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1 | BACKGROUND

Apathy is one of the most common neuropsychiatric symptoms (NPS)

seen in dementia,’ with a reported prevalence of 43%2 (though esti-

Abstract

Apathy is one of the most common neuropsychiatric symptoms (NPS) and is associ-
ated with poor clinical outcomes. Research that helps define the apathy phenotype
is urgently needed, particularly for clinical and biomarker studies. We used latent
class analysis (LCA) with two independent cohorts to understand how apathy and
depression symptoms co-occur statistically. We further explored the relationship
between latent class membership, demographics, and the presence of other NPS. The
LCA identified a four-class solution (no symptoms, apathy, depression, and combined
apathy/depression), reproducible over both cohorts, providing robust support for an
apathy syndrome distinct from depression and confirming that an apathy/depression
syndrome exists, supported by the model fit test with the four-class solution scores evi-
dencing better fitting (Bayesian information criterion adjusted and entropy R?). Using
a data-driven method, we show distinct and statistically meaningful co-occurrence of
apathy and depressive symptoms. There was evidence that these classes have different
clinical associations, which may help inform diagnostic categories for research studies

and clinical practice.

KEYWORDS
apathy, dementia, depression, latent class analysis

Highlights

* We found four classes: no symptoms, apathy, depression and apathy/depression.

» Apathy conferred a higher probability for agitation.

* Apathy diagnostic criteria should include accompanying neuropsychiatric symp-
toms.

mates vary widely according to dementia stage and study setting).
Characterized by a lack of motivation, decreased initiative, akinesia,
and emotional indifference,®~” apathy is a multidimensional syndrome

that can lead to functional impairment, poorer treatment response,
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and greater mortality.8~1° Understanding the clinical presentation of
such a common and clinically important syndrome is of utmost impor-
tance both for the effective targeting of new interventions and for the
identification of biomarkers or other research aimed at understanding
biological correlates.

One of the key diagnostic challenges in apathy is its relationship with
depression. Although clinically distinct, symptoms of apathy and of
depression are commonly comorbid and have overlapping features, 11
thus complicating clinical distinctions between the two.7-12 Recogniz-
ing this, new diagnostic criteria for apathy in neurocognitive disorders
were developed in 2021, representing a major step forward in clin-
ical management of apathy and in associated research by providing
a standardized framework for assessment.’® Central to these crite-
ria is that the symptoms of apathy cannot be explained by another
psychiatric condition (e.g., depression), but it remains the case that
criteria for apathy can, in principle, be met in the presence of het-
erogeneous depressive symptomatology. This co-occurrence has the
potential to cause a lack of reproducibility, particularly in disease mech-
anism research in which control groups must be precisely defined. It
may also be a barrier to targeting the right interventions to the right
people. A data-driven approach to distinguish apathy and depression
symptomatology can support more precision approaches to treat-
ment and augment the application of the clinically informed diagnostic
criteria.

Latent class analysis (LCA) is one example of a data-driven

approach.'*

A form of latent variable modeling, LCA describes com-
binations of generally binary variables in terms of statistically likely
patterns that are not directly observed (i.e., latent classes); these pat-
terns are characterized on the basis of the conditional probability of
each binary variable within a class.

Thus, using LCA on questionnaire-based measures of apathy and
depression, we aimed to (1) examine how symptoms co-occur in two
independent observational cohort studies and (2) establish whether
the latent classes identified were associated with different NPS pro-

files.

2 | METHODS
2.1 | Sample descriptions
2.1.1 | L-study

Participants were from the Measuring Long Term Outcomes in People
with Dementia in Care Homes (L-study). This study has been running
since 2015 through the King’s College London and Maudsley Care
Home Research Network. Participants with a diagnosis of dementia
living in care homes across the southeast of England were recruited.
Consent was obtained from participants or next of kin if participants
were unable to consent for themselves. The recruitment and assess-
ments were completed by a trained researcher. The Southampton

and South West Hampshire Research Ethics Committee A (formally

RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the litera-
ture using traditional (e.g., PubMed) sources. Apathy is a
common neuropsychiatric syndrome in dementia, some-
times comorbid with depression, with recent publications
describing its clinical aspects and new diagnostic criteria.
Relevant research is appropriately cited.

2. Interpretation: Our findings led to a novel interpretation
of the apathy syndrome, with the presentation of a new
possible combined apathy/depression syndrome that may
be distinct from apathy only.

3. Future directions: The article proposes a new approach
to the study of apathy as follows: (a) depression should be
routinely measured and individuals with comorbid symp-
toms may have to be considered a separate group to
those with a distinct apathy syndrome; (b) supporting
evidence for future diagnosis iterations, with considera-
tion to be given to depressive and agitation symptoms as
accompanying neuropsychiatric features of apathy.

South Central-Southampton A) approved the study (REC number
13/SC/0265).

2.1.2 | Alzheimer’s Disease Neuroimaing Initiative

Additional data used in the preparation of this article were obtained
from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database
(adni.loni.usc.edu). The ADNI was launched in 2003 as a public-private
partnership, led by Principal Investigator Michael W. Weiner, MD.
The primary goal of ADNI has been to test whether serial mag-
netic resonance imaging (MRI), positron emission tomography (PET),
other biological markers, and clinical and neuropsychological assess-
ments can be combined to measure the progression of mild cognitive
impairment (MCI) and early Alzheimer’s disease (AD). For up-to-date

information, see www.adni-info.org.

