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Abstract

INTRODUCTION: Behavioral and psychological symptoms in dementia (BPSD) are

dynamic phenomena with a high amount of intraindividual variability. We applied a

multilevel framework to identify subsyndromes (between-person factors) that repre-

sent clinically relevant profiles of BPSD and identify symptom clusters (within-person

factors) that represent contextually driven daily symptom experiences.

METHODS: This study used an intensive longitudinal design in which 68 co-residing

family caregivers to persons living with dementia were recruited to proxy report

on their care recipient’s daily symptom experiences of 23 different BPSD for eight

consecutive days (n = 443 diaries). A multilevel exploratory/confirmatory factor anal-

ysis was used to account for nested data and separate within-person variances from

between-level factor estimates.

RESULTS: Exploratory factor analysis identified a 4-between 3-within factor structure

based on fit statistics and clinical interpretability.

DISCUSSION: This study offers major methodological and conceptual advancements

for management of BPSD within Alzheimer’s disease and related dementias by

introducing two related but distinct concepts of subsyndromes and symptom clusters.

KEYWORDS

behavioral symptoms, multilevel analyses, neuropsychiatric symptoms, subsyndromes, symptom
cluster, symptommanagement

Highlights

∙ Because behavioral and psychological symptoms of dementia (BPSD) are dynamic

temporal phenomenon, this introduces measurement error into aggregate group-

level estimates when trying to create subsyndromes. We propose a multilevel

analysis to provide a more valid and reliable estimation by separating out variance

due to within-person daily fluctuations.
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∙ Using a multilevel exploratory factor analysis with intensive longitudinal data, we

identified distinct and meaningful groups of BPSD. The four factors at the between-

person level represented subsyndromes that are based on how BPSD co-occurred

amongpersonswithAlzheimer’s disease (AD). These subsyndromesare clinically rel-

evant because they share features of established clinical phenomena and may have

similar neurobiological etiologies.

∙ We also found three within-person factors representing distinct symptom clusters.

They are basedonhowBPSDclustered together on a givenday for an individualwith

AD and related dementias. These clusters may have shared environmental triggers.

1 BACKGROUND

Most patients with Alzheimer’s disease and related dementias (ADRD)

experience behavioral and psychological symptoms of dementia

(BPSD), though most do not experience all types of BPSD or experi-

ence them in a predictable pattern.1 As reported by family caregivers,

the most prevalent BPSDs include apathy, depression, and agitation,

while the most distressing BPSDs include delusions, agitation, and

irritability.2 As BPSD represents a heterogeneous group of clinical

symptoms, there has been an effort to identify subsyndromes based

on co-occurrence or clustering of symptoms. The hypothesis is that

these subsyndromes may represent clinically and mechanistically dis-

tinct phenomena.3,4 Thus, the identification of subsyndromes would

inform clinical management and pharmaceutical development.

