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ABSTRACT

Objectives: Among participants with Alzheimer's disease (AD) we estimated the minimal clinically important
difference (MCID) in apathy symptom severity on three scales.

Design: Retrospective anchor- and distribution-based analyses of change in apathy symptom scores.

Setting: Apathy in Dementia Methylphenidate Trial (ADMET) and ADMET 2 randomized controlled trials
conducted at three and ten clinics specialized in dementia care in United States and Canada, respectively.

Participants: Two hundred and sixty participants (60 ADMET, 200 ADMET 2) with clinically significant
apathy in Alzheimer’s disease.

Measurements: The Clinical Global Impression of Change in Apathy scale was used as the anchor measure and
the MCID on the Neuropsychiatric Inventory – Apathy (NPI-A), Dementia Apathy Interview and Rating
(DAIR), and Apathy Evaluation Scale-Informant (AES-I) were estimated with linear mixed models across all
study visits. The estimated thresholds were evaluated with performance metrics.

Results: Among the MCID was a decrease of four points (95% CI: −4.0 to −4.8) on the NPI-A, 0.56 points
(95% CI: −0.47 to −0.65) on the DAIR, and three points on the AES-I (95% CI: −0.9 to −5.4).
Distribution-based analyses were largely consistent with the anchor-based analyses. The MCID across the
three measures showed ∼60% accuracy. Sensitivity analyses found that MMSE scores and apathy severity at
baseline influenced the estimated MCID.

Conclusions: MCIDs for apathy on three scales will help evaluate treatment efficacy at the individual level.
However, the modest correspondence between MCID and clinical impression of change suggests the need to
consider other scales.
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Introduction

Apathy, defined as a reduction in goal-directed
behavior (Miller et al., 2021), is the most common
neuropsychiatric symptom in Alzheimer’s disease
(AD) (Zhao et al., 2016). It is associated with worse
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outcomes including impaired quality of life, faster
disease progression, need for institutional care, and
increased mortality, leading to increased caregiver
burden and cost of care (Kruse et al., 2023). As such,
apathy is an important target for treatment (Mortby
et al., 2022). Apathy has been shown to respond
to several treatments such as methylphenidate
(Mintzer et al., 2021; Padala et al., 2018a; Rosenberg
et al., 2013), repetitive transcranial magnetic
stimulation (Padala et al., 2018b), and possibly
cholinesterase inhibitors (Lopez et al., 2008). While
treatments for apathy have shown potential, there is
currently little evidence to determine whether the
observed change in apathy symptoms on rating
scales is clinically meaningful.

Clinical trials for apathy assessed outcomes
with a variety of scales such as the informant-
rated apathy sub-scale of the Neuropsychiatric
Inventory (NPI-A) (Cummings et al., 1994), Apathy
Evaluation Scale (AES-I) (Marin, et al., 1991), or
the clinician rated Dementia Apathy Interview and
Rating scale (DAIR) (Strauss and Sperry, 2002),
among others. These rating scales assess apathy
symptoms (including loss of interest, loss of
emotional expression, and difficulty initiating
activities) by administering questionnaires to the
clinician, care partner, or patient. These scales were
developed to assess the severity of apathy symptoms
but it is not known whether they are sensitive to
changes in symptom severity, and if so, what
threshold of a change score is clinically meaningful.
The need for such thresholds was recognized for
evaluating treatments for AD (Robert et al., 2010)
and have been developed for outcome measures
such as composite scores of cognition assessed on
neuropsychological batteries and for integrated
multidimensional measures (Lansdall et al., 2023;
Papp et al., 2020; Robert et al., 2010; Schneider and
Goldberg, 2020; Siemers et al., 2016). Given the
growing interest in developing treatments for apathy
(Mortby et al., 2022), there is a similar need to identify
thresholds of meaningful within-person change on
apathy scales to evaluate treatment response.

Thresholds for meaningful change on clinical
outcome measures can be estimated with anchor-
based or distribution-based methods. Anchor-based
methods utilize an anchoring measure of within-
person change in symptom severity compared to
pretreatment level such as a rating of improvement
(or deterioration) by a clinician or care partner or
patient. Those ratings are used to establish a
threshold formeaningful change on a target measure
that also assesses the same symptom concept.
In contrast, distribution-based methods use the
variance (standard deviation, effect sizes, etc.) in

scores among participants on a target measure to
determine a threshold for minimum clinically
important difference at a group level. The former
approach is favored by regulatory bodies as the
symptom improvement due to treatment is deter-
mined for each individual rather than at the group
level (Food & Drug Administration, 2019). How-
ever, distribution-based methods can provide sup-
porting evidence for a threshold derived by an
anchor-based method.