2.2 | Measures
2.2.1 | Neuropsychiatric symptoms

NPS were assessed with the Neuropsychiatric Inventory (NPI), com-
pleted by a researcher-led interview with an informed caregiver.1®
The NPI assesses the following 12 NPS, within a reference period
of the past 4 weeks: delusions, hallucinations, agitation/aggression,
depression/dysphoria, anxiety, elation/euphoria, apathy/indifference,
disinhibition, irritability/lability, aberrant motor behavior, sleep and
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night-time behavior disorders, and appetite and eating disorders.t®
Eachitem is rated as present or absent. If a screening question is rated
present, subquestions are then completed that cover detailed NPS
relating to each domain; each is coded with a yes or no response. If
any of these symptoms are rated present, frequency (1-4) and sever-
ity (1-3) are rated, with the product of these representing the overall
symptom score.

For the L-study, the NPI Nursing Home (NPI-NH) version was used
as this is the adapted version for institutional settings while the ADNI
cohort used the standard NPI.17

2.2.2 | Apathy and depression

Apathy and depression were measured using the subquestions on item
G (Apathy) and item D (Depression) of the NPI (see Appendix A for list
of questions). For the NPI-NH there are 15 subquestions while for the
standard NPI there are 16, with the standard NPI scale used in ADNI

having one fewer subquestion on the Apathy section.

2.2.3 | Other neuropsychiatric symptoms

Our second aim was to evaluate the relationship between latent classes
of apathy and depression and other NPS. To do this, NPS status (defined
as present or absent) was determined for the remaining 10 items on
the NPI using binary coding. Participants with a frequency x severity
score of >1 were considered “symptom present.” The symptom was
considered absent if the score was 0.

2.24 | Dementia severity

The Clinical Dementia Rating (CDR) is a scale for assessing, diagnosing,
and staging cognitive impairment.’® A researcher/clinician conducts
a semi-structured interview with the patient and a reliable informant
to rate performance in six domains: memory; orientation; judge-
ment and problem solving; community affairs; homes and hobbies;
and personal care. The domains are rated in terms of the impair-
ment level (O = none, 0.5 = questionable, 1 = mild, 2 = moderate,
3 = severe). A final global rating is then calculated to indicate the level
of impairment (O = normal cognition, 0.5 = questionable or very mild
dementia, 1 = mild dementia, 2 = moderate dementia, and 3 = severe

dementia).

2.3 | Data cleaning

Participants with a CDR of O or 0.5 were excluded from both cohorts
given this would indicate normal cognition or questionable dementia.
Data were checked for completeness, and participants with missing

age, sex, or CDR were removed from the dataset. Participants with

Disease Monitoring

missing NPI/NPI-NH items D and G were also excluded. A total of
22 participants were removed from the L-study cohort and a total of
135 participants were removed from the ADNI cohort. Furthermore,
within the ADNI cohort only four participants had a CDR of 3 so these
were merged with the group scoring 2. See Appendix B for study flow
diagram.

2.4 | Statistical analysis

To summarize, first we estimated latent classes of the NPl apathy and
depression subscale questions with two to six class solutions. This
was followed by the bootstrap test to analyze the best-fitting solu-
tion. Then we explored the relationship between latent classes from
the best-fitting LCA model and the presence of other NPI domains. The
same steps were performed for the L-study and ADNI datasets. Further
detail is provided below.

We used the Stata LCA plugin version 1.2.117 to estimate the latent
classes, measured by categorical indicators, within the NPI category
D (depression) and G (apathy) sub-questions. The LCA Bootstrap ver-
sion 1.0 plugin?® was then used to evaluate models with two to six
latent classes and determine the optimal number of classes using the
model-fit criteria of bootstrapped likelihood ratio test (BLRT), adjusted
Bayesian information criterion (aBIC), scaled relative entropy, and log
likelihood. A simulation study has shown that BLRT was the best test to
identify the correct number of classes, followed by the Bayesian infor-
mation criterion and the aBIC.2! Thus, a model with k classes would be
considered a better fit than a model with k-1 classes if it had a lower
BLRT, P-value, and aBIC value. In addition, we considered the clinical
interpretability of the final model.

After this we used the plugin LCA_Distal_BCH version 1.122 to ana-
lyze the relationship between the latent classes with other NPI items.
This test estimates the association between a latent class variable
and an observed distal outcome, that is, other NPI items, using the
approach of Bolck et al.,2® as adapted by Vermunt,2* allowing for the
probability of misclassification of classes. Distal probabilities for each
NPI item for each latent class are reported along with the Wald test
for significance. The Wald test examines the null hypothesis that the
probabilities are the same across all latent classes. Pairwise compar-
isons between latent classes were then performed to determine which
latent classes differed with respect to the probabilities of other NPI

items.

3 | RESULTS
3.1 | Participant characteristics

After data cleaning, the L-study comprised 326 people. Mean age was
87 (standard deviation [SD] 6.99), 73% were female, and median CDR
was 2 (see Table 1). The ADNI data comprised 271 people. Mean age
was 74 (SD 7.4), 42% were female, with amedian CDR of 1 (see Table 1).
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FIGURE 1 Apathy and depression symptoms probability across the four classes in CHRN, Care Home Research Network.

TABLE 1 Cohorts demographics.

L-study N = 326 ADNIN =271
Care home setting Community/academic setting
Female 240 (73%) 114 (42%)
Male 86 (27%) 157 (57%)
Mean age 86.88 (SD 6.99) 7422 (SD7.4)
CDR (median) 2 (IQR: 2-3) 1(IQR: 1-1)

Abbreviations: ADNI, Alzheimer’s Disease Neuroimaging Initiative; CDR,
Clinical Dementia Rating; IQR, interquartile range; L-study, Measuring Long
Term Outcomes in People with Dementia in Care Homes; SD, standard
deviation.

