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INTRODUCTION: We compared three operational case definitions of mild behav-
ioral impairment (MBI) in the context of MBI prevalence estimates and dementia risk
modeling.

METHODS: Participants were dementia-free older adults (n = 13701) from the
National Alzheimer’s Coordinating Center. Operational case definitions of MBI were
generated based on neuropsychiatric symptoms at one (OV), two-consecutive (TCV), or
more than two-thirds (TTV) of dementia-free study visits. Definitions were compared
in prevalence and in Cox regressions using MBI to predict incident dementia.
RESULTS: OV MBI was the most prevalent (54.4%), followed by TCV (32.3%) and TTV
(26.7%) MBI. However, OV MBI had the lowest rate of incident dementia (hazard ratio
[HR] = 2.54, 95% confidence interval [Cl]: 2.33-2.78) and generated poorer model
metrics than TCV MBI (HR = 4.06, 95% Cl: 3.74-4.40) and TTV MBI (HR = 5.77, 95%
Cl: 5.32-6.26).

DISCUSSION: Case ascertainment with longer timeframe MBI operational case defini-
tions may more accurately define groups at risk of dementia in datasets lacking tools
designed to detect MBI.
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Highlights

» Mild behavioral impairment (MBI) can identify older adults at risk of dementia.

» Neuropsychiatric symptom (NPS) assessment tools can be proxy measures for MBI.
* Hazard for dementia was highest for MBI defined by NPS presence at more than

two-thirds of visits.
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1 | BACKGROUND

Mild behavioral impairment (MBI) identifies older adults at high risk for
neurodegenerative disease using neuropsychiatric symptoms (NPS).!
These NPS include decreased motivation (apathy), affective dysregula-
tion (mood and anxiety), impulse dyscontrol (agitation and aggression),
social inappropriateness, and abnormal perception/thought content
(delusions and hallucinations; psychosis). NPS qualify as MBI symp-
toms when they (1) emerge de novo in later life and persist at least
intermittently for >6 months; (2) cannot be explained by psychiatric
conditions; and (3) occur in older adults without dementia. MBI should
be thought of as a subset of NPS that meet the aforementioned cri-
teria (Figure S1), which improve specificity for the NPS identified by
MBI representing early-stage neurodegenerative disease as a comple-
mentary behavioral analog to late-life emergent cognitive symptoms.2
As such, MBI can improve early dementia risk detection, thereby
facilitating research into early neurodegenerative disease mecha-
nisms and the development of preventative or disease-modifying
treatments.>*

The Mild Behavioral Impairment Checklist (MBI-C) was developed
to capture NPS that meet MBI criteria.” Studies that used the MBI-
C demonstrated poorer cognition and greater 3-amyloid (AB) and tau
pathology, medial temporal lobe atrophy, and Alzheimer’s disease (AD)
genetic risk in MBI older adults.®~13 However, given the novelty of the
Alzheimer’s Association International Society to Advance Alzheimer’s
Research and Treatment (ISTAART-AA) MBI criteria and the MBI-C,
which were published in 2016 and 2017, respectively, datasets with
abundant MBI-C data are not yet widely available. To address this issue,
other existing measures of NPS, most commonly the Neuropsychiatric
Inventory (NPI) and its derivatives, have been used as proxy mea-
sures of MBI.1#718 These general NPS assessment tools are considered
proxy measures of MBI because, although they identify and measure
NPS, MBI criteria must be applied afterwards as a filter to identify
those at higher risk for dementia. In contrast to the MBI-C, where
MBI criteria are inherent, other algorithms and specific data cleaning
procedures have been used to apply MBI criteria to measurements
made by other NPS assessment tools. This approach has generated
novel insight into MBI and its relationship to dementia that would have
been overlooked until more frequent MBI-C endorsement. Longitudi-
nally, MBI, defined using the NPI or NPI Questionnaire (NPI-Q), has
consistently been associated with a greater risk for cognitive decline

