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Abstract Introduction: This study estimated the minimal clinically important difference (MCID) for Mini
Mental State Examination, Clinical Dementia Rating Scale sum of boxes, and Functional Activities
Questionnaire across the Alzheimer’s disease (AD) spectrum.

Methods: Retrospective analysis of the National Alzheimer’s Coordinating Center Uniform Data Set
(9/2005-9/2016) and MCID for clinical outcomes were estimated using anchor-based (clinician’s
assessment of meaningful decline) and distribution-based (1/2 baseline standard deviation) ap-
proaches, stratified by severity of cognitive impairment.

Results: On average, a 1-3 point decrease in Mini Mental State Examination, 1-2 point increase in
Clinical Dementia Scale sum of boxes, and 3-5 point increase in Functional Activities Questionnaire
were indicative of a meaningful decline. The MCID values generally increased by disease severity;
the effect size and standardized response mean for those with meaningful decline were consistently in
the acceptable ranges for MCID.

Discussion: These findings can inform design and interpretation of future clinical trials.

© 2019 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction imal clinically relevant change, or minimum detectable
change [2]—can be valuable in this context. MCID is “the
smallest difference in score in the domain of interest which
patients perceive as beneficial and which would mandate, in
the absence of troublesome side effects and cost, a change in
patient’s management.” [3] Information about whether a
proposed intervention has the potential to provide meaning-
ful clinical benefits relative to comparators is important in
the evaluation of clinical trials [4] and is of great value to pa-
tients, caregivers, and healthcare decision makers including

A key challenge in clinical trials to evaluate the effects of
interventions related to Alzheimer’s disease (AD) and de-
mentia is to assess the clinical—rather than statistical—sig-
nificance of differences in outcomes across trial cohorts. [1]
The concept of a minimal clinically important difference
(MCID)—also known as minimal important difference, min-
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reported the clinical significance of their results [1]. In addi-
tion, there is no standardized method for estimating MCID
[4,6-8]. Two commonly used approaches to estimate
MCID are: (1) an anchor-based approach, in which a change
in an outcome measure is linked to a meaningful external an-
chor, largely corresponding to patient perception, or in case
of dementia research, clinical opinion; (2) distribution-based
approaches specific to clinical trial populations, in which the
MCID is calibrated based on observed variation across pa-
tients enrolled in the clinical trials.

Both of these approaches have been used in clinical trials
for dementia, but there is considerable variation in the result-
ing MCID estimates. For example, one study involving a sur-
vey of neurologists and geriatricians reported a mean MCID
for the Mini Mental State Examination (MMSE) of 3.75
(95% confidence interval: 3.5-3.95) [9]. By comparison, us-
ing data from the DOMINO trial, Howard et al. estimated the
MCID thresholds for MMSE and neuropsychiatric inventory
(NPD) to be 1.4 and 8.0 points, respectively [10]. An addi-
tional challenge is that estimates of MCID—and in partic-
ular those using distribution-based approaches—may not
generalize to other populations whose characteristics differ
from the underlying study population. Furthermore, for pro-
gressive conditions like AD, it is possible that MCID esti-
mates may differ across the disease continuum, with the
different stages of cognitive impairment associated with a
different calibration of the MCID [4,11].

To address these gaps in the literature, this study exam-
ined the MCID for the Clinical Dementia Rating (CDR)
Scale sum of boxes (SB) score, the MMSE, and the Func-
tional Activities Questionnaire (FAQ) for patients on the
AD continuum who visit various Alzheimer’s Disease Cen-
ters (ADCs) across the US. The study considered both
anchor-based and distribution-based approaches, consistent
with recommendations that describe the incorporation of
both methods to estimate MCIDs [12]. The findings are re-
ported overall and stratified by degree of cognitive impair-
ment at the time of initial evaluation.

2. Methods
2.1. Data

The study used publicly available Uniform Data Set
(UDS) from the National Alzheimer’s Coordinating Center
(NACC), which comprises data from 35 past and present
ADC:s supported by the National Institute on Aging/National
Institute of Health [13]. The NACC, established in 1999,
maintains a cumulative database including clinical evalua-
tions, neuropathological data (when available) and magnetic
reonnance imaging. The UDS reflects the total enrollment at
the ADCs since September 2005 until September 2016—for
a total of approximately 35,000 patients—and includes sub-
jects with normal cognition, mild cognitive impairment
(MCI), and dementia. Subjects may enroll in an ADC, and
therefore UDS, via clinician referral, self-referral, referral