The aim of this study was to determine the
minimal clinically important difference (MCID)
thresholds for commonly used apathy scales
(NPI-A, DAIR, and AES-I) using data from two
randomized trials for treating apathy in AD.

Methods

Participants
This study analyzed data from theApathy inDementia
Methylphenidate Trial (ADMET) (NCT01117181)
and ADMET 2 (NCT02346201), which were
phase 2 and 3, multicenter, randomized, double-
blind, placebo-controlled, parallel group studies of
methylphenidate for the treatment of clinically
significant apathy in patients with mild-to-moderate
AD (Mintzer et al., 2021; Rosenberg et al., 2013).
The studies were conducted between 2010 and
2011 (ADMET) and 2016–2020 (ADMET 2).
Inclusion and exclusion criteria for both studies
were identical and are published elsewhere (Drye
et al., 2013; Scherer et al., 2018); key criteria were as
follows: diagnosis of possible or probable AD based
on the National Institute of Neurological and
Communicative Disorders and Stroke –Alzheimer’s
Disease and Related Disorders Association
(McKhann et al., 1984); Mini-Mental State Exam
(MMSE) score of 10–28; clinically significant
apathy as evidenced by an NPI-A score of 4 or
more. Participants were excluded if they had Major
Depressive Episode as defined in the Diagnostic and
Statistical Manual of Mental Disorders – IV (TR);
had clinically significant agitation/aggression, delu-
sions, or hallucinations on the NPI; recent changes
to AD or antidepressant medications; use of
trazodone >50mg or lorazepam >0.5mg for
indications other than insomnia; failure to respond
to past methylphenidate treatment for apathy;
current or recent use of amphetamines, antipsycho-
tics, bupropion, monoamine oxidase inhibitors,
tricyclic antidepressants; need for acute psychiatric
hospitalization or were suicidal (Drye et al., 2013;
Scherer et al., 2018).
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Intervention
Both ADMET and ADMET 2 consisted of a
treatment and a placebo arm. Participants receiving
methylphenidate were titrated to a target dose of
20 mg/day. The placebo arm received identical
appearing and tasting over-encapsulated pills. Both
groups also received a psychosocial intervention
consisting of counseling, provision of education
material on AD, its course, behavioral symptoms
and treatment expectations, and 24-hours crisis
support for the care partner. The intervention
was given for 6 weeks (ADMET) or 6 months
(ADMET 2). Both ADMET and ADMET 2 found
methylphenidate to be a safe and efficacious
treatment for apathy in AD (Mintzer et al., 2021;
Rosenberg et al., 2013).

Measures
Clinical Global Impression of Change in
Apathy symptoms (CGIC-A): The CGIC-A,
administered in both studies, was used as the anchor
measure. It is a 7-level ordinal scale where each level
indicates a clinically meaningful change in symp-
toms compared to baseline and includes “Marked
Improvement,” “Moderate Improvement,” “Mini-
mal Improvement,” “No Change,” “Minimal
Worsening,” “Moderate Worsening,” and “Marked
Worsening.” It is rated by a clinician. The CGIC-A
was a co-primary outcome in the ADMET 2 study.

Neuropsychiatric Inventory – apathy sub-
scale (NPI-A): The NPI consists of twelve items
that assess behavioral symptoms in the preceding
four weeks including apathy and is administered to
the care partner (Cummings et al., 1994). Each item
is first rated for presence, and then for frequency on
a 4-point scale [“Rarely,” “Sometimes,” “Often,”
“Very Often”] and severity on a 3-point scale
[“Mild,” “Moderate,” “Severe”]. The frequency ×
severity score yields the symptom score [range 0–12]
with higher scores indicatingmore apathy. TheNPI-A
was a co-primary outcome in the ADMET 2 study.

