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Abstract

INTRODUCTION: We examined associations between the Clinical Dementia Rating

Scale (CDR) and function (Functional Assessment Scale [FAS]), neuropsychiatric symp-

toms (Neuropsychiatric Inventory Questionnaire [NPI-Q]), and cognitive impairment

in Alzheimer’s disease (AD).

METHODS:Weuseddata fromtheNationalAlzheimer’sCoordinatingCenterUniform

Data Set and defined cognitively unimpaired and AD stages using CDR-global.

RESULTS: Functional and neuropsychiatric symptoms occur as early as the mild cog-

nitive impairment (MCI) phase. The adjusted lest square mean FAS (95% confidence

interval [CI]) was lowest in cognitively unimpaired (3.88 [3.66, 4.11] to 5.01 [4.76,

5.26]) and higher with more advanced AD (MCI: 8.17 [6.92, 9.43] to 20.87 [19.53,

22.20]; mild: 18.54 [17.57, 19.50] to 28.13 [27.14, 29.12]; moderate: 26.01 [25.31,

26.70] to29.42 [28.73, 30.10]). FASandNPI-Qscores increased steeplywithMCI (NPI-

Q: 5.55 [4.89, 6.20] to 7.11 [6.43, 7.78]) andmildADdementia (NPI-Q: 6.66 [5.72, 7.60]

to 8.32 [7.32, 9.33]).

DISCUSSION: CDR-global staged AD by capturing differences in relevant outcomes

along AD progression.

KEYWORDS

activities of daily living, Alzheimer’s disease, clinical dementia rating scale, cognitive impairment,
dementia

Highlights

∙ There were strong associations among CDR and the various outcomes relevant to

healthcare providers, patients, and their care givers, such as activities of daily living.

∙ Overall, activities of daily living, neuropsychiatric symptoms, and cognitive function

outcomes deteriorated over time and can be observed in early stages of AD (MCI or

mild dementia).

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

©2024NovoNordiskA/S andTheAuthors.Alzheimer’s &Dementia:Diagnosis, Assessment&DiseaseMonitoringpublishedbyWileyPeriodicals LLConbehalf ofAlzheimer’s

Association.

Alzheimer’s Dement. 2024;16:e12522. wileyonlinelibrary.com/journal/dad2 1 of 11

https://doi.org/10.1002/dad2.12522

https://orcid.org/0000-0001-7024-6637
mailto:Krista.Lanctot@sunnybrook.ca
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/dad2
https://doi.org/10.1002/dad2.12522


2 of 11 LANCTÔT ET AL.

∙ Our findings directly inform the current understanding of AD progression and can

aid in care planning and benefit assessments of early AD interventions to delay the

progression of AD tomore advanced stages.

1 BACKGROUND

Alzheimer’s disease (AD), the most common cause of dementia, is a

neurodegenerative disease that affects memory, thinking, language,

and other cognitive skills resulting in impaired ability to perform daily

activities.1 AD progresses along a continuum of three phases: pre-

clinical disease, in which beta-amyloid is abnormal while cognition

is normal; followed by mild cognitive impairment (MCI), which can

progress to clinically apparent dementia.2 It represents a major pub-

lic health problem, and is estimated to have impacted approximately

55 million people ≥65 years old worldwide in 2019—imposing major

burden on families and the healthcare system.3

Proper diagnosis of cognitive impairment and dementia is essential

for clinical management, caregiver support, and clinical trial recruit-

ment. The Clinical Dementia Rating Scale (CDR)4–7 is widely used to

stageAD in research settings8 and is usedas theprimaryoutcomemea-

sure in early-stage AD (MCI due to AD and mild AD dementia) clinical

trials; however, it is not used in clinical settings.

The CDR staging of AD has been linked to biological progression of

AD,8 more severe neuropsychiatric symptoms,9–12 and reduced abili-

ties of daily living (ADLs) and physical functioning.13,14 However, there

is a paucity of longitudinal studies describing the association between

change over time in CDR scores and changes in relevant outcomes,

such as ADLs, neuropsychiatric symptoms, and cognitive function.

