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Background: People with Alzheimer's disease (AD) have difficulties in performing
activities of daily living (ADLs) as the disease progresses, commonly experience
neuropsychiatric symptoms (NPS), and often have comorbidities such as
cardiovascular disease. These factors all contribute to a requirement for care and
considerable healthcare costs in AD. The Clinical Dementia Rating (CDR) scale
is a widely used measure of dementia staging, but the correlations between
scores on this scale and patient-/care partner-relevant outcomes have not been
characterized fully. We conducted a systematic literature review to address this
evidence gap.

Methods: Embase, MEDLINE, and the Cochrane Library were searched September
13, 2022, to identify published studies (no restriction by date or country) in
populations with mild cognitive impairment due to AD or AD dementia. Studies
of interest reported data on the relationships between CDR Global or CDR-Sum
of Boxes (CDR-SB) scores and outcomes including NPS, comorbidities, ADLs,
nursing home placement, healthcare costs, and resource use.

Results: Overall, 58 studies met the inclusion criteria (42 focusing on comorbidities,
14 on ADLs or dependence, five on nursing home placement, and six on economic
outcomes). CDR/CDR-SB scores were correlated with the frequency of multiple
NPS and with total scores on the Neuropsychiatric Inventory. For cardiovascular
comorbidities, no single risk factor was consistently linked to AD progression.
Increasing CDR/CDR-SB scores were correlated with decline in multiple different
measures of ADLs and were also associated with nursing home placement and
increasing costs of care.

Conclusion: NPS, ADLs, and costs of care are clearly linked to AD progression,
as measured using CDR Global or CDR-SB scores, from the earliest stages of
disease. This indicates that scores derived from the CDR are a meaningful way
to describe the severity and burden of AD for patients and care partners across
disease stages.
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1. Introduction

In Alzheimer’s disease (AD), ongoing cognitive decline leads to
difficulties in performing instrumental activities of daily living
(IADLs), such as meal preparation, shopping, and household tasks,
and ultimately to inability to perform basic activities of daily living
(ADLs) such as dressing, bathing, and eating (1). AD is also associated
with neuropsychiatric symptoms (NPS), which may manifest at early
stages of the disease. Symptoms such as depression and apathy can
herald the onset of the disease, with other NPS such as delusions and
hallucinations typically appearing at advanced stages (2).

With increasing impairment in ADLs and mounting behavioral
changes, people with AD require more care as the disease progresses.
In many cases, a family member or spouse acts as a care partner for
the individual affected by AD, but there may be a requirement for
formal care, particularly in later disease stages (3). When care
requirements cannot be met in the home, or when care partners are
no longer able to act as the sole provider of care, individuals with AD
may require admission to an assisted living residence, a nursing home,
or other care facility (4).

AD is associated with considerable healthcare costs (5). The
formal costs of AD are attributable in large part to the cost of nursing
home placement; informal costs include care contributions made by
care partners and employment opportunity losses (6, 7). AD is more
prevalent with advancing age (8), and many patients have
comorbidities, which require the use of additional healthcare
resources (9, 10). Comorbidities have been implicated in the
development and progression of AD, although the causality of these
relationships remain to be fully elucidated (11).

The Clinical Dementia Rating (CDR) scale is commonly used to
define AD stages and disease progression in research settings and
clinical trials, but it is infrequently used in clinical practice. CDR
Global and CDR-Sum of Boxes (CDR-SB) scores are derived from
severity scores in six domains (see Measurement scales in the Materials
and methods section), with higher scores indicating more severe AD
(12). The specific impacts of AD can be quantified using various
patient-, physician-, or care partner-reported outcome measures,
including ADL and IADL questionnaires, and the Neuropsychiatric
Inventory (NPI), which is used to assess the type, severity, and number
of NPS (13). The relationships between these measures and the CDR
scale, and their impact on costs as patients progress through AD stages,
are incompletely characterized. A deeper understanding of these
associations is vital to understand how CDR-SB and CDR Global
scores relate to outcomes in clinical practice and costs of care, and the
extrapolation of clinical trial data. Quantifying the impacts of reaching
a particular AD stage may help to identify the potential benefits of
interventions that slow progression and allow assessment of the
economic impact of treatment-related changes.

We conducted a systematic literature review (SLR) to assess how
comorbidities, NPS, ADL declines, nursing home placement, and
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economic costs are linked to AD severity and progression, as
measured by CDR Global or CDR-SB scores.

2. Materials and methods
2.1. Systematic literature review

The SLR was designed to identify relevant evidence in populations
with AD (both mild cognitive impairment [MCI] due to AD and AD
dementia), on the relationship between CDR-SB or CDR Global scores
and outcomes. All study types, including randomized controlled trials
(RCTs), observational studies, and case studies and reports, were
considered relevant. Following consultation with a panel of clinical
experts, outcomes of specific interest were NPS, cardiovascular disease
(CVD), epilepsy, bedsores, infections, incontinence, obstructive sleep
apnea, falls, ADLs, dependence, nursing home placement, economic
consequences, and healthcare resource use.

Both journal and congress publications were considered relevant.
Primary publications and SLRs or meta-analyses were included, but
narrative reviews were not. Only English language publications were
included, but there was no restriction by date or geography.

The study protocol was designed and conducted in line with the
2020 Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (14), and registered with PROSPERO
(registration number: CRD42023392801). Searches of Embase,
MEDLINE, and the Cochrane Library were conducted on September
13, 2022. Titles and abstracts were screened by one reviewer to
determine whether they met the eligibility criteria (Table 1). All
publications meeting the criteria were obtained as full articles and
reassessed against the eligibility criteria.

2.2. Data extraction

Detailed data, including study setting, methods, patient
characteristics, and study results, were entered into a data extraction
table, and quality checked by an independent reviewer.

Some studies reported longitudinal relationships between
CDR-SB/CDR score progression and the progression of outcomes,
whereas others reported cross-sectional data examining outcomes in
different stages of AD severity. A third type of study reported how
disease severity at baseline affected subsequent progression or how
baseline characteristics affected AD progression.

2.3. Measurement scales

The CDR scale comprises six domains: memory, orientation,
judgement and problem solving, community affairs, home and
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TABLE 1 Eligibility criteria for the systematic literature review.

