RAVLT

Immediate —-0.01 0.01 -0.03 0.01 0.75 .386 0.99 0.97 1.01

Learning -0.09 0.04 -0.16 -0.02 5098 .015 0.92 0.86 0.98

Forgetting  0.01 0.02 -0.04 0.06 0.15 702 1.01 0.96 1.06
TMT-B 0.00 0.00  0.00 0.01 2.54 A11 1.00 1.00 1.01
FAQ 0.13 0.04 0.04 0.21 8.53 .003 1.14 1.04 1.24
MOCA -0.09 004 -016 -002 697 .008 0.91 0.85 0.98
ECog

Patient 0.93 0.18 0.57 1.28 26.05 >.001 252 1.77 3.60

Partner 1.32 028 0.77 1.87 22.36 >.001 3.74 2.17 6.47

n=596; ADAS Alzheimer’s Disease Assessment Scale-Cognitive Subscale, RAVALT Rey’s Auditory Ver-
bal Learning Test, TMT-B Trail Making test, FAQ Functional Abilities Questionnaire, MOCA Montreal
Cognitive Assessment scale, Ecog Everyday Cognition Questionnaire

functional tests can successfully predict the stages of the AD
continuum (i.e., ADAS-13, RAVLT learning, FAQ, MOCA,
and ECog). However, other neuropsychological assessments
were not predictive of the stages of AD (i.e., RAVLT imme-
diate and forgetting, and TMT-B).

Cognitive and functional measures in different
dementia stages

We investigated the ability of the RAVLT to predict the dif-
ferent stages of the AD continuum (i.e., CN, SMC, EMCI,
LMCI, and AD groups). As episodic-memory decline is
an early symptom of AD, it was hypothesized that RAVLT
scores would predict the progression towards AD. Surpris-
ingly, this hypothesis was only confirmed for the RAVLT
learning but the forgetting sub-scales were not predictive
of the progression towards AD. Our findings support previ-
ous research that found that the RAVLT can differentiate
between CN individuals and individuals with MCI and AD,
suggesting that RAVLT scores accurately reflect underlying
dementia pathology (Estevez-Gonzalez et al., 2003; Moradi
et al., 2017; Warren et al., 2021). However, our findings did
not support previous research suggesting that individuals
with SMC have accelerated episodic-memory decline com-
pared to healthy individuals without SMC (Samieri et al.,
2014). Building on previous research, the current study
found that the RAVLT is also sensitive to subtle episodic-
memory differences between SMC and EMCI as well as
EMCI and LMCI and may be a useful measure to pinpoint
where an individual is on the AD spectrum. Therefore,
future research should aim to develop measures of episodic
memory sensitive to differentiating between healthy controls

and SMC to capture at-risk individuals earlier in the disease
progression.

We also investigated the ability of the ECog to predict
the different stages of the AD continuum (i.e., CN, SMC,
EMCI, LMCI, and AD groups). As predicted, results showed
that the ECog Total self-report strongly predicted AD cat-
egories. Indeed, for every single unit increase in a partici-
pant’s self-reported cognitive decline, there was a 166.60%
increase in the odds of progressing towards AD. The ECog
partner reported cognitive decline was the strongest predic-
tor within our model. For example, for every additional sin-
gle unit increase in partner reported cognitive decline, there
was a significant 307.40% increase in the odds that a person
would progress towards AD. Contrary to our hypothesis,
our results showed that the ECog Total study-partner was a
significant predictor and the strongest predictor of the AD
categories. These findings oppose previous research that
suggests self-report measures are less viable the further indi-
viduals’ decline (Marshall et al., 2012). These findings sug-
gest that subjective self-report measures may be important in
detecting SMC or early-stage AD and that informant-report
measures may be more viable for middle to late-stage AD.
Accordingly, both measures should be used to effectively
capture the transitions between the various stages of the AD
continuum (Marshall et al., 2012).

We assessed the ability of the FAQ to predict differences
in IADL across the AD continuum. Results confirmed our
hypothesis and showed that the FAQ significantly predicted
the progression toward AD. This finding supports previous
research that found the FAQ could discriminate between
IADL scores for CN, MCI, and AD dementia (Marshall
et al., 2012). However, due to floor effects, the FAQ is not
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sensitive enough to capture early functional changes between
healthy controls and individuals with SMC (Marshall et al.,
2015). This result may be because the FAQ is an entirely
informant-based measure and may not be appropriate for
use in CN individuals for whom self-report may be more
accurate. There is a critical need for IADL measures that
can detect subtle changes in otherwise healthy individuals
who report SMC. Accordingly, future research should con-
sider administering a self-report version of the FAQ (Ryan
et al., 2019), investigate whether individual items of the
FAQ can distinguish CN and SMC, and develop scales that
focus exclusively on complex ADL tasks in early-stage AD
(Marshall et al., 2012).

Regarding the ADAS-Cog, we hypothesized that the
ADAS-13 would predict the different stages of the AD Con-
tinuum. This hypothesis was based on research that demon-
strated that the ADAS-Cog-11 can effectively differentiate
between CN and those with MCI or early AD (Zainal et al.,
2016). Similarly, research conducted by Skinner et al. (Skin-
ner et al., 2012) using the ADNI dataset demonstrated that
the ADAS-Cog-13 was a valid measure with high respon-
siveness for detecting MCI and AD. The current study’s
results supported the hypothesis that the ADAS-Cog-13
scores significantly predict the five stages of AD included
in our analysis. This finding also supports the notion that
all five groups have been shown to have differing levels of
cognitive impairment (Roberts et al., 2009). From these find-
ings, we recommend that the ADAS-Cog-13 be used in clini-
cal practice where individuals present with minor memory
issues, as it can differentiate between the levels of cognitive
functioning expected throughout the AD continuum.