Dementia Apathy Interview and Rating
(DAIR): The DAIR is a 16-item questionnaire
that is administered to the care partner by a clinician.
It assesses apathy symptoms on a 4-point scale [0–3]
to rate how often a specific behavior was observed in
the last month, and whether the behavior was
changed from its pre-illness level. The final score is a
mean calculated as the sum of only those item scores
where a change in symptoms from their pre-illness
level is indicated, divided by the number of included
items [range 0–3] (Strauss and Sperry, 2002).

Apathy Evaluation Scale – Informant
(AES-I): The AES-I is an 18-item questionnaire
with each item rated on a 4-point scale by the care
partner. Individual item scores are summed to yield

a total score [range: 18–72] with higher scores
indicating more apathy (Clarke et al., 2007; Marin
et al., 1991). The AES-I was the primary outcome in
the ADMET study.

Mini Mental State Examination (MMSE):
The MMSE is a screening instrument administered
by a clinician for rapid assessment of cognitive
functions. It consists of 11 items summed for a total
score ranging from 0 to 30. Higher scores indicate
better cognition (Folstein et al., 1975). Participants
were categorized into “Mild” or “Moderate” AD if
their MMSE score was 20 or more or between 10
and 19, respectively (Wattmo et al., 2013).

Timepoints: In ADMET, the NPI-A was
completed at baseline and at the 6 week endpoint.
The AES-I was collected at baseline and at the
2-, 4-, and 6-week visits. In ADMET 2, the NPI-A
and DAIR were administered at baseline and each
month (months 1 to 6). In both studies, the CGIC-A
was administered at each visit beginning with the
first follow-up visit. For this study, all visits were
analyzed together as the aim was to determine the
change scores on the target measures corresponding
to the clinical ratings. Visit-level data are provided
in table S1 published as supplementary material
online attached to the electronic version of
this paper at https://www.cambridge.org/core/journals/
international-psychogeriatrics

Statistical analyses
The CGIC-A served as the anchor measure and the
NPI-A, DAIR, and AES-I were the target measures.
Thresholds of meaningful within-person change in
target measures were estimated by anchor-based
analyses and supported by distribution-based anal-
yses. Analyses were conducted for all timepoints
with available data from both studies. Character-
istics of measures of apathy were assessed by
descriptive statistics (mean [standard deviation
(SD)] or median values, proportions of categorical
variables including floor and ceiling scores for
target measures). Spearman correlations between
CGIC-A ratings and change scores were assessed
to determine appropriateness of anchor-based
analyses, for which a correlation strength of ≥ 0.3
between the anchor and targetmeasures is suggested
(Lansdall et al., 2023). To estimate thresholds
of change, the following linear mixed model was
used: change in target measure∼1 + CGIC-A +
(1|Subj) to estimate the least square means (LS
means) and [standard deviation (SD)] of change on
the target measures for each change level of the
CGIC-A using data from all visits. In addition, the
mean and SD of change on the target measures at
each visit for each rating level on the CGIC-A were
determined.
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Supporting the anchor-based estimates of within-
person change on target measures, the empirical
cumulative distribution function (eCDF) for each
CGIC-A rating level across all visits was plotted. For
levels that contained ≥ 10 participants, 95% confi-
dence intervals for the eCDF were calculated based
on the Kolmogorov–Smirnov’s D distribution,
which produces a continuous distribution band
(Bickel and Doksum, 2015), and was implemented
with the function “ecdf.ksCI” in the “sfsmisc”
package in R. A greater separation between the
eCDF for CGIC-A levels at a change score on a
target measure suggests a better ability to indicate a
clinically meaningful benefit at that score, which
determined the within-person thresholds for
improvement. As both ADMET and ADMET 2
showed positive results and provided a psychosocial
intervention for the drug and placebo groups,
thresholds were only determined for improvement.

For distribution-based analyses, the test-retest
reliability of the targetmeasures was first determined
by the intra-class correlation coefficient (ICC)with a
two way random model, single measurement and
consistency definition between a target measure
assessed at baseline and at the first follow-up visit
among participants who were rated as “NoChange”
on theCGIC-A. A correlation of ≥ 0.7 is considered
to provide adequate reliability. Distribution-based
measures utilize the between-subject variance in a
target measure to determine the minimum clinically
important difference. These include half-SD
[SD * 0.5], standard error of measurement (SEM)
[SD � ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1� ICC
p

], standard error of difference
(Sdiff) [SEM � ffiffiffi

2
p

], and reliable change index
(RCI) [1:96 � SEM

ffiffiffi

2
p

] (Charter, 1997; Hays
et al., 2005; Norman et al., 2003; Wyrwich et al.,
1999). In progressive order, the obtained values
provide cutoff values with increasing confidence
of meaningful change. For instance, a half-SD change
indicates a moderate effect size whereas a change score
greater than theRCI has<5%of lying within the SEM.
The distribution-based values are only intended to aid
interpretation of the target measures.

