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Abstract Background: We used the database of the Alzheimer’s Disease Neuroimaging Initiative (ADNI) to
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explore the psychometric properties of the Clinical Dementia Rating Sum of Boxes (CDR-SB) to con-
sider its utility as an outcome measure for clinical trials in early and mild, as well as later, stages of
Alzheimer’s disease (AD).
Methods: We assessed internal consistency, structural validity, convergent validity, and 2-year inter-
nal and external responsiveness of the CDR-SB using data from 382 subjects with early or mild AD at
entry into the ADNI study.
Results: The CDR-SB assesses both cognitive and functional domains of AD disability. Mean scores
declined nearly linearly; CDR-SB cognitive and functional subsums contributed equally to total
scores at both very mild (early) and mild stages of the disease.
Conclusions: The CDR-SB has psychometric properties that make it attractive as a primary outcome
measure that comprehensively assesses both cognitive and functional disability in AD patients. It may
prove particularly useful for studies in early, predementia stages of AD.
� 2013 The Alzheimer’s Association. All rights reserved.
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1. Introduction

Recent advances in the understanding of Alzheimer’s
disease (AD) are leading to a paradigm shift in the way we
conceive of the pathological and clinical evolution of the
disorder. The recognition that AD represents a continuous
process that passes through a presymptomatic phase and
a stage of “mild” cognitive impairment (MCI), with early
cognitive but little or no evident functional impairment
[1], has led to a proposed revision of the research diagnostic
criteria for AD [2] that incorporates both clinical and
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biomarker evidence of disease, enabling diagnosis of AD
at its very early stages.

Typically, clinical AD appears to become evident first as
a syndrome of amnesticMCI, in which cognitive impairment
is largely confined to deficits in memory and complex activ-
ities of daily living (ADLs) [3,4]. Functional, behavioral,
and social impairments inexorably emerge as the disorder
segues into what we clinically recognize as dementia of
the Alzheimer type [5].

Clinical trials in subjectswithMCIhave used “conversion”
from the MCI syndrome to “Probable Alzheimer’s Disease”
(the stage of clinically defined dementia) using Diagnostic
and Statistical Manual of Mental Disorders - IV (DSM-IV)
orNational Institute ofNeurological andCommunicativeDis-
orders and Stroke–Alzheimer’s Disease and Related
eserved.
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Disorders Association (NINCDS–ADRDA) criteria as the
primary outcome measure [6,7]. The use of “conversion” to
“AD” or “dementia” is, however, problematic as a clinical
trial outcome for at least four reasons:

1. Rates of “conversion” occurring within the feasible
time frame of a therapeutic clinical trial are low; there-
fore, large numbers of subjects are required. Current
criteria for enrichment of patient populations based
on clinical and/or biomarker criteria in an attempt to
select for subjects with AD pathology, as opposed to
other causes of cognitive impairment, still yield study
populations in which a minority of patients “convert”
within a reasonable time frame.

2. In clinical trials practice, adjudication of “conversion”
requires centralized committee review of both quanti-
tative data and subjective reports, a cumbersome and
highly subjective practice, such that clinical study re-
sults using “conversion” as an outcome will be diffi-
cult to translate into clinical practice.

3. Rates of disease progression and “conversion” are
subject to interstudy variation based on the population
(a) screened for and (b) actually enrolled. Thus, subtle
differences in the design or implementation of inclu-
sion criteria have resulted in vastly different rates of
“conversion to AD” in recent clinical trials [6–8];
use of a continuous end point that tracks disease
progress throughout the disease course may facilitate
more uniform outcomes across clinical trials.

4. Because patients entering clinical trials may progress
to what is recognized as mild-to-moderate AD, clini-
cal outcome measures that have sensitivity to clinical
change throughout the course of AD would enable
consistent use of the same outcome measure as these
patients progress.

Therefore, a more desirable metric would be a continuous
comprehensive outcome measure that is capable of tracking
the progression of the disease from the MCI stage through
mild, moderate, and severe dementia and to monitor progres-
sion of cognitive and functional change in AD clinical trials.
However, currently available cognitive assessment instru-
ments, such as the Alzheimer’s Disease Assessment Scale,
cognitive subscale (ADAS-cog) [9], lack sensitivity in the
early, milder stages of AD [10] and exhibit a high degree
of variability in rates of change [11], necessitating enroll-
ment of large numbers of subjects in clinical trials. Similarly,
currently available and validated functional rating scales
show little change in early stages of AD [1,6–8].

The use of a single comprehensive instrument that inte-
grates the assessment of both manifestations of the primary
disease activity (loss of cognitive function) and consequent
loss of functional abilities is common clinical practice in
the study of potential treatments for chronic neurological
disorders, most notably the Unified Parkinson Disease Rat-
ing Scale [12] for Parkinson disease, which has been used
as a primary outcomemeasure both when the aim of the clin-
ical trial is to assess symptomatic benefits of a new interven-
tion, or to slow or delay disease progression [13].