by family members, or active recruitment through commu-
nity organizations. Volunteers who wish to contribute to
research on dementia may also enroll. Data for the UDS
are collected and recorded directly by trained clinicians
and contain, among other measures, information on (1) pa-
tient demographics, medical history (including medication
use), and family history; (2) cognitive and functional status,
measured using validated instruments such as the MMSE,
CDR, and the FAQ; and (3) behavioral symptoms, evaluated
using the NPI-Questionnaire. Importantly, at each visit the
NACC data include a derived indicator of whether a clinician
has observed meaningful decline in a patient’s memory, non-
memory cognitive abilities, behavior, ability to manage his/
her affairs, or motor/movement changes relative to previ-
ously attained abilities. In the context of the present study,
it is assumed that the clinician’s assessment of a meaningful
change is relative to the visit immediately preceding the time
of evaluation. This indicator serves as the relevant index for
our anchor-based MCID estimates.

2.2. Study sample and time periods

Patients were included in the study if they had at least two
consecutive visits to an ADC during the period 9/2005-9/
2016 (n = 22,039) and had complete information for clini-
cian assessment of meaningful decline in cognition, func-
tion, and/or behavioral attributes, as well as the MMSE,
CDR, and FAQ scores (n = 19,566). Patients were then strat-
ified into four mutually exclusive cohorts:

1. Normal cognition (n = 8404)—patients not classified
as MCI-AD, mild AD dementia, or moderate-severe
AD dementia, as described below, but with >1 visit
with an MMSE score >26 and no evidence of a prob-
able AD diagnosis (prAD; per National Institute of
Neurological and Communicative Disorders and
Stroke - Alzheimer’s Disease and Related Disorders
Association criteria) [14] at the same visit as MMSE
score >26.

2. MCI-AD (n = 2815)—patients with >1 visit with
clinician diagnosis of MCI with a presumptive etiology
of AD (per National Institute of Neurological and
Communicative Disorders and Stroke - Alzheimer’s
Disease and Related Disorders Association criteria)
on or after the first visit with MCI diagnosis, and stable
or progressive disease (i.e., no subsequent visit with
“normal cognition” as per the clinician’s assessment).
To minimize the likelihood of including patients with
MCI because of other etiologies, patients with any re-
cord of non-AD etiology were excluded.

3. Mild AD dementia (n = 3163)—patients not classified
as MCI-AD but with >1 visit with a diagnosis of prAD
and MMSE score 20-26, no indication of MMSE score
<17 before earliest indication of mild AD dementia
(to minimize the likelihood of including patients
with considerably greater disease severity during pre-
vious visits), and stable or progressive disease (i.e., no
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subsequent visit with MCI or normal cognition in cli-
nician’s assessment).

4. Moderate-to-severe AD dementia (n = 1509)—pa-
tients not classified as MCI-AD or mild AD dementia,
but with >1 visit with a diagnosis of prAD and MMSE
score <20, with stable or progressive disease (as
defined previously for the mild AD dementia cohort).

Because patients with AD often experience progression
in their disease, it is possible that patients could meet
criteria for multiple cohorts over time. However, to approx-
imate the potential enrollment criteria for clinical trials,
patients with AD were classified according to the earliest
observed stage of disease in the following order: MCI-
AD, mild AD dementia, and moderate-severe AD demen-
tia. The remaining 3675 patients did not meet the criteria
for any cohort and were excluded from analyses stratified
by disease severity.

2.3. Patient characteristics, outcomes, and analytical
approach

The following characteristics were assessed for the final
analytic sample at the time of first observed ADC visit:

e Demographic characteristics—mean age, gender dis-
tribution, average years of education,

e Select comorbidities—proportions of patients with dia-
betes, hypertension, hypercholesterolemia, cardiovas-
cular conditions, cerebrovascular disease, depression,

e Clinical characteristics—a  clinician-determined
cognitive status (MCI, dementia, normal cognition);
global CDR score (mean and categorical score, mean
CDR-SB score, and mean MMSE score); self-
reported (or informant-reported) level of independence
(i.e., whether patient is independent, requires help with
complex activities, basic activities, or is completely
dependent); mean FAQ score; and mean NPI-Q score.

Patient characteristics were described for the overall
cohort, as well as stratified by whether the patients had >1
visit where the clinician indicated a meaningful decline. Sta-
tistical significance of differences between cohorts was as-
sessed using chi-square tests for categorical measures and
Wilcoxon rank-sum tests for continuous measures.

With regards to the key outcomes, mean changes in
CDR-SB, MMSE, and FAQ across consecutive visits (esti-
mated as second visit minus the first visit) were estimated
for the overall cohort, as well as the four subsets described
earlier, stratified by whether the clinician indicated there
was a meaningful decline from the previous visit. The
95% confidence intervals around the mean changes were
also reported.