More than 60 studies have attempted to identify subsyndromes of

BPSD, primarily through factor analysis of cross-sectional data.5 Fac-

tor analysis creates groupings of interrelated variables based on the

hypothesis that they share underlyingmechanistic properties.6 Among

these studies, there has been some consistency in terms of the num-

ber of subsyndromes (three to four) and overall types of subsyndromes

(affective, hyperactivity, psychosis, euphoria).7,8 However, multiple

systematic reviewshavedemonstrated that no two studies have identi-

fied the same factor structure or item loadings underlying the subsyn-

dromes and that subsyndromes do not appear stable over time.5,9,10

The lack of reproducibility of subsyndromes may be related to mea-

surement issues. BPSD is a dynamic temporal phenomenonwith a high

degree of intra-individual variability, which is masked when relying on

aggregate group-level estimates.11–13 A seminal study demonstrated

that for a group of persons with dementia, the average occurrence of

BPSDappearedunchangedover a3-monthperiod.However, individual

rates of changewere significantly different from the group’s trend. This

means that on an individual level, BPSD is not stable over short peri-

ods of time.13 Furthermore, environmental stressors (e.g., caregivers

shouting aggressively) can significantly increase the number of differ-

ent types of BPSD that a person with dementia experiences on a given

day aswell as the next day.11 Therefore, there are strongwithin-person

processes underlying BPSD that need to be accounted for in group-

level estimates. Not accounting for the individual variability in BPSD

introduces error into the estimation of subsyndromes.14

Within amultilevel factor analysis framework, the factors produced

at each level have a different interpretation with distinct implications

for clinical research and practice. At the between-person level, the fac-

tors represent how an individual’s BPSD co-occurs compared to other

people with ADRD. This represents the traditional subsyndrome con-

cept or a group of symptoms related through a shared neurobiological

etiology,5 such as gray matter volume atrophy.15 In other words, sub-

syndromes represent a profile of symptoms that stands out among all

the BPSD that a person with dementia may experience. At the within-

person level, the factors represent how an individual’s daily BPSD

co-occurs relative to their own usual BPSD. This represents a symptom

cluster, or a group of temporally related fluctuating symptoms thatmay

share environmental triggers but do not necessarily share the same

neurobiological etiology.

Subsyndromes would be a target for pharmaceutical development

and inform medical management, especially as they may be predictive

of different health outcomes.5 Symptom clusters would be a target

for environmental and caregiver-based interventions and inform daily

care strategies. This means that for a single BPSD, there may be

multiple avenues for intervention.

A review of published subsyndrome analyses questioned whether

“statistically derived symptom groups are meaningful in everyday

terms.”5 Accordingly, the purpose of this paper is to use an innovative

approach of intensive longitudinal data collected via daily diary reports

of symptoms and a multilevel analytic framework to disaggregate the

between-person and within-person effects driving BPSD. We argue

that this approach can (1) identify subsyndromes (between-person fac-

tors) that represent clinically relevant profiles of BPSD, and (2) identify

symptom clusters (within-person factors) that represent contextually

driven daily symptom experiences.

2 METHODS

2.1 Study design and procedures

This study uses an intensive longitudinal design and caregiver-

reported data from a nightly diary survey over 8 days. The diary

captures the occurrence, context, and timing of 23 BPSD. RedCap,
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a secure, web-based survey platform, was used for data collection.

After passing eligibility and providing consent, participants received

a link to the baseline survey via e-mail and text. After completion of

the baseline survey, participants received daily e-mails each evening

at 8 pm with a link to the nightly diary. They were asked to complete it

within a 4-hour window (8 pm tomidnight).

2.2 Study sample

Participants included persons aged ≥ 18 years, co-residing with a per-

son with mild cognitive impairment or dementia who spends at least

12 hours a day providing care. TheAD8was used as a proxymeasure to

determinemild cognitive impairment or dementia.16 TheAD8 is a valid

and reliable tool for caregiver proxy report that has strong concur-

rent validity with the Clinical Dementia Rating scale, good inter-rater

reliability and stability, and excellent discrimination between persons

with and without cognitive impairment regardless of etiology (area

under the curve 0.92, 95% confidence interval 0.88–0.95).16 Partici-

pants were excluded if they did not have reliable access to the internet

or the care recipient hada score<3on theAD8. Themost commonrea-

son for ineligibility was that the caregiver did not live with the person

with dementia.

Regional social and news media (the southeastern United States),

in addition to snowball sampling, were used for recruitment. Adver-

tising materials directed interested persons to the website, where

they were provided a description of the study and a link to an initial

screening form. From there, a rigorous three-step process was used to

assess the authenticity of participants (i.e., that they are not fraudulent

persons or spam-bots). The initial online screening form was used to

exclude potential participants based on invalid answers, including their

location. This step also prevented spam-bots from accessing the data

collection platform, RedCap. Participants who passed this step were

then sent a link to an eligibility survey in RedCap. Those who passed

the eligibility survey were sent an e-mail with a link to the consent

form. After clicking “yes” to indicate their consent in RedCap, partic-

ipants were notified via e-mail of a second-step verification survey.

These answers were checked for agreement with the answers on the

initial eligibility survey and verified the authenticity of participants by

requiring endorsements of two images with the correct answer and a

coherent response to the question, “Tell us in a few words why you

are interested in participating in this study.” A multistep protocol for

recruiting and enrolling participants is recommended as a best practice

in online researchmethods.17,18

2.3 Measures

For consistency with previous research on subsyndromes, the Neu-

ropsychiatric Inventory (NPI)was the primarymeasure used to identify

different domains of BPSD.19 It was supplemented with other scales

for BPSD commonly used in daily diary research and items identified as

integral through previous pilotwork. These itemswere generated from

RESEARCH INCONTEXT

1. Systematic review: Many studies have identified poten-

tial subsyndromes based on groupings of behavioral

symptoms. However, these findings have not been repro-

ducible. This may be due to measurement error that does

not account for the dependencies in the data.