The threshold scores determined from anchor-
based methods provide within-person assessment of
meaningful change. Performance of the thresholds
for each scale were evaluated by defining “Respon-
ders” and “Non-responders” in ADMET and
ADMET 2 and metrics including sensitivity (prob-
ability of positive test result among true positives),
specificity (probability of negative test result among
true negatives), accuracy (ratio of correct predic-
tions [true positives and true negatives] to all cases
examined), precision (ratio of number of true
positives to all positive results), and F1 score
(harmonic mean of precision and sensitivity or

2�true positives
2�true positivesþfalse positivesþfalse negatives) were determined.

Sensitivity analyses were performed to assess
whether the severity of AD or apathy influenced the
estimation of clinically significant change scores.
AD severity was based on MMSE scores as
described above. Apathy severity was based on the
NPI – apathy subitem assessing severity as “mild,”
“moderate,” or “severe.” As the severity score is
multiplied with the frequency score, the change
scores on the NPI-A were expected to differ by the
level of apathy severity at baseline. The categorical
variable for MMSE or apathy severity was included
as an interaction term with the CGIC-A in linear
mixed models as above, and the estimates of change
scores were derived with subsets of the data with
participants in each category for both variables.
These analyses were done only in the larger
ADMET 2 sample so that adequate data were
available to assess interaction effects.

All analyses were carried out in R and significance
on statistical tests was set to two-sided p-value
of <0.05.

Results

Participants
The analyses included participants enrolled in
ADMET and ADMET 2 whose characteristics
are provided in Table 1. Participants in both studies
were of similar age, had similar neuropsychiatric
symptom burdens and levels of cognition as
measured by the MMSE. Males comprised 38.3%
of ADMET participants and 65.5% of ADMET
2 participants. In both studies, the majority of
participants were on cholinesterase inhibitors; in
ADMET, nearly two-thirds of participants were on
memantine as compared to four in ten participants
in ADMET 2.

Distribution of anchor and target measures
The distribution of ratings on the CGIC-A and the
scores on the NPI-A, DAIR, and AES-I are shown
in Table 2. On the CGIC-A in ADMET and
ADMET 2 across follow-up visits, 54.4% and
45.3%were rated as having no change in symptoms,
and 41.1% and 39.3% were rated as having at least
minimal improvement at the endpoint visits. On the
NPI-A in ADMET and ADMET 2 across follow-up
visits (v= 57 and v= 1084), the change score
showed improvement in 73.7% and 72.7%, no
change in 21.1% and 19.2%, and worsening in 5.2%
and 8.1%. These numbers on the DAIR (v= 1051)
were 72.6%, 3.7%, and 23.7%, and on the AES-I
(v= 165) were 50.3%, 6.7%, and 43.0%. The NPI-
A showed floor and ceiling values in a maximum of
17.5% and 15.0% participants in ADMET and
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20.4% and 17.0% in ADMET 2. A maximum of
4.7% participants were rated at the lowest score on
the DAIR, whereas none of the participants were
rated at the lower or higher end of the score range on
the AES-I. The visit level distributions of scores are
shown in Supplementary table S1.

Thresholds for clinicallymeaningful change on
the NPI-A, DAIR, and AES-I
The test-retest reliability of target measures was first
±*/ with ICC (2,1) with consistency definition,
calculated between the scores at baseline and at the

first follow-up visit (week 2 for AES-I and week 6
for NPI-A in ADMET or Month 1 in ADMET 2)
among participants rated as having “No Change”
on the CGIC-A. In ADMET, the ICC for NPI-A
was 0.32 (95% CI=−0.05 to 0.59; n= 31;
F(30,30)= 1.93, p= 0.04) and for AES-I was 0.88
(95% CI= 0.75 to 0.94; n= 27; F(26,26)= 15.1,
p< 0.001). In ADMET 2, the ICC for NPI-A was
0.31 (95% CI= 0.12 to 0.48; n= 94; F(93,93)= 1.91,
p= 0.001) and for DAIR was 0.48 (95% CI= 0.30
to 0.62; n= 91; F(90,90)= 2.81, p< 0.001).