In addition to these anchor-based estimates of MCID, the
following distribution-based measures of MCID were esti-
mated [6,15] and integrated according to previously
published guidance on applying triangulation methodology
to derive MCID [12].

e Effect size (ES)—defined as mean difference in score
divided by standard deviation (SD) of baseline scores.

e Standardized Response Mean (SRM)—defined as
mean difference in score divided by SD of the change
from previous visit score.

e (0.5*SD of baseline scores.

2.4. Sensitivity analyses

The clinician’s assessment of clinically meaningful
decline considers changes in >1 of the following domains:
cognitive, functional, and behavioral. As recent guidance
for future clinical trials in AD allows for the possibility of
primary endpoints based on changes in the cognitive domain
alone, particularly in the earlier stages of disease [16],
MCID estimates for all clinical outcomes were also gener-
ated for a subgroup of patients experiencing a meaningful
decline in the cognitive domain only. For this analysis, visits
where the clinician indicated meaningful decline in func-
tional or behavioral domains were excluded.

In another sensitivity analysis aimed at testing whether
the findings were sensitive to the selection of the anchor to
determine MCID estimates, similar measures as the core an-
alyses were generated for MMSE and FAQ, stratified by
whether patients experienced no change in global CDR or
experienced a change of 0.5 points (from 0.5 to 1) between
consecutive visits [15].

All outcomes were evaluated at the visit level; all ana-
lyses were conducted using SAS version 9.4 (SAS Institute,
Cary, NC).

3. Results
3.1. Sample characteristics

On average, patients in the overall study sample were
evaluated approximately every year (mean =* SD:
1.15 % 0.38 years; median [interquartile range]: 1.04 years
[0.98, 1.18]). The mean age of the overall study sample
(n = 19,566) was 73 years, 43% were men, and patients
had just over 15 years of education. Of the overall study sam-
ple, 6896 (35%) patients did not have any visit with a
clinician-indicated meaningful decline in cognitive, func-
tional, or behavioral attributes (Table 1). On average, patients
with no clinically meaningful decline ever were younger at
their first ADC visit (71 vs. 74 years) and were less likely
to be men (33% vs. 49%). Approximately 24% of patients
with no meaningful decline had depression at the first ADC
visit compared with 42% of those with meaningful decline.
In addition, 93% of those with no meaningful decline were
considered by physicians to have normal cognition (MMSE
score 28.97, global CDR score 0.03; 94% with global CDR
score 0), and only 0.7% used an AD medication. Relatedly,
98% were able to live independently. By comparison, among
those with meaningful decline, nearly half were already diag-
nosed with dementia at the time of first presentation, 32%
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Table 1
Demographic and clinical characteristics at the time of first ADC visit

Meaningful decline (N = 12,670) No meaningful decline (N = 6896)

Characteristic All patients (N = 19,566)
Age at index visit (years), mean (SD) 73.05 (9.83)

Male, n (%) 8479 (43.3)

Education (years), mean (SD) 15.1 (3.4)

Comorbid conditions, n (%)

Hypertension 10,394 (53.1)
Hypercholesterolemia 10,025 (51.8)
Depression 6876 (35.2)
Diabetes 2415 (12.4)
Transient ischemic attack 972 (5.0)
Stroke 955 (4.9)
Clinician diagnosis of cognitive status, n (%)
Normal cognition 8277 (42.3)
Impaired, no MCI 937 (4.8)
MCI 4301 (22.0)
Dementia 6051 (30.9)
Level of independence, n (%)
Able to live independently 13,454 (69.0)
Requires assistance with complex activities 4354 (22.3)
Requires assistance with basic activities 1390 (7.1)
Completely dependent 314 (1.6)
Clinical outcome assessment scores
Global CDR, mean (SD) 0.44 (0.53)
Global CDR categories, n (%)
0.0 8343 (42.6)
0.5 7286 (37.2)
1.0 3052 (15.6)
2.0 700 (3.6)
3.0 185 (1.0)
CDR-SB, mean (SD) 2.13 (3.12)
MMSE, mean (SD) 26.14 (4.84)
FAQ score, mean (SD) 5.49 (8.10)
NPI-Q score, mean (SD) 2.54 (3.78)
AD medication use, n (%) 5227 (26.7)