The Clinical Dementia Rating (CDR) [14] is a well-
validated instrument that has been in use for more than
20 years in clinical trials in AD and MCI. The CDR assesses
three domains of cognition (memory, orientation, judgment/
problem solving) and three domains of function (community
affairs, home/hobbies, personal care) using structured inter-
views of both the study subject and a companion/informant
carried out by a trained rater and scored using a standard
methodology. The scores for the six domains (range from
0 to 3) tested can be summed (CDR Sum of Boxes or
CDR-SB); an algorithm is used for integrating the informa-
tion obtained into an overall score, termed here the “CDR
Global” score [15]. The CDR includes structured discus-
sions with the subject and informant. It has an advantage
for trials lasting a year or more in that it does not require
the rater to remember remote details of the subject’s baseline
performance or to make an assessment of the subject’s clin-
ical change from baseline. We [16] have recently proposed
using the CDR-SB as the sole primary outcome measure
for clinical trials in early Alzheimer’s disease (eAD).

Tractenberg et al [17] performed a factor analysis of the
CDR-SB in conjunction with other measures that separately
rated cognitive function (Mini-Mental State Examination
[MMSE]), functional abilities (Alzheimer’s Disease Coop-
erative Study Activities of Daily Living [ADCS-ADL]
scale), and behavior (Behavior Rating Scale for Dementia)
in a sample of 242 subjects, at 27 sites in the United States,
with probable AD. The authors created two CDR sub-
scores—a “cognitive” subsum comprising the sum of the
memory, orientation, and judgment/problem-solving box
scores of the CDR, and a “functional” subsum, which com-
bined the scores for community activities, personal care, and
home/hobbies boxes. In this model, the 12-month change in
the CDR cognitive subsum loaded onto a factor with only the
MMSE, whereas the change in functional subsum loaded
onto a factor with only the change in ADCS-ADL score.
The correlation between the change in the total CDR-SB
and change in the MMSE was 20.46, between CDR-SB
and ADAS-cog was 0.42, and between the CDR-SB and
ADCS-ADLwas 0.50, indicating a “modest” degree of asso-
ciation between the change in the total CDR-SB score with
decline in both cognitive and functional measures.

To further validate the suitability of the CDR-SB as a sole
primary outcome measure for AD (and particularly for eAD)
clinical trials, we have taken advantage of publicly available
data from the Alzheimer’s Disease Neuroimaging Initiative
(ADNI) study conducted in North America. ADNI, a consor-
tium of universities and medical centers in the United States
and Canada, was established to develop standardized imag-
ing techniques and biomarker procedures in normal subjects,
subjects with MCI, and subjects with mild AD [1]. The ma-
jor goals of ADNI are to develop improved methods that will
lead to uniform standards for acquiring longitudinal
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multisite magnetic resonance imaging and positron emission
tomography data on patients with AD, patients with MCI,
and elderly control subjects; to develop an accessible data
repository that describes longitudinal changes in brain struc-
ture and metabolism while acquiring, in parallel, clinical,
cognitive, and biochemical data; to develop methods that
will maximize statistical power to determine treatment
effects in clinical trials; and to test a series of hypotheses
based on clinical and biomarker data. Data from ADNI are
publicly available from its Web site (www.loni.ucla.edu/
ADNI) in near-real time. The baseline clinical characteris-
tics of the population enrolled in ADNI have been reported
by Petersen et al [1].

We used this database to confirm and extend the findings
of Trachtenberg et al regarding (1) the internal structure of
the CDR-SB as containing separate cognitive and functional
domains, (2) the correlation of disease progression as as-
sessed by the CDR-SB with external cognitive and func-
tional measures, and (3) relative progression of cognitive
and functional subsums of the CDR-SB originally defined
by Trachtenberg et al [17], as well as their relative contribu-
tion to the overall CDR-SB over time. This work was
planned as a companion study to that of Coley et al [18]
that explored the psychometric properties of the CDR-SB
using data from REAL.FR, a study that followed disease
progression in more than 600 French AD patients. Because
neither database was large enough to support independent
test and replication data sets, we planned, to the extent pos-
sible, given the limitations created by differences between
the REAL.FR and ADNI populations and study designs, to
apply similar methods of analysis in both studies.
2. Methods

We evaluated the CDR-SB as an outcome measure for
AD clinical trials. We were particularly interested in its util-
ity as a primary outcome measure for subjects with early
(predementia) or “prodromal” [2] and mild AD.
2.1. Patient data sets

The population of analysis was drawn from the ADNI
database (downloaded on January 14, 2010). The general
inclusion and exclusion criteria for the ADNI study are
described by Petersen et al [1]. The ADNI study was
approved individually by the institutional review boards of
all the participating institutions. Informed written consent
was obtained from all participants at each site.

