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Abstract

Objective: Research examining (MCI) criteria in diverse and/or health-disparate populations is limited. There is a critical need to investigate
the predictive validity for incident dementia of widely used MCI definitions in diverse populations. Method: Eligible participants were
non-Hispanic White or Black Bronx community residents, free of dementia at enrollment, with at least one annual follow-up visit after
baseline. Participants completed annual neurological and neuropsychological evaluations to determine cognitive status. Dementia was defined
based on DSM-1V criteria using case conferences. Cox proportional hazard models assessed predictive validity for incident dementia of four
specific MCI definitions (Petersen, Jak/Bondi, number of impaired tests, Global Clinical Ratings) at baseline, controlling for age, sex,
education, and race/ethnicity. Time-dependent sensitivity and specificity at 2-7 years for each definition, and Youden’s index were calculated
as accuracy measures. Results: Participants (N = 1073) ranged in age from 70 to 100 (mean = 78.4 + 5.3) years at baseline. The sample was
62.5% female, and educational achievement averaged 13.9 £3.5 years. Most participants identified as White (70.0%), though Black
participants were well-represented (30.0%). In general, MCI definitions differed in sensitivity and specificity for incident dementia. However,
there were no significant differences in Youden’s index for any definition, across all years of follow-up. Conclusions: This work provides an
important step toward improving the generalizability of the MCI diagnosis to underrepresented/health-disparate populations. While our
findings suggest the studied MCI classifications are comparable, researchers and clinicians may choose to consider one method over another
depending on the rationale for evaluation or question of interest.
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Introduction meet diagnostic criteria at their subsequent study visit. Higher
rates of reversion occur in community-based settings (Ganguli et al.,
2011; Manly et al,, 2008; Pandya, Lacritz, Weiner, Deschner, &
Woon, 2017; Angevaare et al., 2022). Importantly, it is now widely
recognized that the underlying causes of MCI are heterogenous (e.g.,
stroke, traumatic brain injury, medication side effects, low vitamin
B12 levels, etc.; Al-Qazzaz, Ali, Ahmad, Islam, & Mohamad., 2014;
Calvillo & Irimia, 2020; Marvanova, 2016; Moore et al.,, 2012),
reversible (in the case of medication side effects or recovery from
neurological insult), and not necessarily due to a neurodegenerative
disorder (Albert et al., 2011; Dunne et al., 2021; Petersen et al., 2001).
In the absence of methods to slow or halt many causes of
neurodegeneration, a diagnosis of MCI without a clear under-
standing about the likely prognosis carries the risk of causing

Mild cognitive impairment (MCI) represents an intermediate stage
of cognitive impairment that is often, but not always, a transitional
phase between normal aging and dementia (Petersen et al., 1999,
2014; Scharre, 2019, Winblad et al., 2004). The original construct
of MCI was intended to identify and evaluate individuals for
suspected Alzheimer’s disease (AD) (Petersen et al., 1999; Petersen,
2004), and indeed those who carry a diagnosis of MCI are at
increased risk for further cognitive and functional decline with the
rate of conversion to dementia ranging from 5 to 15% annually
(Angevaare et al., 2022; Dunne et al., 2021, Thomas et al., 2020).
However, not everyone who carries a diagnosis of MCI progresses
to AD or other subtypes of dementia, and longitudinal studies
show that 5-53% of individuals with MCI at baseline no longer
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confusion, concern, and potential overtreatment of individuals
who may never progress to dementia (Kaduszkiewicz et al., 2014;
Gomersall et al., 2015; Visser et al., 2020).

Although diagnostic criteria for “MCI” and international
consensus guidelines have been developed and refined over
decades beginning in the 1990s, (Albert et al., 2011; Artero et al.,
2006; Chen et al,, 2021; Dunne et al., 2021; Petersen et al., 1999;
Winblad et al, 2004) several definitions of MCI are still widely used
(Bondi et al, 2014; Edmonds et al., 2021; Graves et al., 2020;
Vuoksimaa et al., 2020; Wong et al., 2018). Fluid biomarkers, alone
or in combination with cognitive assessments, are now recom-
mended for earlier identification of individuals in the preclinical or
prodromal stages of AD (Dubois et al., 2021; Hansson et al., 2022;
Jack et al., 2018; Scharre, 2019), although their use outside research
settings or in low-income countries is limited. There are no specific
biomarkers to confirm the presence of MCI (Giau et al., 2019), nor
does an abnormal result provide certainty of decline (Dubois et al.,
2021; Mormino & Papp, 2018). Rather, MCI diagnosis continues to
rely largely on phenotypic presentation and clinical judgment
(Donders, 2020; Dubois et al., 2021; Hansson et al., 2022; Scharre,
2019). Current conventional clinical criteria are largely iterations
of criteria first proposed by Petersen et al. (1999) and updated by
Winblad et al. (2004) at the First Key Symposium on MCL
Notably, these criteria were never explicitly operationally defined,
leaving them open for divergent interpretations and applications.
There is no consensus, for example, for how objective impairment
should be operationalized. This results in wide variation in the
application of the definition, including which neurocognitive
domains to include, the number of tests within a domain required
to demonstrate impairment, the specific tests to use, and the level
of impairment required (Ritchie et al., 2001; de Vent et al., 2020).
Differences in the operationalization of various case definitions
contribute to variations in prevalence estimates, reversion rates,
and predictive validity for subsequent dementia (Bondi &
Smith, 2014).