Information on the clinical significance of outcome measures is crit-

ical in evaluating clinical trials—and of paramount importance to the

patients, care partners, clinicians, regulators, and payers.15 Addition-

ally, evidence is limited regarding whether the CDR can be translated

into outcomes that are important to patients, care partners, clinicians,

and payers, and if it is a good proxy for measuring differences in other

clinical outcomes. As CDR-global is primarily used as a research instru-

ment, quantifying its relationship toother tools (e.g., tools thatmeasure

ADLs or psychiatric symptoms) can contextualize the CDR scores and

transitions tomore advanced severity.

This study examined the associations of AD staging (classified

by CDR-global scores) with cognition, function, and neuropsychi-

atric symptoms. Measures included ADLs measured by the National

Alzheimer’sCoordinatingCenter FunctionalAssessment Scale (NACC-

FAS), depression quantified by the Geriatric Depression Scale (GDS),

behavioral changes assessed with the Neuropsychiatric Inventory

Questionnaire (NPI-Q), and cognition as primarily measured by the

Mini-Mental State Exam (MMSE), and the Montreal Cognitive Assess-

ment (MoCA). For cognition, the results from neuropsychological

tools, for example, processing speed, visuospatial ability, and category

fluency tests, were also explored.

2 METHODS

2.1 Data source

Data originated from the NACC Uniform Data Set (UDS). The NACC

was established in 1999 by the National Institute on Aging (NIA)

to facilitate collaborative research at 40 NIA Alzheimer’s Disease

Research Centers (ADRCs) across the United States.16,17 Study par-

ticipants were generally recruited from ADRC-affiliated university

medical centers, with some additional community-based recruitment.

In each subject’s annual UDS visit, 16 data collection forms were com-

pleted by the clinicians, covering such topics as subject demographic

characteristics, neurological examination findings, and diagnoses. The

specific outcomes presented here were collected at the participant

visits.

2.2 Study design

This observational study included participants≥18 years oldwhowere

cognitively unimpaired, diagnosed with MCI due to AD (AD as the

likely etiology), or dementia due to ADof any severity, based on clinical

and CDR-global criteria. We excluded participants who were clinically

diagnosed with MCI or dementia due to causes other than AD. To

minimize misclassification of AD stages, those with extreme incon-

sistencies between CDR-based staging of AD (based on CDR global

score) and clinical staging were also excluded. Extreme inconsistency

was defined as two levels of difference in the two staging methods.

For example, those whose CDR-global scores were at least one indi-

cating AD dementia but were diagnosed as cognitively unimpaired as

well as those whose CDR-global scores were 0 (indicating cognitively

unimpaired) butwere diagnosedwithADdementia. The final analytical

sample consisted of 28,220participants,with an annual follow-upof up

to 5 years (visit 6) from initial enrollment (visit 1). CDR-global scores

were classified into normal (unimpaired) cognition (CDR-global = 0),

MCI due to AD (CDR-global = 0.5), mild (CDR-global = 1), moderate

(CDR-global= 2), and severe AD dementia (CDR-global= 3).

2.3 Outcomes

The outcomes in this study were identified as important to patients,

care partners, clinicians, and payers;15,18 these included ADLs, depres-

sion, NPI-Q, and cognitive status. ADLs were measured using the

NACC-FAS, a 10-item scale evaluating functional activities.19 The total
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score is the sum of 10 items and scores range from 0 to 30; higher

scores represent more dependency. The GDS is a questionnaire com-

pleted by clinicians based on the subject’s response, with total scores

ranging from 0 to 15; higher scores indicate more answers consistent

with depression. Neuropsychiatric symptoms are measured by NPI-Q,

which is a caregiver interview designed to provide a brief assessment

of 12 neuropsychiatric symptoms. The total score is the sum of all 12

items, and ranges from 0 to 36; higher scores indicate more severity.

Cognitive performancewasmeasured using theMMSEandMoCA. The

MMSE was used to measure cognitive performance with 11 questions

in the domains of orientation, registration, attention and calculation,

recall, and language and a total score ranging from 0 to 30. MoCA

consists of 11 tests (e.g., memory, orientation, trail making, visuocon-

structional skills) with a total score ranging from 0 to 30. LowerMMSE

andMoCAscores indicatemore cognitive impairment. The results from

neuropsychological tools, for example, processing speed, visuospatial

ability, and category fluency tests were also explored.