The ADNI study enrolled subjects who were English- or
Spanish-speaking males or females ranging in age between
55 and 90 years (inclusive). All were required to have a study
partner to provide an independent evaluation of functioning.
Subjects were enrolled in the following three categories:
normal control subjects, subjects with MCI, or subjects
with mild AD. The MMSE score range was 24 to 30 for
the normal subjects and subjects with MCI and 20 to 26
for those with AD; all are inclusive. For subjects with
MCI, the CDR global score had to be 0.5, with the memory
box score being 0.5 or greater; for subjects with AD, the
CDR global score had to be 0.5 or 1. Subjects had to meet
a minimum memory criterion, using delayed recall of one
paragraph from the Logical Memory II subscale of the
Wechsler Memory Scale–Revised (maximum score of 25).
Cutoff scores, described by Petersen et al [1], were based
on education level. In addition, subjects with MCI could
not qualify for the diagnosis of dementia, whereas subjects
in the AD group met the NINCDS–ADRDA criteria for
probable AD. The use of acetylcholinesterase inhibitors
and memantine was permitted if the dose had been stable
for 4 weeks before screening for subjects with MCI and
AD, but patients were excluded if they were on psychoactive
medications that were believed to possibly affect cognitive
function.

Subjects enrolled in the ADNI MCI cohort by definition
did not meet NINCDS–ADRDA diagnostic criteria for AD.
This group was expected to include some subjects who
might either remain as stable MCI or progress to non-AD
dementias. We, therefore, separately analyzed data from
ADNI subjects who were either enrolled in the “Alz-
heimer’s Disease” cohort (those meeting the aforemen-
tioned criteria for a diagnosis of dementia of the
Alzheimer type and a subset of individuals we termed
“Early” AD [eAD]). eAD was defined as a CDR global
score equal to 0.5 and scores of �4 on the ADAS-cog
and of �3 on the Functional Activities Questionnaire
(FAQ), at entry. Because of the way the ADNI study
recruited and classified subjects, subjects were found in
both the ADNI “MCI” and “AD” populations. Our defini-
tion of eAD was based on a previous analysis of the
ADNI database, in which it was found that these cognitive
and functional criteria identified an MCI subgroup more
likely to have underlying AD based on cerebrospinal fluid
biomarker criteria and more likely to progress on clinical
scales than the general MCI population recruited to ADNI
(data on file, Elan Pharmaceuticals, Inc.). The eAD sample
in the present study, which consists of 280 subjects, also has
a degree of impairment roughly matching the REAL.FR
population studied by Coley et al [18], with CDR global
scores of 0.5. All available data were used in the analyses.

The attributes of the CDR that we explored were as fol-
lows:

� Internal reliability, using Cronbach’s a, a measure of
consistency among individual items in a scale. Values
of at least 0.70 can be seen as an acceptable reliability
coefficient [19].

� Factor analyses to assess the internal structure of the
CDR-SB and determine the extent to which it concur-
rently evaluates a patient’s decline in both the cognitive
and functional domains. Baseline, 2-year, and 2-year
change from baseline scores for each of the six individ-
ual CDR box scores were subjected to a factor analysis

http://www.loni.ucla.edu/ADNI
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Table 1

Demographic characteristics

Variable Mean SD Median Minimum Maximum

All subjects (N 5 382)

Age 74.76 7.34 75.0 54.0 91.0

Years of education 15.25 3.14 16.0 4.0 20.0

ADAS-cog 11* 15.62 6.23 14.5 4.0 42.7

ADAS-cog 13y,x 24.67 8.11 24.0 8.0 54.7

FAQ 10.17 6.38 9.0 0.0 30.0

MMSE 25.13 2.63 25.0 18.0 30.0

CDR-SB 3.15 1.76 3.0 0.5 9.0

CDR cognitive subsum 1.99 0.94 2.0 0.5 6.0

CDR functional subsum 1.17 1.00 1.0 0.0 5.0

eAD subjects (N 5 280)

Age 74.5 7.1 75.0 54.0 91.0

Years of education 15.5 3.2 16.0 4.0 20.0

ADAS-cog 11 14.0 5.2 13.3 4.0 34.7

ADAS-cog 13z,x 22.6 7.1 22.0 8.0 47.7

FAQ 8.3 4.6 7.0 3.0 29.0

MMSE 25.9 2.3 26.0 20.0 30.0

CDR-SB 2.4 1.0 2.3 0.5 5.0

CDR cognitive subsum 1.6 0.7 1.5 0.5 4.0

CDR functional subsum 0.8 0.6 1.0 0.0 2.5

AD subjects (N 5 188)

Age 74.9 7.6 75.0 54.0 91.0

Years of education 14.7 3.1 15.0 4.0 20.0

ADAS-cog 11* 18.7 6.3 15.0 7.7 42.7

ADAS-cog 13y,x 29.0 7.7 28.8 12.7 54.7

FAQ 13.1 6.8 12.0 0 30.0

MMSE 23.3 2.0 23.0 18.0 27.0

CDR-SB 4.4 1.6 4.5 1.0 9.0

CDR cognitive subsum 2.6 0.8 2.5 1.0 6.0

CDR functional subsum 1.7 1.0 1.5 0 5.0

Abbreviations: CDR-SB, Clinical Dementia Rating Sum of Boxes;

ADAS-cog, Alzheimer’s Disease Assessment Scale, cognitive subscale;

FAQ, Functional Activities Questionnaire; MMSE, Mini-Mental State

Examination; SD, standard deviation; eAD, early Alzheimer’s disease;

AD, Alzheimer’s disease.