2. Interpretation: We propose a new multilevel framework

for conceptualizing groupings of behavioral symptoms.

Subsyndromes represent how a person’s symptoms occur

in relation to others with Alzheimer’s disease and related

dementias. Symptom clusters represent how a person’s

daily symptoms co-occur relative to their own usual

symptoms. Findings identified four subsyndromes and

three symptom clusters.

3. Future directions: Understanding the dual but related

concepts of subsyndromes and symptom clusters creates

a new paradigm for symptom management. Future work

should investigate whether subsyndromes have a shared

neurobiological basis and whether symptom clusters are

environmentally and contextually driven.

data collected for a pilot study aboutBPSDand caregiving outcomes.20

In the pilot study, caregiver participants were asked to respond to

diary surveys twice a day for 21 days and had the option to write in

BPSD on the daily diaries that were not captured completely by the

NPI. Two geriatric nurse scientists reviewed the open-ended answers

to identify any conceptually unique symptoms that were mentioned

consistently across the days sampled and among participants sam-

pled.Because thesewereopen-ended responses, participants provided

detailed anecdotes about the symptoms, which provided context to

evaluate conceptual distinctions between their written-in answers and

existing NPI items.

Based on this review, three distinct symptoms were identified that

had a high degree of content validity based on clinical experiences.

First, compulsive behaviors were identified, particularly behaviors

related to ordering and completeness. While the NPI includes repeti-

tive behaviors, compulsions are clinically distinct. Because autism is a

neurological condition with many behavioral symptoms that are often

proxy reported by caregivers, we included an item on compulsions

from the Repetitive Behaviors Scale—Revised rather than generating

a new item.21 Second, vocalizations were also common, and, while

not measured on the NPI, have been identified as a frequent BPSD

among residents in nursing homes.22 Thus, a researcher-generated

item was included. Third, toileting issues were also frequently men-

tioned. Specifically, this does not refer to general incontinence; rather,

these are situations in which the person with dementia mistakenly

relieves themself somewhere besides a toilet (e.g., a trashcan). All items

are found in Table S1 in supporting information.
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2.3.1 Neuropsychiatric Inventory

A self-report scale for dementia family caregivers measuring BPSD
19 included screening items measuring the domains of hallucinations,

delusions, depression, anxiety, elation, apathy, disinhibition (split into

socially inappropriate disinhibition and sexual disinhibition), irritabil-

ity/lability, and eating difficulties (10 items total).

2.3.2 Daily record of behavior

A self-report scale for dementia family caregivers measuring BPSD on

a daily basis2 included itemsmeasuring the domains of agitation–care–

resistance (6 items), agitation–restlessness (1 item), verbal aggression

(1 item), physical aggression (1 item), andmemory problems (1 item).

2.3.3 Repetitive behaviors scale
revised—Compulsive behaviors subscale

This scale measures parental self-report of autistic children’s compul-

sive behaviors. Though it has not been used in dementia research, our

pilot work provides high content validity for the domain of aberrant

motor behavior–compulsions. Subitems were aggregated to create a

1-itemmeasure representing ordering, completeness, checking, hoard-

ing, and tapping.21

2.3.4 Researcher-generated items

To measure the domain of aberrant motor behavior–non-verbal vocal-

izations, we created an item based on the Typology of Disruptive

Vocalizations.22 Based on pilot work, we also included an item on toi-

leting difficulties (e.g., using things other than the toilet to relieve

themselves).

2.4 Analysis

The purpose of this study was to identify subsyndromes (between

level) and symptom clusters (within level) by clustering 23 BPSD indi-

cator items collected with daily diaries over eight sequential days.