With no guidance from the conventional Petersen/Winblad
definition on the number of tests that must show impairment
within a cognitive domain, the minimum requirement is often
assumed (i.e., one impaired score). However, requiring only one
impaired score has been criticized (Jak et al., 2016; Loewenstein
et al, 2009; Trittschuh et al, 2011), as upwards of 55% of
cognitively normal adults have one or more impaired scores when
given a battery of neurocognitive tests (Binder et al., 2009;
Blackford & LaRue, 1989; Brooks et al., 2007; Brooks et al., 2008).
Having a false-positive diagnosis increases with the number of tests
administered. In addition, the number of false positives followed
by reversion instead of progression, might also increase due to
day-to-day variation in cognitive performance if testing occurs on
a bad day (Brose et al, 2012; von Stumm, 2016; Facer-Childs,
Boiling, & Balanos, 2018).

To improve diagnostic stability and reduce the number of
false-positive diagnostic errors, Jak/Bondi proposed an MCI
classification using comprehensive neuropsychological criteria
requiring two impaired scores to establish reliable cognitive
impairment (Jak, Bondi et al., 2009). Using this comprehensive
neuropsychological approach, Jak/Bondi’s definition increased
diagnostic accuracy (i.e., had a similar strength of association with
incident dementia to Petersen/Winblad criteria despite diagnosing
30% fewer participants with MCI) and correlated more strongly
with AD biomarkers when compared to Petersen/Winblad criteria
in the Alzheimer’s Disease Neuroimaging Initiative (ADNI)
(Bondi et al., 2014; Jak et al., 2016).
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Despite progress in refining MCI criteria, there is still no
consensus as to (1) which specific cognitive tests (e.g., list learning,
story memory, or both, within the memory domain) should be
used; (2) how many tests across cognitive domains should
comprise a test battery; or (3) what norms or thresholds should
indicate cognitive impairment (Vuoksimaa et al., 2018; Oltra-
Cucarella et al., 2018). Moreover, sole reliance on quantitative data
may omit important contextual information for interpreting
whether an abnormal result truly reflects a decline (Ganguli et al,,
2011). For example, it is well-documented that racially/ethnically
diverse individuals, on average, tend to obtain lower scores on
cognitive tests than their non-Hispanic White counterparts due to
a variety of socioeconomic factors such as quality of early
education, acculturation, and health environments (Boone et al.,
2007; Byrd et al,, 2006; Manly & Echemendia, 2007; Zahodne
et al,, 2021). In the oldest-old (aged 80+), there may be several
reasons beyond incipient dementia for low cognitive scores (Hong
et al., 2003; Kravitz et al., 2012; Wong et al., 2018), such as age-
related accumulation of comorbidities, fatigue, or sensory impair-
ment (Arosio et al., 2017). Furthermore, Brooks and colleagues
(2007) demonstrated that low scores on cognitive tests occur in
44% of individuals with high average or extremely high intellectual
functioning and 80% of older adults with low average intellectual
abilities using a 1 SD cutoff. The risk of overinterpreting low test
scores because of high base rates and normal variability in these
various populations is high, and as such, all definitions, including
the Jak/Bondi definition, may be subject to false-positive errors.

To account for the effects of normal variability in cognitive test
performance and to address certain criticisms of Petersen and
Jak/Bondi classification criteria, Oltra-Cucarella and colleagues
(2018) proposed to classify individuals with MCI based on the
number of impaired tests (NIT). The researchers first defined a
base rate of low scores as the average number of low scores in the
worst-performing 10% of cognitively normal individuals. They
then theorized that individuals with a greater number of low scores
than expected would be more likely to demonstrate true impair-
ment (thereby minimizing the number of false positives). When
applied to the ADNI dataset, the use of this classification led to
better prediction of progression from MCI to AD (34%) than both
the Petersen/Winblad (29%) and the Jak/Bondi criteria (31%)
(Oltra-Cucarella et al., 2018). However, the following concerns
were raised regarding wide utility of this approach: (1) cutoff for
impairment is based on the ADNI sample rather than external or
nationwide norms, and it may not be as easy to calculate a base rate
of low scores in practice; (2) the number of impaired scores in the
lowest 10% will vary depending on the number of measures and
scores available; and (3) this study used multiple scores from the
same test, possibly inflating the number of impaired scores
(i.e., individuals with impaired list-learning recognition will likely
have impaired recall as well) (Vuoksimaa et al., 2020).