Populations

10.3389/fneur.2023.1208802

Patients with Alzheimer’s disease® (from mild cognitive impairment to severe dementia of the Alzheimer’s type); this includes (1): MCI of the

Alzheimer’s type (2); mild dementia of the Alzheimer’s type (3); moderate dementia of the Alzheimer’s type (4); severe dementia of the

Alzheimer’s type

Interventions Any or none

Comparators Any or none

Outcomes

« Psychiatric diseases

o Depression

« Epilepsy

« Bedsores

« Cardiovascular disease
o Coronary disease

o Myocardial infarction

o Heart failure

o Cerebrovascular disease

o Stroke

o Peripheral vascular disease

« Infection

« Incontinence

o Obstructive sleep apnea

Outcomes reported alongside Clinical Dementia Rating scale Sum of Boxes (CDR-SB) score:*

« Any other comorbidity reported alongside CDR-SB score, * or as a risk factor for progression measured by the CDR-SB*

« Falls
o Nursing home placement
« Scores on the Dependence Scale

o Activities of daily living

« Economic outcomes, including data from economic modeling exercises

« Healthcare resource use
Study design
Exclusions: Animal/in vitro studies

Date restrictions No restrictions

Language restrictions English language

All study types, including randomized controlled trials, observational studies,” and case studies and reports

Publication type All primary publications and systematic literature reviews/meta-analyses
Exclusions: Reviews/editorials
Country Not restricted

*Studies reporting CDR scores were identified using search terms for CDR-SB and were also considered relevant.

"All study designs and data sources for observational studies were considered relevant.
“Narrative reviews and opinion articles.

CDR, Clinical Dementia Rating; CDR-SB, Clinical Dementia Rating-Sum of Boxes; MCI, mild cognitive impairment.

hobbies, and personal care (12), each of which is assigned a score of 0,
0.5, 1.0, 2.0, or 3.0.

CDR Global scores (referred to hereafter throughout this review
as CDR scores for brevity) reflecting dementia severity, are calculated
from the domain scores using an algorithm, which generates the
following categories of severity:

« CDR 0 - no dementia

o CDR 0.5 - questionable dementia (can also be classified as MCI)
o CDR 1.0 - mild dementia

o CDR 2.0 - moderate dementia

o CDR 3.0 - severe dementia.

The CDR-SB score is derived by adding the scores of the six
domains; the total score ranges between 0 and 18 (12).

The original 10-item version of the NPI (15) includes delusions,
hallucinations, agitation/aggression, depression, anxiety, euphoria,
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apathy, disinhibition, irritability, and motor disturbances (13); night-
time behavior disturbances, and appetite and eating abnormalities
were later added (16). Each of the 12 items is scored on scales for
frequency (1-4), severity (0-3), and distress (0-5). Individual scores
for each domain are calculated as frequency X severity, and the total
NPI score is the sum of the domain scores (13).

Various measures to assess ADLs and IADLs are used in AD
research and clinical practice. Table 2 summarizes the scales included
in this manuscript.

3. Results
3.1. Search results

In total, 925 references were included for screening by abstract
and title, resulting in 125 references included for full paper review (see
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TABLE 2 Summary of relevant ADL measurement scales.

Scale Details

ADL scale (17)

feeding (18)

Score of 1 (independence) or 0 (dependence) assigned on six

functions: bathing, dressing, toileting, transferring, continence, and

10.3389/fneur.2023.1208802

Score range and interpretation

Total score summed from function scores
6 - full function
4 - moderate impairment

< 2 - severe functional impairment (18)

ambulation, and bathing (22)

TADL scale (19) Score of 1 (greater independence) or 0 (lesser independence) Total score summed from function scores
assigned on eight functions: ability to use telephone, shopping, food 8 - high function
preparation, housekeeping, laundry, mode of transportation, 0 - low function (20)
responsibility for own medications, and ability to handle finances
(20)
PSMS (19) Scores between 1 (no impairment) and 5 (severe impairment) (21) Maximum total score is 30

assigned to six domains: toilet, feeding, dressing, grooming, physical

> 6 - intact basic ADL (21)

ADCS-ADL (23)

Scores between 0 (total independence) and 4 (total dependence)
assigned to 23 items (six basic ADLs and 17 IADLs) (24)

Total score summed from item scores
Score range of 0-78, with a lower score indicating greater

dependence (24)

A-TADL-Q (short version) (25)

assigned to 30 everyday activities

Scores between 0 (no difficulty) and 4 (cannot perform the activity)

Total scores, which are calculated using item response theory, are
in the approximate range of 20-80, with higher scores

representing better daily functioning (26)

scales, and level 7 has six sub-scales (30)

FAQ (27) Scores between 0 (normal) and 3 (dependent) assigned to 10 daily Total score summed from item scores; range of 0-30
activities, such as preparing a balanced meal and keeping track of <9 (dependent in >3 activities) — impaired function and
current events (28) possible cognitive impairment (28)

FAST (29) Assessment on AD severity scale from level 1 (normal) to level 7 1 - normal aging

(most severe level of functional impairment). Level 6 has five sub-

2 - possible MCI

3-MCI

4 - mild dementia

5 - moderate dementia

6 — moderately severe dementia

7 - severe dementia (30)

Dependence scale (31)

occasionally (1)/frequently (2) (32)

Scores assigned to 13 items relating to ADLs and IADLSs; 11 items

scored as yes (1)/no (0) and two items scored as never (0)/

Total score summed from item scores; range of 0-15, with higher

scores indicating greater dependence (32)

AD, Alzheimer’s disease; ADCS-ADL, Alzheimer’s Disease Cooperative Study-Activities of Daily Living scale; ADL, activities of daily living; A-TADL-Q, Amsterdam Instrumental Activities of

Daily Living Questionnaire; FAQ, Functional Activities Questionnaire; FAST, Functional Assessment Staging Tool; IADL, instrumental activities of daily living; MCI, mild cognitive

impairment; PSMS, Physical Self-Maintenance Scale.

Figure 1 for PRISMA flow diagram). In total, 57 references met the
inclusion criteria at full paper review and were included for data
extraction, along with one additional relevant reference that was
identified in supplementary searches, resulting in 58 studies in total.
Overall, 42 studies reported data on comorbidities (33-74), Twelve
studies reported data on ADLs (21, 38, 49, 53, 62, 65, 67, 68, 75-78),
two reported data on dependence (79, 80), five reported data on
nursing home placement (68, 81-84), and six reported data on
economic outcomes or resource use (68, 85-89). No studies reported
data on bedsores, infections, obstructive sleep apnea, or falls.