Traditional data reduction methods, such as exploratory factor analy-

sis, were not appropriate due to multiple daily diaries from each par-

ticipant. Therefore, a multilevel exploratory factor analysis (MLEFA)

approach was used. MLEFA partitions the variance–covariance matrix

at the within-person and the between-person level components and

then computes factor extractions at each level.23 Using MLEFA, one

can explore the dimensionality of an instrument when the data have

a multilevel structure at each specific level. Because this dataset

is longitudinal in nature, the within level represents the day-to-day

fluctuations within a person while the between level represents inter-

personal differences. A multilevel model is justified by an intraclass

correlation coefficient (ICC), the ratio of the between-level variance to

the total variance of an item. A rule of thumb is to consider amultilevel

approach when the ICC is > 0.05.24 More recent research suggests

using an ICC > 0.20.25 The ICCs of BPSD items in this study ranged

from0.16 to 0.53with amean of 0.27. Therefore, theMLEFA approach

was justified.

Multiple steps were involved in determining the optimal number of

factors at each level. First, we examined the models that varied the

numbers of within-level factors while between-level factors were held

constant. Once the number of within-level factors was determined, we

examined models with varied numbers of between-level factors. Both

levels included a maximum of five factors. Five was selected as the

maximum number of factors because factor solutions six and above

had single indicator factors that were not theoretically or clinically

meaningful. This may have indicated there was a factor only because

the model was forced to produce one. Models selected at within and

between levels weremerged to create the final model.

MLEFA model parameters were estimated using maximum like-

lihood estimation with an expectation maximization algorithm. The

Geomin option inMplus as an oblique rotation was used. Oblique rota-

tion was selected because, theoretically, all the factors were assumed

to correlate. We chose candidate models using comparative fit index

(CFI),26 Tucker–Lewis fit index (TLI),27 Akaike information criteria

(AIC),28 Bayesian information criteria (BIC),29 and sample size adjusted

BIC (aBIC).30 In addition, root mean square error of approximation

(RMSEA),31 standardized root mean square residual within (SRMR-

within),32 and SRMR-between were used to judge the fit of the final

model to the data. The data analysis was performed onMplus 8.8.33

3 RESULTS

3.1 Study participants and descriptive statistics

The sample of caregiver participants (N = 68) was, on average, 69%

female, 42% White, and 54% Black, with an average age of 42 years

(Table 1). Care recipients with dementia were 54% female, with an

average age of 74 years. In total, 68 participants completed 443 daily

diaries over the follow-up period. Participants did not fill out some of

their diaries (18.43%were missing). As a result, the average number of

diaries per individual was 6.51 (standard deviation 1.84) out of eight

expected. The dataset was screened formissed or skipped questions in

the diaries. We found no item-level missing data. Table 2 summarizes

the frequencies of the BPSD items along with the ICCs. There were no

differences in the frequency of total BPSDs by race or ethnicity. ICCs

indicated a substantial amount of item variance at both within- and

between-person levels. Table S1 shows one item on care resistance.

While it was originally measured as five separate items, their sum was

used to improve the MLEFA model fit as we found that these items

measured a related concept and performed similarly when included as

individual items.
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TABLE 1 Sample demographic characteristics.

Caregiver characteristics %N M (SD)

Age 42.07 (15.58)

Female 69% (48)

Race

White 42% (29)

Black 54% (37)

Hispanic/Latino 29% (20)

Relationship type

Spousal 14% (10)

Adult child/parent 62% (43)

Adult grandchild/

grandparent

19% (13)

Care recipient characteristics

Age 74.46 (8.81)

Female 54% (37)

AD8 7.70 (0.71)

Household characteristics

Number of persons living in

house

3.68 (1.57)

Average number hours dyad

spend together each day

19.7 (4.29)

Abbreviation: SD, standard deviation.

3.2 Model selection

The decision on the final number of factors for within- and between-

level models was guided by Ji et al.25 and the clinical interpretability

of item loadings. TLI, changes in CFI, and BIC were the primary statis-

tics used to determine the number of factors at the within level. For

between-level models, changes in CFI and AIC were used. Table 2

displays the factor solutions for the models. It illustrates that as

the number of factors increased, the fit of the models to the data

improved. For the within-level only, one- and two-factor solutions

had low TLI, whereas models with more than three factors failed to

converge. Therefore, a three-factor solution was selected. For the

between-level-only models, low AIC and high CFI favored four- and

five-factor solutions. A four-factor solution was selected for the final

model because the fifth factor had no significant item loadings.

3.3 Final model

The final model had four between-level and three within-level factors,

with final model loadings shown in Table 2. The model fit was accept-

able to good based on CFI and TLI and very good based on RMSEA

(CFI=0.89, TLI=0.84, AIC=4194.45, BIC=4935.39, aBIC=4360.98,

RMSEA = 0.025, SRMR-within = 0.04, SRMR-between = 0.094).