The responsiveness of target measures to assess
change was determined by Spearman correlations
between CGIC-A and the change score on target
measures. The correlation between CGIC-A and (a)
NPI-A (ADMET) was 0.24 (p= 0.07), (b) AES-I
was 0.39 (p< 0.001), (c) NPI-A (ADMET 2) was
0.51 (p< 0.001), and (d) DAIR - 0.38 (p< 0.001).
The thresholds for within-person change score were
estimated for each level on the CGIC-A across all
visits (Fig. 1, Supplementary table S2). For the
NPI-A, the threshold change score for minimal
improvement was −4.4 points (95% CI: −4.0 to
−4.8, visits= 303) in ADMET 2 and −3.5 points
(95% CI: −2.0 to −5.0, visits= 48) in ADMET.
The corresponding score for DAIR was −0.56
points (95% CI: −0.47 to −0.65, visits= 303),
and AES-I was −3.2 points (95% CI: −0.9 to
−5.4, visits= 48).

Figure 2 shows the empirical cumulative distri-
bution frequencies (eCDF) of target measures for
each level of the CGIC-A across all visits along with
confidence intervals bounds. A greater separation
between the eCDF of CGIC-A level suggests better
discrimination between clinical impressions of
change at that corresponding change score on the
target measure. Figure 2C shows that a change score

Table 1. Characteristics of participants in the ADMET
and ADMET 2 studies

ADMET
(N= 60)

ADMET 2
(N= 200)

...........................................................................................................................................................

Treatment (MPH) 29 (48.3%) 99 (49.5%)
Age (median) 78 76
Sex (male) 23 (38.3%) 131 (65.5%)
Education

HS or less 24 (40.0%) 49 (24.5%)
Some College 13 (21.7%) 40 (20.0%)
Bachelor’s degree 13 (21.7%) 58 (29.0%)
Grad/Professional 9 (15.0%) 52 (26.0%)

MMSE 20.1 (6.0) 18.9 (4.8)
Alzheimer’s medications

None – 42 (21.0%)
ChEI 43 (71.7%) 145 (72.5%)
Memantine 37 (61.7%) 75 (37.5%)
Others^ – 3 (1.5%)

NPI-A 7.5 (2.3) 7.8 (2.4)
NPI-A Severity

Mild 8 (13.3%) 24 (12.0%)
Moderate 43 (71.7%) 132 (66.3%)
Severe 9 (15.0%) 43 (21.6%)

AES-I 49.7 (11.7) –

DAIR – 1.92 (0.46)
NPI-total 16.5 (7.9) 16.4 (9.8)

Agitation/aggression 0.8 (1.3) 0.7 (1.3)
Anxiety 0.7 (1.7) 1.1 (2.2)
Depression 1.6 (2.5) 0.9 (1.4)
Irritability 1.1 (2.1) 1.2 (2.0)
Disinhibition 0.4 (0.9) 0.6 (1.5)
Aberrant motor behavior 1.2 (2.4) 1.2(2.5)
Elation 0.1 (0.7) 0.2 (1.1)
Delusions 0.2 (0.6) 0.2 (0.7)
Hallucinations 0.1 (0.5) 0.1 (0.4)
Sleep disturbances 1.7 (2.9) 1.4 (2.8)
Appetite and eating
disorder

1.0 (2.3) 1.2 (2.5)

Abbreviations: ADMET, Apathy in Dementia Methylphenidate
Trial; AES-I, Apathy Evaluation Scale – Informant version; ChEI,
Cholinesterase Inhibitor; DAIR, Dementia Apathy Interview and
Rating; MMSE, Mini-Mental State Exam; MPH, methylpheni-
date; NPI, Neuropsychiatric Inventory; NPI-A, Neuropsychiatric
Inventory Apathy subscale; SD, standard deviation.
^Combination pill of donepezil and memantine.