73.98 (9.66) 71.33 (9.89)*
6203 (49.0) 2276 (33.0)*
14.8 (3.6) 15.7 (3.0)*
6921 (54.6) 3473 (50.4)*
6672 (53.2) 3353 (49.1)*
5253 (41.6) 1623 (23.6)*
1678 (13.3) 737 (10.7)*
733 (5.8) 239 (3.5)*
793 (6.3) 162 (2.3)*
1900 (15.0) 6377 (92.5)*
735 (5.8) 202 (2.9)*
3987 (31.5) 314 (4.6)*
6048 (47.7) 3 (0.0)*
6687 (53.0) 6767 (98.2)*
4255 (33.7) 99 (1.4)*
1368 (10.8) 22 (0.3)*
311 (2.5) 3 0.0y
0.67 (0.53) 0.03 (0.12)*
1837 (14.5) 6506 (94.3)*
6897 (54.4) 389 (5.6)*
3051 (24.1) 1 (0.0)*
700 (5.5) 0 (0.0)*
185 (1.5) 0 (0.0)*
3.25 (3.38) 0.06 (0.23)*
24.61 (5.34) 28.97 (1.35)*
8.36 (8.79) 0.23 (1.06)*
3.58 (4.22) 0.63 (1.51)*
5178 (40.9) 49 (0.7)*

NOTE.
1. Index visit defined as the first ADC visit.

2. Clinically meaningful decline indicates clinician’s assessment of meaningful decline in a patient’s memory, nonmemory cognitive abilities, behavior,
ability to manage his/her affairs, or motor/movement changes since the previous visit. Patients with at least one visit with clinician-indicated meaningful

decline were included in the “meaningful decline” cohort.

Abbreviations: ADC, Alzheimer’s Disease Center; CDR, Clinical Dementia Rating; FAQ, Functional Assessment Questionnaire; MCI, mild cognitive
impairment; MMSE, Mini Mental State Examination; NPI-Q, Neuropsychiatric Inventory Questionnaire; SB, sum of boxes; SD, standard deviation.
*P value <.0001; P values were calculated using Wilcoxon rank sum tests for continuous variables and chi-squared tests for categorical variables.

with MCI, and 6% with other cognitive impairment; 41%
used AD medication, and only 53% were able to live inde-
pendently. The mean MMSE score for the cohort with mean-
ingful decline was 24.61, the mean global CDR was 0.67
(54% had a score of 0.5 and 24%, a score of 1), and the
mean FAQ score was 8.36 (Table 1).

All comparisons between the meaningful decline cohort
and the no meaningful decline cohort were statistically sig-
nificant (P < .0001).

3.2. Changes in clinical outcomes and MCID measures—
overall and by disease severity

Overall, across all visits, the mean changes in CDR-SB
scores for visits with and without clinician-indicated mean-
ingful decline were 1.19 (ES: 0.32; SRM: 0.55) and —0.02
(ES: —0.04; SRM: —0.05), respectively (Fig. 1). Similarly,

mean changes in MMSE scores for visits with and without
clinician-indicated meaningful decline were —1.64 (ES:
—0.29; SRM: —0.47) and -0.04 (ES: —0.02; SRM:
—0.02), respectively. Regarding functional attributes, the
mean changes in FAQ among visits with and without clini-
cally meaningful decline were 2.49 (ES: 0.26; SRM: 0.47)
and 0.03 (ES: 0.02; SRM: 0.02), respectively (Table 2).
The minimum change thresholds at which over 70% of visits
were classified as having a clinically meaningful decline
were as follows: an increase of 0.5 in CDR-SB, a decrease
of >3 points on the MMSE, and an increase of >1 point
on the FAQ (Table 3).

When evaluated by disease severity, the proportions of
visits with clinically meaningful decline increased with in-
crease in disease severity: 16% of visits in the “normal”
cohort had clinically meaningful decline compared with
82% of visits in the MCI-AD cohort, 97% in the mild AD
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Fig. 1. MCID for CDR-SB—Overall and by Disease Severity. Abbreviations: AD, Alzheimer’s disease; CDR-SB, Clinical Dementia Rating—Sum of Boxes;
ES, effect size; MCI, mild cognitive impairment; SRM, standardized response mean; SD, standard deviation (of baseline scores). Note. Clinically meaningful
decline indicates clinician’s assessment of meaningful decline in a patient’s memory, nonmemory cognitive abilities, behavior, ability to manage his/her affairs,

or motor/movement changes since the previous visit.

dementia cohort, and 99% visits in the moderate-severe AD
dementia cohort (Supplementary Fig. 1). In addition, on
average, the magnitude of changes in CDR-SB, MMSE,
and FAQ associated with clinician assessment of meaningful
decline increased with increase in disease severity (Fig. 1
and Table 2). For example, among those with a clinically
meaningful decline, the mean change in CDR-SB scores
was 0.54 for patients with normal cognition (ES: 0.29;
SRM: 0.34), 0.98 among those with MCI-AD (ES: 0.44;
SRM: 0.57), 1.63 for those with mild AD (ES: 0.54; SRM:
0.70), and 2.30 for the moderate-severe AD cohort (ES:
0.51; SRM: 0.81). The changes in CDR-SB scores for visits
with no meaningful decline also increased—from -0.02 in
the normal cohort to 0.10 in the moderate-severe AD
cohort—however, the effect sizes were not meaningful
(ES: —0.06 and 0.03, respectively) (Fig. 1).