2.4 Statistical analyses

Descriptive statistics (mean, standard deviation [SD], proportion)

were computed to characterize sociodemographic (i.e., age, sex,

race/ethnicity, education, level of financial independence, and primary

type of residence), comorbidities, and selected outcomes (i.e., NACC-

FAS, GDS, NPI-Q scores, MMSE, andMoCA) at initial visit stratified by

CDR stage.

To examine the relationships between CDR stage and the clinical

outcomes,weused linearmixedmodelswith random intercepts in com-

bination with unstructured covariance matrices, which were stratified

by initial AD stage. The models included visit number as a categorical

variable, and are adjusted for patient characteristics (i.e., age, gen-

der, race/ethnicity, education, primary type of residence) and clinical

characteristics (i.e., cardiovascular disease, cerebrovascular disease,

depression, and anxiety). Adjusted least square means and 95% confi-

dence intervals (CIs) for each outcomewere calculated using estimates

derived from the linear mixedmodels.

3 RESULTS

3.1 Sociodemographic and clinical characteristics
at initial visit

A total of 39,098 persons met the initial inclusion criteria, of those

10,878 were excluded due to disease etiology not AD (n = 9228

[23.6%]), disease etiology not known/not specified (n = 1595 [4.1%]),

or a high discrepancy between clinical diagnosis and CDR global stag-

ing (n = 55 [0.1%]). Therefore, 28,220 participants were included in

the study: 13,692 (48.5%) were cognitively unimpaired; 7075 (25.1%)

had MCI due to AD; and 4905 (17.4%), 1706 (6%), and 842 (3%) had

mild,moderate, and severeADdementia, respectively (Table 1). Table 1

shows the characteristics of the study population at inclusion in the

RESEARCH INCONTEXT

1. Systematic review: The Clinical Dementia Rating Scale

(CDR) is widely used to stage Alzheimer’s disease (AD)

in research settings and is used as the primary outcome

measure in early-stage AD (mild cognitive impairment

[MCI] due to AD and mild AD dementia) clinical tri-

als; however, it is not used in clinical practice. There

are limited longitudinal studies describing the association

between change over time in CDR scores and changes

in relevant outcomes, such as activities of daily living,

neuropsychiatric symptoms, and cognitive function.

2. Interpretation: Participantswith later stages of AD (mea-

sured by CDR) had worse outcomes when assessed by

activities of daily living, cognitive function, and neuropsy-

chiatric symptoms scores. This is consistent with the

current knowledge of CDR and AD’s clinical presenta-

tions.

3. Future directions: UnderstandingADprogression can aid

in care planning and early AD interventions to delay the

progression of AD tomore advanced stages.

study. These participants were mostly females (59.6%), white individ-

uals (76.0%), and many held Master’s or Doctorate degrees (33.5%).

The proportion of participants with advanced degrees was lower in

those with severe AD dementia than those in lower stages. Partici-

pants who were cognitively unimpaired were the youngest and mean

age increased with AD stages. Additionally, the proportion of partic-

ipants who were completely dependent increased from 0.09% in the

cognitively unimpaired group to 0.3%, 1.7%, 17.1%, and 71.4% among

those with MCI due to AD, mild, moderate, and severe AD dementia,

respectively. The proportion of participants who were living indepen-

dently (do not require assistance with daily activities) dropped from

98.1% among participants with unimpaired cognition to 58%, 15.2%,

2.3% and 0.4% among those with MCI, mild, moderate, and severe AD

dementia, respectively.More than half of the participantswithmild AD

dementia (59%) required assistance with complex activities.

The prevalence of stroke was higher in participants with AD—

and increased with advanced AD stages—compared with participants

who were cognitively unimpaired. Similarly, cardiovascular diseases,

anxiety, and depression were more prevalent in AD participants com-

paredwith thosewhowere cognitively unimpaired; thesewere highest

amongmild andmoderate AD dementia participants.