3.2. Data sources and study characteristics

Nineteen studies reported data from Asia (China, India, Japan,
Singapore, South Korea, Taiwan, and Thailand) (33, 38, 40-43, 57, 58, 60,
61, 63, 67, 73, 74, 76, 78, 82, 83, 87), 17 reported data from Europe
(Finland, France, Germany; Italy, Norway, Spain, Turkey, and the UK)
(34-37, 39,44, 48-50, 53, 54, 56, 62, 80, 85, 88, 89), and 12 reported data
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from North America, all of which were from the USA (21, 51, 52, 55, 59,
64, 65, 68-72). Five studies reported data from multiple countries (75,
77,79, 81, 86), three reported data from South America (Brazil) (45-47),
and two publications did not report the country (66, 84). More than
two-thirds of the studies used primary data (39 studies); the remainder
were conducted using secondary data, with the exception of one study
with an unclear design (80). Individuals with AD were typically recruited
from memory clinics, neurology departments, or hospitals, or as part of
cohort studies of ageing, dementia, or AD. A small number of studies
analyzed data collected in RCTs.

3.3. AD diagnosis and staging

Most studies diagnosed AD according to standard clinical criteria,
typically the National Institute of Neurological and Communicative
Disorders and Stroke—Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA) criteria (90). However, only five
studies (34, 49, 72, 75, 77) confirmed the diagnosis of AD using
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Total number of papers identified: 1126
Embase: 565
MEDLINE: 289
Cochrane: 272

Duplicate papers removed: 201

e

Included for electronic screening: 925

Excluded by title/abstract: 800
Duplicate: 194

Review/editorial: 8

Disease — not AD: 48

Study design — not relevant: 142

Non-English language: 1
Outcome — no mention of CDR-SB: 21
Outcome — no relevant outcome: 272

Outcome — comorbidity not reported
alongside CDR-SB: 110

Data set identical to later study: 4

Included for full-paper review: 125

Excluded by full-paper review: 68

Relationship between CDR/CDR-SB
and relevant outcomes not reported: 45

Population includes people with

all-cause MCI or dementia causes
other than AD: 18

Duplicate reference or identical data
reported in a later publication: 4

Non-English language: 1

References identified in congress
searches: 1

Included for data extraction: 58

FIGURE 1

MCI, mild cognitive impairment; SLR, systematic literature review.

PRISMA diagram for the SLR. AD, Alzheimer's disease; CDR, Clinical Dementia Rating; CDR-SB, Clinical Dementia Rating—Sum of Boxes;

biomarkers. Four studies measured B-amyloid and/or tau in
cerebrospinal fluid (34, 49, 75, 77), one of which detected amyloid
deposits via positron emission tomography scans as an alternative
method (75). The fifth study detected amyloid deposits using
immunohistochemistry post mortem (72).

3.4. Comorbidities

3.4.1. Neuropsychiatric symptoms
Increasing AD severity, as measured using CDR or CDR-SB
scores, was predictably linked to greater occurrence of NPS, but there
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was variation in which NPS were most closely associated with
progression to more advanced stages of AD. Differences may
be attributable in part to sample sizes, residential setting, comorbidities
and concomitant medications, and data collection strategies.

Overall 22 studies reported data on NPS (33, 34, 36-39, 41, 42, 44,
53, 54, 56, 57, 62, 65-67, 69, 71-74), of which the majority used
the NPL

Figure 2 shows data from the studies that reported the prevalence
of specific NPS by AD stage (37, 44, 57, 62, 74). The frequency of these
symptoms and their link to disease severity differed across studies. For
delusions, hallucinations, agitation/aggression, apathy, disinhibition,
aberrant motor behavior, night-time behavior disturbances, and
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appetite and eating abnormalities, there was a stepwise relationship

between prevalence and AD severity in most studies. For depression,

anxiety, euphoria, and irritability, there were smaller differences in

prevalence across AD stages.
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Another subset of studies reported links between NPS and disease

progression (Supplementary Table 2). Barca et al. found that CDR-SB
score and trajectories of depressive symptoms were correlated over
time (34). Caroline et al. found that individuals with mild-to-moderate

frontiersin.org


https://doi.org/10.3389/fneur.2023.1208802
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Cummings et al.

AD dementia who experienced fast CDR-SB score progression had a
higher prevalence of delusions, depression, anxiety, apathy, and
aberrant motor behavior at baseline than those with slow progression
(38). Hallikainen et al. found that delusions and euphoria predicted
AD progression, as measured using CDR-SB scores, in multivariate
analyses, and AD severity during follow-up was associated with the
longitudinal occurrence of hallucinations, delusions, agitation, apathy,
aberrant motor behavior, and sleep and appetite disturbances (54).
Some inconsistencies were noted among the studies identified.
Wadsworth et al. found that CDR-SB scores were associated only with
apathy at baseline and were not associated with any NPS over
follow-up (71), and Breitve et al. found no link between CDR or
CDR-SB scores and patient-or care partner-reported anxiety (36).

Charernboon et al. found that people with higher CDR scores
tended to have significantly more NPS than those with lower scores
(41), and Bandyopadhyay et al. found a weak positive correlation
between CDR score and number of NPS (Supplementary Table 2) (33).

Both Hallikainen et al. (53) and Naurhashemi et al. (62) found
that people with higher CDR scores tended to have higher NPI scores,
but Jenner et al. (56) found no correlation between CDR scores and
NPI severity scores. Tschanz et al. reported only a weak correlation
between CDR-SB and NPI scores over a mean of 3.8 years’ follow-up
(69), Caroline et al. found that baseline NPI score was a significant
predictor of fast CDR-SB score progression over 1year (38). In
contrast, Tay et al. found no significant differences in baseline NPI
score between people who did and did not progress in terms of
CDR-SB score over lyear; those who progressed experienced
significantly greater changes in their NPI score over this time (67).

The CDR/CDR-SB assesses cognition and function but does not
include any measures or questions regarding behavior. Collecting
behavioral and NPS data with alternative tools such as the NPI assists
in a more robust characterization of the patient’s clinical status.

34.2.CVD

In total, 17 studies reported data on CVD or cardiovascular risk
factors (35, 42, 43, 45-47, 49, 50, 55, 58-60, 64, 67, 68, 72, 73)
(Supplementary Table 3). These studies present some evidence that the
presence of cardiovascular risk factors can influence AD progression,
but there was little concordance across studies in terms of which
particular risk factors are associated with more severe AD stages or
with faster disease progression.