15171920 and a lower rate of reversion from

and incident dementia,
mild cognitive impairment (MCI) to normal cognition in participants
from the National Alzheimer’s Coordinating Center (NACC).18 In the
Alzheimer’s Disease Neuroimaging Initiative and MEMENTO cohorts,
where only NPI/NPI-Q data are available, MBI was linked to more
severe neurodegenerative disease pathology, including lower plasma
AB42/AB40 and higher phosphorylated tau and neurofilament light, in
addition to greater white matter hyperintensity volume and entorhinal
cortex atrophy.21-24 Finally, in the Canadian Comprehensive Assess-
ment of Neurodegeneration and Dementia study, MBI derived from the
NPI-Q was associated with worse gait, hearing loss, and frailty, all of

which are non-cognitive markers of dementia.2>-28

RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the literature
using traditional sources (e.g., PubMed, Google Scholar)
to identify studies of mild behavioral impairment (MBI).
These studies, which have been cited, demonstrate the
link between MBI and dementia, but may be limited in
their case operationalization of MBI.

2. Interpretation: MBI operational case definitions that
align more closely with established MBI criteria are more
strongly associated with incident dementia and enhance
dementia prognostication. MBI defined based on the
presence of persistent neuropsychiatric symptoms (NPS),
defined as more than two-thirds of a participant’s study
visits, yielded larger effect sizes and better model met-
rics than operational case definitions based on one or two
consecutive visits.

3. Future directions: Studies of MBI in longitudinal datasets
without tools designed specifically to detect MBI can
evaluate NPS presence at more than two-thirds of visits
to classify older adults with MBI with greater accuracy.

The use of other NPS assessment tools as a proxy measure for
MBI will likely continue to produce important findings about MBI,
especially in datasets that preceded the MBI-C. Yet, current methods
used to operationally define cases of MBI using proxy tools face lim-
itations, potentially hindering accurate differentiation between MBI
and non-MBI NPS. In older adults with MCI, only MBI was associ-
ated with a lower likelihood of reversion to normal cognition, whereas
non-MBI NPS showed no difference compared to no NPS.18 This find-
ing suggests that distinguishing MBI from non-MBI NPS, the latter of
which is often captured by the NPI and its derivatives, is essential
to fully understand and make use of MBI as a tool for neurodegen-
erative disease research and for sample enrichment.* One issue with
using the NPI and its derivatives for MBI is the reference timeframe
by which the instruments assess NPS, which spans 1 month.2?-31 |n
contrast, the MBI-C reference frame is 6 months, consistent with the
MBI symptom persistence criterion.”> Consequently, studies that oper-
ationally define MBI using NPI/NPI-Q data from a single visit risk
misclassifying as MBI, NPS that are transient and potentially aris-
ing from non-neurodegenerative etiologies. Furthermore, estimates
of MBI prevalence in samples of older adults without dementia are
considerably higher when using the NPI/NPI-Q (28%-85%)41627
compared to the MBI-C (6%-14%)%7-3233 at a single visit, suggesting
low specificity when operationally defining MBI this way. More recent
studies have operationally defined MBI based on the presence of NPS
across two consecutive visits, often separated by approximately 6 or
12 months, to meet the persistence criterion for MBI.18:19.21.23 How-
ever, due to the 1-month timeframes of the NPl and NPI-Q instruments,

this method still risks misclassifying participants with transient NPS as
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Assessed for eligibility
(n=45100)

Excluded (n = 16779)
* Age less than 50 years old (n = 1069)
* History of relevant psychiatric/neurological conditions (n = 14556)
* Missing demographic data (n = 244)
* Missing NPI-Qdata (n = 910)