3.2 Measures on outcomes of interest at initial
visit by stage

The mean (SD) total NACC-FAS score was 0.2 (1.2) in the cognitively

unimpaired group compared with 5.8 (5.9) for participants with MCI
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TABLE 1 Baseline characteristics of participants included in the study stratified by CDR stage at initial visit

Variables, n (%)

Cognitively

unimpaired

(N= 13,692)

MCI due to AD

(N= 7075)

Mild AD

dementia

(N= 4905)

Moderate AD

dementia

(N= 1706)

Severe AD

dementia

(N= 842)

Sociodemographic characteristics

Age (year)

No. of non-missing observations, n (%) 13,692 (100.0) 7075 (100.0) 4905 (100.0) 1706 (100.0) 842 (100.0)

Mean (SD) 69.3 (10.8) 73.0 (8.9) 74.0 (10.1) 75.7 (10.6) 76.3 (11.1)

Sex

Male 4716 (34.4) 3471 (49.1) 2207 (45.0) 663 (38.9) 340 (40.4)

Female 8976 (65.6) 3604 (50.9) 2698 (55.0) 1043 (61.1) 502 (59.6)

Race/ethnicity

White 10,382 (75.8) 5574 (78.8) 3722 (75.9) 1134 (66.5) 608 (72.2)

Black/African American 1880 (13.7) 738 (10.4) 497 (10.1) 258 (15.1) 82 (9.7)

Hispanic 964 (7.0) 503 (7.1) 510 (10.4) 254 (14.9) 136 (16.2)

Asian 354 (2.6) 174 (2.5) 108 (2.2) 39 (2.3) 10 (1.2)

Other (with American Indian or Alaska Native,

and Native Hawaiian or other Pacific Islander)

97 (0.7) 73 (1.0) 56 (1.1) 18 (1.1) 5 (0.6)

Unknown 15 (0.1) 13 (0.2) 12 (0.2) 3 (0.2) 1 (0.1)

Level of education

Less than high school 506 (3.7) 485 (6.9) 623 (12.7) 335 (19.6) 161 (19.1)

High school or GED 1737 (12.7) 1404 (19.8) 1210 (24.7) 441 (25.8) 206 (24.5)

Some college 2544 (18.6) 1202 (17.0) 826 (16.8) 283 (16.6) 120 (14.3)

Bachelor’s degree 3360 (24.5) 1646 (23.3) 1020 (20.8) 293 (17.2) 177 (21.0)

Master’s degree or Doctorate 5461 (39.9) 2297 (32.5) 1183 (24.1) 335 (19.6) 157 (18.6)

Unknown 84 (0.6) 41 (0.6) 43 (0.9) 19 (1.1) 21 (2.5)

Level of independence

Able to live independently 13,437 (98.1) 4093 (57.9) 745 (15.2) 40 (2.3) 3 (0.4)

Requires some assistance with complex activities 156 (1.1) 2612 (36.9) 2883 (58.8) 438 (25.7) 35 (4.2)

Requires some assistance with basic activities 62 (0.5) 278 (3.9) 1130 (23.0) 925 (54.2) 198 (23.5)

Completely dependent 12 (0.09) 18 (0.3) 83 (1.7) 291 (17.1) 601 (71.4)

Unknown 25 (0.2) 74 (1.0) 64 (1.3) 12 (0.7) 5 (0.6)

Primary type of residence

Single- or multi-family private residence

(apartment, condo, house)

12,835 (93.7) 6555 (92.7) 4417 (90.1) 1478 (86.6) 497 (59.0)

Retirement community or independent group

living

594 (4.3) 295 (4.2) 201 (4.1) 49 (2.9) 7 (0.8)

Assisted living, adult family home, or boarding

home

42 (0.3) 56 (0.8) 168 (3.4) 100 (5.9) 78 (9.3)

Skilled nursing facility, nursing home, hospital, or

hospice

4 (0.03) 7 (0.10) 25 (0.5) 46 (2.7) 240 (28.5)

Other/unknown 217 (1.6) 162 (2.3) 94 (1.9) 33 (1.9) 20 (2.4)

Clinical characteristics

BMI (kg/m2)

Underweight: Below 18.5 143 (1.0) 102 (1.4) 93 (1.9) 38 (2.2) 21 (2.5)

Healthy weight: 18.5–24.9 4433 (32.4) 2562 (36.2) 1740 (35.5) 572 (33.5) 236 (28.0)

Overweight: 25.0–29.9 4813 (35.2) 2482 (35.1) 1608 (32.8) 508 (29.8) 200 (23.8)

Obese: 30.0–100.0 3409 (24.9) 1338 (18.9) 810 (16.5) 290 (17.0) 75 (8.9)