We predicted that the MoCA would be useful in predict-
ing the stages of AD, as some researchers have used it as
a diagnostic measure to separate those with SMC, EMCI,
LMCI, or AD (Larner, 2019). A meta-analysis (Breton
et al., 2019) demonstrated that the MoCA has good diag-
nostic accuracy for identifying individuals with MCI. Our
research showed that the MoCA could predict the AD con-
tinuum in line with the existing literature. For example, our
results support previous findings that a decline in cognitive
functioning—as detected by the MOCA—is a significant
predictor of the progression toward AD. (Montejo Carrasco
et al., 2017). Therefore, the findings supported our predic-
tion, as the tool can correctly identify the progression of
cognitive decline between all five AD continuum groups.
In contrast, we expected that the TMT-B would be unable
to classify individuals with SMC correctly. Specifically,
research has suggested that the TMT-B cannot significantly
differentiate between individuals who are CN, have MCI
(Papp et al., 2014), or those with MCI or AD (Ashendorf
et al., 2008). Our findings supported the previous literature
as we observed that the TMT-B scores were not a significant
predictor of AD progression. Accordingly, the results from
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our study call into question the use of the TMT-B as diag-
nostic measures in research and as screening tools for SMC
in clinical practice.

Strengths

While extensive research has been carried out to investigate
AD and MCI, there is limited evidence on SMC overall. A
particular strength of the current study is that we identified
four existing tools that are significant predictors of the pro-
gression from SMC to AD (i.e., ADAS-13, RAVLT - learn-
ing, FAQ, MoCA, and ECog). Our study also determined
measures that cannot predict disease progression accurately
(i.e., RAVLT immediate and forgetting, and TMT-B). This
finding is important as the measures investigated are used
in routine assessments of cognitive impairment; if clinicians
know which tools can accurately detect SMC, they could be
used when less severe memory issues are suspected. This
change in practice would likely reduce the burden on the
individual and the healthcare system, as fewer individuals
would require a full AD or MCI assessment. We also sug-
gest that cognitive measures which assess recall of instruc-
tions or visual words be further investigated to define their
usefulness in SMC assessments. Research must continue to
be conducted in this area so a clearer link between cogni-
tion and SMC can be established, and the definition of SMC
can be streamlined to ensure consistency in assessment and
diagnosis. This research is important in caring for the hun-
dreds of thousands of dementia patients living with memory
decline, as early SMC interventions may help prevent further
deterioration into the later stages of dementia, for which
there currently are no treatments or cures.

Limitations

Despite the beneficial clinical implications of this research,
there are some limitations. Firstly, while the measures stud-
ied are used to assess function and cognition, they are only
part of the diagnostic process; these diagnoses also require
reports from the individual and their carers, together with
neuroimaging and neuropsychological assessments. This
scope means that cognitive tests alone, while useful, can-
not be relied upon for complete diagnoses of any level of
impaired cognitive functioning. Similarly, most measures
do not consider a person’s ability before cognitive impair-
ment or other issues such as vision or English language
proficiency. These are important factors that can impact
performance and indicate whether there is a true decline in
the cognitive domain of memory or whether the person’s
poor performance can be attributed to a different cause.
Regarding the data, the ADNI sample is a highly character-
ized Northern American sample and does not represent the
general population. All groups showed a considerably high
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mean level of education (15-16 years), which may affect
the generalisability of the results. Some measures that rely
on subjective-report (such as the ECog and the FAQ) may
also be inherently biased and have been criticized as they
do not assess an individual’s objective abilities (Marshall
et al., 2012). Similarly, the information provided by study
partners may be influenced by confounding factors, includ-
ing; whether the informant lives with the participant, the
relationship status between participant and informant, and
the number of hours a week they spend together and in what
circumstances (Ryan et al., 2019). These limitations should
be considered when generalizing our results.

Conclusions and future directions

It is predicted that the prevalence of dementia will increase
across the globe. Research is therefore focused on earlier diag-
nosis and intervention at the preclinical stage. This research
requires using sensitive cognitive measures that are fast and
inexpensive to administer by clinicians in a primary health
care setting (Marshall et al., 2012). Such tests can be used as
initial AD screeners to identify at-risk individuals for follow-
up assessments using biomarker tests. As the current study
highlights, commonly used cognitive scales in AD clinical
trials (such as some RAVLT measures, the ECog, and FAQ)
reliably detect decline as individuals transition from SMC, to
MCI, to AD; however, these scales are less sensitive to cap-
turing subtle decline between healthy individuals and those
with SMC in preclinical AD. Therefore, developing highly
sensitive measures that emphasize episodic-memory decline,
complex cognitive functioning, and IADL tasks in preclinical
AD will help identify those at risk of AD and allow for earlier
treatment. We hope this research can help clinicians identify
the early stages of AD, such as SMC, and encourage further
research into neuropsychological tests for the AD continuum.
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