Most recently, Alfano and colleagues (2022) suggested using a
clinical ratings (Global CR) approach, which has been validated
and is considered a “gold standard” for detecting cognitive
impairment in the human immunodeficiency virus literature
(Heaton et al., 1995; Malaspina et al., 2011; Blackstone et al., 2012)
and closely parallels the profile analysis strategy seen in the
clinical decision-making process (Alfano et al., 2022). Using this
classification method, 26% of the sample was diagnosed with MCI
and there was substantial agreement between Petersen/Winblad
and Jak/Bondi definitions (Alfano et al., 2022). Notably, this study
was cross-sectional so there is no information regarding the
predictive validity of the Global CR approach for incident
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dementia. Moreover, Alfano and colleagues (2022) acknowledged
the importance of further validating the approach in individuals
with known or suspected MCI and of incorporating demographic
variables such as race/ethnicity.

Much of the work on defining MCI criteria has been carried out
at the Mayo Clinic in Rochester, Minnesota, and in ADNI where
over 90% of participants are non-Hispanic White and highly
educated with college degrees (Bondi et al., 2014; Oltra-Cucarella
et al, 2018; Petersen et al., 2010; Vuoksimaa et al, 2020).
Comparisons between conventional and neuropsychological criteria
have similarly been attempted in demographically homogeneous
samples (Bondi et al., 2014; Edmonds et al., 2021; Graves et al., 2020;
Jak et al.,, 2016; Oltra-Cucarella et al., 2018; Thomas et al., 2019,
Wong et al,, 2018). However, diverse older adults tend to obtain
lower test scores across cognitive domains (Diaz-Venegas et al.,
2016; Gasquoine, 2009; Zahodne, Manly, Azar, Brickman, &
Glymour, 2016; Werry et al., 2019) due to non-neurological factors
including, but not exclusive to, quality of education, acculturation,
or bias (Boone et al., 2007; Byrd et al., 2006; Manly & Echemendia,
2007; Manly, 2005). Thus far, two studies have compared the
diagnostic agreement of MCI definitions in diverse older adults.
However, these studies utilized individuals from a specialized
memory clinic and measured Jak/Bondi criteria against the
consensus approach and not Petersen/Winblad criteria alone
(Devlin et al., 2022; Graves et al., 2022); furthermore, neither study
included NIT or Global CR approaches. Thus, it remains unclear
(1) how Petersen/Winblad (not a consensus definition) and
Jak/Bondi criteria compare in predicting incident dementia in a
community-based sample and (2) how other methods of MCI
measurement that may account for normal variability (i.e., NIT or
Global CR) would fare relative to these two-widely used definitions.

In the current study, we compared the four definitions of MCI
described above: conventional Petersen/Winblad criteria, Jak/
Bondi’s comprehensive neuropsychological criteria, NIT, and
Global CR within the Einstein Aging Study (EAS), a community-
residing, racially/ethnically and educationally diverse cohort of
older adults from Bronx, NY. Specifically, we sought to address
gaps in the literature by comparing the prevalence of MCI
diagnosis and predictive validity for incident dementia to
determine which MCI definition approach offers the greatest
diagnostic and prognostic accuracy, particularly in diverse,
community-based samples. These results will inform how MCI
will be operationalized in the EAS sample and may be relevant to
other samples with similar demographic characteristics.

Methods
Participants

The EAS is a longitudinal study of community-residing individuals
in a racially and ethnically diverse urban setting (Katz et al., 2012).
Details about study recruitment have been described elsewhere
(Katz et al, 2012). In brief, participants were systematically
recruited using Bronx County Voter Registration lists, mailed
introductory letters, and given a telephone screen to determine
study eligibility. Those who met preliminary eligibility criteria were
invited for further in-person evaluations. In-person assessments
were then conducted annually and included comprehensive
neurological, medical, psychosocial, and neuropsychological
evaluations. All protocols were approved by the Einstein
Institutional Review Board and written informed consent was
obtained at the initial clinic visit. This research was completed in
accordance with the Helsinki Declaration. Inclusion criteria were
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age 70 and above, resident of Bronx, NY, community-dwelling, and
English speaking. Exclusion criteria at enrollment included severe
audiovisual or physical impairments, or active psychiatric
symptomatology, which may interfere with the ability to complete
assessments (Katz et al., 2012). Participants eligible for the analysis
were enrolled between October 1993 and June 2016, free of
dementia at baseline, and had at least one annual follow-up. Due to
the limited number of participants who were Hispanic or of other
racial/ethnic groups, the study was further restricted to those who
self-reported as non-Hispanic White or non-Hispanic Black.