. Eligibl
[ Inclusion ] o ool
A | . One Visit MBI Two Consecutive Visits MBI Two Thirds Visits MBI
nalysis (n=28321) (n =28321) (n=28321)
Analyzed (n = 12771) Analyzed (n = 13703) Analyzed (n = 12211)
Excluded from analysis (n = 15550) Excluded from analysis (n = 14618) Excluded from analysis (n = 16110)
* Dementia diagnosis at rolling baseline (n = 9521) * Dementia diagnosis at rolling baseline (n = 11520) « Dementia diagnosis at rolling baseline (n = 9688)
* No follow-up data at rolling baseline (n = 6029) * No follow-up data at rolling baseline (n = 3098) * No follow-up data at rolling baseline (n = 6422)
MBI- MBI+ MBI- MBI+ MBI~ MBI+
(n=5828) (n=6943) (n=9268) (n =4435) (n =8500) (n=3711)
FIGURE 1 Participant flow diagram. Data came from the National Alzheimer’s Coordinating Center (NACC). Relevant psychiatric conditions

used for exclusion included posttraumatic stress disorder, bipolar disorder, schizophrenia, obsessive-compulsive disorder, remote anxiety, or
depression, Down syndrome, Huntington disease, and Parkinson’s disease. NPI-Q, Neuropsychiatric Inventory Questionnaire; MBI, mild

behavioral impairment.

having MBI. A new operational case definition to identify MBI more
accurately, and to distinguish MBI from non-MBI NPS, is warranted.
This study proposes a new operational case definition of MBI in
datasets with retrospective longitudinal data that have not imple-
mented the MBI-C. To demonstrate its utility, we compare the novel
method to previously used MBI operational case definitions in terms

of prevalence estimates and dementia prognostication in NACC data.

2 | METHODS

2.1 | Study design

Data were obtained from the NACC Uniform Dataset (NACC-UDS).
Forty-five Alzheimer’s Disease Research Centers (ADRCs) funded by
the National Institute on Aging contributed to this dataset between
2005 and 2022. Each ADRC recruited and collected data, including for
NPS, on participants with or without dementia approximately annu-
ally. All ADRCs obtained informed consent from their participants and
received ethics approval from their institutions prior to submitting
data to NACC. More detailed information about the NACC-UDS and

its data collection procedures has been published elsewhere.34-37

2.2 | Participants

Longitudinal data for 45100 participants were available. Participants

had normal cognition (CN), subjective cognitive decline (SCD), MCl,

or dementia. Participants were excluded if they: (1) were <50 years
old, consistent with MBI criteria, n = 1069; (2) reported a history
of relevant psychiatric/neurological conditions, n = 14556; (3) were
missing data for statistical model covariates (i.e., years of education),
n = 244; or (4) were missing NPI-Q data, n = 910 (Figure 1). Apply-
ing the exclusion criteria resulted in 28321 participants who were
eligible for analysis. Relevant psychiatric conditions included post-
traumatic stress disorder, bipolar disorder, schizophrenia, obsessive-
compulsive disorder, remote anxiety or depression, which preclude
MBI diagnosis.? Excluded neurological conditions included Down syn-
drome, Parkinson’s disease, and Huntington disease, in which NPS may
arise independent of dementia.

2.3 | MBI operational case definitions

The presence and severity of NPS were measured using the NPI-
Q2931 Briefly, informants rated the presence and severity of NPS
on a scale from 1 to 3 over the previous month. A published algo-
rithm was used to derive MBI symptom severity score from 10/12
NPI-Q items (excluding sleep and appetite) based on the ISTAART-AA
diagnostic criteria for MBL.1* The decreased motivation domain was
derived from the NPI-Q apathy item; emotional dysregulation from the
NPI-Q depression, anxiety, and elation items; impulse dyscontrol from
the NPI-Q agitation, irritability, and aberrant motor behavior items;
social inappropriateness from the NPI-Q disinhibition item; and psy-
chosis from the NPI-Q delusions and hallucinations items. The total