*Two subjects had missing baseline values.
yEight subjects had missing baseline values.
zThree subjects had missing baseline values.
xADAS-cog 13 includes the 11-item ADAS-cog plus a delayed recall task

and the Digit Symbol Substitution Test.
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using principal components with promax rotation. Pro-
max rotation was chosen to allow correlation between
the factors.

� Convergent (“face”) validity by calculating Spearman
correlations between the CDR-SB and its individual
components, as well as other cognitive and functional
tests, including the MMSE [20], the original 11-item
ADAS-cog [9], as well as a 13-item version (which
includes delayed word recall and number cancellation
tasks) [21], and the FAQ [22] at baseline and follow-up
visits. Subjects enrolled in the ADNI MCI cohort had
evaluations performed at baseline and every 6 months
for 2 years; ADNI “AD” subjects did not undergo the
month 18 evaluation.

� Internal responsiveness, which characterizes the abil-
ity of a measure to change over time, using standard-
ized effect size (mean change from baseline divided
by the standard deviation of baseline scores) and stan-
dardized response mean (mean change from baseline
divided by the standard deviation of change from base-
line) statistics calculated on 2-year change from
baseline scores. Higher effect sizes or standardized re-
sponse means indicate better responsiveness—values
of 0.20, 0.50, and 0.80 or greater for either measure
are considered to represent small, moderate, and large
responsiveness, respectively [23].

� External responsiveness, which examines the extent to
which changes in a measure over time relate to corre-
sponding changes in a reference measure [23]. Spear-
man correlation coefficients were calculated to
evaluate correlations between 2-year changes in the
CDR-SB and 2-year changes in the other cognitive
and functional measures. We also explored the contri-
bution of each component “box” scores of the CDR to
the total score and to change in the total score over
time.

All analyses were performed using SAS version 9.1 (SAS
Institute, Cary, NC). Baseline characteristics are presented
using descriptive statistics.
3. Results

The demographic characteristics of the study population
are depicted in Table 1. The mean age of the 382 subjects
considered in this analysis was approximately 75 years;
227 (59%) were male and 155 (41%) were female. The
median duration of education was 16 years. Almost 25%
were college graduates and 31.7% had some education
beyond college, 17.5% had completed high school as their
greatest level of education, and only 3% had an eighth-
grade education or less.

Of the 382 subjects, 280 (177 males and 103 females) met
the definition of eAD and 188met the criteria for AD demen-
tia. Because of the way the ADNI study participants were
recruited (2:1 ratio of MCI to mild AD subjects), and be-
cause the overall study population excluded subjects with
a global CDR score greater than 1, subjects with CDR scores
of 0.5, representing “very mild” or “questionable” AD [15],
are overrepresented in the patient population compared with
mild AD subjects.

Not surprisingly, the age and level of education of the 280
eADsubjectswere reflective of the overall group.Baseline test
scores revealed somewhat less cognitive and functional im-
pairment in this group; baseline CDR-SB scores averaged 2.4.

Figure 1 shows the distribution of global CDR and indi-
vidual CDR box scores of the population at baseline for the
eAD and AD study populations. As might be expected in
a population recruited to represent MCI as defined by
Petersen criteria (Petersen et al, 2001), subjects we identified
with eADdid not score above 1 in the Judgment and Problem-
Solving, Home and Hobbies, and Community Affairs box
scores, although one subject did report a score above 1 in
the Personal Care box.



Fig. 1. Distribution of Clinical Dementia Rating (CDR) global scores

and individual CDR box scores for the early Alzheimer’s disease (eAD)

and Alzheimer’s disease (AD) populations at baseline.
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3.1. Internal reliability

Values of Cronbach’s a for the full CDR-SB in the overall
study population were 0.90 at screening and 0.92 at month
24, indicating a high degree of reliability. Deleting either
the cognitive or the functional subsum reduced the value
of Cronbach’s a, but not below 0.85 at either time point.
Cronbach’s a for the CDR-SB change to month 24 was
0.90. Again, deletion of the individual subsums slightly
reduced the a coefficient. For the eAD subgroup, values of
Cronbach’s a were 0.85 at baseline, 0.91 at month 24, and
0.90 for change to month 24, and for AD subjects, the values
of Cronbach’s a were 0.87 at screening, 0.92 at month 24,
and 0.90 for change to month 24.
3.2. Factor analysis

Table 2 depicts the factor structure of the CDR-SB at
screening and month 24, as well as the change between the
Table 2

Factor loadings for 2-factor solutions after promax rotation for baseline, 2-year, a