Results from the distribution-based method are consistent
with the anchor-based approach, with similar ¥2 SD values
for CDR-SB, and slightly larger but comparable values for
MMSE and FAQ (Fig. | and Table 2).

3.3. MCID estimates among visits with no changes in
behavior and/or motor function

Compared with the core analysis including all visits, the
magnitudes of changes at which majority (>70%) of the
visits were categorized as having meaningful decline were
higher for the subgroup with decline in the cognitive domain
only—CDR-SB: increase of >1, MMSE: decrease of >6, and
FAQ: increase of >5 points (data not shown). On average,
the mean changes in CDR-SB, MMSE, and FAQ across
visits with meaningful decline were smaller than the core
analysis; however, the ES/SRM values were similar. For
example, the mean change in CDR-SB for visits with mean-
ingful decline was 0.74 (ES: 0.31; SRM: 0.47) compared

with a change of 1.19 (ES: 0.32; SRM: 0.55) in the main
analysis (Table 4). The mean changes for visits with
clinician-indicated no meaningful decline were very small
in both analyses—for example, —0.02 for the main analysis
and 0.00 for the sensitivity (ES and SRM were —0.04 and
—0.05 for the core analysis and 0.00 for the sensitivity).

3.4. MCID estimates, by changes in global CDR scores

Overall, the ES/SRM of MMSE and FAQ among visits
with changes in global CDR score from 0.5 to 1 were in
the acceptable ranges for MCID [17], whereas the ES/
SRM in those with no change in global CDR scores were
not meaningful (Table 5). Specifically, the mean change in
MMSE for visits with a change in CDR score was —2.58
(ES: —0.73; SRM: —0.72) compared with a change in
MMSE of —0.46 (ES: —0.10; SRM: —0.21) for those with
no change in CDR scores. The mean change in FAQ for visits
with a change in CDR score was 6.25 (ES: 1.01; SRM: 0.97)
compared with a change in FAQ of 0.72 (ES: 0.10; SRM:
0.22) for those with no change in CDR scores. When evalu-
ated for cognitive status, on average, the changes in MMSE
and FAQ scores for visits among patients with MCI or mild
AD were similar to the overall cohort (Table 5).

4. Discussion

Validated definitions of MCID for clinical measures used
in AD research remain underexplored in the literature
[1,4,5]. In addition, previous approaches to define MCIDs
have focused on patients at more advanced stages of the
disease or focused on a narrow subset of clinical outcome
assessments [5]. Although the clinical outcome assessments
included in the NACC UDS may not be uniformly consistent
with those included in contemporary clinical trials, this



Table 2

Changes in clinical outcome scores that indicate clinically important difference, overall and by disease severity (n = 57,097 pairs of visits)

Overall Normal MCI-AD Mild AD dementia Moderate-severe AD dementia
Meaningful No meaningful ~ Meaningful No meaningful =~ Meaningful Meaningful No meaningful =~ Meaningful No meaningful
decline decline decline decline decline decline decline decline decline
Clinical outcome (N = 28,274) (N = 28,823) (N = 4347) (N =22,023) (N = 6897) (N =7961) (N = 244) (N =2702) (N = 30)
MMSE
Mean change —1.64(—1.68;, —0.04(—0.05  —0.89(—097; —0.05(—0.06; —1.26(—1.33; —2.32(-241; —040(—0.63; —3.22(—3.37; —0.47(—1.29;
(95% CI) —1.60) —0.02) —0.81) —0.03) —1.20) —2.24) —0.16) —3.06) 0.36)
ES —0.29 —0.02 —0.42 —0.05 —0.37 —0.55 —0.18 —0.53 —0.09
SRM —0.47 —0.02 —0.34 —0.04 —0.43 —0.62 —-0.22 -0.77 —0.21
Y2 SD(pasetine) 2.82 0.74 1.05 0.47 1.71 2.13 1.13 3.05 2.69
FAQ
Mean change 2.49 (2.43; 0.03 (0.01; 1.42 (1.28; 0.02 (0.00; 2.59 (2.47; 3.39 (3.26; 0.66 (0.30; 3.22 (2.99; 0.70 (—0.67;
(95% CI) 2.55) 0.05) 1.55) 0.04) 2.71) 3.51) 1.02) 3.44) 2.07)
ES 0.26 0.02 0.22 0.02 0.36 0.41 0.14 0.38 0.09
SRM 0.47 0.02 0.31 0.02 0.51 0.62 0.23 0.53 0.19
Y2 SD(pbaseline) 4.71 0.81 3.18 0.61 3.63 4.13 2.30 421 3.94
NOTE.