Table 2. Description of clinical outcome measures
(MPH and placebo groups combined)

ADMET
(visits= 240)

ADMET 2
(visits= 1294)

NPI-A AES-I NPI-A DAIR
...........................................................................................................................................................

Score range 0–12 18–72 0–12 0–3
Mean (SD) 5.79

(3.28)
49.7
(11.7)

4.75
(3.34)

1.52
(0.70)

Floor (%) 10
(4.2%)

0
(0%)

198
(14.9%)

35
(2.7%)

Ceiling (%) 11
(4.6%)

0
(0%)

73
(5.6%)

0
(0%)

Abbreviations: ADMET, Apathy in Dementia Methylphenidate
Trial; AES-I, Apathy Evaluation Scale – Informant version; DAIR,
Dementia Apathy Interview and Rating; NPI, Neuropsychiatric
Inventory; SD, standard deviation.
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(x-axis) of -5 points on the NPI-A was observed in
54% of ADMET 2 visits that were considered to
show “Minimal improvement” and 30% of the
visits where “No change” was indicated on the
CGIC-A. Similarly, a 0.56 points improvement on
the DAIR was found in 53 and 30% visits indicated
as “Minimal improvement” and “No change,”
respectively (Fig. 2D).

Distribution-based analysis
The variance in target measures at baseline among
participants was used to determine metrics of
minimal clinically important change; these included
the half-SD, SEM, Sdiff, and RCI. The estimated
values for each metric for the NPI-A (ADMET)
were – 1.2, 1.2, 1.8, and 3.5 points; for the AES-I
– 6.0, 4.2, 5.9, and 11.6 points, and for the NPI-A
with ADMET 2 study data were 1.2, 1.2, 1.8,
and 3.6 points; and for the DAIR – 0.2, 0.2, 0.3, and
0.5 points.

Application of proposed thresholds
The performance of the estimated thresholds were
evaluated in the empirical data from ADMET and
ADMET 2. In the evaluation, the threshold scores

derived from the model were rounded to the closest
clinically obtainable scores on the scales – NPI-A:
−4, DAIR: −0.56, AES-I: −3. The number of
participants who improved or not as per the CGIC-
A ratings and as per the estimated MCID on each
target measure (same or larger change than the
estimated threshold) are shown in Supplementary
table S3. Figure 3 shows metrics of classification
performance. The accuracy (or positive predictive
value) and precision of the NPI-A (ADMET 2) and
DAIR thresholds were found to be around 66%
and∼60%.

Influence of disease and symptom severity
on clinical significance thresholds
In sensitivity analyses, MMSE categories showed
an interaction effect with CGIC-A levels with
NPI-A but not DAIR as the dependent variable
(Supplementary table S4). Minimal improvement
on the CGIC-A was associated with larger change
score (least square mean) among those with
MMSE>= 20 compared to those with MMSE
score of 10–19 (B= 0.95, t=−2.3, p= 0.02)
(Supplementary table S4). The thresholds for
each CGIC-A level on both scales are shown

Figure 1. Clinically meaningful within-person change scores on the NPI-A, AES-I, and DAIR. The figure shows the least squares estimated mean
change score on the target measures at any visit (v) from baseline for each level of change on the CGIC-A. The estimates were derived by including
scores from all visits in a linear mixed model with CGIC-A as the predictor and subjects as the random factor. Abbreviations: ADMET, Apathy in
Dementia Methylphenidate Trial; DAIR, Dementia Apathy Interview and Rating; AES-I, Apathy Evaluation Scale – Informant; NPI-A,
Neuropsychiatric Inventory – Apathy; SD, standard deviation.
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Figure 2. Empirical CDF of change on apathy scales as per clinically meaningful change levels. The figure shows cumulative proportion and 95%
confidence interval bands of participants in each level of the CGIC-A across the range of change scores (x-axis). The range of change scores where
the levels of CGIC-A show a greater separation indicates thresholds that are sensitive to detecting clinically meaningful change in symptoms.
Abbreviations: AES-I, Apathy Evaluation Scale – Informant; CDF, cumulative distribution function; DAIR, Dementia Apathy Interview and Rating ;
NPI-A, Neuropsychiatric Inventory – Apathy.