3.2 | Latent class analysis identifies a reproducible
4-class solution
3.2.1 | L-study
A 4-class model was considered optimal based on the higher aBIC
score (928.52) and higher log likelihood score (-1573.81), P-value
(0.01), and clinical interpretability. Although the 5-class model had
the same P-value, on balance comparing the other metrics and clinical
interpretability the 4-class model was chosen (see Table 2).

The four classes were labeled no symptoms, combined apa-
thy/depression, depression, and apathy. Looking at the symptom
probability across the different classes (Figure 1), the no symptoms

class showed very low or zero probability of apathy and depres-
sive symptoms; the combined apathy/depression class exhibited high
probabilities across a range of depressive and apathy symptoms; the
depression class comprised mostly depressive symptoms with low
probability of some apathy symptoms; the apathy class had high prob-
abilities across apathy symptoms and very low or no probability of
depressive symptoms (see Appendix D). The probabilities of partici-
pants falling into each class were 42.13%, 18.37%, 9.06%, and 30.42%
for the no symptom, combined apathy/depression, depression, and
apathy classes respectively (see Appendix C).

322 | ADNI

Considering aBIC (852.10) and P-value (0.01) and clinical interpretabil-
ity, a 4-class model was again considered optimal, with a notable
similarity to the L-study across the symptom probabilities (Figure 2).
We note that a case could be made for selecting a 5-class model; how-
ever, the additional class in the 5-class model was very similar to class
2 in the 4-class model (see Appendix E for more detailed discussion of
model selection).

The four classes were given the same labels as the L-Study, with the
same descriptions. The probabilities of participants falling into each
class in the 4-class model were 40.7%, 20.1%, 15.6%, and 23.6% for the
no symptoms, combined apathy/depression, depression, and apathy

classes, respectively (see Appendix C).
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TABLE 2 Bootstrap likelihood ratio test and scalars for best model fit.

L-study

Number of classes

2 classes
3classes
4 classes
5 classes
6 classes

ADNI

Number of classes

2 classes
3 classes
4 classes
5 classes

6 classes

BLRT
P-value
0.01
0.01
0.01
0.01
0.01
BLRT
P-value
0.01
0.01
0.01
0.01
0.15

BIC (adjusted)
1119.49
977.01
928.52
898.05
907.52

BIC (adjusted)
1064.73
941.22
852.10
845.19
852.19

r (EntropyRsqd)
0.96
0.91
0.92
0.91
0.91

r (EntropyRsqd)
0.97
0.94
0.94
0.92
0.93

Diagnosis, Assessment
Disease Monitoring

r (loglikelihood)

-1711.13
-1618.97
-1573.81
—1537.65
—1521.46

r (loglikelihood)

—1472.78
—1390.36
—1325.13
—1301.01
—1283.84

50f22

Abbreviations: ADNI, Alzheimer’s Disease Neuroimaging Initiative; BIC, Bayesian information criterion; BLRT, bootstrapped likelihood ratio test; L-study,

Measuring Long Term Outcomes in People with Dementia in Care Homes.
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FIGURE 2 Apathy and depression symptoms probability across the four classes in Alzheimer’s Disease Neuroimaging Initiative.

3.3 | Inindividuals with apathy, comorbid
depressive symptoms have higher probability of
additional NPS burden

Broadly, the latent classes that were characterized by the pres-
ence of depressive symptoms (i.e., combined apathy/depression and
depression) were associated with a higher burden of comorbid NPS,
particularly delusions, anxiety, and irritability, which replicated across

the two cohorts. The apathy class (i.e., no depression symptoms) rela-

tive to the no symptoms class was associated with a higher probability
for agitation in the L-study, but not in ADNI. This was the only compar-
ison in which apathy conferred a higher probability for any comorbid
NPS.

Specific pairwise comparisons between latent classes are described
in more detail below. Only NPS domains in which there was evi-
dence of replication across the two cohorts are considered in
detail and shown in Table 3. All other results are in Table F.1 in

Appendix F.
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TABLE 3 Delusions, anxiety, and irritability probabilities across the four classes, with pairwise comparisons.

Pairwise comparisons (Wald, P)

Delusions (symptom probabilities)

Depression
vs. apathy

Combined vs.
apathy

Combined vs.

Depressionvs.no  Apathy vs. no

symptoms

Combined vs. no
symptoms

Omnibus test

Diagnosis, Assessment

Disease Monitoring

depression

symptoms

(Wald, P)
16.49; P <0.001

Depression

Combined Apathy
0.54
0.20

0.56
0.25

No symptoms

L-study 0.39

ADNI

8.87;P<0.01

13.55;P<0.01

0.89
0.57

0.02; P

=0.01
0.07

6.02; P
3.24,P

=0.15
0.39

2.08;P
0.73; P

0.04
0.09

4.43;P

0.23
0.04

=0.03

4.97;P

=0.01

7.27;P

0.33;P

2.95;P

=0.04

8.30; P

0.14

Pairwise comparisons (Wald, P)

Anxiety (symptom probabilities)

Depression
vs. apathy

Combined vs.
apathy

Combined vs.

Depressionvs.no Apathy vs. no

symptoms

Combined vs. no
symptoms

Omnibus test

DA SILVAET AL.

depression

symptoms

(Wald, P)
33.81;P<0.01
25.74; P <0.01

Depression

041
0.30

Combined Apathy

No symptoms

0.22
0.16

=0.19
0.92

1.72;P
0.01;P

20.00; P<0.01
9.16; P <0.01

0.02
0.01

5.80; P
6.67;P

0.035
0.06

0.86; P

=0.05
0.09

3.95;P
2.83;P

32.40; P <0.01

0.27
0.29

0.70

0.59

L-study
ADNI

348;P= -

25.40;P<0.01

Pairwise comparisons (Wald, P)

Irritability (symptom probabilities)

Depression
vs. apathy

Combined vs.
apathy
5.84;P
6.01; P

Combined vs.