Neuropsychological assessment

Participants completed standardized neuropsychological testing at
baseline and all follow-up visits, which were conducted annually
(Katz et al., 2012). Five cognitive domains were used for MCI
diagnosis: memory, attention, executive functioning, language, and
visuospatial functioning, with two tests included in each domain.
The memory domain included the free recall measure from the
Free and Cued Selective Reminding Test (Buschke, 1984) and the
Wechsler Memory Scale-Revised Logical Memory I subtest (WMS-
R-LMI) (Wechsler, 1987). Attention/processing speed was
measured using the Digit Span subtest of the Wechsler Adult
Intelligence Scale-IIT (Wechsler, 1997) and the Trail Making Test,
part A (Reitan, 1958). Executive functioning tests included the
Trail Making Test, part B (Reitan, 1958), and the Letter Fluency
“FAS” task (Spreen & Strauss, 2006). Language was measured
with the Category Fluency task (animals, vegetables, fruits) (Rosen,
1980) and the Boston Naming Test (Kaplan et al., 1983).
Visuospatial functioning tests included the Block Design and
Digit Symbol subtest from the WAIS-III (Wechsler, 1997).

Group/diagnostic MCI classification

MCI classifications were made using four sets of criteria: Petersen/
Winblad standard criteria (Petersen et al., 1999; Winblad et al.,
2004), Jak/Bondi’s comprehensive neuropsychological criteria (Jak,
Bondi et al., 2009; Bondi et al., 2014), NIT (Oltra-Cucarella et al.,
2018), and Global CR (Alfano et al., 2022). Normative data were
calculated using local norms derived for cognitively unimpaired
(CU) individuals in the sample (described in Supplementary
Methods), and scores for all cognitive tests used were adjusted for
age, sex, education, and race/ethnicity.

Petersen/Winblad

Updated Petersen criteria (Artero et al., 2006; Winblad et al., 2004)
were used and to receive a diagnosis of MCI, it required
(1) objective cognitive impairment (>1.5 SD below the age-,
sex-, education-, and race/ethnicity-adjusted mean) in at least one
test; (2) subjective cognitive concern operationalized as any SCC
indicated by self- or informant-report; (3) absence of functional
decline as measured by the IADL Lawton Brody scale (Lawton
& Brody, 1969); and (4) no diagnosis of dementia.

Jak/Bondi

The most widely used Jak/Bondi definition (Bondi et al., 2014) for
MCI was adapted for use in our study: (1) one low score (>1 SD
below the age-, sex-, education-, and race/ethnicity-adjusted mean)
on both measures within at least one cognitive domain or (2) at least
one low score (>1 SD below the age-, sex-, education-, and race/
ethnicity-adjusted mean) across at least two cognitive domains.
The three-domain criterion that was previously used in a study
conducted in the ADNI sample (Bondi et al., 2014) was modified to
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account for a larger battery of five cognitive domains and follows a
similar approach that Graves and colleagues (2020, 2022) used for
application of the Jak/Bondi criteria in the National Alzheimer’s
Coordinating Center cohort. Although Functional Activities
Questionnaire (FAQ; Pfeffer et al., 1982) scores were included
in the Jak/Bondi definition from this previous ADNI study (Bondi
et al, 2014), this was a standalone criterion used to classify
MCI (i.e., individuals had to meet one of three criteria; the third
being FAQ scores), and most recent studies using Jak/Bondi do not
include it in their operationalizations. Moreover, there are no
guidelines on cutoff scores (i.e., 9 as a standalone criterion in the
original definition but more recent studies incorporate FAQ +
objective impairment, but only for the multiple domain criteria).
Lastly, FAQ is an informant-reported measure that may be affected
by demographic and relational characteristics (Hackett et al., 2020;
Jessen et al, 2014). In a recent study examining sources of
discrepancy on FAQ in a diverse sample, informants who identify as
Black/African American endorsed lower ratings (less impairment)
(Hackett et al., 2020), suggesting there may be some cross-cultural
differences that reduce the validity of this measure. As such, FAQ
scores were not included for the Jak/Bondi criteria. Further, SCC is
not used in this definition.

Number of impaired tests (NIT)

For the NIT definition (Oltra-Cucarella et al., 2018), MCI was
diagnosed when the NIT (>1.5 SD below the age-, sex-, education-,
and race/ethnicity-adjusted mean) equaled or exceeded the NIT
obtained by the worst performing 10% of the CU group (inclusion
criteria described in Supplementary Methods). To diagnose MCI,
three or more impaired scores were required. Functional
impairment and SCC are not included in this definition.

Clinical ratings (Global CR)

For the Global CR approach, MCI was diagnosed according to
Alfano and colleagues (2022). Individual scores were converted to
demographically (age-, sex-, education-, race/ethnicity-) corrected
T-scores and assigned a CR ranging from 1 (above average; T > 55)
to 9 (severe impairment; T<19), with a CR of 5 indicating
“definite mild impairment” (35 < T7<39). Domain CRs were
derived from the highest individual test CR in a given domain.
If both tests in a given domain had different CRs, then domain CR
was defined as the higher CR minus one. If not (i.e., both tests had
the same CRs), that rating was the domain CR. Global CR was
derived from the highest domain CR such that if only one domain
has the highest CR, then Global CR was the highest domain CR
minus one. If two or more domains had the same highest CR, that
rating was the Global CR. MCI was diagnosed if an individual’s
Global CR equaled or exceeded a rating of five. Functional
impairment and SCC are not included in this definition.