Figure 3 shows data from studies that reported the prevalence of
various comorbidities by AD stage, as denoted by categories of CDR
or CDR-SB scores (50, 68, 72). The only clear difference between
stages was in the study conducted by Ton et al. in which people with
more severe AD dementia were relatively more likely to have
experienced stroke; other conditions did not appear to be linked to
AD stage (68). Of the other studies that reported data on multiple
comorbidities, Lee et al. found no link between individual vascular
risk factors and CDR-SB progression, but found that having three
or more vascular risk factors (coronary heart disease, cardiac
arrhythmia, cerebrovascular accident, hypertension, diabetes
mellitus, obesity, smoking, or physical inactivity) was linked to
progression (58). Mielke et al. found that baseline atrial fibrillation,
high systolic blood pressure (as a categorical variable), angina,
coronary artery bypass graft, diabetes, or receipt of antihypertensive
medication, but not myocardial infarction or stroke, were linked to
CDR-SB score progression (59).
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3.4.3. Other comorbidities of interest

Three publications reported cross-sectional data on AD severity
and urinary incontinence. Na et al. conducted analyses adjusted for
age and various AD severity and symptom scores, and found that
urinary incontinence was significantly associated with CDR-SB score
(odds ratio [OR], 1.56; 95% CI, 1.21-2.01; p <0.05) among 464 people
with AD dementia in South Korea (61); similar results were reported
in a previous abstract by the same authors (63). Chang et al. found that
scores on the Overactive Bladder Symptom Score questionnaire were
not significantly associated with CDR or CDR-SB score in 43 people
from Taiwan with AD dementia, but the individual symptom score of
urge incontinence was highly correlated with CDR-SB score (r=0.314;
p<0.05) (40).

Only one study that assessed epilepsy was identified; Voglein et al.
assessed US National Alzheimer’s Coordinating Center data from
20,745 individuals, and found that those who experienced seizures
had a higher mean CDR-SB score than those who did not (9.3 vs. 6.8;
p<0.0001) in a model adjusted for age and disease duration (70).

3.5. ADLs and dependence

Twelve studies assessed ADLs (Table 3), and these data
demonstrated, not surprisingly, that CDR and CDR-SB scores were
reliably correlated with decline in ADLs and IADLSs, irrespective of the
ADL measurement instrument used in the study.

Five studies assessed AD progression and ADLs longitudinally.
Hotta et al. found that the ability to perform ADLs, assessed using the
Physical Self-Maintenance Scale (PSMS) and the IADL Scale,
decreased with increasing CDR score over time (76). Eldholm et al.
(49), Hallikainen et al. (53), and McDougall et al. (77) found
correlations between changes in CDR-SB scores and decline in ADLs
as measured using the IADL Scale, the Alzheimer’s Disease
Cooperative Study (ADCS)-ADL scale, and the Functional Activities
Questionnaire (FAQ), respectively. Tay et al. found that IADL scores
were significantly worse at both baseline and follow-up for people who
progressed by 2 CDR-SB points or more from baseline over 1 year than
for those who did not progress, although no significant differences
were detected in terms of the extent of IADL score change (67).

Four studies used cross-sectional data. Royall et al. (65),
Dubbelman et al. (75), and Ton et al. (68) found that IADL scores were
correlated with CDR or CDR-SB scores; the latter study also found
that ADL scores were correlated with CDR-SB scores. Na et al. found
that both CDR and CDR-SB scores were correlated with Functional
Assessment Staging Tool (FAST) stage (78).

Five studies assessed correlations at baseline and subsequent
progression. Hallikainen et al. found that patients with a CDR score
of 0.5 at baseline maintained better ADCS-ADL scores each year
over 3 years of follow-up than those with a baseline CDR score of
1.0 (53). Naurhashemi et al. found that individuals with AD who
had a CDR score of 1.0 or greater at baseline experienced
significantly greater ADL decrements over the following 2 years
than those with a baseline score of CDR 0.5; however, there was no
significant difference between the groups in terms of changes in the
ability to perform IADLs (62). Similarly, Eldholm et al. found no
significant differences between annual IADL score changes in
patients with baseline CDR scores of 0.5, 1.0, or 2.0, which
correspond to MCI due to AD, mild AD dementia, and moderate
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Alzheimer's disease; CDR, Clinical Dementia Rating; CDR-SB, Clinical Dementia Rating—Sum of Boxes; TIA, transient ischemic attack.

AD dementia, respectively (49). Caroline et al. found that baseline
IADLs were a predictor of fast CDR-SB score progression (38), but
Park et al. classified patients as having impaired or unimpaired
ADLs at baseline using the PSMS and IADL Scale, and found no
difference between groups in terms of CDR-SB score decline over
the following year (21).

Two studies reported a correlation between scores on the
Dependence Scale and CDR-SB scores, using cross-sectional data.
Cohen et al. found that a 1-point change in CDR-SB score
corresponded to a change of 0.68 points on the Dependence Scale in
a multinational cohort with MCI or mild-to-moderate AD dementia
(79), whereas Jones et al. found a Dependence Scale score increase of
0.47 for a 1-point increase in CDR-SB score in a UK population with
AD dementia (80). For context, total score ranges are broadly similar
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for the CDR-SB and the Dependence Scale (0-18 and 0-15,
respectively; Table 2).

3.6. Nursing home placement

Five studies examined associations between the risk of nursing
home placement and CDR-SB or CDR scores (68, 81-84). AD severity,
denoted using CDR or CDR-SB scores, was linked to nursing home
placement in studies reporting cross-sectional and short-term
longitudinal data.

Park et al. assessed the risk of nursing home placement over
approximately 3 years’ follow-up in people recently diagnosed with
AD in South Korea (n=2,470 with baseline data; n=816 with
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TABLE 3 Studies reporting ADL data.

Study and country

Studies with longitudinal data

Population

AD severity/staging measure

ADL measure

Results

Hotta et al. (76)

Japan

N =671 with AD dementia (stage NR)

CDR

PSMS
IADL

“Tendency to decrease gently was seen in ADLs according to decline of CDR score in AD

N

Hallikainen et al. (53)
Finland

N =115 with AD (CDR 0.5 or CDR 1.0)

CDR and CDR-SB

ADCS-ADL

Longitudinal progression of CDR-SB score and ADCS-ADL score

Correlation between CDR-SB score and ADCS-ADL score after 3 years: —0.817

(p <0.001)

ADCS-ADL progression by baseline CDR score group

ADCS-ADL score, mean (SEM)
Baseline

CDR 0.5: 70.3 (0.6)
CDR 1.0: 62.0 (1.1)
P <0.001

1year

CDR 0.5: 66.1 (0.9)
CDR 1.0: 55.3 (1.6)
P <0.001

2years

CDR 0.5: 60.2 (1.4)
CDR 1.0: 50.0 (1.9)
P <0.001

3years

CDR 0.5: 54.0 (1.9)
CDR 1.0: 40.6 (2.3)
P <0.001

McDougall et al. (77)

Multinational

N =797 with AD (CDR 0.5 and MMSE >24)
n =104 with follow-up data

CDR-SB

FAQ

Correlation coefficient between CDR-SB and FAQ
Baseline: 0.6
Change from baseline to week 104: 0.6

(Continued)
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TABLE 3 (Continued)

Study and country

Tay etal. (67)