Depressionvs.no Apathy vs. no

symptoms

Combined vs. no
symptoms

Omnibus test

depression

symptoms

(Wald, P)
16.92; P <0.01

Depression
0.47

Combined Apathy
0.45

0.69
0.51

No Symptoms

L-study 0.38

ADNI

=0.06
0.10

3.61;P
2.68; P

0.02
0.01

0.96
0.51

0.00; P
0.43;P

=0.23
0.58

1.43;P
0.30; P

=0.01
0.03

6.96; P
4.92; P

12.97;P<0.01
10.92; P < 0.01

0.68
0.29

13.27;P < 0.01

0.25

Abbreviations: ADNI, Alzheimer’s Disease Neuroimaging Initiative; L-study, Measuring Long Term Outcomes in People with Dementia in Care Homes.

3.3.1 | Delusions

The probability for delusions was highest in the classes character-
ized by depressive symptoms (combined apathy/depression class in
L-study = 0.56 and in ADNI = 0.25; depression class in L-study = 0.54
and in ADNI = 0.20) and lowest in the no symptoms and apathy class
(no symptoms L-study =0.39 ADNI = 0.14; apathy class L-study = 0.23;
ADNI = 0.04), with L-study Wald test = 16.49, P < 0.001 and ADNI
Wald test = 8.3, P = 0.04; see Table 3.

3.3.2 | Anxiety

The probability for Anxiety was highest in the classes character-
ized by depressive symptoms (Combined Apathy/Depression class
L-study = 0.70 and in ADNI = 0.59; Depression class in L-study = 0.41
and in ADNI = 0.30) and lowest in the No Symptoms and Apathy
class (No symptoms in L-study = 0.22 ADNI = 0.16; Apathy class in L-
study = 0.27 ADNI = 0.29], with L-study Wald test = 33.81, p < 0.001
and ADNI Wald test = 25.74, p < 0.001 see Table 3.

3.3.3 | [Irritability

The probability for irritability was highest in the classes charac-
terized by depressive symptoms (combined apathy/depression class
L-study = 0.69 and in ADNI = 0.51; depression class in L-study = 0.68
and in ADNI = 0.45) and lowest in the no symptoms and apathy class
(no symptoms in L-study = 0.38 and ADNI = 0.25; apathy class in
L-study = 0.47 and ADNI = 0.29), with L-study Wald test = 16.92,
P <0.001 and ADNI Wald test = 13.27, P = 0.004; see Table 3.

3.3.4 | Other associations

Associations that did not replicate across the two datasets are shownin
the supporting information, but we highlight here the findings relating
to agitation as one of the most clinically interesting of the remain-
ing findings. The combined apathy/depression and apathy classes had
a higher probability of agitation relative to the no symptoms class in
the L-study only (probability of agitation for no symptoms, combined
apathy/depression, depression, and apathy class was 0.52, 0.80, 0.64,
0.72, respectively, with overall Wald test L-study = 17.04, P < 0.01); see
Table 4. This did not replicate in ADNI (probability of agitation for no
symptoms, combined apathy/depression, depression, and apathy class
was 0.25, 0.4, 0.4, and 0.39, respectively, with overall Wald test 5.53,
P =0.13); however, the direction of effect was similar.

3.3.5 | Clinically significant symptoms

Post hoc, we repeated the analysis using an NPI cut point of >4
to examine the association between latent classes and clinically
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TABLE 4 Agitation probabilities across the four classes, with pairwise comparisons.

Pairwise comparisons (Wald, P)

Agitation (symptom probabilities)

Depression

Combined vs.
apathy

Combined vs
depression

Depressionvs.no  Apathy vs. no

Combined vs. no
symptoms

symptoms

Omnibus test

vs. apathy

symptoms

(Wald, P)
17.04;P <0.01

Depression
0.64
0.

Combined Apathy
0.80

0.40

No symptoms

0.52
0.25

0.59;P=0.44
0.03; P=0.87

1.14; P <029

=0.13
0.98

2.32;P
0.00; P

8.80; P<0.01

=0.27
0.09

1.24;pP
2.87;P

11.53; P <0.01

0.72
0.38

L-study
ADNI

=0.83

= 0.04; P

=0.07

= 3.31; P

=0.05

3.82;P

=0.13

5.73; P

40

Abbreviations: ADNI, Alzheimer’s Disease Neuroimaging Initiative; L-study, Measuring Long Term Outcomes in People with Dementia in Care Homes.

Disease Monitoring

significant other NPS. The pattern of associations was broadly similar;
both anxiety and irritability were replicated in ADNI and the L-study.
The association with delusions was however only present in the L-
study, although we note the very small number of ADNI participants,
which may have led to our failure to detect an association in this sample
(n = 18, 6%). Results from this analysis are included in the supporting
information (see Appendix G).

4 | DISCUSSION

Here, we used LCA to delineate symptoms of apathy and depres-
sion in dementia. The reproducible 4-class solution provides robust
data-driven validation of an apathy syndrome that is distinct from
depression and a combined apathy/depression syndrome. This con-
clusion is supported by our analysis of neuropsychiatric symptom
associations with each of the four classes in which we show that apa-
thy is generally only associated with a more severe NPS profile when
comorbid depressive symptoms are present.

The broad implication of these findings is that in apathy research,
depression should also be routinely measured and individuals with
comorbid symptoms may have to be considered a separate group from
those with a distinct apathy syndrome. This could explain some of the
heterogeneity observed in NPS associations in other studies of apa-
thy. For example, one study observed that apathy was associated with
higher NPl scores across arange of NPS, including delusions, irritability,
and anxiety.?” In light of the findings from the present study, it is pos-
sible that the reported associations in this previous study were being
driven by the presence of comorbid depressive symptoms in the apa-
thy group. Future studies measuring clinical and biological correlates
should consider the possibility of comorbid depressive symptoms as a
confounder to produce reproducible research.