MBI symptom severity (range = 0-30) was computed as the sum
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Participant 1 2 3 4 5 ov TCV TV
NPS - + - - -
. MBI+ (2) MBI— MBI-
Dementia - -I - - -‘-
NPS - + + - -
. MBI+ (2) MBI+ (2) MBI—-
Dementia - - - - +
IL |
NPS - + + + -
Derantis ) ) ) ) " MBI+ (2) MBI+ (2) MBI+ (2)
IL I
NPS - + + + +
. MBI—- MBI— MBI-
Dementia - + + + +
NPS + - + + +
Dementia ) ) ) ) + MBI+ (1) MBI+ (3) MBI+ (1)

Time to Dementia

FIGURE 2

oV J TCV TV

Example case ascertainment for three MBI operational case definitions. Positive/negative signs indicate the presence/absence,

respectively, of NPS or a dementia diagnosis at a given study visit for a participant. Numbers in parentheses in the right table indicate the study
visit at which a participant was first defined as having MBI, if applicable. Colored lines indicate the time between MBI classification, if applicable,
and the first dementia visit. NPS, neuropsychiatric symptoms; MBI, mild behavioral impairment; OV, one visit MBI operational case definition; TCV,
two consecutive visits MBI operational case definition; two-thirds visits MBI operational case definition.

of all five MBI domain scores, with higher scores indicating greater
severity.

Three MBI operational case definitions were explored. One visit
(OV) MBI classified participants as having MBI if they had a total MBI
symptom severity score >1 at a single dementia-free study visit. Two
consecutive visits (TCV) MBI classified participants as having MBI if
they had a total MBI symptom severity score >1 for two consecutive
dementia-free study visits. Two-thirds visits (TTV) MBI classified par-
ticipants as having MBI if the participant had a total MBI symptom
severity score >1 at a dementia-free study visit and for more than
two-thirds of all subsequent dementia-free study visits, when includ-
ing the initial visit with NPS. To account for participants who developed
MBI over the course of their observational period in NACC, partici-
pants were categorized MBI+ if they developed MBI at any visit and
MBI- if they never developed MBI at any visit. A participant-specific
baseline was applied to MBI+ participants; their baseline was shifted
to the first visit they were classified as MBI+ and all prior visits were
considered pre-MBI. Correspondingly, time to dementia was calcu-
lated as the difference in years between the first dementia visit and
the participant-specific baseline visit. As the baseline was shifted for
MBI+ participants, additional exclusion criteria were applied to each
set of analyses involving the three MBI operational case definitions:
having a clinical dementia diagnosis (OV n = 9521, TCV n = 11520,
TTV n= 9586) or no follow-up data (OV n = 6029, TCV n = 3098; TTV

n = 5034) at the participant-specific baseline. These steps resulted in
a final sample of 12771 participants for the OV analysis, 13703 for the
TCV analysis, and 13701 for the TTV analysis. Example scenarios illus-
trating differences between the MBI operational case definitions in the
MBI classification of participants and how dementia-free survival time
was calculated using the participant-specific baseline, if appropriate,
are shownin Figure 2. Simulated data accompanied by a datadictionary
and the R code used to generate each MBI operational case definition
in this study are available at https://osf.io/k75rg for those interested
in exploring MBI case ascertainment scenarios or implementing these

operational case definitions in their own studies.

24 | Statistical analysis

Descriptive statistics including means, standard deviations (SDs),
ranges, medians, interquartile ranges (IQRs), and percentages were
used to describe participant demographic and clinical characteris-
tics. Between-group comparisons for MBI- and MBI+ participants,
defined using each of the three operational case definitions, were
conducted using general linear models. To determine potential trends
in missing NPI-Q data, demographic comparisons were also con-
ducted between eligible participants and those excluded for missing
NPI-Q data.
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TABLE 1 Baseline participant characteristics.
Variable ov TCV TV
n 12771 13703 12211
Age (years) 73.4(9.0),50-104 73.2(9.0), 50-104 73.1(9.0), 50-104