Singapore

Population

N =96 (14 with MCI; 74 with AD dementia)
n =88 with follow-up

AD severity/staging measure

CDR-SB

ADL measure

IADL

Results

TADL, mean (SD)

Baseline

Progressors: 12.5 (3.4)
Non-progressors: 15.6 (5.4)
P =0.008

1year

Progressors®: 9.1 (4.3)
Non-progressors: 14.5 (5.5)
p=0.001

Change over 1year’s follow-up
Progressors®: —3.4 (4.3)
Non-progressors: —8.2 (1.1)
p=0.059

Eldholm et al. (49)

Norway

N =282 with CDR 0.5, 1.0, or 2.0 (very mild,

mild, or moderate AD dementia)

CDR and CDR-SB

IADL

Longitudinal progression of CDR-SB score and IADL score
Correlation between change in IADL score and change in CDR-SB: —0.614
Baseline IADL score, mean (SD), by subsequent CDR-SB progression
Intermediate or rapid progressors® (n =145): 0.76 (0.22)

Slow progressors® (n =127): 0.82 (0.21)

£=0.030

IADL scores and score changes by CDR group at baseline

TIADL score, mean (SD)

CDR 0.5: 0.90 (0.15)

CDR 1.0: 0.69 (0.20)

CDR 2.0: 0.45 (0.22)

P <0.001

Change in IADL score over follow-up (mean: 24 months), mean (SD)
CDR 0.5: —0.12 (0.14)

CDR 1.0: —0.14 (0.14)

CDR 2.0: —0.13 (0.15)

p=0472

(Continued)
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TABLE 3 (Continued)

Study and country Population

Park etal. (21)
USA

N =267 with mild AD dementia (MMSE >20)

AD severity/staging measure

CDR-SB

ADL measure

PSMS
IADL

Results

CDR-SB scores, mean (SD), according to ADLs at baseline
Unimpaired ADLs (n =40)

Baseline: 3.0 (1.2)

1year follow-up: 4.2 (1.4)

Annualized difference: 0.9 (0.95)

Impaired ADLs® (n =227)

Baseline: 5.1 (2.3)

1year follow-up: 7.2 (3.6)

Annualized difference: 1.7 (2.5)

p=0.11

Naurhashemi et al. (62) N =682 with AD (CDR 0.5-3.0)

France

CDR

ADL
TIADL

Rate of progression over follow-up, mean (SD), by CDR score at baseline
ADL score

CDR 0.5: —0.51 (0.98)
CDR>1.0: —1.34 (1.47)
p <0.0001

TADL score

CDR 0.5: —1.30 (1.27)
CDR>1.0: —1.18 (1.11)
p=0.4848

Baseline data

ADL score, mean (SD)
CDR 0.5: 5.85 (0.4)
CDR>1.0:5.22 (1.01)
P <0.0001

TIADL score, mean (SD)
CDR 0.5: 6.04 (1.67)
CDR>1.0:3.40 (1.91)
P <0.0001

Caroline et al. (38) N =101 with mild/moderate AD dementia

China n =94 with follow-up data

CDR-SB

IADL

In univariate analyses, IADL score at baseline was a significant predictor (p <0.05) of

fast progression’ over 1year’s follow-up

Studies with cross-sectional data only

(Continued)
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TABLE 3 (Continued)

Study and country

Ton et al. (68)
USA

Population

n =121 with amnestic MCI
n =174 with AD dementia

AD severity/staging measure

CDR-SB

ADL measure

ADL
TIADL

Results

Difficulties with any ADL, %

Amnestic MCI (CDR-SB 0.5-4.0): 29

Mild AD dementia (CDR-SB 4.5-9.0%): 36
Moderate AD dementia (CDR-SB 9.5-15.5): 73
Severe AD dementia (CDR-SB > 16.0): 94

P <0.01 (also includes group with normal cognition)
Difficulties with any IADL, %

Amnestic MCI (CDR-SB 0.5-4.0): 11

Mild AD dementia (CDR-SB 4.5-9.0): 57
Moderate AD dementia (CDR-SB 9.5-15.5): 78
Severe AD dementia (CDR-SB > 16.0): 100

P <0.01 (also includes group with normal cognition)

Royall et al. (65)
USA

N =70 with MCI or AD dementia (CDR 0.5,
n=47; CDR 1.0, n =23)

CDR-SB

IADL

The coefficient d, a latent construct of IADL, was a predictor of CDR-SB score
(r=-0.91; p <0.001)

Dubbelman et al. (75)

Multinational

N =799 with AD dementia

CDR

A-TADL-Q

A-TADL-Q scores were moderately correlated with CDR-SB" scores (r =—0.55; 95%
CI, —0.60 to —0.49)

Naetal. (78)
South Korea

N =464 with mild, moderate, or severe AD

dementia

CDR and CDR-SB

FAST

Pearson correlation coefficients
FAST and CDR

Total sample: 0.83
Mild-to-moderate: 0.76
Severe: 0.70

p<0.001

FAST and CDR-SB
Total sample: 0.86
Mild-to-moderate: 0.83
Severe: 0.74

p<0.001

AD, Alzheimer’s disease; ADCS-ADL, Alzheimer’s Disease Cooperative Study-Activities of Daily Living scale; ADL, activities of daily living; A-JADL-Q, Amsterdam Instrumental Activities of Daily Living Questionnaire; CDR, Clinical Dementia Rating; CDR-SB,
Clinical Dementia Rating-Sum of Boxes; FAQ, Functional Activities Questionnaire; FAST, Functional Assessment Staging Tool; IADL, instrumental activities of daily living; MCI, mild cognitive impairment; MMSE, Mini Mental State Examination; PSMS, Physical
Self-Maintenance Scale; SD, standard deviation; SEM, standard error of the mean.

“This is the exact wording used in the congress abstract; no supporting data are provided.
"Disease progression was defined as an increase > 2 points from baseline on CDR-SB score.