Dementia

Incident dementia of any etiology at follow-up was the main study
outcome. DSM-IV criteria were used for dementia diagnosis (APA,
1994), and participants were classified as having incident dementia
if (1) there was substantial cognitive impairment — that is, scores at
least 1.5 standard deviations below the age-adjusted mean across
multiple cognitive domains; (2) the participant or study informant
reported changes in cognitive function; (3) there was functional
decline determined at a case conference based on information from
the IADL Lawton Brody Scale (Lawton & Brody, 1969) and clinical
evaluation; and (4) cognitive impairment was not better explained
by the effects of a substance or medication.
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Demographic and clinical characteristics

Demographic information from the EAS included self-reported
race/ethnicity as defined by the U.S. Census Bureau in 1994
(recategorized to non-Hispanic White, non-Hispanic Black),
number of years of education, sex, and age. Subclinical symptoms
of depression were assessed using the GDS short form, excluding
the memory item (Sheikh & Yesavage, 1986).

Data analysis

Demographic information, neuropsychological test scores, and all
definitions of MCI status at baseline were summarized using
descriptive statistics by incident dementia status during follow-up.
Preliminary comparisons of these characteristics were performed
using the Wilcoxon rank sum test and chi-square test for
continuous and categorical variables, respectively. Time to event
was defined as the time in years from the baseline clinic visit to the
visit when dementia was diagnosed or to the last follow-up visit.
Cox proportional hazard models were used to assess the
associations of various definitions of MCI at baseline with the
risk of incident dementia. Additional models controlling for
covariates including age, gender, education, race/ethnicity, and
depressive symptoms at baseline were also applied. The modifi-
cation effects of race/ethnicity on the associations of each MCI
definition with the risk of dementia were examined by testing the
interaction between each MCI definition and race/ethnicity in the
Cox models. To evaluate the accuracy of discriminating those at
risk of developing dementia within specific time periods using each
MCI definition at baseline, time-dependent sensitivity and
specificity were examined at 2, 3, 5, and 7 years, and Youden’s
index was calculated. Variations and confidence intervals (CIs) of
these statistics were obtained using the bootstrap method
(Tibshirani & Efron, 1993) with 1000 resamples and 2.5% and
97.5% percentiles used as limits of the 95% CI. Comparisons of
sensitivity, specificity, and Youden’s index among different MCI
definitions were performed by obtaining bootstrap confidence
intervals of the differences and checking if zero was covered in the
intervals. The analysis was further stratified by race group, and
comparisons of sensitivity, specificity, and Youden’s index for each
MCI definition between racial groups were performed using
Z-tests based on the estimates and their variances from the
bootstrap method. All statistical analyses were performed using
SAS 9.4 (SAS Institute Inc., Cary, NC).

Results

At baseline (N =1073), participants’ ages ranged from 70 to 100
(mean =78.4 £5.3) years. The sample was 62.5% female, and
educational achievement averaged 13.9 +3.5 years (range 2-24
years), with 42.6% obtaining 12 years or fewer years of education.
Notably, nearly one-fifth of participants (17%) did not complete
high school, highlighting the rich educational diversity within the
sample. Most participants identified as White (70.0%), though
Black participants were well-represented (30.0%). The total
number and proportion of participants diagnosed with MCI using
each classification method are shown in Table 1. During a mean of
4.5 (median 3.3, maximum 19) years of follow-up, 118 individuals
developed incident dementia. As shown in Table 1, those who
developed dementia were older at baseline. The groups did not
differ in number of depressive symptoms, sex, years of education,
race/ethnicity, or follow-up time.
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Table 1. Baseline descriptive characteristics of the sample by dementia status

All" No dementia during follow-up Incident dementia p

Sample size 1073 955 118
Age at baseline: M (SD) 78.4 (5.3) 78.1 (5.2) 81.0 (5.4) <.0001
Sex (#, % Female) 671, 62.5% 594, 62.2% 77, 65.3% 0.518
Education: M (SD) 13.9 (3.5) 14.0 (3.5) 13.4 (3.5) 0.058
Race/ethnicity

#, % non-Hispanic White 751, 70.0% 674, 70.6% 77, 65.3% 0.234

#, % non-Hispanic Black 322, 30.0% 281, 29.4% 41, 34.7%

GDS score™ M (SD) 2.2 (2.3) 2.2 (2.3) 2.5 (2.3) 0.085
MCI diagnosis (#, %)

Petersen/Winblad 463, 43.2%

Jak/Bondi 386, 36.0%

NIT 169, 15.8%

Global CR 516, 48.1%

Follow-up time, years median (IQR) 3.3 (2.0-6.3) 3.4 (2.0-6.4) 3.1 (1.7-6.1) 0.485

Note. NIT = number of impaired test; CR = clinical ratings.

" Participants free of prevalent dementia at baseline who had at least one follow-up evaluation, completed neuropsychological tests and self-reported subjective
cognitive concern at enrollment and self-reported as non-Hispanic White or non-Hispanic Black.

*Excluding the dichotomous memory item from the short form of the GDS.