Education (years) 15.7(3.1),0-30

Sex (female) 7313 (57.3)
Diagnosis
CN 7967 (62.4)
SCD 723(5.7)
MCI 4081 (32.0)
MBI prevalence
Global 6943 (54.4)
Decreased motivation 1365 (10.7)
Affective dysregulation 4146 (32.5)
Impulse dyscontrol 3934 (30.8)
Social inappropriateness 765 (6.0)
Psychosis 293(2.3)
MBI severity
Global 1.3(1.9),0-21
Decreased motivation 0.1(0.4),0-3
Affective dysregulation 0.5(0.9),0-8
Impulse dyscontrol 0.5(1.0),0-9
Social inappropriateness 0.1(0.3),0-3
Psychosis 0(0.2),0-6
Conversion to dementia 2437 (19.1)
Follow-up duration (years) 3.3(1.9-6.0)

15.7(3.1),0-30 15.7(3.1),0-30

7895 (57.6) 7007 (57.4)
8616(62.9) 7627 (62.5)
764 (5.6) 670(5.5)
4323(31.5) 3914(32.1)
4435 (32.3) 3711(30.4)
1069 (7.8) 965 (7.9)
2738(20.0) 2313(18.9)
2746 (20.0) 2282(18.7)
612 (4.5) 542 (4.4)
240(1.8) 225(1.8)
0.9(1.9),0-21 0.9(1.9),0-21
0.1(0.4),0-3 0.1(0.4),0-3
0.3(0.8),0-8 0.3(0.8),0-8
0.4(0.9),0-9 0.3(0.9),0-9
0.1(0.3),0-3 0.1(0.3),0-3
0(0.2),0-5 0(0.2),0-5
2441(17.8) 2369 (19.4)
3.4(2.0-6.1) 3.4(2.0-6.2)

Notes: Continuous variables are in mean (standard deviation), range, except for follow-up duration which is shown in median (interquartile range). Categorical
variables are shown in n (%). All values have been rounded to one decimal place, if appropriate.

Abbreviations: CN, cognitively normal; MCI, mild cognitive impairment; MBI, mild behavioral impairment; OV, one visit MBI operational case definition; TCV,
two consecutive visits MBI operational case definition; TTV, two-thirds visits MBI operational case definition; SCD, subjective cognitive decline.

Dementia-free survival was compared between MBI groups using
Kaplan-Meier survival estimates. To extract hazard ratios (HRs), Cox
proportional hazards regression models were conducted with MBI sta-
tus as the exposure and incident dementia as the outcome. These
Cox regressions were first run as univariable models to compare the
effect size corresponding to each MBI operational case definition
independently of covariates. Subsequently, multivariable Cox regres-
sion models adjusted for age, sex, education, and cognitive status
(CN/SCD or MCI) to control for other factors that may contribute to
incident dementia. Schoenfeld and Martingale residuals were evalu-
ated to verify that the proportional hazards and linearity assumptions,
respectively, were met for predictors in each Cox regression model, as
appropriate.

To compare the three MBI operational case definitions for dementia
modeling performance, we extracted the concordance index (C-index)
and Akaike’s information criterion (AIC) for each model. The C-index is
acommonly used evaluation metric for the predictive ability of survival
models with higher values indicating greater prediction accuracy,?®
and the AIC may be used to compare model performance between non-

nested models in the same data with lower values indicating better
model fit.3? Sensitivity analyses were used to compare MBI operational
case definitions using higher MBI total score cutoffs of >2 and >3. All
analyses employed a statistical significance threshold of P < .05 and
were conducted on R version 4.0.2.%0 Data access was provided by

NACC after submitting an approved research proposal.