Variable

All subjects

Factor 1 Factor 2

Screening

Memory 0.77

Orientation 0.74

Judgment and problem solving 0.44

Community affairs 0.38 0.47

Home and hobbies 0.56

Personal care 0.46

Two-year scores

Memory 0.75

Orientation 0.76

Judgment and problem solving 0.39 0.49

Community affairs 0.42 0.49

Home and hobbies 0.71

Personal care 0.63

Two-year change scores

Memory 0.50

Orientation 0.52

Judgment and problem solving 0.47

Community affairs 0.48

Home and hobbies 0.56

Personal care 0.37
two time points. Confirming the results of Trachtenberg
et al [17], a rotated factor analysis revealed that the CDR-
SB can be described as having two factors—a “Cognitive”
factor, consisting of the Memory, Orientation, and Judgment
and Problem-Solving box scores; and a “Functional” factor,
consisting of the Community Affairs, Home and Hobbies,
and Personal Care boxes, although the ADNI population,
which is weighted toward less impaired subjects, showed
overlap in certain domains where functional independence
may be retained when the data are examined longitudinally.
Interestingly, the separation of the CDR-SB into two distinct
factors is most evident when examining change over time.
This observation may relate to the way the CDR interview
itself is structured, as an emphasis in postbaseline assess-
ments is placed on change in performance rather than perfor-
mance level itself (J. Morris, personal communication). The
loading of CDR box scores onto the two factors was not as
clear in the AD group, probably because of its smaller size.
3.3. Convergent validity

As shown in Table 3, at baseline, Spearman coefficients
for the correlation of the total CDR-SB score with other cog-
nitive and functional tests across all subjects ranged from
0.53 for the ADAS-cog to 0.66 for the FAQ. CDR-SB total
score correlated somewhat better with the FAQ than with
the ADAS-cog and MMSE. The CDR cognitive subsum cor-
related modestly well with the ADAS-cog, MMSE, and
FAQ. However, the functional subsum correlated more
strongly with the functional (i.e., FAQ) than the cognitive ex-
ternal measures. All correlations were statistically signifi-
cant (see legend to Table 3).
nd 2-year change scores

eAD subjects AD subjects

Factor 1 Factor 2 Factor 1 Factor 2

0.72 0.64

0.68 0.59

0.35 0.37

0.40 0.35 0.56

0.33 0.42 0.65

0.53

0.79 0.78

0.83 0.77

0.51 0.55

0.44 0.47 0.47 0.39

0.70 0.74

0.62 0.69

0.72 0.31 0.47

0.68 0.60

0.58 0.57

0.43 0.37 0.53

0.66 0.55

0.60 0.47



Table 3

Correlations between baseline scores (Spearman correlation coefficients)

Variable CDR-SB CDR cog. subsum CDR fun. subsum ADAS-cog 11 ADAS-cog 13 FAQ MMSE

All subjects

CDR-SB 1

CDR cog. subsum 0.91 1

CDR fun. subsum 0.91 0.68 1

ADAS-cog 11 0.53 0.55 0.42 1

ADAS-cog 13 0.57 0.59 0.45 0.96 1

FAQ 0.66 0.63 0.58 0.46 0.49 1

MMSE 20.57 20.63 20.42 20.57 20.60 20.45 1

eAD subjects

CDR-SB 1

CDR cog. subsum 0.85 1

CDR fun. subsum 0.84 0.46 1

ADAS-cog 11 0.37 0.43 0.20 1

ADAS-cog 13 0.41 0.47 0.24 0.95 1

FAQ 0.57 0.54 0.42 0.30 0.33 1

MMSE 20.37 20.48 20.14 20.46 20.49 20.31 1

AD subjects

CDR-SB 1

CDR cog. subsum 0.82 1

CDR fun. subsum 0.90 0.52 1

ADAS-cog 11 0.42 0.40 0.36 1

ADAS-cog 13 0.43 0.42 0.36 0.97 1

FAQ 0.62 0.51 0.55 0.48 0.48 1

MMSE 20.30 20.36 20.17 20.49 20.46 20.33 1

Abbreviations: CDR cog. subsum, CDR cognitive subsum; CDR fun. subsum, CDR functional subsum.

NOTE. All correlations have P , .05.

All subjects: all are ,0.0001, eAD: all are ,0.02, AD: all are ,0.02.

J.M. Cedarbaum et al. / Alzheimer’s & Dementia 9 (2013) S45–S55S50
3.4. Internal responsiveness

CDR-SB total scores worsened approximately linearly
over the 2 years of observation. The rate of deterioration
was slightly higher in subjects with starting CDR global
scores of .0.5 than in subjects with starting CDR global
scores of 0.5 (eAD). As shown in Fig. 2, the cognitive and
functional subsums contributed approximately equally to
the total score at all time points assessed.