‘Intermediate or rapid progression was defined as> 1 change in CDR-SB score per year over follow-up.
4Slow progression was defined as< 1 change in CDR-SB score per year over follow-up.
‘Impaired ADLs was defined as a total score on the PSMS > 6 and a total score on the IADL Scale >9.
‘Fast progression was defined as a decline of CDR-SB score of >2 points.
#Mild dementia is defined instead as CDR-SB 3.0-9.0 in figure legends in the publication; we have assumed that this is an error, because this overlaps with the CDR-SB score range for amnestic MCI (0.5-4.0).
"The score is separately referred to as CDR-SB and CDR in different places in the study publication (congress abstract).
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follow-up data) (83). According to the results of Cox proportional
hazards models to identify predictors of nursing home placement,
baseline CDR-SB score was not a significant predictor (hazard ratio
[HR], 1.04; 95% CI, 0.99-1.09; p= 0.05), but annual CDR-SB score
change was a predictor (HR, 1.15; 95% CI, 1.06-1.23; p<0.01) (21).
Knopman et al. analyzed data from the multinational ADCS trial of
tocopherol and selegiline, comparing people with AD dementia who
moved to a nursing home (n=114) with those who did not (n=227)
(81). While baseline CDR-SB scores were not linked to nursing home
placement, there was a significant link between reaching CDR 3.0 over
2years’ follow-up, versus not reaching CDR 3.0, and nursing home
placement (OR adjusted for baseline Mini Mental State Examination
[MMSE] and total Behavior Rating Scale for Dementia scores, 7.0;
95% CI, 3.99-12.37; HR adjusted for baseline MMSE, 4.8; p <0.001)
(81). Ota et al. analyzed data from 633 people with MCI (etiology not
specified) or AD dementia in Japan (82). Baseline CDR score was
linked to the risk of nursing home placement during follow-up,
although the duration of follow-up was not stated. Relative to a CDR
score of 0.5, HRs were 1.40 (95% CI, 0.78-2.53; p=0.269) for CDR 1.0,
2.82 (1.52-5.22; p=0.001) for CDR 2.0, and 6.13 (2.47-15.24;
p<0.000) for CDR 3.0 (82). However, Rountree et al. followed 500
people with AD dementia (country not reported) for 20 years, and
found that change in CDR-SB score was not related to the time to
nursing home placement (84).

One study included only cross-sectional data. Ton et al. analyzed
secondary data from 121 people with amnestic MCI and 174 with
mild, moderate, or severe AD in the US Ageing, Demographics and
Memory Study (ADAMS), with normal cognition as the reference
group. Higher baseline disease severity, as determined via CDR-SB
score category, was associated with use of nursing homes during the
preceding 2 years (OR from linear trend tests across all five cognitive
states, 2.28; 95% CI, 1.64-3.17; p<0.001) (683).

3.7. Costs and healthcare resource use

Six studies reported data on costs and/or healthcare resource use
(68, 85-89) (Supplementary Table 4). These data clearly demonstrated
a strong relationship between the increasing requirement for formal
and informal care with AD progression as assessed by CDR/CDR-SB
scores. Direct medical costs also increased in the later stages of AD
and were linked to the cost of residential care.

Two analyses used data from the Alzheimer’s disease Follow-Up
Study (ALSOVA) study in Finland. Ruokostenpohja et al. assessed the
likelihood of receiving the Finnish care partner’ allowance (89), which
is a fee paid to family care partners providing care at home to a person
with reduced functional capacity, illness, or disability. The allowance
is not an automatic entitlement, and the value varies according to
region (91). CDR-SB score was significantly associated with the
likelihood of receiving the care partners’ allowance (89). Declining
ADCS-ADL score was also a significant predictor of receiving the care
partners’ allowance, but increasing NPI score was not a predictor (89).
Jetsonen et al. found that people in higher baseline CDR-SB score
categories incurred significantly higher annual costs for both formal
and informal care during 5years’ of follow-up, relative to those with
lower CDR-SB scores (88).

In the analysis of data from the US ADAMS study reported by Ton
et al. individuals in higher CDR-SB score categories had a relatively
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higher chance of using home care, as well as higher direct medical
costs and lower household income (68). In an analysis of baseline
multinational RCT data by Gustavsson et al., CDR-SB score was
correlated with the following cost categories: total informal care (value
of lost productivity for care partners younger than 65 years, and value
of lost leisure time for those 65 years or older, not including time spent
on supervision), patient accommodation, and community services
(86). In this study, declining ADCS-ADL score was also correlated
with these cost categories, and increasing total NPI score was
correlated with use of informal care and community services. ADLs
were identified as the largest cost driver in the analyses, with a 1-point
decrease in ADCS-ADL score translating into a 3.6% increase in total
costs of care (86).

Two studies reported cross-sectional data by CDR score. Darba
et al. found that direct medical care costs increased with CDR score in
a Spanish population, particularly at CDR 3.0. There were also notable
increases in informal care costs (contributed by time spent on ADLs,
IADLs and supervision) at CDR 2.0 and 3.0, compared with earlier
stages. Social care costs and indirect costs arising from lost
productivity of the care partner were highest at CDR 0.5, and lowest
at CDR 1.0 (Figures 4A,B) (85). Ikeda et al. conducted a targeted
literature review in Japan, finding that higher public long-term care
costs and total medical costs (excluding AD medications) were linked
to higher CDR scores (Figure 4C) (87).

Data on resource use were mixed. Gustavsson et al. found no
significant association between CDR-SB score and hospitalization
(86); however Ton et al. reported that increasing CDR-SB score was
associated with a higher likelihood of hospitalization but a decreasing
chance of outpatient visits (68). There was a linear but less pronounced
relationship between increasing CDR-SB score and visits to a doctor
and the same was true of drug utilization (68).

3.8. Summary of outcomes by CDR score

Figures 2-4 and Table 4 summarize the 12 studies that reported
outcomes by CDR score category (37, 41, 49, 53, 54, 57, 62, 65, 72, 82,
85, 87). These studies suggest that NPI score increases with progression
from MCI due to AD to mild AD dementia (CDR 0.5 to CDR 1.0) (53,
54). Both the number of NPS and the frequency of specific NPS
increased across CDR score categories (37, 41, 57, 62, 65, 72). Caputo
et al. found that hallucinations, and apathy were significantly more
common at CDR 2.0 and CDR 3.0 than at CDR 1.0, and disinhibition
and aberrant motor behavior were significantly more common at CDR
3.0 than at CDR 1.0 (37). Most CVD comorbidities had no clear
relationship with CDR score, but people with a score of CDR 2.0 were
slightly more likely to have experienced previous hypertension or
heart disease than those at CDR 0.5 or CDR 1.0 (50). A steady decline
in ADL scores was observed across CDR score categories, including
between CDR 0.5 and CDR 1.0 (49, 53, 62). The likelihood of nursing
home placement increased across CDR score categories (82).
Accordingly, both Darba et al. (85) and Ikeda et al. (87) found that
care costs increased with CDR score, with the largest increases being
seen at CDR 3.0. However, there was no clear linear relationship
between CDR score and healthcare costs in these studies. Darba et al.
found that direct medical costs were higher at CDR 0.5 than at CDR
1.0, and increased again at CDR 2.0 and CDR 3.0, and in Tkeda et al.
total healthcare costs did not increase notably until CDR 3.0.
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TABLE 4 Outcomes by CDR score.