The latest diagnostic criteria for apathy stipulate that apathy can-
not be due to another illness, disability, or substance abuse but are
silent on accompanying neuropsychiatric features. The existence of
the combined apathy/depression class suggests further consideration
of depressive symptoms (which may not meet criteria for clinical
depression) as an accompanying feature of apathy.

In terms of other NPS burden, there was a striking consistency
for a higher probability of delusions, anxiety, and irritability in the
two classes that captured depressive symptoms (i.e., the depression
and combined apathy/depression classes) relative to the no symptoms
and apathy classes. This pattern of association points to an affec-
tive syndrome with psychotic features, validating both the focus on
the relationship between these syndromes in the new International
Psychogeriatric Association and International Society to Advance
Alzheimer’s Research and Treatment criteria for psychosis in neu-

rocognitive disorders,2627

and results from previous studies report-
ing the co-occurrence of both syndromes.28-31 Mechanistically, a
recent genome-wide association study observed a positive associa-
tion between genetic risk for depressive symptoms and Alzheimer’s
disease with psychosis, while in younger-aged samples genetic cor-

relations between irritability and depressive symptoms have been
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observed.?233 These observations, alongside the current findings,
reflect current opinion that comorbid behavioral symptoms may
impact response to treatments.3*

Another interesting observation is that there was a higher probabil-
ity for agitation in the apathy class relative to the no symptoms class
in the L-study. Although only present in one cohort, in which mean
age was higher and median dementia severity was slightly greater,
this was the only instance in which the apathy class was associated
with a higher probability of another NPS. The lack of replication may
be due to the more advanced dementia seen in the L-study, which
is a care home study, where we would expect agitation to be more
common.®> Nonetheless, this may be a clinically relevant finding. The
association of apathy with comorbid agitation is an important relation-
ship to explore, as these individuals may require additional support and
are often referred for specialist consultation. We would argue this is a
relationship worth examining more closely in future research to deter-
mine whether agitation should be considered an accompanying feature
of apathy and incorporated into later revision of the diagnostic crite-
ria (which is currently silent on comorbid NPS). A clear path to take
these findings forward is to perform LCA on apathy and depressive
guestionnaire responses and map the classes identified onto indepen-
dently rated apathy diagnostic criteria in the same individuals. This
analysis would provide the necessary data to evaluate the extent to
which application of the criteria captures individuals with depressive
symptoms.

A key strength of this study is the replication in two independent
cohorts, which confers a high degree of confidence in our findings.
This is important as caregiver reports may be influenced by caregiver
mood, cultural beliefs, and the educational level of the “caregiver,’3¢
although also the caregiver information has the advantage of not
being influenced by anosognosia. However, differences in the demen-
tia severity and demographics between the ADNI and the L-study
mean we must acknowledge the possibility that non-replication of neu-
ropsychiatric symptom associations is due to these differences (as
discussed above with respect to agitation). Although we acknowledge
the inherent limitation of the NPl in measuring apathy, particularly the
relative weighting given to items capturing diminished interest (with a
lesser focus on the emotional and initiative dimensions), a recent study
showed a considerable overlap with the use of NPl apathy and the diag-
nostic criteria for apathy.3” However, if the latent classes captured in
this study reflect true unobserved and mutually exclusive groupings,
then these should be stable across any measures of depression and
apathy, provided appropriate questionnaire items are measured. This
is a hypothesis that can readily be tested by future research in other
samples with different NPS measurements.

Another limitation of this study is that the NPI subquestions were
designed as an aid for the evaluation of each NPl item (i.e., the answer-
ing of them is predicated on answering the screening question). We
chose to analyze the NPI in this way because of the more granu-
lar symptom-level detail. It is therefore possible that a respondent
could answer negatively on the main screening question but would

answer positively if they were to have been asked all the subques-

tions. However, in the original development of the NPI scale, Cummings
et al. examined this false-negative rate to be only at ~4.5%.%¢ Despite
this limitation, it is notable that our findings replicated across the
two entirely independent samples, showing the same four latent
classes.

In summary, this study supports the existence four latent classes
(no symptoms, combined apathy/depression, depression, and apa-
thy) replicated in two independent cohorts. In analysis of comorbid
NPS burden associated with these classes, we show that the pres-
ence of depressive symptoms is the major driver. These findings
do not compete with the diagnostic criteria for apathy; rather they
should be considered supporting evidence for future iterations, poten-
tially qualifying comorbid NPS symptoms or syndromes. Specifically,
we propose that future consideration be given to depressive and
agitation symptoms as accompanying neuropsychiatric features of

apathy.
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APPENDIX A

NPI DEPRESSION AND APATHY DOMAINS QUESTIONS AND DIF-

FERENCES NOTE TABLEA.1

TABLE A.1 NPI-NH and NPI-12 depression and apathy domains

questions.

NPI-NH depression domain
subquestions

Does the resident cry at times?

Does the resident say, or act like
he/she is depressed?

Does the resident put
him/herself down or say that
he/she feels like a failure?

Does the resident say that
he/she is a bad person or
deserves to be punished?

Does the resident seem very
discouraged or say that he/she
has no future?

Does the resident say he/sheis a
burden to the family or that
the family would be better off
without him/her?

Does the resident talk about
wanting to die or about killing
him/herself?

Does the resident show any
other signs of depression or
sadness?

NPI-12 depression domain
subquestions

Does the patient have periods of
tearfulness or sobbing that
seem to indicate sadness?