Figure 3. Performance metrics of proposed thresholds for target measures. The figure shows sensitivity (true positives identified among actual
positives), specificity (true negatives identified among actual negatives), accuracy (true positives and true negatives among all observations),
precision (positive predictive value; true positives among all positives predicted by threshold), and F1 score (equally weighs precision and
sensitivity).
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in Supplementary table S5 and Supplementary
figure S1. The threshold score for minimal improve-
ment among participants withMMSE>= 20 was−4
.8 (NPI-A) and −0.66 (DAIR), and for MMSE of
10–19 was −3.6 (NPI-A) and −0.60 (DAIR).
Similar analyses assessing NPI-A severity categories
showed an interaction effect with CGIC-A for
both NPI-A and DAIR (supplementary table S6).
Compared to those with mild apathy, those with
severe apathy showed a larger decrease than those
with mild apathy for minimal improvement on
the NPI-A (B= -1.59, t=−2.13, p= 0.03) and the
DAIR (B=−4.22, t=−3.18, p= 0.001). On the
DAIR, minimal worsening was also associated with
a larger decrease in change scores among those
with moderate (B=−0.33, t=−2.18, p= 0.03) and
severe (B=−3.94, t=−2.35, p= 0.02) apathy
compared to those with mild apathy. The estimated
thresholds increased on both scales with an increase
in baseline severity of apathy Supplementary
table S7 and Supplementary figure S2).

Discussion

This study estimated clinically meaningful within-
person change scores on three apathy scales with
anchor- and distribution-based methods utilizing
data from two multisite, randomized double-blind
placebo controlled trials of methylphenidate for
treating apathy in AD. Using anchor-based meth-
ods, the MCIDs were at least a 4 point decrease on
the NPI-A, 0.5 point decrease on the DAIR, and
3 point decrease on the AES-I. These thresholds
were supported by distribution-based methods
that yielded similar values on the reliable change
index. Additional sensitivity analyses suggest that
baseline AD severity and apathy severity may
affect the estimated thresholds. Specifically, mini-
mal improvement on the CGIC-A among those with
greater severity of AD or apathy was associated with
a larger change score on both the NPI-A and DAIR
than those with mild AD or mild apathy. While the
proposed thresholds will help evaluate treatments
for apathy using apathy scales and may improve
design of clinical trials for apathy, the metrics
evaluating the performance of the thresholds indi-
cate a need to consider additional scales that may be
better correlated with the anchor measure.

This study included three target measures of
apathy that are rated by either a trained rater
following an interview with the care partner (NPI-A,
AES-I) or by a clinician following an interview with
the care partner (DAIR), which provides thresholds
for several target outcomes for future studies. The
estimated thresholds were consistent between the
two trials (NPI-A) and with distribution-based

measures (NPI-A and DAIR). These thresholds
are expected to help assess within-person clinically
meaningful improvement in apathy and evaluate
efficacy of treatments (Assunção et al., 2022;
Webster et al., 2017). As apathy is a predictor of
several poor outcomes in people with AD, these
thresholdsmay also aid assessment of apathy in trials
where it is not a primary outcome. Neuropsychiatric
symptoms are now recognized as a key feature of AD
(Cummings, 2021), with a negative impact on
affected persons and care partners (Naglie et al.,
2011). As disease-modifying therapies show clinical
benefits, these thresholds can help determine
whether burdensome symptoms like apathy also
improve with treatment at the individual level.

The implementation of these thresholds in
prospective studies may need to consider the
severity of apathy and stage of the disease.
The inclusion criteria for the two trials required
the presence of clinically significant apathy (mini-
mum NPI-A score of 4 points at baseline) that can
be expected to affect the range of change scores that
were included in the analysis. However, 94% of
participants in ADMET2met the diagnostic criteria
for apathy, suggesting that the thresholds were
estimated in those with clinically relevant apathy
(Lanctôt et al., 2021). Similarly, inclusion criteria in
both studies aimed to include participants with mild
to moderate AD. Although MMSE is a relatively
crude measure of AD severity, the MCID on the
NPI-A differed among those stratified into higher
and lower MMSE. Moreover, as the prodromal
stages of AD were not included in both studies, the
MCID in those individuals may differ. As the
frequency and severity of apathy increases with
disease progression, the distribution of change
scores included in the analyses may be influenced
by disease stage of the sample. For example, the
MCID for participants with higher MMSE scores
was greater than theMCID for the complete sample.
In other words, for a change to be considered
clinically relevant, a larger improvement is needed
among individuals with better cognition than those
with worse cognition. Finally, while the current
study included change scores at 2 weeks until
6 months (only for the NPI-A), providing a wide
time range for the change scores, the duration of the
intervention needs to be considered before applying
these thresholds (Mintzer et al., 2021; Padala et al.,
2018a; Rosenberg et al., 2013).