Mean time between baseline and conversion to dementia or end of study participation was 4.5 + 3.5 years.

Table 2. Hazard ratios using diagnostic classifications of MCI to predict incident dementia

Model 3: + age, sex,

Model 2: + age, sex, education, race/ethnicity, GDS

MCI classification Model 1: unadjusted education, race/ethnicity score
HR p HR p HR p

(95% Cl) (95% Cl) (95% Cl)

Petersen/Winblad 4.6 <.001 43 <.001 4.8 <.001
(3.1-7.0) (2.9-6.5) (3.1-7.7)

Jak/Bondi 53 <.001 5.2 <.001 5.2 <.001
(3.6-7.9) (3.5-7.8) (3.4-8.0)

NIT 6.5 <.001 5.9 <.001 6.3 <.001
(4.5-9.5) (4.0-8.6) (4.2-9.6)

Global CR 6.2 <.001 6.1 <.001 6.4 <.001
(3.9-9.9) (3.8-9.8) (3.9-10.7)

Note. HR = hazard ratio; Cl = confidence interval; NIT = number of impaired test; CR = clinical ratings.

Hazard ratios from unadjusted models were similar among the
four definitions (Table 2) and all classifications significantly
predicted incident dementia (all p <0.001). Results were similar
when adjusted for age, sex, education, race/ethnicity (Model 2), and
further adjusted for depressive symptoms at baseline (Model 3).
Results of time-dependent Receiver Operating Characteristic (ROC)
statistics for MCI classifications, at 2-, 3-, 5- and 7-years of follow-
up, and the number of participants at risk at the time are shown in
Table 3. The tests of interactions between race/ethnicity and MCI on
the risk of dementia in the aforementioned Cox models were not
statistically significant for any MCI definition. Nonetheless, we
further evaluated the time-dependent ROC statistics within each
racial/ethnic group in a secondary analysis due to a specific interest
in exploring any disparities between groups.

The bootstrap method comparing sensitivity and specificity
among the MCI classifications demonstrated varying statistical
significance in sensitivity and specificity across definitions.
Between Jak/Bondi and Petersen definitions, Jak/Bondi classifica-
tion significantly increased specificity (p <0.05) while there was
no significant difference between levels of sensitivity. All other
definitions significantly differed in sensitivity and specificity
(p <0.05), with Jak/Bondi and Petersen classifications demonstrat-
ing more intermediate values of sensitivity and specificity relative
to NIT and Global CR classifications.
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In the overall sample, Youden’s index, which is determined by
the sum of sensitivity and specificity minus 1, was highest for the
Jak/Bondi classification for dementia incidence within 2-, 3-,
5-, and 7-years of follow-up, followed by the Global CR
classification (Table 3). While NIT had significantly higher
specificity than all other definitions, these gains were more than
offset by a substantial loss of sensitivity that was significantly lower
than all the other definitions. The most extreme definition in the
opposite direction, the Global CR classification, had significantly
higher sensitivity at all follow-up; however, this was achieved
through a significant sacrifice to specificity (e.g., specificity was
significantly lower than in all other definitions). Between
Jak/Bondi and Petersen/Winblad classification methods, Jak/
Bondi classification demonstrated significantly higher specificity
than Petersen/Winblad; sensitivity was slightly lower but this was
not a significant finding. Importantly, differences in Youden’s
index were not statistically significant across definitions as
measured by the bootstrap confidence intervals. Specificity,
sensitivity, and Youden’s index across MCI classifications and
follow-up years for non-Hispanic Blacks and non-Hispanic Whites
are shown in Appendix Tables Sla and S1b. Within the non-
Hispanic Black group, the Global CR classification showed the
highest Youden’s index, though this was not significantly different
from other MCI classifications. Comparisons of sensitivity,
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Table 3. Estimates (95% Cl) of sensitivity, specificity, and Youden’s index for diagnostic definitions of MCI at baseline for cumulative dementia

after 2 to 7 years of follow-up

Follow-up year Sensitivity Specificity Youden’s index
(# cumulative incidence; # of participants at risk) MCI classification (95% Cl) (95% Cl) (95% Cl)
2 Petersen/Winblad 0.77 0.58 0.36
(34: 787) (0.72-0.83) (0.56-0.60) (0.30-0.41)
Jak/Bondi 0.74 0.66 0.40
(0.68-0.80) (0.63-0.68) (0.34-0.46)
NIT 0.54 0.86 0.39
(0.46-0.61) (0.84-0.87) (0.32-0.47)
Global CR 0.85 0.53 0.38
(0.80-0.90) (0.51-0.56) (0.33-0.43)
3 Petersen/Winblad 0.77 0.59 0.36
(56; 608) (0.72-0.83) (0.57-0.62) (0.31-0.42)
Jak/Bondi 0.74 0.67 0.41
(0.68-0.80) (0.64-0.69) (0.35-0.47)
NIT 0.52 0.87 0.39
(0.45-0.59) (0.85-0.88) (0.32-0.47)
Global CR 0.85 0.55 0.39
(0.80-0.89) (0.52-0.57) (0.34-0.44)
5 Petersen/Winblad 0.76 0.61 0.37
(78; 381) (0.71-0.82) (0.59-0.63) (0.31-0.44)
Jak/Bondi 0.73 0.69 0.42
(0.67-0.79) (0.66-0.71) (0.35-0.48)
NIT 0.51 0.89 0.39
(0.44-0.58) (0.87-0.90) (0.32-0.46)
Global CR 0.84 0.56 0.41
(0.80-0.89) (0.54-0.59) (0.35-0.46)
7 Petersen/Winblad 0.76 0.63 0.39
(95; 232) (0.70-0.81) (0.61-0.66) (0.32-0.45)
Jak/Bondi 0.72 0.71 0.43
(0.66-0.78) (0.68-0.74) (0.36-0.50)
NIT 0.48 0.91 0.39
(0.42-0.55) (0.89-0.92) (0.32-0.46)
Global CR 0.83 0.59 0.42
(0.79-0.88) (0.56-0.62) (0.37-0.48)