Does the patient say or act as if
he/she is sad or in low spirits?

Does the patient put him/herself
down or say that he/she feels
like a failure?

Does the patient say that he/she
is a bad person or deserves to
be punished?

Does the patient seem very
discouraged or say that he/she
has no future?

NPI-NH apathy domain
subquestions

Has the resident lost interest in
the world around him/her?

Does the resident fail to start
conversation?

Does the resident fail to show
emotional reactions that
would be expected (happiness
over the visit of a friend or
family member, interest in the
news or sports, etc.)?

Has the resident lost interest in
friends and family members?

Is the resident less enthusiastic
about his/her usual interests?

Does the resident sit quietly
without paying attention to
things going on around
him/her?

Does the resident show any
other signs that he/she doesn’t
care about doing new things?

NPI-12 apathy domain
subquestions

Does the patient seem less
spontaneous and less active
than usual?

Is the patient less likely to
initiate a conversation?

Is the patient less affectionate or
lacking in emotions compared
to his/her usual self?

Does the patient contribute less
to household chores?

Does the patient seem less
interested in the activities and
plans of others?

(Continues)
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TABLE A.1 (Continued)

NPI-NH depression domain
subquestions

Does the patient say he/sheis a
burden to the family or that
the family would be better off
without him/her?

Does the patient express a wish
for death or talk about killing

NPI-NH apathy domain
subquestions

Has the patient lost interest in
friends and family members?

Is the patient less enthusiastic
about his/her usual interests?

him/herself?

Does the patient show any other
signs of depression or sadness?

Does the patient show any other
signs that he/she doesn'’t care
about doing new things?

The phrasing of questions varies between the NPI-12 and NPI-NH to reflect
the population/setting. Both versions of the questionnaire have been val-
idated to measure the domains in question with regards with the specific
setting/population, enabling the direct comparison of scores.
Abbreviations: NPI-12, Neuropsychiatric Inventory 12-item version; NPI-
NH, Neuropsychiatric Inventory Nursing Home version.

APPENDIX B
Figure B.1and B.2
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FIGURE B.1 Sample selection for Measuring Long Term
Outcomes in People with Dementia in Care Homes (L-study). CDR,
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Neuroimaging Initiative. CDR, Clinical Dementia Rating.

APPENDIX C

Table C.1

TABLE C.1 Class probabilities in both cohorts.

L-study
ADNI

No symptoms
0.42
041

Combined

apathy/

depression Depression Apathy
0.18 0.09 0.30
0.20 0.16 0.23

Abbreviations: ADNI, Alzheimer’s Disease Neuroimaging Initiative; L-study,
Measuring Long Term Outcomes in People with Dementia in Care Homes.
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APPENDIX D
Tables of symptom probabilities Table D.1 and D.2

TABLED.1 Symptom probability across the four classes in L-study.

Combined apathy/

Symptom probability L-study No symptoms depression Depression Apathy

Class 1 Class 2 Class 3 Class 4
Cry at times 0.08 0.54 0.47 0.06
Say, or act like he/she is depressed 0.01 0.90 0.94 0.10
Put him/herself down or say that feels like a failure 0.00 0.30 0.13 0.00
Bad person or deserves to be punished? 0.00 0.15 0.03 0.00
Seem very discourages or say that has no future 0.00 0.40 0.35 0.01
Is a burden to the family or that the family would be better off 0.00 0.15 0.10 0.01

without him

Talk about wanting to die or about killing himself 0.01 0.17 0.14 0.00
Show other signs of depression or sadness 0.04 0.43 0.37 0.07
Lost interest in the world around 0.02 0.87 0.01 0.81
Fail to start conversation 0.01 0.56 0.00 0.67
Fail to show emotional reaction that would be expected 0.00 0.36 0.02 0.42
Lost interest in friends and family members 0.00 0.29 0.00 0.31
Less enthusiastic about usual interests 0.00 0.69 0.05 0.72
Sit quietly without paying attention to things going on around 0.02 0.85 0.09 0.88
Other signs that doesn’t care about doing new things 0.00 0.42 0.00 0.35

Abbreviation: L-study, Measuring Long Term Outcomes in People with Dementia in Care Homes.

TABLE D.2 Symptom probability across the four classes in ADNI study.

Combined apathy/
Symptoms probability ADNI No symptoms Apathy Depression depression
Class 1 Class 2 Class 3 Class 4
Cry at times 0.00 0.03 0.41 0.39
Say, or act like he/she is depressed 0.07 0.00 0.86 0.86
Put him/herself down or say that feels like a failure 0.01 0.00 0.37 0.40
Say that he/she is a bad person or deserves to be punished? 0.00 0.00 0.05 0.04
Seem very discourages or say that has no future? 0.00 0.00 0.54 0.37
Is a burden to the family or that the family would be better 0.01 0.02 0.39 0.34
off without him
Talk about wanting to die or about killing himself 0.00 0.00 0.05 0.09
Show other signs of depression or sadness? 0.01 0.01 0.14 0.19
Lost interest in the world around 0.03 0.89 0.06 0.98
Fail to start conversation 0.00 0.76 0.07 0.78
Less affectionate or lacking in emotions 0.00 0.29 0.00 0.36
Contribute less to household chores 0.01 0.74 0.00 0.77
Less Interested in the activities and plans of others 0.00 0.64 0.00 0.85
Lost interest in friends and family members 0.00 0.40 0.00 0.49
Less enthusiastic about usual interests 0.01 0.69 0.13 0.92
Other signs that doesn'’t care about doing new things 0.00 0.14 0.00 0.24

Abbreviation: ADNI, Alzheimer’s Disease Neuroimaging Initiative.
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APPENDIX E
Model selection

The 4-class model within the L-study has an adjusted BIC and bet-
ter scaled relative entropy compared to the 5-class model (see Table 3).
Although the adjusted BIC within the ADNI cohort showed that the
best model was the 5-class model, the scaled relative entropy showed a
better score for the 4-class model. Given the minimal score differences
between the fitting models, and considering clinical relevance, it was
decided that the 4-class model was more appropriate.