3 | RESULTS

Baseline participant characteristics for each sample are summarized in
Table 1. Across all three cohorts, participants were approximately 57%
female, 73 years old (SD = 9, range = 50-104), and had completed 16
years of education (SD = 3, range = 0-30). The most common cogni-
tive statuses were CN (63%), followed by MCI (31%) and SCD (6%).
The median follow-up time was approximately 3 years (IQR = 2-6)
and 18% of participants progressed to dementia during follow-up. AD
accounted for approximately 82% of the dementia diagnoses. Compar-
isons between MBI- and MBI+ participants, according to each MBI
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One Visit MBI Two Consecutive Visits MBI Two Thirds Visits MBI
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o/ p<0.0001 : o/ p<0.0001 0.0001%
o 2 4 6 8 10 12 6 2 4 6 8 10 12 Oop<2'4'e 8§ 10 12
Time (years) MBI Status = MBI- = MBI+
OV MBI+ TCV MBI+ TTV MBI+
Progression to Dementia (%) 25.9 33.0 39.8
Median Time to Dementia (years) 11.8 7.3 4.8

FIGURE 3 Kaplan-Meier survival curves for three operational case definitions of MBI. Blue lines indicate the survival curves for older adults
without MBI (MBI-), whereas red lines indicate survival curves for older adults with MBI (MBI +) defined using one of three MBI operational case
definition. Dotted lines in each survival curve indicate the median time to dementia for the MBI+ group in years. All P-values indicated the
statistical significance of the relationship between MBI status, using one of the three MBI operational case definitions, and incident dementia. MBI,
mild behavioral impairment; OV, one visit MBI operational case definition; TCV, two consecutive visits MBI operational case definition; two-thirds
visits MBI operational case definition.

operational case definition, can be found in Tables S1-S3. Participants ipants without MBI, whereas the HRs for TCV and TTV MBI were 4.06
that were missing NPI-Q data were more likely to be older and less (95% Cl: 3.74-4.40, P < .001) and 6.16 (95% Cl: 5.66-6.70, P < .001),
likely to have cognitive impairment, than eligible participants (Table respectively. This pattern remained after controlling for age, sex, edu-
S4). cation, and cognitive status: the adjusted HRs were 1.48 (95% Cl:
The prevalence of MBI was highest using the OV operational case 1.35-1.62, P < .001) for OV MBI, 2.13 (95% Cl: 1.96-2.32, P < .001)
definition (54.4%), followed by TCV (32.3%), and lowest using TTV for TCV MBI, and 2.97 (95% Cl: 2.72-3.25,P < .001) for TTV MBI.

(30.4%). Regardless of operational case definition, affective dysregu- In both univariable and multivariable Cox regression models, C-
lation and impulse dyscontrol tended to be the most prevalent MBI index and AIC model metrics indicated that the TTV MBI operational
domains followed by decreased motivation, social inappropriateness, case definition was linked to better model performance than TCV and
and psychosis. Kaplan-Meier survival estimates revealed that 25.9% of QV operational case definitions: C-indices were highest for TTV MBI
older adults with OV MBI progressed with an estimated median time to models, intermediate for TCV MBI models, and lowest for OV MBI

dementiaof 11.77 years (95% Cl: 11.01-13.02), as shown in Figure 3.In models. Correspondingly, AIC was lowest for TTV MBI, intermediate
contrast, 33.0% of older adults with TCV MBI progressed with a median for TCV MBI, and highest for OV MBI models (Table 2). A sensitivity
time to dementia of 7.28 years (95% Cl: 6.78-8.51), and 39.8% of older analysis revealed that these patterns in HR and model performance

adults with TTV MBI progressed with a median time to dementia of across MBI operational case definitions remained consistent when
4.82 years (95% Cl: 4.48-5.06). Regardless of operational case defini- using higher MBI cutoff scores of >2 and >3, with marginally larger HRs
tion, MBI older adults were more likely to progress to dementia than for higher cutoff scores at the cost of lower similar or slightly worse

non-MBI older adults (all P < .001). Only 11.1% of those who did not model performance (Table S5) when compared to an MBI cutoff score
meet the criteria for any MBI progressed to dementia. Sensitivity anal- of >1.
ysis showed that the prevalence of MBI decreased when using higher
MBI cutoff scores (Table S5).
Univariable Cox proportional hazard regression models showed 4 | DISCUSSION
that dementia risk was lowest in participants with OV MBI, interme-
diate for TCV MBI, and highest for TTV MBI (Table 2). Specifically, the Valuable insight into MBI can be obtained from datasets without MBI-
HR for OV MBI 2.54 (95% Cl: 2.33-2.78, P < .001) compared to partic- C data by using other NPS assessment tools with the appropriate
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TABLE 2 Comparison between three MBI operational case definitions and their relationship with incident dementia.