1. Clinically meaningful decline indicates clinician’s assessment of meaningful decline in a patient’s memory, nonmemory cognitive abilities, behavior, ability to manage his/her affairs, or motor/movement

changes since the previous visit.
2. Effect size was calculated at the visit level as the mean difference in score divided by SDpascline)-

3. SRM was calculated at the visit level as the mean difference in score divided by SD of the change from previous visit score.

4. 172 SDpaseline) Was calculated at the visit level as 0.5 X SDpaseline)-

Abbreviations: AD, Alzheimer’s disease; CI, confidence interval; ES, effect size; FAQ, Functional Assessment Questionnaire; MCI, mild cognitive impairment; MMSE, Mini Mental State Examination; SRM,

standardized response mean; SD, standard deviation.
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Table 3

Smallest change estimates for majority of visits with clinician-indicated meaningful decline (overall; n = 57,097 pairs of visits)

Cutoff for >50% visits
with meaningful decline

Cutoff for >60% visits

Clinical outcome with meaningful decline

Cutoff for >70% visits
with meaningful decline

Cutoff for >80% visits
with meaningful decline

Cutoff for >90% visits
with meaningful decline

CDR-SB +0.5 +0.5 +1 +1

MMSE -2 -2 —4 -5

FAQ +1 +1 +2 +4
NOTE.

1. + indicates an increase in score from previous visit; — indicates a decrease in score from previous visit.

2. Clinically meaningful decline indicates clinician’s assessment of meaningful decline in a patient’s memory, nonmemory cognitive abilities, behavior,
ability to manage his/her affairs, or motor/movement changes since the previous visit.
Abbreviations: CDR-SB, Clinical Dementia Rating—Sum of Boxes; FAQ, Functional Assessment Questionnaire; MMSE, Mini-Mental State Examination.

study provides estimates of clinically meaningful changes
for several relevant domains across the AD spectrum,
including the earlier stages of MCI-AD and mild AD-the
primary focus of most current therapeutic trials.

Across the overall cohort of NACC participants with
cognitive abilities ranging from normal to moderate-severe
AD dementia, on average, a 1-2 point increase in CDR-
SB, a 1-3 point decrease in MMSE, and 3-5 point increase
in FAQ were indicative of a meaningful decline in the clini-

Table 4

Changes in clinical outcome scores that indicate clinically important
difference, among visits with or without meaningful decline in cognitive
domain only (n = 33,851 pairs of visits)

Meaningful decline
(N = 5675)

No meaningful decline

Clinical outcome (N = 28,176)

CDR sum of boxes

Mean change 0.74 (0.70; 0.78) 0.00 (0.00; 0.00)

(95% CI)
ES 0.31 0.00
SRM 0.47 0.00
Y2 SDpasetine) 1.19 0.16
MMSE
Mean change —1.02 (—1.09; —0.94) —0.04 (=0.06; —0.02)
(95% CI)
ES -0.26 -0.03
SRM —0.36 —0.03
Y2 SD paseline) 1.99 0.72
FAQ
Mean change 1.89 (1.77; 2.01) 0.06 (0.04; 0.07)
(95% CI)
ES 0.27 0.04
SRM 0.40 0.04
Y2 SD paseline) 3.44 0.69
NOTE.

1. Clinically meaningful decline indicates clinician’s assessment of
meaningful decline in a patient’s memory or non-memory cognitive
abilities since the previous visit.

2. Effect size was calculated at the visit level as the mean difference in
score divided by SDpaseline)-

3. SRM was calculated at the visit level as the mean difference in score
divided by SD of the change from previous visit score.