Inter-factor correlations (Table 3) were small to moderate for both

within-level (0.31–0.44) and between-level (0.23–0.89) models, indi-

cating that factors measured unique constructs across levels. The

inter-factor correlations of the model are summarized in Table 4, and

correlations between the factors and items are in Table S1.

The resulting factors at the between-person level represented

four subsyndromes that were comprised of specific BPSD items:

aggressive–agitation (wandering, care resistance, verbal aggression,

physical aggression), depression–affective (vocalizations, apathy, delu-

sions, hallucinations, anxiety, depression), manic–agitation (memory

problems, euphoria, lability, impulsivity, compulsions, sexual disinhibi-

tion), and hallucinations (hallucinations, uncooperativeness). If items

were cross-loaded and one of the loadings was negative, then the item

wascountedon the factorwith thepositive loading. Eating and toileting

difficulties did not performwell at the between-person level.

The factors at the within-person level represented three symptom

clusters: behavioral symptoms (eating difficulties, toileting difficul-

ties, uncooperativeness, verbal/physical aggression, impulsivity, sexual

disinhibition, care resistance, euphoria, vocalizations, delusions, labil-

ity), psychological–mood symptoms (depression, anxiety, lability), and

psychosis-like symptoms (delusions, hallucinations, apathy, wander-

ing). Memory problems and compulsive behaviors did not load on any

within-person factor.

4 DISCUSSION

Using a multilevel exploratory factor analysis with intensive longi-

tudinal data, we identified distinct and meaningful groups of BPSD.

The four factors at the between-person level represented subsyn-

dromes that are based on how BPSD co-occurred among persons

with AD. These subsyndromes are clinically relevant because they

share features of established clinical phenomena and may have similar

neurobiological etiologies.

The depression–affective subsyndrome is consistent with geriatric

depression. If untreated, it includes a higher prevalence of comorbid

psychosis and anxiety than what is found in younger populations.34

This subsyndrome could represent two things. First, there is a well-

established link between late-life depression and incident dementia,

including Alzheimer’s disease and vascular dementia.35 Possible etio-

logical mechanisms that link depression and dementia suggest cumu-

lative contributions of vascular changes, inflammatory processes, and

increased amyloid production.36 Second, depression can be a conse-

quence of a dementia diagnosis. Eitherway, this subsyndromepoints to

the importance of assessment and treatment for geriatric depression

among persons with dementia.

There is clinical and face validity for hallucinations to appear as

their own subsyndrome. In our analysis they were grouped with

uncooperativeness. First, hallucinations are a hallmark feature in Lewy

body dementia compared to other dementias.37 Thus, it may stand

out as its own subsyndrome among all ADRDs. Second, compared to

other BPSD, hallucinations are related to distinct neuroanatomical

changes indicating a unique pathogenesis.38 Last, because health-care

professionals lack knowledge and confidence regarding the manage-

ment of psychosis, it is likely that family caregivers lack the skills
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TABLE 3 Within- and between-level model selection statistics.

Number of factors withinmodel* Model fit statistics

Within level Between level CFI TLI AIC BIC aBIC SRMR.W SRMR.B

1 0 0.81 0.58 3931.722 4165.055 3984.163 0.06 0

2 0 0.90 0.74 3896.854 4203.871 3965.855 0.05 0

3 0 0.94 0.81 3891.77 4268.378 3976.412 0.04 0

0 1 0.70 0.32 3999.902 4233.235 4052.343 0 0.16

0 2 0.80 0.50 3954.874 4261.892 4023.876 0 0.14

0 3 0.90 0.70 3914.395 4291.003 3999.037 0 0.11

0 4 0.95 0.84 3897.557 4339.662 3996.919 0 0.10

0 5 0.97 0.87 3904.093 4407.602 4017.256 0 0.08

Abbreviations: aBIC, sample size–adjusted Bayesian information criterion; AIC, Akaike information criterion; BIC, Bayesian information criterion; CFI, com-

parative fit index; SRMR.B, standardized root mean square residual between; SRMR.W, standardized root mean square residual within; TLI, Tucker–Lewis

index.