(Continues)
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TABLE 1 (Continued)

Variables, n (%)

Cognitively

unimpaired

(N= 13,692)

MCI due to AD

(N= 7075)

Mild AD

dementia

(N= 4905)

Moderate AD

dementia

(N= 1706)

Severe AD

dementia

(N= 842)

Unknown 832 (6.1) 556 (7.9) 629 (12.8) 271 (15.9) 275 (32.7)

Not available or skipped 62 (0.5) 35 (0.5) 25 (0.5) 27 (1.6) 35 (4.2)

Comorbidities

Cardiovascular diseasea 1991 (14.5) 1259 (17.8) 846 (17.2) 299 (17.5) 126 (15.0)

Stroke 63 (0.5) 54 (0.8) 64 (1.3) 26 (1.5) 29 (3.4)

TIA 118 (0.9) 106 (1.5) 89 (1.8) 36 (2.1) 14 (1.7)

Type 2 diabetes mellitus 512 (3.7) 279 (3.9) 137 (2.8) 41 (2.4) 11 (1.3)

Depression 1121 (8.2) 1375 (19.4) 1147 (23.4) 344 (20.2) 159 (18.9)

Anxiety 1542 (11.3) 2340 (33.1) 2148 (43.8) 822 (48.2) 333 (39.5)

Note: Cell entries show number (%), unless otherwise specified.

Abbreviations: AD, Alzheimer’s disease; BMI, body mass index; GED, General Education Development; MCI, mild cognitive impairment; SD, standard

deviation; TIA, transient ischemic attack.
aCardiovascular disease included heart attack/cardiac arrest, atrial fibrillation, angioplasty, cardiac bypass procedure, pacemaker/defibrillator, congestive

heart failure, angina, or heart valve replacement.

Wri�ng checks, paying bills, or balancing a checkbook

Assembling tax records, business affairs, or other papers

Shopping alone for clothes, household necessi�es, or groceries

Playing a game of skill such as bridge or chess, working on a hobby

Hea�ng water, making a cup of coffee, turning off the stove

Preparing a balanced meal

Keeping track of current events

Paying a�en�on to and understanding a TV program, book, or magazine

Remembering appointments, family occasions, holidays, medica�ons

Traveling out of the neighborhood, driving, or arranging to take public transporta�on

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

MCI
due to AD

Mild AD
demen�a

Moderate AD
demen�a

Severe AD
demen�a

F IGURE 1 Percentage of participants whowere “dependent” in each NACC-FAS item at initial visit stratified by CDR stage. Figure 1 shows
participants who responded being “dependent” in each ADL itemmeasured by NACC-FAS by AD stages at initial visit (i.e., MCI due to AD, mild,
moderate, and severe AD dementia). The y axis shows each of the NACC-FAS items. The x axis is the percent of participants who responded
“dependent” to each of the item in theNACC-FAS. Higher NACC-FAS score indicatesmore impaired AD. AD, Alzheimer’s disease; ADL, activities of
daily living; CDR, Clinical Dementia Rating Scale; MCI, mild cognitive impairment; NACC-FAS, National Alzheimer’s Coordinating Center
Functional Assessment Scale

due to AD; and 17.9 (6.3), 26.0 (3.9), and 29.4 (1.8) for participants

with mild, moderate, and severe AD dementia, respectively (Table 2).

Figure 1 shows participants’ responses to each ADL item. The impact

of cognitive impairment onADLs started as early asMCI due toAD. For

example, 0.4% of cognitively unimpaired participants were dependent

on otherswhen traveling out of the neighborhood, driving, or arranging

to take public transportation compared with 8.0%, 47.4%, 85.5%, and

94.9% of participants with MCI due to AD, mild, moderate, and severe

AD dementia, respectively. Similar responses were observed for other

ADLs (Figure 1 and Appendix 1).
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TABLE 2 Unadjusted scores of selectedmeaningful outcomes at initial visit stratified by CDR stage

Cognitive status

Outcomes

Cognitively

unimpaired

(N= 13,692)

MCI due to AD

(N= 7075)

Mild AD

dementia

(N= 4905)

Moderate AD

dementia

(N= 1706)

Severe AD

dementia

(N= 842)