Table 4 shows the 2-year change in CDR-SB and other
cognitive and functional tests. Of note, both the effect size
and the standardized response mean for the CDR-SB are
the largest of all the measures used, suggesting that the
CDR-SB has the potential to require smaller sample sizes
when used as a clinical study outcome, compared with the
ADAS-cog (11- or 13-item versions), the MMSE, or the
FAQ. The difference in effect size between the CDR-SB
and ADAS-cog is greatest in the eAD population, suggesting
that this measure might be particularly suitable for studies of
disease-modifying agents that might delay progression of
AD to the dementia stage. All correlations were statistically
significant (see legend to Table 4).

3.5. External responsiveness

As shown in Table 5, the correlation between the change
in CDR-SB and change in the functional measure, the FAQ
(0.58), appears to be somewhat greater than that between the
CDR-SB and the MMSE (0.49). William’s formula was used
to compare the correlation coefficients, yielding a nonsignif-
icant P equal to .11 [24]. The CDR functional subsum corre-
lated more strongly with the FAQ than with either theMMSE
or ADAS-cog. The change in the CDR cognitive subsum
correlated similarly with the MMSE (0.47) and FAQ (0.51)
but less strongly with either the 11-item or the 13-item ver-
sion of the ADAS-cog (0.32 and 0.34, respectively). The
lower correlations of the CDR with the ADAS-cog may re-
flect the lack of correlation of the ADAS-cog with impair-
ments that are noticeable to clinicians and caregivers in
general. It is also possible that the restricted range of the
scales in the defined analysis populations reduced the
observed correlations [25].
4. Discussion

The CDR-SB assesses both cognitive and functional as-
pects of AD. Scores on the individual cognitive and functional
subsums correlate well with corresponding individual domain
measures across the spectrum of disease severity from the ear-
liest, prodromal or “early” stages of AD through the mild/
moderate stages of the disease. These properties make it
well suited to serve as a comprehensive primary outcomemea-
sure for a study that will enroll subjects with eAD and follow
them to more advanced stages.

Inter-rater reliability validity and stability of CDR-SB
scores have been established [26,27]; the scale has been
shown to be sensitive to within-subject clinically meaningful
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Fig. 2. Two-year progression of total Clinical Dementia Rating Sum of Boxes (CDR-SB) scores, cognitive subsums, and functional subsums in all, eAD, and

AD subjects. CDR cognitive subsums (circles, dotted lines), functional subsums (triangles, dashed lines), and total CDR-SB scores (squares, solid lines) for the

entire study population. (A) “eAD” subjects (CDR global 5 0.5, Alzheimer’s Disease Assessment Scale, cognitive subscale: �4, and Functional Activities

Questionnaire: �3), (B) AD subjects, (C) all subjects, (D) comparison of progression rate for total CDR-SB score for eAD (open symbols, dashed line) and

AD (filled symbols, solid line) subjects. Note that rate of progression in the second year in AD subjects appears more rapid than in eAD subjects, and that pro-

gression rate in eAD subjects is similar to progression rate for AD during the first year of observation. Symbols represent mean 6 SEM.
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changes. Standardized training and certification protocols
are available ([26]; http://alzheimer.wustl.edu/cdr/default.
htm), and the scale has been translated into and used in mul-
tiple languages and across cultures ([15,26]; http://
Table 4

Two-year change in CDR-SB and other cognitive and functional tests

Variable Mean 2-year change SD 2-yea

All subjects (N 5 227)

CDR-SB 22.51 2.37

ADAS-cog 11 25.67 7.04

ADAS-cog 13 27.16 7.82

FAQ 25.86 6.37

MMSE 22.91 3.80

eAD subjects (N 5 172)

CDR-SB 22.39 2.32

ADAS-cog 11 24.85 6.62

ADAS-cog 13 26.45 7.48

FAQ 25.57 6.42

MMSE 22.74 3.63

AD subjects (N 5 99)

CDR-SB 23.01 2.69

ADAS-cog 11 28.23 7.51

ADAS-cog 13 29.47 8.35

FAQ 26.71 6.26

MMSE 23.26 4.46

NOTE. Only includes subjects with both baseline and 2-year data.

All change P , .0001.
alzheimer.wustl.edu/cdr/PDFs/Translations/). CDR scores
also correlated well with pathological stages of AD at
autopsy in a small number of carefully studied AD
patients [28]. Given the presence of memory impairment,
r change Effect size Standardized response mean

21.42 21.06

20.91 20.81

20.88 20.92

20.92 20.92

21.11 20.77

22.30 21.03

20.94 20.73

20.91 20.86

21.20 20.87

21.19 20.76

21.86 21.12

21.30 21.10

21.24 21.13

20.98 21.07

21.60 20.73

http://alzheimer.wustl.edu/cdr/default.htm
http://alzheimer.wustl.edu/cdr/default.htm
http://alzheimer.wustl.edu/cdr/PDFs/Translations/
http://alzheimer.wustl.edu/cdr/PDFs/Translations/


Table 5

Correlations between 2-year change from baseline scores (Spearman correlation coefficients)

Variable CDR-SB CDR cog. subsum CDR fun. subsum ADAS-cog 11 ADAS-cog 13 FAQ MMSE

All subjects (N 5 227)