Note. MCI = mild cognitive impairment; Cl = confidence interval; NIT = number of impaired test; CR = clinical ratings.

specificity, and Youden’s index among the MCI definitions within
each racial group were overall similar to those of the whole sample.
Between the two racial/ethnic groups, MCI based on the Global CR
classification had significantly higher sensitivities at 2, 3, 5, and 7
years and lower specificities at 2, 3, and 5 years in the non-Hispanic
Black group when compared with the non-Hispanic White group.
MCI based on Petersen/Winblad had significantly lower specific-
ities at 2, 3, and 5 years in the non-Hispanic Black group, but
differences in sensitivities and specificities for other definitions,
and differences in Youden’s index for all definitions, were not
statistically significant.

Discussion

The present study investigated four specific approaches to MCI
classifications (Petersen, Jak/Bondi, NIT, and Global CR) in an
educationally and racially/ethnically diverse cohort of older adults.
Overall, we found that the MCI classifications varied significantly
in sensitivity and specificity for incident dementia, with Jak/Bondi
and Petersen classifications demonstrating more intermediate
values of sensitivity and specificity relative to NIT and Global CR
classifications, which demonstrated the greatest specificity and
greatest sensitivity values, respectively. However, when examining
Youden’s index, reflecting the balance between sensitivity and
specificity, all four classifications performed comparably.
Jak/Bondi MCI classification demonstrated the highest Youden’s
index, but this was not significantly different from the other
classification methods. Comparisons of sensitivity, specificity, and
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Youden’s index among the MCI definitions within each racial
group were overall similar to those of the whole sample.

This is an important finding as researchers or clinicians could
have increased confidence in choosing one classification method
over another, depending on their referral or research question of
interest. For example, if a group was interested in examining SCC,
they might select the Jak/Bondi classification to avoid circularity, as
other criteria, such as Petersen/Winblad include SCC in the
definition of MCI. The optimal balance between sensitivity and
specificity depends upon the research, clinical, or public health
setting of intended use. Sensitivity might be a priority if those who
screen positive receive additional cognitive testing or low-cost,
blood-based biomarkers. Specificity might be a priority if those who
meet the MCI definition will receive invasive or expensive follow-up
and resources are constrained. Professionals could consider using
the cost-benefit matrix as proposed by Manly and Echemendia
(2007) when considering whether they require increased sensitivity
or specificity and then select their classification method accordingly.
Due to the benefits of early detection and treatment for dementia,
increased diagnostic sensitivity and consideration of Global CR may
be warranted. Moreover, when evaluating non-Hispanic Black or
non-Hispanic White individuals, professionals might choose to
utilize one definition over another in terms of differing sensitivity or
specificity within these groups.

These results also replicate and extend previous findings
comparing Jak/Bondi and Petersen/Winblad classifications in
non-Hispanic White samples (Bondi et al., 2014; Edmonds et al.,
2021; Jak et al., 2016; Thomas et al., 2019; Wong et al., 2018). In our
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overall sample, the Jak/Bondi definition significantly increased
specificity (decreased false positives) while maintaining compa-
rable sensitivity when compared to Petersen/Winblad. These
findings suggest Petersen/Winblad may result in more false
positive MCI diagnoses. This is consistent with literature
demonstrating that (1) defining cognitive impairment based on
a single impaired score does not account for normal variability and
may inflate MCI prevalence rates (Loewenstein et al., 2009;
Trittschuh et al.,, 2011), and (2) the subjective cognitive concern
criterion in Petersen/Winblad is not additive to predicting incident
dementia and may contribute to misdiagnosis of MCI (Chang et al.,
2023 in press; Edmonds et al., 2015, 2018; Ilardi t al., 2021).