Higher score indicates worse outcomes

Total NACC-FAS (0–30)

Mean (SD) 0.2 (1.2) 5.8 (5.9) 17.9 (6.3) 26.0 (3.9) 29.4 (1.8)

Median (IQR) 0 (0–0) 4 (1–9) 18 (14–23) 27 (24–29) 30 (30–30)

Total GDS (0–15)

Mean (SD) 1.3 (1.9) 2.5 (2.5) 2.7 (2.7) 2.7 (2.8) 3.0 (3.1)

Median (IQR) 1 (0–2) 2 (1–3) 2 (1–4) 2 (1–4) 2 (1–5)

Total NPI-Q (0–36)

Mean (SD) 0.7 (1.7) 3.1 (3.5) 5.2 (4.7) 7.1 (5.6) 7.9 (6.4)

Median (IQR) 0 (0–1) 2 (0–5) 4 (2–8) 6 (3–1) 6 (3–11)

Lower score indicates worse outcomes

TotalMMSE (0–30)

Mean (SD) 28.9 (1.4) 25.3 (3.5) 20.6 (4.7) 14.1 (5.6) 5.2 (5.3)

Median (IQR) 29 (28–30) 26 (23–28) 21 (18–24) 14 (10–18) 4 (0–9)

TotalMoCA (0–30)

Mean (SD) 26.1 (2.9) 20.3 (4.5) 13.9 (5.3) 7.6 (4.6) 4.3 (3.8)

Median (IQR) 27 (25–28) 21 (18–23) 14 (10–18) 7 (4–11) 4 (2–6)

Abbreviations: AD, Alzheimer’s disease; CDR, Clinical Dementia Rating Scale; GDS, Geriatric Depression Scale; IQR, interquartile range; MCI, mild cogni-

tive impairment; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; NACC-FAS, National Alzheimer’s Coordinating Center

Functional Assessment Scale; NPI-Q, Neuropsychiatric SymptomsQuestionnaire; SD, standard deviation.

The total NPI-Q score was the lowest, with a mean (SD) of 0.7 (1.7)

among participants who were cognitively unimpaired, compared with

3.1 (3.5), 5.2 (4.7), 7.1 (5.6), and 7.9 (6.4) among those with MCI due

to AD, mild, moderate, and severe AD dementia, respectively (Table 2).

The presence of neuropsychiatric symptoms was observed as early as

MCI due to AD. For example, 0.3% of participants who were cogni-

tively unimpaired reported severe anxiety, compared with 1.5%, 3.5%,

7.6%, and7.5%of participantswithMCI due toAD,mild,moderate, and

severe AD dementia, respectively (Figure 2). Other symptoms (such as

delusions) were observed in more advanced AD stage (Figure 2 and

Appendix 2). Furthermore, higherGDS scoreswere observedwithMCI

due to AD or AD dementia, comparedwith those whowere cognitively

unimpaired (Table 2). The total MMSE and MoCA scores at initial visit

were the highest among participants whowere cognitively unimpaired

and were lower for those with advanced AD severity (Table 2). Results

of other neuropsychological tests are presented in Appendix 3.

3.3 Trends of outcomes over time by stage

Longitudinal trends of outcomes by AD stages at initial visit are dis-

played inFigure3.Overall, outcomesdeterioratedover time, except for

those who were cognitively unimpaired. NACC-FAS scores increased

steeply among participants diagnosed with MCI due to AD at initial

visit (20.9 [95% CI 19.5, 22.2] at visit 6 [5 years from the initial visit]

and 8.17 [95%CI 6.92, 9.43] at initial visit). Similarly, NPI-Q scores had

substantial changes from visit 1 to visit 6, with average scores increas-

ing from5.5 (95%CI 4.9, 6.2) to 7.1 (95%CI 6.4, 7.8), and from6.7 (95%

CI 5.7, 7.6) to 8.3 (95% CI 7.3, 9.3) among participants with MCI due

to AD and mild AD dementia, respectively. In particular, the NACC-

FAS and NPI-Q scores at visit 4 for participants with MCI due to AD

were equivalent to those at initial visit among participants with mild

AD dementia. By contrast, the GDS scores did not change during the

follow-up. MMSE and MoCA scores were consistently lower among

participants withmore advanced AD stages during the follow-up.