CDR-SB 1

CDR cog. Subsume 0.89 1

CDR fun. Subsume 0.92 0.65 1

ADAS-cog 11 0.38 0.32 0.39 1

ADAS-cog 13 0.40 0.34 0.40 0.95 1

FAQ 0.58 0.51 0.56 0.31 0.34 1

MMSE 0.49 0.47 0.43 0.42 0.43 0.44 1

eAD subjects (N 5 172)

CDR-SB 1

CDR cog. Subsume 0.88 1

CDR fun. Subsume 0.92 0.65 1

ADAS-cog 11 0.33 0.30 0.30 1

ADAS-cog 13 0.36 0.32 0.34 0.94 1

FAQ 0.70 0.59 0.68 0.34 0.37 1

MMSE 0.51 0.50 0.42 0.40 0.41 0.44 1

AD subjects (N 5 99)

CDR-SB 1

CDR cog. Subsume 0.89 1

CDR fun. Subsume 0.92 0.64 1

ADAS-cog 11 0.49 0.39 0.50 1

ADAS-cog 13 0.50 0.41 0.52 0.96 1

FAQ 0.46 0.43 0.42 0.33 0.37 1

MMSE 0.49 0.43 0.45 0.52 0.55 0.49 1

NOTE. Only includes subjects with both baseline and 2-year data.

P values for all correlations shown are ,.05.

All subjects: all are ,0.0001, eAD: all are ,0.0001, AD: all are ,0.0008.
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which is required at study entry, progressive dysfunction in
any one or more of five domains can drive the assessment
of overall decline.

In the present study, we have explored the internal reli-
ability, factor structure, face validity, and internal and exter-
nal responsiveness of the CDR-SB in the ADNI database.
We found total CDR-SB scores and scores on its individual
subsum domains to correlate with independent cognitive and
functional measures. However, correlation of the cognitive
subsum with ADAS-cog was weaker than might be expected
(but still statistically significant). This observation may re-
late in part to the relatively mild level of overall cognitive
dysfunction in the ADNI population we studied, in which
global CDR scores ranged only from 0.5 to 2, with the
vast majority being in the 0.5 and 1 ranges. The ADAS-
cog is relatively less sensitive to milder degrees of cognitive
dysfunction [11, 29, 30].

TheCDR showed better responsiveness to change over the
2-year period of observation in the ADNI study compared
with other cognitive or functional scales. The standard effect
size (mean change from baseline divided by the standard de-
viation of baseline scores) is larger for the CDR-SB than for
any of the other standard outcomemeasures used in AD clin-
ical trials, suggesting that sample sizes for clinical trials us-
ing the CDR-SB as a primary outcome measure may be
smaller than those for studies that rely on the ADAS-cog,
and a functional measure [18]. However, it should be noted
that the ability to generate large standard effect sizes (and
hence to require smaller sample sizes when used as an out-
come measure in clinical trials) is only one factor involved
in the selection of an instrument as a key outcome measure.
The clinical relevance of a scale and its ability to faithfully
track disease progression in an interpretable and meaningful
fashion are also of critical importance.

Importantly, factor analysis substantiates consideration
of the CDR-SB as separately assessing both cognitive im-
pairment and functional disability, and the individual sub-
sums each account for about half of the test score change
when the CDR is assessed repeatedly over time. In the pres-
ent study, the cognitive domain of the CDR-SB appeared to
associate as strongly with functional as with cognitive out-
come measures, whereas in the companion study by Coley
et al [18], convergent validity of the cognitive subsum
appeared to be greater. We attribute this discrepancy to the
differing nature of the two populations. The REAL.FR pop-
ulation was selected on the basis of the presence of dementia
(however mild) and included subjects with a wider range of
CDR scores at baseline, whereas the ADNI study recruited
only subjects with CDR global scores of 0 to 1 at baseline.
The level of formal education was also much lower in the
French population, which was a geographically based sam-
ple of patients attending memory center clinics, than in the
North American study, which recruited interested volunteers
to specialized academic research centers.

Although ideally the CDR-SB could be used as a primary
outcome measure throughout the course of AD from the
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“Very Mild” or “Early” stage of the disease, there is a floor
effect in the “Personal Care” box score, which is frequently
rated as 0 in subjects with early cognitive change. However,
accrual of disability in this domain is reflected in an in-
creased contribution of this box score as the disease prog-
resses. Likewise, in early disease stages, the Judgment and
Problem-Solving as well as the Community Affairs box
scores appear to load equally onto the cognitive and func-
tional domains, perhaps because functional (ADL) limita-
tions are less prominent than they are later in the disease
course.
4.1. Comparison with similar analyses performed on the
REAL.FR database