Model HR 95% ClI
Univariable
One visit MBI 254 2.33-2.78
Two consecutive visits MBI 4.06 3.74-4.40
Two-thirds visits MBI 6.16 5.66-6.70
Multivariable
One visit MBI 1.48 1.35-1.62
Two consecutive visits MBI 2.13 1.96-2.32
Two-thirds visits MBI 2.97 2.72-3.25

7 of 10

P C-index AIC

<.001 0.61 42412
<.001 0.67 42140
<.001 0.72 39709
<.001 0.83 39355
<.001 0.85 39357
<.001 0.86 37357

Notes: All values have been rounded to two decimal places, except for P-values which have been rounded to three decimal places, if appropriate. The outcome
variable for all models was incident dementia. The main predictor for all models was MBI status (0 = MBI-, 1 = MBI+) defined using one of three MBI oper-
ational case definitions. Multivariable models were adjusted for age, sex, education, and cognitive diagnosis (CN/SCD or MCI). C-index and AIC values apply

to the corresponding models as a whole.

Abbreviations: AIC, Akaike’s information criterion; C-index, concordance index; CN, cognitively normal; HR, hazard ratio; MBI, mild behavioral impairment,

MCI, mild cognitive impairment, SCD, subjective cognitive decline; 95% Cl, 95% confidence interval.

operational case definitions and data cleaning procedures. Here, we
outlined and compared three operational case definitions for MBI that
varied in how they addressed the symptom persistence criterion of
MBI, while all incorporating the de novo symptom emergence crite-
rion by including only those without past psychiatric conditions. The
most stringent operational case definition of MBI (i.e.,, TTV) led to lower
prevalence estimates of MBI than previously used operational case
definitions of MBI based on the presence of NPS at one or two consec-
utive visits. Attendant with TTV-associated group refinement, models
produced larger effect sizes and better model metrics for demen-
tia prognostication compared to OV and TCV MBI. These differences
suggest that the TTV operational case definition yields the greatest
specificity for MBI, though comparisons with a gold standard diagnosis
of MBI by the MBI-C are warranted.

NPS are common features of dementia, with a 5-year period preva-
lence of 97% in AD patients.*? However, when NPS manifest in older
adults without dementia and under certain circumstances, they may
be an indicator of dementia risk. The MCI criteria may be applied to
distinguish chronic cognitive impairment or benign lapses in cogni-
tion from cognitive changes suggestive of dementia risk.*2 Similarly,
the MBI criteria play a pivotal role to distinguish chronic and/or
recurrent psychiatric conditions and benign alterations in behavior
or personality from dementia-related NPS, the latter being sequelae
of neurodegenerative disease.! Importantly, MBI represents another
tool that can be applied to stratify populations according to demen-
tia risk in clinical and research settings. Clinicians may use MBI to
screen patients for dementia risk, with the combination of cognitive
and behavioral markers providing greater information on risk than
either alone. If appropriate, patients may then be referred to fur-
ther specialty care, potentially along with more in-depth assessments
involving biomarker or neuroimaging tests to confirm a diagnosis. In
research studies such as clinical trials, MBI may enrich sample selection
by identifying those with a higher likelihood of biomarker positivity,
and at greater risk of incident dementia, thereby reducing screen-

ing failures and minimizing variability in outcomes within treatment
and control groups.'® Altogether, MBI has the potential to be incor-
porated into patient stratification strategies, which are essential to
advance research into dementia, whose causes are multifactorial and
whose phenotypes, especially during preclinical or prodromal stages,
are heterogeneous.*3** Further research into MBI and its relationship
to aspects of dementia is key, therefore, in order to fully utilize MBI in
clinical and research settings.