*0 indicates that the level was saturated (held constant).

TABLE 4 Inter-factor correlations for each level.

Between-F1 Between-F2 Between-F3 Between-F4

Within-F1 1 0.12 0.27 0.11

Within-F2 0.05 1 0.40* –0.11

Within-F3 0.16 –0.08 1 0.11

Note: The correlations below thediagonal are thewithin-level inter-factor correlations, the above thediagonal correlations are thebetween-level inter-factor

correlations.

*Statistically significant correlation estimate.

to manage hallucinations at home.39 Therefore, it is reasonable to

expect that they would group with general uncooperativeness. At

the between level, hallucinations were the only BPSD to cross-load,

which may indicate they are a byproduct of unmanaged depression

in the depression–affective subsyndrome and their own unique

subsyndrome.

Aggressive–agitation reflects a common neuropsychiatric phe-

nomenon. Wandering, care resistance, and verbal and physical aggres-

sion are often identified together.40 While some have argued that

care resistance is its own clinical phenomenon,41 our findings support

that these individual BPSD fall within the International Psychogeriatric

Association provisional consensus definition of agitation.42 Impor-

tantly, we did find some agitation symptoms grouped separately to

form a manic–agitation subsyndrome representing a symptom pro-

file of mania in persons with ADRD. Mania is often associated with

behavioral agitation in older adults,43 with our findings indicating that

manic–agitation is distinct from aggressive–agitation. Neurological

changes contribute to secondarymania, which ismore common among

older adults compared to younger.44 Moreover, manic episodes are

more common in dementia than in other chronic diseases.45 As there is

virtually no guidance for themanagement ofmanic–agitation in ADRD,

these findings support further investigation of mania as a distinct form

of agitation; its neurobiological basis inADRD is a high-priority area for

future research.

We found three within-person factors representing distinct symp-

tom clusters. They are based on how BPSD clustered together on

a given day for an individual with ADRD. Interestingly, the fac-

tors generally split into behavioral versus psychological symptoms.

The behavioral symptom cluster included BPSD with known shared

environmental triggers. For example, vocalizations, physical aggres-

sion, wandering, impulsivity, and disinhibition are related to physical

environment (e.g., cleanliness, lighting) and social environment (e.g.,

attitudes of caregivers, availability of activities).46 These clusters

might be amendable to strategies that moderate the context of daily

caregiving. The psychological symptoms split into two factors: mood

symptoms (depression, anxiety, lability) and psychosis-like symptoms

(delusions, hallucinations, apathy, wandering). Fluctuating affect can

also be triggered by various levels of environmental under- or over-

stimulation.Multisensory experiences and virtual reality are promising

interventions for emotional stabilization in ADRD.47–49 Psychosis-like

symptoms may reflect daily fluctuations in BPSD as it has been sug-

gested that BPSD follows patterns of escalation and de-escalation over

the course of the day.12 Superimposed hypo- and hyperactive delirium

may also contribute to the clustering of psychosis-like symptoms.50

There is support for the proposed subsyndromes and symptomclus-

ters found in previous factor analytic studies. The subsyndromes we

identified are comparable to the commonly found groupings identi-

fied by a systematic review including affective symptoms, psychosis,
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hyperactivity, and euphoria (sometimes including disinhibition).5 A

review of subsyndrome analyses that used theNPI found that an affec-

tive subsyndrome was identified in 20% to 33% of groupings, and a

psychosis subsyndrome was present in 13% to 20% of groupings.9 At

the within level, our “behavioral symptom” cluster is similar to the

“HIDA domain” (hyperactivity–impulsivity–irritability–disinhibition–

aggression–agitation). This is an alternative grouping that has guided

clinical management guidelines.51 Importantly, work to date has

focused on subsyndromes,5 and this is the first study to explore symp-

tom clusters. As such, our findings clarify someof the inconsistencies in

previous work on this topic. The systematic review found that certain

BPSD had no consistencies in how they loaded including apathy, eat-

ing disturbances, disinhibition, and aberrant motor behavior (including

compulsions).5 Through a multilevel framework we found that eating

difficulties did not load at the between level while compulsions did

not load at the within level. Moreover, apathy clustered with differ-

ent BPSD at the between level versus within level. Because previous

attempts to create subsyndromes used a single-level approach, this

would account for the difficulty in replicating findings for these BPSD.