4. 1/2 SD(paseliney Was calculated at the visit level as 0.5 X SDpaseline)-

Abbreviations: AD, Alzheimer’s disease; CDR, Clinical Dementia Rat-
ing; CI, confidence interval; ES, effect size; FAQ, Functional Assessment
Questionnaire; MCI, mild cognitive impairment; MMSE, Mini Mental State
Examination; SRM, standardized response mean; SD, standard deviation.

cian’s assessment. The ES/SRM for those with a clinically
meaningful decline were in the acceptable ranges for
MCID (ES: 0.2-0.5; SRM: 0.4-0.8), whereas the ES/SRM
for changes in visits with no meaningful decline indicator
were close to zero. Estimates generated from the
distribution-based approach (1/2 SD at baseline), as well
as using a change in global CDR (as a different anchor),
were supportive of the estimates generated using the clini-
cian’s assessment as an anchor for MMSE (~1-3 point
decrease on average), and somewhat larger—but compara-
ble—for FAQ (~5-7 point increase on average). Among
the subset of patients with decline in cognitive domain
only, the MCID estimates for CDR-SB, MMSE, and FAQ
across visits with meaningful decline were smaller than
the core analysis, however, the ES/SRM were similar.
MCID for CDR-SB and FAQ have not been estimated previ-
ously [5]. However, our estimates of MCID for MMSE are
consistent with the published range of MCID estimates for
this outcome measure (a decrease of 1.4-4 points) [9,10].
In stratifying the findings by disease severity, not surpris-
ingly, we found that the proportions of visits characterized as
having a clinically meaningful decline (in clinician’s
opinion) increased from 16% among the normal cognition
cohort to 99% among those with moderate-severe AD de-
mentia. In addition, the magnitudes of MCID estimates
increased by stage of severity across the disease continuum.
For example, among visits with clinically meaningful
decline, the mean change in MMSE scores over consecutive
visits for the normal cohort was —0.89 compared with
—3.22 for the moderate-severe AD dementia cohort.
Furthermore, the ESs and SRM among visits with meaning-
ful decline were consistently within the acceptable ranges
for MCID, but <0.1 for those with no meaningful decline.
These findings are consistent with previous reports that an
increase in disease severity may be associated with a faster
deterioration in cognitive and functional attributes [18,19]
and underscore the need to calibrate the MCID measures
according to the disease severity of the patient population
being studied. In addition, our findings suggest that the
thresholds of change in global, cognitive, and functional
domains that are associated with a clinician’s impression
of meaningful decline in MCI-AD and mild AD dementia
are lower than the conventionally accepted thresholds. These



Table 5

Changes in clinical outcome scores that indicate clinically important difference, by disease severity, and change in global CDR (n = 48,254 pairs of visits)

Overall Normal MCI-AD Mild AD dementia Moderate-severe AD dementia
Change from Change from Change from Change from Change from
05to01 No change 05t 1 No change 05t01 No change 05t 1 No change 05to01 No change
Clinical outcome (N = 2924) (N = 45,330) (N = 220) (N = 23,622) (N =918) (N = 6420) (N =1171) (N =5118) (N =139) (N = 1542)
MMSE
Mean change  —2.58 (—2.71;  —0.46 (—048; —2.79(—3.24; —0.11(—-0.13; —2.55(-2.76; —0.72(—0.78; —2.36(—2.55; —1.63(—1.72; —499(—-5.77, —2.15(—2.33;
(95% CI) —2.45) —0.44) —2.33) —0.10) —2.34) —0.66) —2.16) —1.54) —4.22) —1.98)
ES —0.73 —0.10 —0.97 —0.10 —0.86 —0.23 —0.80 —0.38 —1.12 —0.33
SRM —0.72 —0.21 —0.81 —0.09 —0.80 —0.29 —0.69 —0.51 —1.08 —0.60
Y2 SD paseline) 1.76 2.19 1.44 0.56 1.48 1.54 1.48 2.12 2.23 3.30

FAQ
Mean change
(95% CI)
ES
SRM
V2 SD(baseline)

6.25 (6.02; 6.49)

1.01
0.97
3.08

0.72 (0.69; 0.75)  6.32 (5.38; 7.26) 0.14 (0.12; 0.16)

0.10
0.22
3.78

0.94
0.89
3.35

0.05
0.08
1.37

6.92 (6.50; 7.34)

1.14
1.06
3.04

1.42 (1.32; 1.51)

0.22
0.36
3.24

5.68 (5.34; 6.01)

0.98
0.98
2.89

2.44 (2.30; 2.57)

0.29
0.50
4.25

8.42(7.12; 9.71)

1.36
1.09
3.09

2.08 (1.81;2.35)

0.24
0.38
441

NOTE.

1. Effect size was calculated at the visit level as the mean difference in score divided by SD pascline)-

2. SRM was calculated at the visit level as the mean difference in score divided by SD of the change from previous visit score.
3. 1/2 SD(paseline) Was calculated at the visit level as 0.5 X SD paseline)-

Abbreviations: AD, Alzheimer’s disease; CDR, Clinical Dementia Rating; CI, confidence interval; ES, effect size; FAQ, Functional Assessment Questionnaire; MCI, mild cognitive impairment; MMSE, Mini
Mental State Examination; SRM, standardized response mean; SD, standard deviation.
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results are consistent with a recent study that used a similar
anchor-based methodology and estimated that the MCID for
ADAS-Cog in mild AD was lower (3 points) compared to
previous recommendations made by a consensus committee
of the FDA for patients in more advanced stages (>4 points)
[15]. Future research should evaluate whether these esti-
mates are corroborated by the responder status observed in
contemporary clinical trials.