APPENDIX F

Disease Monitoring

The key difference between the 4- and 5-class model is that the 5-
class model creates an extra apathy group with higher probability of
“saying or acting like depressed,” in both cohorts. Furthermore, this
extra apathy class has less probability of experiencing “less affectionate

»u

or lacking in emotions,” “lost interest in friends and family members” in
the ADNI cohort, and “fail to show emotional reaction that would be
expected” and “lost interest in friends and family members” and “less
enthusiastic about usual interests” in the L-study cohort. Creating the
extra apathy class, seems to be dividing the initial apathy class reducing

some of the symptom’s probability.

Tables of results of analysis of the relationship between the latent classes with other NPl items Table F.1

TABLE F.1 Ofresults of relationship between the latent classes with other NPI items.

NPIA—Delusions

L-study ADNI

Distal WALD DISTAL WALD

prob EST SE STATI~S P PROB EST SE STATI~S  TYPE
No symptoms 0.39 0.14
Combined apa/dep 0.56 0.25
Depression 0.54 0.2
Apathy 0.23 0.04
Combined vs. no symptoms 0.7 0.33 443 0.04 0.74 0.43 2.95 0.09
Depression vs. no symptoms 0.63 0.44 2.08 0.15 0.44 0.51 0.73 0.39
Apathy vs. no symptoms -0.77 0.31 6.02 0.01 -1.31 0.73 3.24 0.07
Combined vs. depression 0.07 0.49 0.02 0.89 0.3 0.52 0.33 0.57
Combined vs. apathy 1.47 0.4 13.55 <0.01 2.05 0.76 7.27 0.01
Depression vs. apathy 141 0.47 8.87 <0.01 175 0.78 4.97 0.03
Omnibus_Test 16.49 <0.01 8.3 0.04

NPIB—Hallucinations

L-study ADNI

DISTAL_ WALD_ DISTAL_ WALD_

PROB EST SE STATI~S P PROB EST SE STATI~S P
No symptoms 0.15 0.1
Combined apa/dep 0.36 0.17
Depression 0.38 0.02
Apathy 0.22 0.06
Combined vs. no symptoms 1.16 0.38 9.49 0 0.51 0.5 1.04 0.31
Depression vs. no symptoms 1.23 0.48 6.67 0.01 -1.57 1.22 1.66 0.2
Apathy vs. no symptoms 0.48 0.35 1.87 0.17 -0.55 0.64 0.75 0.39
Combined vs. depression -0.07 0.5 0.02 0.88 2.09 1.24 2.82 0.09
Combined vs. apathy 0.68 0.4 2.82 0.09 1.06 0.68 243 0.12
Depression vs. apathy 0.75 0.48 2.49 0.11 -1.02 1.29 0.63 0.43
Omnibus_Test 12.28 0.01 4.36 0.22

(Continues)
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TABLEF.1 (Continued)

No symptoms 0.52 0.25

Depression 0.64 0.4
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Combined vs. no symptoms 1.34 0.39 11.53 0 0.71 0.36 3.82 0.05

Apathy vs. no symptoms 0.86 0.29 8.8 0 0.63 0.35 3.31 0.07

Combined vs. apathy 0.47 0.44 1.14 0.29 0.08 0.39 0.04 0.83

Omnibus_Test 17.04 0 5.73 0.13

No symptoms 0.22 0.16

Depression 041 0.3

Combined vs. no symptoms 2.14 0.38 324 0 1.96 0.39 254 0

Apathy vs. no symptoms 0.3 0.32 0.86 0.35 0.73 0.39 3.48 0.06

Combined vs. apathy 1.84 041 20 0 1.23 0.41 9.16 0

Omnibus_Test 33.81 0 25.74 0

No symptoms 0.13 0.05
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Depression 0.24 0.08

§

Combined vs. no symptoms 0.43 0.95 0.33 -0.32 0385 0.14 0.71

Apathy vs. no symptoms 0.24 0.39 0.39 0.53 -0.55 0.86 041 0.52

Combined vs. apathy 0.19 0.48 0.15 0.7 024 106 0.05 0.82

Omnibus_Test 2.32 0.51 1.18 0.76

(Continues)
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TABLEF.1 (Continued)

No symptoms 0.15 0.14

Depression 0.27 0.3

Combined vs no symptoms 0.91 0.39 5.55 0.02 1.05 042 6.28 0.01
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Apathy vs. no symptoms 0.68 0.34 3.9 0.05 0.24 0.45 0.29 0.59

Combined vs. apathy -0.23 0.4 0.33 0.57 0.81 0.47 2.99 0.08

Omnibus_Test 7.08 0.07 8.51 0.04

No symptoms 0.38 0.25

Depression 0.68 045

Combined vs. no symptoms 1.27 0.35 12.97 0 1.19 0.36 10.92 0

Apathy vs. no symptoms 0.33 0.28 1.43 0.23 0.2 0.36 0.3 0.58

Combined vs. apathy 0.93 0.39 5.84 0.02 0.99 0.4 6.01 0.01

Omnibus_Test 16.92 0 13.27 0

No symptoms 0.3 0.17
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Depression 0.19 0.2

Combined vs. no symptoms 0.07 0.35 0.04 0.85 107 039 7.47 0.01

Apathy vs. no symptoms 046 0.29 2.52 0.11 0.8 0.38 443 0.04

Combined vs. apathy -0.39 0.39 1.02 0.31 027 041 0.43 0.51

Omnibus_Test 4.99 0.17 9.33 0.03

(Continues)
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TABLEF.1 (Continued)

No symptoms

Depression

Combined vs. no symptoms 0.3 1045

Apathy vs. no symptoms

Combined vs. apathy

Omnibus_Test 11.93

No symptoms

Depression

Combined vs. no symptoms

Apathy vs. no symptoms

—-—-—-—-—-
Combined vs. apathy —0.08
—-—-—-—-—-
Omnibus_Test 11.11

Abbreviations: ADNI, Alzheimer’s Disease Neuroimaging Initiative; L-study, Measuring Long Term Outcomes in People with Dementia in Care Homes; NPI,
Neuropsychiatric Inventory; SE, standard error.