Although the NIT classification (Oltra-Cucarella et al., 2018)
performed well in the ADNI sample, its criteria appeared to be too
stringent for our participants. In our study, the specificity for
incident dementia was highest using the NIT approach, ranging
from 0.86 to 0.91; however, sensitivity for incident dementia was
substantially reduced (0.48-0.54), resulting in a failure to identify
almost half of the individuals who ultimately progressed to
dementia. It is important to note certain methodological differences
between the studies of interest. Oltra-Cucarella and colleagues’
original approach was previously criticized for possibly inflating the
number of impaired scores by using multiple scores from the same
test (Vuoksimaa et al., 2020). For example, if delayed recall of a list-
learning test is impaired, it is possible that recognition may also be
impaired. To avoid this possibility, the current study used 10
separate measures and their corresponding scores. To diagnose
MCI, three or more impaired scores were required — and notably a
higher cutoff than the two impaired tests required for Jak/Bondi
classification. Oltra-Cucarella and colleagues (2018) also only
adjusted for age, sex, and education, while the current study
additionally adjusted for race/ethnicity. Lastly, compared to our
sample of demographically diverse adults, over 90% of ADNI
participants are non-Hispanic White and have a mean education
corresponding to a four-year university degree. Further study using
non-overlapping measures and diverse populations is needed to
fully understand the possible utility of this approach.

The Global CR approach (Alfano et al., 2022) demonstrated
good sensitivity for incident dementia, possibly supporting the
authors’ claim that this approach may parallel the profile analysis
strategies in the clinical decision-making process (Alfano et al.,
2022). However, there was a substantial loss of specificity, resulting
in false positives. The authors acknowledged the risk of Type I
error due to the relatively high number of comparisons that occur
throughout the classification’s formulation (Alfano et al., 2022).
Important to consider is the scale used by Alfano and colleagues to
convert T-scores to their respective clinical ratings — wherein a
T-score between 35 and 39 (equivalent to -1.0 to -1.5 SD) is
converted to a clinical rating of 5 and labeled as “definite mild
impairment,” despite some of these T-scores falling within the “low
average” range. Because the Global CR approach places greater
importance on CRs that are in the “impaired” range (Alfano et al.,
2022), it is possible the current conversion scale may misdiagnosis
individuals who at a cognitive unimpaired baseline may fall within
the “low average” range with “definite mild impairment.” Within
the clinical decision-making process are behavioral observations
and the interpretation of a low score. In this case, sole reliance on
quantitative data and labeling may omit important contextual
information for interpreting whether an “abnormal” result truly
reflects impairment (Ganguli et al., 2011). That said, because of
its high sensitivity to incident dementia, clinicians may still choose
to consider using the Global CR approach if the referral question
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requires greater sensitivity. Future work could improve this
classification by revising the conversion scale to flag performance
more appropriately as “impaired.”

To our knowledge, this was the first longitudinal study directly
comparing four specific MCI criteria in a diverse community-
based sample. Unfortunately, although non-Hispanic Blacks were
well-represented, the population of Hispanic older adults or those
of other racial/ethnic groups was insufficient to include in these
analyses. There was a relatively low number of participants with
incident dementia at follow-up and a lower proportion of non-
Hispanic Blacks who converted compared to non-Hispanic
Whites. Also, we used normative data derived from our study.
We previously showed that the EAS sample performs more poorly
relative to national normative data even after adjusting for
demographic variables (Wang et al., 2021). It will be important to
replicate these results in larger, demographically diverse samples.

Study limitations related to our test battery also warrant
mention. For example, because we did not have Logical Memory II
data available, we included Logical Memory I, which is not a pure
measure of episodic memory and can be impacted by attentional
and working memory abilities. In addition, to enable us to include a
visuospatial domain for the Jak/Bondi criteria, we utilized the Digit
Symbol task as a task of visuospatial functioning. While it is
typically considered a measure of psychomotor processing speed,
previous research has demonstrated that the Digit Symbol test is
sensitive to visuoperceptual and spatial rotation variables (Bigelow
etal., 2015; Crowe et al., 1999; Glosser et al., 1977; Shao et al., 2023),
and is most strongly related to spatial navigation when compared
to other cognitive measures (Wei et al, 2020). However,
performance on this task may still be impacted by other domains
(e.g., working memory, processing speed, motor function) making
it suboptimal as a pure measure of visuospatial functioning.

In sum, although not statistically significant, the Jak/Bondi MCI
classification provided the highest balance of sensitivity and
specificity for predicting incident dementia across all years of
follow-up considered. This classification method significantly
decreased false positives while maintaining comparable sensitivity
to the Petersen classification. Clinicians and researchers should
consider designing their neuropsychological batteries to allow for
the utilization of this classification method. Beyond this, clinicians
and researchers may have increased confidence in using one
classification method over another as they were comparable to
Youden’s index for predicting incident dementia. This work
provides an important step toward improving the generalizability
of the MCI diagnosis to underrepresented or health-disparate
populations and can inform researchers and clinicians on the most
appropriate MCI classification method for their populations or
questions of interest. Importantly, this research can lead to
meaningful discussions among experts to arrive at an optimal MCI
definition that promotes diagnostic accuracy for incident dementia
in diverse older adult populations.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S1355617724000729.
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