10.3389/fneur.2023.1208802

Study and Population Outcome/ Baseline CDR score®
countr measure
v ) 2.0
NPT score
Hallikainen et al. N =115 with AD NPI score, mean (SEM) Baseline: 6.1 Baseline: 10.2 (1.2) NR NR p=10.005
(53) 0.9)
Finland 1 . . _
year: 7.7 lyear: 10.6 (1.4) p=0.057
(1.1)
2years: 9.7 2years: 14.4 (1.7) p=0.044
(12)
3years: 11.6 3years: 16.6 (1.7) p =0.006
(L.6)
Hallikainen et al. N =236 with AD NPI score, mean (SD) Baseline: 7.7 Baseline: 10.3 (11.0) NR NR NR
(54) (83)
Finland Lyear: 9.6 Lyear: 14.0 (13.8)
(10.0)
2years: 11.3 2years: 17.2 (14.4)
(11.4)
3years: 12.2 3years: 18.7 (13.1)
(13.2)
4years: 13.4 4years: 23.0 (17.8)
(12.4)
5years: 13.3 5years: 22.5 (16.5)
(11.9)
Naurhashemietal. | N =682 with AD NPI score, mean (SD) Baseline: 11.2 Baseline: 11.5 (16.0) p <0.0001
(62) (12.9)
France
Number of NPS
Charernboon etal. = N =62 with AD Number of NPS, mean NR 43(1.9) 6.4(2.2) 7.3(2.8) P <0.001
(41) dementia (SD)
(Thailand)
Specific NPS
Naurhashemi etal. | N =682 with AD Frequency of NPS, % See Figure 2 See Figure 2; NPS frequency was generally higher for CDR>1.0 See Figure 2
(62) than for CDR 0.5
France
Kabeshita et al. N =684 with AD Frequency of NPS, % See Figure 2; patterns varied by specific NPS NR
(57)
Japan
Caputo et al. (37) N =690 with AD Frequency of NPS, % NR See Figure 2; patterns varied by specific NPS
Italy dementia Association between Ref. Hallucinations: Delusions: 1.9 NA
clinically relevant NPS 3.0 (1.3-7.3) (1.1-3.3)
(frequency x severity Depression: 1.5 Hallucinations: 4.8
>4) vs. CDR 1.0, OR (1.1-2.2) (1.9-12.1)
(95% CI) Apathy: 1.8 Apathy: 1.7
(1.2-2.6) (1.1-2.7)
Disinhibition: 3.4
(1.5-7.8)
Aberrant motor
behavior: 3.5
(2.1-5.9)
(Continued)
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TABLE 4 (Continued)

Study and Population Outcome/ Baseline CDR score?®
country measure 1.0 50
Royall et al. (65) N =70 with MCI GDS score (subject- 1.9 (1.6) 1.7 (1.4) NR NR NR
USA due to AD or AD rated), mean (SD)
dementia GDS score (care 32(28) 40 (3.3)
partner-rated), mean
(SD)
Self-reported history of | 29.8 348

depression, %

Yang et al. (72) n =203 with AD Frequency of depression | 48 (37.5) 70 (44.9) NR NR NR
USA n=158 with AD | atbaseline, n (%) 28(26.2) 36 (30.0)

and

arteriolosclerosis

CVD and cardiovascular risk factors

Eldholm etal. (49) | N =282 with very Frequency of See Figure 3; patterns varied by specific comorbidity NR See Figure 3
Norway mild, mild, or comorbidities at
moderate AD baseline, %
dementia
Yang et al. (72) n =203 with AD Frequency of See Figure 3; no clear patterns observed | NR NR NR
USA n =158 with AD comorbidities at
and baseline, %
arteriolosclerosis
ADLs
Naurhashemi etal. | N=682 with AD ADL score, mean (SD) 5.85 (0.4) 5.22(1.01) p <0.0001
(62) TADL score, mean (SD)  6.04 (1.67) 3.40 (1.91) P <0.0001
France
Hallikainen et al. N =115 with AD ADCS-ADL score, mean = Baseline: 70.3 Baseline: 62.0 (1.1) NR NR P <0.001
(53) (SEM) (0.6)
Finland 1year: 66.1 Lyear: 55.3 (1.6) p <0.001
(0.9)
2years: 60.2 2years: 50.0 (1.9) P <0.001
(1.4)
3years: 54.0 3years: 40.6 (2.3) p <0.001
(1.9)
Eldholm etal. (49) | N =282 with very TADL score, mean (SD) 0.90 (0.15) 0.69 (0.20) 0.45 (0.22) NR p<0.001
Norway mild, mild, or
moderate AD
dementia

Nursing home placement

Otaetal. (82) N =633 with MCI Individuals who had 107 (64.1) 181 (68.8) 155 (85.6) 22 (100) NR
Japan or AD dementia experienced nursing
home placement by the

end of follow-up, 1 (%)

Cox HR (95% CI) for Ref. 1.40 (0.78-2.53) 2.82(1.52-522) | 6.13(2.47-1524) | CDR 1.0:
risk of placement, p=0.269
relative to CDR 0.5 in CDR 2.0:
multivariate analysis p=0.001
CDR 3.0:
p <0.000
Economic outcomes
(Continued)
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TABLE 4 (Continued)

Outcome/
measure

Study and

Population
country

10.3389/fneur.2023.1208802

Baseline CDR score?
1.0 2.0

Darba et al. (85) N =343 with AD Direct medical, social

Spain care, indirect (lost
productivity of care

partner), and care costs

were more complex for other costs

See Figure 4; direct medical costs and care costs increased with CDR score; patterns = NR

Tkeda et al. (87) N =3.6 million Total healthcare costs
Japan with AD and total public long-
(estimated term care costs

population with

AD in Japan)

See Figure 4; both types of costs increased with CDR score NR

AD, Alzheimer’s disease; ADCS-ADL, Alzheimer’s Disease Cooperative Study-Activities of Daily Living scale; ADLs, activities of daily living; CDR, Clinical Dementia Rating; CI, confidence
interval; CVD, cardiovascular disease; GDS, Global Deterioration Scale; HR, hazard ratio; IADL, instrumental activities of daily living; MCI, mild cognitive impairment; NA, not applicable;
NPI, Neuropsychiatric Inventory; NPS, neuropsychiatric symptom(s); NR, not reported; Ref., reference; SD, standard deviation; SEM, standard error of the mean.

“CDR score categories indicate score at baseline, except where other time points are indicated.