APPENDIX G
Tables of results of analysis of the relationship between the latent classes with other NPl items Table G.1
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TABLE G.1 Ofresults of relationship between the latent classes with other clinically significant NPl symptoms.

No symptoms 0.24 0.05

Depression 0.34 0.10

Combined vs. no symptoms 0.45 0.36 1.60 0.21 0.89 0.62 2.03 0.15
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Apathy vs. no symptoms -0.74 0.38 3.79 0.05 -0.60 0.90 0.44 0.51

Combined vs. apathy 1.19 0.46 6.80 0.01 148 0.92 2.63 0.10

Omnibus_Test 8.43 0.04 3.86 0.28

No symptoms 0.08 0.01

Depression 0.28 0.02

Combined vs. no symptoms 0.89 0.49 3.34 0.07 2.00 1.26 2.53 0.11

Apathy vs. no symptoms 0.10 0.50 0.04 0.85 1.32 1.34 0.97 0.33

Combined vs. apathy 0.79 0.56 2.04 0.15 068 0.98 0.48 0.49

Omnibus_Test 9.70 0.02 275 043

No symptoms 0.28 0.06
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Depression 0.33 0.10

Combined vs. no symptoms 1.09 0.34 10.33 0.00 1.32 0.54 5.90 0.02

Apathy vs. no symptoms 0.71 0.29 6.01 0.01 0.23 0.64 0.12 0.72

Combined vs. apathy 0.38 0.37 1.09 0.30 1.09 0.62 3.12 0.08

Omnibus_Test 12.86 0.00 6.74 0.08

4%

(Continues,
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TABLE G.1 (Continued)

No symptoms 0.13 0.04

Depression 0.20 0.20
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Combined vs. no symptoms 1.72 0.38 20.65 0.00 211 0.62 11.58 0.00

Apathy vs. no symptoms 0.37 0.38 0.93 0.34 0.07 0.86 0.01 0.94

Combined vs. apathy 1.35 0.42 10.58 0.00 2.04 0.76 7.28 0.01

Omnibus_Test 21.70 0.00 16.04 0.00

No symptoms 0.08 0.04

Depression 0.07 0.00

Combined vs. no symptoms -0.94 0.85 1.23 0.27 -10.80 0.17 3963.30 0.00

Apathy vs. no symptoms -0.74 0.62 1.40 0.24 —31.26 #it# 0.00 1.00

Combined vs. apathy -0.20 0.99 0.04 0.84 20.46  ### 0.00 100

Omnibus_Test 2.37 0.50 3963.30  0.00

No symptoms 0.06 0.03
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Depression 0.21 0.13

Combined vs. no symptoms 0.96 0.53 3.36 0.07 0.61 0.83 0.54 0.46

Apathy vs. no symptoms 0.86 0.47 3.32 0.07 -0.83 1.24 0.44 0.51

Combined vs. apathy 0.10 0.51 0.04 0.84 143 1.28 1.26 0.26

Omnibus_Test 6.27 0.10 5.64 0.13

(Continues)
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TABLE G.1 (Continued)

No symptoms 0.21 0.05

Depression 0.41 0.28

Combined vs. no symptoms 0.91 0.35 6.56 0.01 1.54 0.57 7.33 0.01
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Apathy vs. no symptoms 0.19 0.33 0.34 0.56 1.14 0.58 3.89 0.05

Combined vs. apathy 0.72 0.39 3.30 0.07 040 050 0.63 0.43

Omnibus_Test 9.10 0.03 10.78 0.01

No symptoms 0.24 0.08

Depression 0.12 0.15

Combined vs. no symptoms 0.41 0.36 1.32 0.25 1.39 049 8.05 0.00

Apathy vs. no symptoms 0.34 0.31 1.27 0.26 1.10 049 5.02 0.03

Combined vs. apathy 0.07 0.39 0.03 0.86 0.30 046 0.41 0.52

Omnibus_Test 4.68 0.20 8.89 0.03

No symptoms 0.12 0.06
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Depression 0.17 0.25

Combined vs. no symptoms 1.09 0.40 7.38 0.01 1.84 0.55 11.32 0.00

Apathy vs. no symptoms 041 0.39 1.13 0.29 1.63 0.54 9.07 0.00

Combined vs. apathy 0.68 0.43 247 0.12 0.21 0.44 0.22 0.64

Omnibus_Test 7.43 0.06 12.68 0.01

(Continues)
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TABLE G.1 (Continued)

No symptoms

Depression

Combined vs. no symptoms

Apathy vs. no symptoms

Combined vs. apathy -0.18 -0.04

Omnibus_Test

Abbreviations: ADNI, Alzheimer’s Disease Neuroimaging Initiative; CHRN, Care Home Research Network; L-study, Measuring Long Term Outcomes in People
with Dementia in Care Homes; NPI, Neuropsychiatric Inventory; SE, standard error.
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