4.1. Strengths and limitations

This study utilized data from a large cohort of patients
who repeatedly visit various ADCs across the US on an
annual basis (on average), and therefore the findings are
not limited to a particular trial population. However, the pop-
ulation enrolled in the NACC UDS may not be representa-
tive of the broader population with cognitive impairment
because of differences in patient characteristics and enroll-
ment procedures [13]. In particular, patients enrolled in the
NACC UDS are more educated than the general US popula-
tion. In addition, each ADC enrolls the subjects according to
its own protocol, and patients may enroll for reasons other
than seeking treatment (e.g., to participate in clinical trials).
Relatedly, to assess the changes in various clinical endpoints
over time, the study was limited to patients with at least two
consecutive visits to the ADCs, further limiting the represen-
tativeness of the sample. Furthermore, while the data facili-
tate evaluation of changes in patients’ clinical attributes
across the AD spectrum, the precise dates of cognitive
impairment diagnoses and changes in disease severity are
not captured within the data. In addition, although the clin-
ical criteria for determining MCI due to AD were updated
in 2011 [14], these changes were not implemented within
the NACC until March 2015 [13]. As such, the cohorts eval-
uated in this study may not reflect the current clinical prac-
tice. In addition, we assumed that the clinician’s assessment
of a meaningful decline at a given visit was relative to the
assessment at the previous visit, but the precise consider-
ations, including the use of any validated tool for the clinical
decision making within and across ADCs remain unknown.
Finally, it should be noted that the MCID estimates present
average changes within the sample cohort and might not
be appropriate for interpretation of individual level findings.
Of note, the present findings may represent conservative es-
timates, given that an unknown proportion of the sample
deemed to have meaningful decline may have achieved a
clinically important decline at a precise date before the
annual follow-up assessment, thereby surpassing the
MCID between visit periods. In other words, the MCID es-
timates from the present study may reflect change thresholds
that are higher than the true MCID. Moreover, the MCIDs
reported in this study correspond to the clinicians’ assess-
ments of a meaningful decline as opposed to the patients’
perceptions. Nonetheless, the study findings present average
effects based on the clinical judgment of multiple treating
physicians across ADCs. As such, the study findings offer

the potential to inform design of future clinical trials based
on actual clinical practice.

5. Conclusions

Using clinicians’ assessment of meaningful decline in pa-
tients’ cognitive, functional, or behavioral attributes since
the previous visit as an anchor, a 1-2 point increase (on
average) in CDR-SB, a 1-3 point decrease in MMSE, and
a 3-5 point increase in FAQ over 1 year are considered clin-
ically meaningful. Across the disease severity spectrum, the
thresholds for clinically meaningful decline increased from
MCI-AD to moderate-severe AD. Specifically, the MCID es-
timates for CDR-SB, MMSE, and FAQ were as follows:
MCI-AD: +1, —1, and +3; mild AD: +2, —2, and +3;
moderate-severe AD: +2, —3, and +3, respectively (where
"+’ indicates an increase in score and '—’ indicates a
decrease in score). The MCID estimates based only on the
distribution of scores at baseline were slightly larger but
generally consistent with and supportive of the anchor-
based approach. These findings suggest that it is important
to calibrate the MCID measures to be used in clinical trials
according to disease severity of the patient population.
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RESEARCH IN CONTEXT

1. Systematic review: Information about whether an
intervention for Alzheimer’s disease (AD) can pro-
vide meaningful clinical benefits relative to compar-
ators is important for evaluating clinical trials and is
of great value to patients, caregivers, and healthcare
decision makers. However, empirical evidence
regarding the minimal clinically important differ-
ence (MCID) estimates across various clinical
outcome assessments among people with different
stages of AD is limited.

2. Interpretation: We find that on average, 1-2 point in-
crease in CDR-SB, a 1-3 point decrease in MMSE,
and 3-5 point increase in FAQ over 1 year were
indicative of a meaningful decline in clinicians’
assessment. The MCID values generally increased
with increase in disease severity, suggesting that it is
important to calibrate MCID measures to be used in
clinical trials according to disease severity of the
population.

3. Future directions: Future research should evaluate
whether these estimates are corroborated by the out-
comes observed in contemporary clinical trials.
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