4. Discussion

In this comprehensive SLR, we included a broad range of
outcomes. We found strong evidence for a link between CDR or
CDR-SB scores and NPS, although there was variation across the
studies in terms of the specific symptoms linked to AD severity or
progression. The relationships between AD progression and CVD
were highly inconsistent across studies: although there was some
evidence for an association between individual cardiovascular
conditions, such as stroke, or risk factors such as diabetes, and CDR
or CDR-SB scores, other studies found no such links. There were
strong correlations between CDR-SB or CDR scores and a wide range
of different ADL measures, indicating that the functional measures
included in the CDR scale align closely with ability to perform ADLs.
This may also be explained by close overlap between the categories
included in the CDR scale and the functional categories in many ADL
scales. Multiple studies found that both NPS and ADLs worsen even
in the early stages of AD, with decline apparent from CDR 0.5 (MCI
due to AD) and CDR 1.0 (mild AD dementia).

Nursing home placement was linked to AD severity and
progression, although not all studies found significant correlations,
and the study with the longest time horizon found no association
between CDR-SB score change and time to placement (84). The use of
nursing homes is likely to be particularly dependent on multiple
factors that differ across studies and may be difficult to control for,
such as the involvement of care partners (92), cultural, ethnic or
socioeconomic disparities (93, 94), and the nature and extent of
formal care available (95). Therefore, likelihood and timing of
placement may differ between countries and geographical regions.
However, economic data from Europe, Asia, and the USA indicated
that higher CDR-SB or CDR scores are linked to increased
requirements for both formal and informal care in all regions, with a
stepwise progression of costs across AD stages and a large increase
observed at CDR 3.0. Increasing AD severity was also linked to
reductions in household income in one study (68), highlighting the
broader impact of AD on affected individuals and their care partners.
Declining ability to perform ADLs was identified as a driver of care
requirements in two studies (86, 89). The first of these two studies
found that increasing NPI scores can drive care costs, although less so
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than declining ADCS-ADL scores (86), but the second study found
that NPT score did not predict receipt of a care partners’ allowance
(89). A relationship between NPI score and the requirement for care
is well recognized, and higher NPI scores have been linked to increases
in unpaid care, long-term care, prescription medication use, and
physician visits (96). However, the impacts of specific NPS on care
requirements and costs differ: an analysis using data from the Cache
County Dementia Progression Study found that aggression, psychotic
symptoms (delusions and hallucinations), and affective symptoms
(depression, anxiety, and irritability) had greater impacts on informal
care costs than apathy, sleep disturbances, or appetite disturbances (97).
Direct medical costs typically increased with increasing CDR-SB or
CDR score in the studies identified in this SLR, but this was most
apparent at later stages of AD dementia. This can be contrasted with the
results of a recent analysis of US data, in which the costs of unpaid care
increased steadily with AD stage, but direct medical costs, which were
assumed to be identical for people receiving care at home and those
receiving care in an institution, were similar for all stages of AD (98).
With the exception of some comorbidities, the SLR identified a
number of relevant studies for each outcome of interest. There was also
good geographical coverage and representation of Asia, Europe, and
North America in the studies identified, although other regions,
notably South America, Africa, and the Middle East, were not well
represented in the data. Some countries were over-represented within
particular regions, such as wealthier Asian countries (South Korea and
Japan), and Nordic countries with ongoing cohort studies that have
generated multiple publications, such as ALSOVA in Finland and the
Progression of AD and Resource use (PADR) study in Norway.
Disparities among study populations and designs, particularly in terms
of demographic factors, AD dementia stage and/or adjustment for
these factors, mean that the collation of data should be carried out with
caution. For example, studies focused only on patients with a care
partner will not be representative of patients with AD living in different
circumstances, and the subsets of studies in this SLR that included only
patients with MCI due to AD or mild AD dementia may not detect
associations between CDR-SB/CDR progression and outcomes that
occur predominantly at more severe stages, such as nursing home
placement. Economic and healthcare resource utilization data should
be interpreted in the context of the healthcare system in each relevant
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CDR 0.5 CDR1.0 CDR 2.0 CDR 3.0
(n=954,125) (n=1,151,725) (n =660,548) (n=2841,211)

lkeda et al. (2021) Japan

Economic costs associated with CDR score categories in Darba et al. (85) (A,B) and lkeda et al. (87) (C). Statistical significance in Darba et al. (85). Direct
medical costs: p =0.02 (CDR 1.0 and CDR 3.0). Social care costs p<0.001 (CDR 1.0 and CDR 2.0; CDR 1.0 and CDR 3.0). Indirect costs: p = 0.9. Informal
care costs and total care costs: p<0.001 (CDR 0.5 and CDR 2.0, CDR 0.5 and CDR 3.0, CDR 1.0 and CDR 2.0, CDR 1.0 and CDR 3.0, and CDR 2.0 and
CDR 3.0). Sample sizes in lkeda et al. (87) refer to estimated patient numbers for the whole of Japan. Statistical significance was not tested. Estimated
per-person costs are also included in the study publication but are not presented here because an estimate for total per-person healthcare costs for
CDR 0.5 was not available. ADD, Alzheimer's disease dementia; CDR, Clinical Dementia Rating; JPY, Japanese Yen.

country. As the majority of studies did not confirm AD diagnosis via
the assessment of biomarkers, it is highly likely that some patients did
not have AD, which may have introduced bias into the findings.

The design of the SLR required that there must be an indication
in the title or abstract that relevant outcomes are reported alongside
CDR-SB or CDR score. Therefore, it is likely that some excluded
publications reported relevant data as baseline characteristics, which
were not identified. Comorbidity search terms in the SLR were not
exhaustive, and there are additional outcomes that may be relevant
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to AD, such as cancer, weight loss, and use of antidementia or
psychotropic medications, that were not included as search terms.
Our searches primarily identified studies that used formal NPS and
ADL scales, and more qualitative assessments of factors that are
important to patients and care partners, such as the US What Matters
Most survey, which highlighted memory and communication
problems as key issues (99), were not included in the review.

In conclusion, NPS, ADLs, and costs of care are clearly linked to
AD severity and progression, as measured using CDR or CDR-SB
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scores, beginning at the earliest stages of AD. Although data are
available on the links between cardiovascular comorbidities and AD
progression, the results of published studies are not consistent, and
further investigation is warranted. Future studies on nursing home
placement, healthcare costs and resource use, and the relationships
between these outcomes, ADLs and NPI, ideally using biomarkers to
confirm AD diagnosis, would be highly valuable to indicate how the
effects of AD on patients, care partners, and healthcare systems might
be mitigated. Further assessments of correlations between rating
scales commonly used in AD and dementia should be conducted, to
determine what degree of change is clinically meaningful in different
populations. Our findings indicate that CDR and CDR-SB scores
correlate with multiple patient-and care partner-relevant measures
and are a reliable proxy measure for the burden of AD.
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