4 DISCUSSION

In this study, the NACC UDS sample was used to examine the asso-

ciations among AD stages and clinically relevant outcomes including

NACC-FAS, GDS, NPI-Q,MoCA, andMMSE scores. As anticipated, our

analyses of the outcomes at each assessment revealed a significant

association between more advanced AD stages and worse outcomes;

these relationships have not beenquantified previously formanyof the

outcomes used and the relationship of the outcomes in the same popu-

lation have not previously been determined. The burden of illness was

apparent at early stages of AD. This work directly informs the current
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Irritability/lability

Nigh�me behaviours

Anxiety

Apathy/indifference

Agita�on/aggression

Depression/dysphoria

Motor disturbance

Delusions

Appe�te/ea�ng

Disinhibi�on

Hallucina�ons

Ela�on/euphoria

0% 5% 10% 15% 20% 25%

MCI
due to AD

Mild AD
demen�a
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understanding of symptoms along the disease continuum of AD health

states, ranging from asymptomatic to MCI due to AD, mild, moderate,

and severe AD dementia.

Our study found that only 58% of participants with MCI were able

to live independently, and that 41% of participants reported requir-

ing some assistance with complex or basic activities. Current evidence

indicates mixed findings in terms of ADL dependency in individuals

with MCI. One study reported that patients with MCI showed signif-

icantly more functional impairment relative to healthy controls in all

functional domains.20 Another study reported that participants with

MCI were dependent on one or more instrumental ADL, and MCI

was associated with significantly greater odds of dependence than

those who were cognitively unimpaired on 7 of the 10 instrumen-

tal ADLs.21 The standard clinical definition of MCI requires cognitive

impairment that is out of proportion to that expected for their age

in patients not meeting criteria for dementia or AD and without sub-

stantial ADL impairment, and are not cognitively impaired enough to

require assistancewith ADLs.22–24 When patientsmeeting these crite-

ria are assessed with standardized assessment, more evidence of ADL

decline is documented.

There was a strong association between CDR stages and ADLs,

as measured by the NACC-FAS. We observed a significant increase

in impact going from early to more advanced AD stages. Specifically,

NACC-FAS scores were higher in participants with MCI due to AD

andmore advanced AD severity comparedwith participants whowere

cognitively unimpaired. The increasing impairment in ability to per-

form ADLs is associated with an increasing economic and humanistic

burden, such as increased costs of care as well as decreased patient’s

and care partner’s quality of life.25,26 Another study found that more

decline in ADLs was related to greater caregiver burden, quality of life,

and healthcare costs.26

Theobserved associations betweenCDRstages andADLs are in line

with a recently published study that examined the association between

CDR and ADLs in patients with AD living in nursing homes.14 A study

using the NACC database reported that the minimum clinically impor-

tant difference (MCID) in FAS (specifically, a 3- to 5-point increase

between annual visits) indicated a meaningful decline in patient’s

ADL activities; MCID values were higher with more advanced AD

severity.13 Another study that examined the natural history of ADL

decline reported that patients diagnosed with dementia experience

impairment in their ADLs as early as 10 years prior to their initial

dementia diagnosis.27 The compromisedADLs included telephone use,

transportation, managing medications, and managing finances, which

were all prevalent at least 5 years prior to a dementia diagnosis.27

Previous research suggested that patients with cognitive impairments

in more than one domain had more difficulties in daily activities than

thosewith impairment in a single domain, possibly due to the important

relationship between cognition and function.28

Neuropsychiatric symptoms (such as apathy, delusions, hallucina-

tions, agitation, anxiety, and depression) are commonly associatedwith

cognitive and functional decline in patients with AD.29 Our findings

suggest that these symptoms were observed in every stage and were

more prevalent in thosewith greater AD severity. Such symptoms con-

tribute to AD burden on patients and care partners.30 Other studies

have reported that experiencing such symptomsat the timeofADdiag-

nosis is associated with more rapid disease progression31 and higher
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likelihood of being institutionalized at the time of follow-up.32 Delu-

sions and hallucinations, either independently or in combination, are

associated with poor clinical outcomes.33 In our study, we found that

participants in all AD stages were more likely to report higher NPI-Q

scores than thosewhowere cognitively unimpaired, which is indicative

of worse neuropsychiatric symptoms.