The results also show a limited correlation
betweenwithin-person change in clinical impression
and change on apathy rating scales. The recom-
mended value for correlation between an anchor and
a target measure is greater than or equal to 0.3
(Cohen, 1992; Hays et al., 2005; Revicki et al., 2008).
In addition, the test-retest correlations of the scales
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were relatively weak, especially for the NPI-A,
suggesting that informants considered that apathy
symptoms had changed among those participants
who were not considered to have clinically meaning-
ful change in symptoms by clinicians (who were blind
to the ratings on the apathy scales). Although both
scales (NPI-A and CGIC-A) showed group-level
improvement in ADMET 2, the weak correlations
indicate a discrepancy between informant and
clinician rating. Considering that both types of
correlations obtained in this study were on the lower
end and that the metrics for performance of the
thresholds ranged from 60 to 65%, the apathy rating
scales included in this study may be limited in
assessing within-person change in apathy symptoms.
The NPI-A in particular also had substantial
proportion of values at lower or upper end of the
scoring range, suggesting that the scoring range may
limit its ability to detect change in apathy symptoms.
Continuousmeasures such as the DAIRmay provide
a better estimate of change in symptoms (as suggested
by Fig. 2D); however, the performance metrics of the
DAIR were similar to the NPI-A (Figure 3) and no
treatment effect was detected with the DAIR in
ADMET 2, unlike the NPI-A. Finally, while these
rating scales are widely used, they do not account for
the multidimensional nature of apathy (Le Heron
et al., 2018). The new consensus-based diagnostic
criteria for apathy in neurocognitive disorders require
that diminished function be present in at least two of
the three dimensions of apathy (interest, initiative,
and emotional expression/response) (Miller et al.,
2021). Thus, other rating scales such as the 12-item
apathy sub-scale NPI-Clinician (de Medeiros et al.,
2010) may better assess apathy symptoms in line
with the diagnostic criteria and may need to be
considered to measure within-person change in
apathy symptoms.

As noted above, the limitations of this study
include, first, the design factors of the parent studies
including participant inclusion criteria and study
duration. However, those studies included partici-
pants with clinically significant apathy who were
assessed at multiple visits over a maximum of six
months, providing a broad time duration to assess
within-person change in apathy. Second, the
assessments were performed across several sites by
various raters, which may affect the estimated
thresholds as inter-rater reliability could not be
assessed; however, on the other hand, the thresholds
may be generalizable to real-world use. Analysis to
assess inter-rater reliability was not possible due to
lack of data. However, the large cohort that was
collected from multiple sites and representative of
patient populations is a strength of this study. Third,
the replication of results was only possible for the
NPI-A, which alone was measured in both trials.

Fourth, the estimates for the AES-I and for the
following CGIC-A levels “Moderate worsening,”
“Minimal worsening,” and “Marked improvement”
were derived from a limited number of participants.
As such, those estimates must be interpreted with
caution. Fifth, while anchor-based methods for
assessingmeaningful change are favored, the CGIC-
A may itself be influenced by the subjectivity of
clinical raters; care partners who spend more time
with the person may have better insight to identify
symptomatic changes and meaningful improvement
at the individual level. Such a measure was not
available for this study and should be considered in
future trials.

Conclusions

The current study estimated threshold change
scores for within-person meaningful change on
the NPI-A, DAIR, and AES-I using anchor- and
distribution-based measures. The estimated thresh-
olds were consistent across studies andmethods and
will allow for assessing the benefit of interventions
for individual participants in clinical trials for apathy
in AD. Given the recently published consensus
criteria for apathy in AD (Miller et al., 2021),
symptoms from the revised criteria could be better
“mapped” to apathy scales. This has been recently
done for agitation in AD resulting in scales that are
more sensitive to change (De Mauleon et al., 2021).
Improved scales may lead to better clinical trial
design and thus help us develop and validate
improved treatments for apathy in AD.
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