Our findings generally agree with those derived from
a similar analysis of the REAL.FR database [18]. The
REAL.FR study is a multicenter prospective cohort study
of 686 community-dwelling AD patients that was carried
out in 16 university medical centers in France, beginning
in 2000 [31]. REAL.FR was similar in design to the clinical
component of ADNI. The ADNI population we studied was
somewhat younger, had more years of formal education, and
was less severely affected by AD than the REAL.FR popu-
lation analyzed by Coley et al [18]. Separation of the
CDR-SB into cognitive and functional factors was more
clear-cut in the REAL.FR study population, perhaps because
ADNI contained (by design) a higher proportion of subjects
classed as MCI at study entry, who had minimal impairment
in ADLs and, therefore, had scores of 0 on the CDR Personal
Care box. Additional factors contributing to the overlap of
factor groupings in the ADNI subject population may have
included the (relatively, for a factor analysis) small number
of subjects; the ordinal nature of the CDR scalewith a limited
number of steps (five); the small number of scale items to
sort (six), possibly some content overlap between the vari-
ables; and the restricted range of disease severity in the pop-
ulation available for study [25].

The greater degree of correlation between changes in
CDR scores and the functional outcome measure, FAQ,
compared with the ADAS-cog in the present study may at
first seem to be of concern regarding the convergent validity
of the CDR. However, in the study by Coley et al [18], the
CDR cognitive subsum did correlate more strongly with
the ADAS-cog than with the functional measure used in
REAL.FR. Although the reason for this is unclear at present,
it may be because of demographic differences between the
two populations, as well as the high level of formal educa-
tion in the ADNI participants. On the other hand, the rela-
tively stronger correlation of functional assessments with
the cognitive subsum of the CDR, which we observed in
the ADNI population, may be a function of the nature of
the functional measures used. Two functional rating scales
were used in the REAL.FR study—an inventory of basic
ADLs, such as feeding, dressing, and bathing [32], and an as-
sessment of instrumental activities of daily living (IADLs),
including the ability to shop, handle finances, and use public
transportation [33]. The FAQ [22], which was the functional
outcome measure in ADNI, focuses on IADLs that have
a substantial cognitive component, and therefore it resem-
bles the IADL scale used in REAL.FR, while not assessing
basic ADL function at all. It is, therefore, interesting to
note that the correlation between the cognitive subsum of
the CDR-SB and the IADL scale in the overall REAL.FR
study population is similar to the correlation between the
CDR-SB cognitive subsum and FAQ scores in the ADNI
population. Also, the correlation between the cognitive sub-
sum and the ADAS-cog was better in the more impaired sub-
jects in the REAL.FR baseline analysis [18]; therefore, it is
perhaps not surprising to find a lower correlation in the
ADNI subjects, who were, on average, less impaired than
the REAL.FR population. The FAQ also contains within
it items that may overlap with domains of the CDR cognitive
subsum, such as handling of financial and business affairs,
as well as memory item, querying patients’ ability for
“Remembering appointments, family occasions, holidays,
medications,” which could also increase the correlation
with the cognitive subsum. Thus, the observed degree of
correlation between the CDR-SB cognitive subsum and
the FAQ, especially in higher-functioning patients, such as
those enrolled in the ADNI cohort, may not be entirely
unexpected.

One of the limitations of the present study is that the
ADNI data set we used (N 5 382) was smaller than the
REAL.FR data set (N 5 667). We, therefore, explored two
somewhat overlapping subgroups: (1) an eAD subgroup,
diagnosed with MCI or AD, who were given a CDR global
score of 0.5 and met minimal thresholds of cognitive and
functional impairment on the ADAS-cog and FAQ; and
(2) a population diagnosed with AD by ADNI investigators,
according to conventional criteria, and with global CDR
scores at baseline of 0.5 or greater. The CDR-SB behaved
similarly in both subgroups. Thus, taken together, the results
of our parallel analyses of the performance of the CDR-SB
in ADNI and REAL.FR, two natural history populations,
lend further validity to the potential to use of the CDR-SB
as a sole primary outcome measure for AD clinical trials
across the spectrum of disease severity.

Use of the CDR-SB as a sole outcome measure for clini-
cal trials in early or very mild AD has some limitations. It is
a lengthy instrument to administer. Raters administering the
instrument must be well trained and must adhere closely to
the semistructured interview format [26]. Unlike other rating
scales and instruments, it does not include numerically
scored patient performance measures, but the Memory and
Orientation boxes do assess changes in patient performance
in objective memory tasks. Most importantly, the accuracy
of the information obtained is highly dependent on the
reliability of the study subjects’ study partner/caregiver/
informant, who has regular access to and observes the pa-
tient regularly, and the consistency of the availability of a sin-
gle informant throughout the duration of the clinical trial.
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However, inter-rater reliability studies have demonstrated
high levels of intra- and inter-rater reliability in multicenter
clinical trials [27]. Language, socioeconomic factors, and
cultural factors may also promote variability in CDR-SB
scores. It is, therefore, interesting to note that we came to
similar conclusions in analyses of study populations in the
ADNI study, which was carried out in the United States
and Canada, where the education level is high and the
CDR is administered in either English or Spanish, as well
as in France, where the population was older, education
levels lower, the range of test scores greater, and the instru-
ment was administered in French [18].
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