Careful participant exclusion criteria may be applied to address MBI
criteria when using NPS assessment tools as proxy measures of MBI.
Participants <50 years of age or with dementia or psychiatric condi-
tions may be excluded during participant selection to ensure that any
observed NPS have emerged in later life before a dementia diagnosis,
not explained by psychiatric conditions. Satisfying the criterion that
requires NPS to persist at least intermittently for >6 months is more
elusive, especially when using NPS assessment tools with 1-month ref-
erence frames. Our findings highlight the importance of incorporating
longitudinal information into MBI case ascertainment, yielding greater
effect sizes and better dementia prognostication modeling. The TTV
operational case definition offers several other advantages over previ-
ous MBI operational case definitions. By considering a given proportion
of visits rather than an absolute number of visits, the TTV definition
enables flexible case ascertainment that can become more accurate as
more data become available. A dementia-free participant with NPS for
both of their only two study visits would be classified as having MBI
according to all three operational case definitions. However, their clas-
sification would change to TTV MBI- if they failed to show NPS for the
next three study visits, despite remaining TCV and OV MBI+. Further-
more, the TTV operational case definition allows participants who fail
to report NPS at a study visit due to a variety of potential factors (e.g.,
a change in informant) to still be classified as MBI+, provided there is
sufficient evidence from subsequent study visits that their NPS rep-
resents a change from longstanding patterns of behavior (i.e., NPS at
more than two-thirds of visits). These operational case definitions are
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intended for research to help obtain valuable information about MBI
from legacy datasets with measures of NPS that identify the broader
category of NPS but do not identify MBI explicitly, the latter of which
holds greater prognostic value.

This study is not without limitations. First, in the absence of a
gold standard clinical diagnosis of MBI in the NACC-UDS, we can-
not definitively conclude whether the TTV operational case definition
enhances specificity for identifying MBI+ older adults. Second, given
the nature of the NPI and its derivatives that have a 1-month ref-
erence frame, the TTV operational case definition cannot guarantee
the persistence of NPS in-between study visits. Third, although the
use of all available visit information is a strength of the TTV opera-
tional case definition, it also means that the amount of information will
vary across individuals in studies where participants were followed for
various lengths of time. Fourth, the TTV operational case definition
holds little utility in cross-sectional datasets and in clinical practice,
where case ascertainment must be performed using information col-
lected at a single visit. In other words, while the prognostic value of
MBI improves with more stringent operational case definitions, practi-
cality for clinical use improves in the opposite direction, where a single
timepoint assessment is most efficient. In this case, a measure such as
the MBI checklist, which incorporates the emergence and persistence
criteria explicitly remains the optimal tool for identifying persons with
MBI. The MBI-C is free to use (www.mbitest.org), has been validated
in community and clinical samples, and takes approximately 7 min to
administer in-person, by telephone, or online by participants, infor-

mants, or clinicians,?32:3345-47

making it an accessible and scalable tool
that can be applied to the growing number of people at risk for demen-
tia worldwide.*® The TTV operational case definition should be used as
an alternative to study MBI in datasets where sufficient MBI-C data are
not available.

In conclusion, MBI may be implemented in an accessible and scal-
able manner to help identify older adults at risk of dementia, and can
facilitate research and therapies targeting early stages of neurodegen-
erative disease. While the MBI-C remains the most efficient method
to detect and measure MBI in older adults, datasets without MBI-C
data may still be used to gain insight into MBI and its relationship with
dementia, which is needed to fully utilize MBI in practice. We recom-
mend the TTV operational case definition of MBI for datasets that have
not implemented the MBI-C. However, for studies based on a compre-
hensive assessment of risk at a defined time point, the TTV operational
case definition may not be appropriate or should be modified to be
based on the presence of MBI at >2/3 of study visits up to that time

point.
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