4.1 Strengths and limitations

The findings may apply to a general, community-based population of

ADRD because our sample included all types of dementia, regardless

of the official diagnosis. Different subsyndromes and symptom clus-

ters may be found within different types of dementia with different

clinical features, which is an area for future research. However, from a

pragmatic standpoint, a parsimonious model of all ADRDmay be more

desirable to guide symptommanagement research and clinical practice

given the frequency of comorbid diagnoses and their additive effects

on BPSD burden.38 An additional limitation is that, like most studies,

data relied on proxy reporting from caregivers. The inclusion of per-

sons with mild cognitive impairment and earlier stages of dementia is

an area for future research.

One of the biggest methodological challenges in this study was the

lack of established research approaches to data reductionwith longitu-

dinal datasets. Obtaining model reliability estimates was problematic,

as there are no establishedmethodswhen the number of factors varies

at each level. The short follow-up period of 8 days limited calculations

on the factor extractionat thewithin-person level. Additionally, there is

a lack of guidance on determining sample sizes, so we relied on general

rules of multilevel structural equationmodels.52 Our within-level sam-

ple size exceeds recommendations, and there are no recommendations

to judge our sample size at the between level. However, because our

between-level solution had favorable fit statistics and significant factor

loadings, we believe our sample size is sufficient. Replication of these

findings in larger samples, including confirmatory factor analyses, is an

area for future research. Nevertheless, our intensive longitudinal data

coupled with a multilevel analytic approach strengthened the rigor

of this study. It enabled a more valid measurement of outcomes by

decomposing variance structures.

4.2 Future directions

A major critique of the subsyndrome concept is that prior work has

not been able to demonstrate the stability of the subsyndromes over

time.53 Thus, future work using multilevel frameworks is needed to

assess subsyndrome stability as well as to examine how persons

with ADRD transition in and out of subsyndromes as their disease

progresses over time. Future work is needed to identify individual sus-

ceptibility to the subsyndromes and understand the neurobiological

underpinnings driving them, which could inform new pharmacological

targets. The gut microbiome has been linked to a number of behavioral

and psychological symptoms (e.g., depression, anxiety, compulsions) in

othermental health disorders and should be further examined in BPSD

in relation to subsyndromes.54 Future work should also investigate

whether the individual subsyndromes have a “sentinel symptom”—a

primary symptom driving the mechanistic process, which influences

theoccurrenceof other symptomswithin the group. This nuancedanal-

ysis can be accomplished through complex data modeling approaches,

such as Bayesian networks.6,55 Future studies should include examina-

tions of biological contributions of race, ethnicity, and sex. Finally, it is

likely that persons experiencing different subsyndromes may have dif-

ferent health outcomes. Identification of those differences can inform

long-term care planning.

To validate the concept of symptom clusters, it is important to

identify whether they are predicted by different environmental and

contextual triggers. Future work should also examine temporal rela-

tionships among the clusters to understand how they influence one

another,12 using approaches such as ecologicalmomentary assessment

to allow for temporal ordering. For example, it may be that exacer-

bated depression and anxiety symptoms amplify the overall sensitivity

to environmental stimuli, thus increasing behavioral symptoms. There-

fore, to reduce overall behavioral symptoms, we may need a targeted

intervention for the psychological–mood symptom cluster. This is a

marked difference from the prevailing clinical paradigms for prepar-

ing dementia caregivers. Many non-pharmacologic interventions have

been developed to support caregivers in the day-to-day manage-

ment of BPSDs. Yet, most produce small effect sizes with unknown

duration,56 possibly because these studies measure BPSD as single

items or composite scores. Our results uncover the opportunity to

re-conceptualize the complex and dynamic nature of BPSD through

nuanced behavioral profiles that can further advance symptom science

in ADRD.11,12,57

In conclusion, this study offers major methodological and concep-

tual advancements for the management of BPSD within ADRD by

introducing two related but distinct concepts of subsyndromes and

symptom clusters. This framework offers a bridge between the so-

called “medical” and “environmental/nursing” models and emphasizes

the importance of a multiple pathways approach for the management

of BPSD. Further development of subsyndromes and symptom clusters

will elucidate novel, targeted interventions that ultimatelywill allow us

to offer more tools to persons with AD and their family caregivers to

manage their chronic illness.
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