As we expected, there was a clear association between more

advanced AD stages and lower MMSE scores. This is consistent with

a previous study that reported MMSE score ranges for patients with

severe (0–10), moderate (11–20), and mild (21–25) AD dementia; as

well as MCI (26–29) and normal cognition (30).34 In the current study,

the MMSE ranges tended to have lower bounds and greater range

for each CDR stage. Total MoCA scores were significantly lower with

more advancedAD severity over time.Our findings are consistentwith

other studies that reported an association between a clinical decline on

the CDR scale and a significant deterioration in MoCA total scores.35

The observations allow translation of CDR changes into expected

ranges for MMSE and MoCA that are more familiar to practicing

clinicians.

Caring for patients with AD is associated with greater burden for

the care partner, including financial costs, social impact, health conse-

quences, and negative quality of life for care partners; these increase

as CDR stage increases.36–43 In 2015, an estimated 40 million full

time workers contributed to an estimated 85 billion hours of informal

care to people with dementia living at home, which is equivalent to

2089 hours per year or 6 hours per day. This number is projected to

increase to 65 million full time workers by 2030, and extends to family

care partners’ increased risk for emotional distress, as well as negative

mental and physical health outcomes.44 Maintaining and improving

outcomes for patients has an indirect benefit on care partners, while

also improving quality of life and reduction in patients’ depressive

symptoms and prolonging the time before institutionalization. With

the data of this study, bridging the CDR data collected in trials to

financial and care partner impact becomesmore feasible.

Our study has several limitations. First, the study population may

not be fully representative of the general AD population. The partici-

pating centers in the NACC database aremostly academic institutions,

which recruited more affluent/highly educated patients than the gen-

eral population. As such, this study included a high proportion of

participants with advanced degrees (e.g., Master’s or Doctorate), sug-

gesting that participants in this study may have more resources than

non-participants with similar cognition, functioning, and neuropsychi-

atric symptoms.Additionally, patientswithbehavioral disturbances are

less likely to cooperate with clinical exams or to return for scheduled

follow-up visits. Therefore, the available NPI-Q scores likely under-

represent the true magnitude of behavioral changes in AD. People of

racial/ethnic minorities are under-represented in the study sample.

Future studies are warranted to confirm our findings in other study

populations. Moreover, each center enrolls its participants according

to its own protocol, for example, clinician referral, self-referral by par-

ticipants or family members, and active recruitment in community

organizations. Most centers enroll volunteers who were cognitively

unimpaired and with higher education levels. Although each center

has its own research focus and recruitment protocol, the centers are

required to enroll their entire clinic of patients who provided informed

consent in the UDS study and submit these data to NACC for quality

assurance. There are inherent limitations in the scales used tomeasure

the outcomes of interest. The patient diagnosis was based on clinical

criteria without biomarker confirmation and some patients diagnosed

with AD are likely to not have biologically defined AD. Patients with

AD were included based on their etiology and diagnosis at the initial

visit. Change of disease etiologies over time was not accounted for.

Visit variablewasusedas a categorical variable in themodels. Although

follow-up visits of participants can vary in interval, categorical variable

is needed to calculate the least square means of the outcomes and to

avoid forcing linear relationship with the outcomes.

The strengths of this study include the use of a large sample of

patients with cognitive impairment due to AD in the United States.

The NACC database is large and provides longitudinally collected data

containing many clinically relevant outcomes, assessed through well-

established and validated instruments. The outcomes assessed were

measured repeatedly over time, which provides a longitudinal picture

of disease progression.

This study found clear relationships among CDR and many clinical

outcomes (such as ADL, depression, neuropsychiatric symptoms, and

cognition) using theNACCdatabase. Formost of theoutcomesof inter-

est examined, there was a relationship between more advanced AD

stages and worse outcomes, starting from MCI-AD stage. CDR global

proved to be a good staging tool, capturing differences in a range of

outcomemeasures along the clinical progression of AD.

5 CONCLUSION

Our findings directly inform the current understanding of AD pro-

gression and can aid in care planning and benefit assessments of AD

interventions. The implementation of early intervention strategies or

disease-modifying therapies in these patient populations may confer

substantial benefits by effectively delaying the progression of AD to

more advanced stages.
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