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Objective: Clinicians and researchers who measure cognitive dysfunction often use the
Alzheimer’s Disease Assessment Scale—Cognitive Subscale (ADAS-Cog), the Mini-Mental
State Examination (MMSE), or the Clinical Dementia Rating scale (CDR-SOB). But, the use of
different measures can make it difﬁcult to compare data across patients or studies. What is
needed is a simple chart that shows how scores on these three important measures correspond to
each other. Methods: Using data from 1709 participants from the Alzheimer’s Disease
Neuroimaging Initiative and item response theory-based statistics, we analyzed how scores on
each measure, the ADAS-Cog, the MMSE, and the CDR-SOB, correspond. Results: Results
indicated multiple inﬂections in CDR-SOB and ADAS-Cog scores within a given MMSE score,
suggesting that the CDR-SOB and ADAS-Cog are more precise in measuring the severity of
cognitive dysfunction than the MMSE. Conclusions: This study shows how scores on these
three popular measures of cognitive dysfunction correspond to each other, which is very useful
information for both researchers and clinicians.
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The past several decades have seen signiﬁcant growth in Alzheimer’s disease
(AD) research. Several research and clinical priorities have emerged from this research,
including maximizing the potential from clinical trial data and evaluating/identifying
individuals in the earliest stages of the disease (Mitchell et al., 2012). The measurement
of cognition is a critical step for identifying the early stages of the disease, and across
studies and centers, various scales are employed to this end. Some of the most commonly used instruments to assess AD-related cognitive decline including global decline
are the Alzheimer’s Disease Assessment Scale—Cognitive Subscale (ADAS-Cog;
Rosen, Mohs, & Davis, 1984), which is frequently used in pharmaceutical trials, the
Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975), which
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is frequently used by clinicians and researchers interested in cognitive aging, and the
Clinical Dementia Rating scale (CDR-SOB; Hughes, Berg, Danziger, Coben, & Martin,
1982; Morris, 1992; O’Bryant et al., 2008), which is commonly used in clinical trials
and practice for rating severity, including in mild and prodromal stages of disease
(Aisen et al., 2011).
While each of these scales has a number of strengths and weaknesses, the fact
that different measures are used across different research centers, studies, and settings
creates limitations for theory and practice. For researchers, the variability in assessments
used across studies limits the ability to compare results across studies or combine data
sets to increase statistical power. For clinicians, the variability in assessments creates
imprecision in assessing change over time or the effectiveness of various interventions.
Modern psychometric techniques can help provide statistical bridges between
these various dementia staging measures. Item Response Theory (IRT), originally developed in educational assessment, is one such technique. The process underlying IRT is
mathematically complex, but conceptually straightforward. The ﬁrst step is to verify the
assumption that all of the measures assess the same general underlying construct (see
Hambleton, Swaminathan, & Rogers, 1991 for an overview of IRT methodologies). For
the purposes of this article, this construct is cognitive dysfunction. The second step is
to assign each participant a precise value of cognitive dysfunction based on available
clinical data. In other words, because the ADAS-Cog (Rosen et al., 1984), MMSE
(Folstein et al., 1975), and CDR-SOB (Hughes et al., 1982; Morris, 1992; O’Bryant
et al., 2008) measures cognitive dysfunction, the observed scores on each measure can
be used to estimate the underlying severity of cognitive dysfunction. This estimation is
a new score known as theta. Once theta is calculated for each participant derived from
multiple indicators, the raw scores on these measures can be mapped onto the ranges of
theta for which they serve as indicators. Thus, similar ranges of underlying cognitive
dysfunction can be “cross-walked” to different observed scores among the measures
with a high degree of reliability (see Wang, Isenor, & Graybeal, 2011). Cross-walking
in this regard refers to the process of equating a raw score on one measure with a raw
score on a different measure. This article outlines our methodology and results and
offers a usable table that shows how raw scores on these three instruments correspond
in the relatively early stages of AD as deﬁned more concretely in the participants
section.

MATERIALS AND METHODS
Data used in the preparation of this article were obtained from the Alzheimer’s
Disease Neuroimaging Initiative (ADNI) database (adni.loni.usc.edu). The ADNI was
launched in 2003 as a public–private partnership. The initial goal of ADNI was to
recruit 800 participants, but ADNI has been followed by two other initiatives, ADNIGO and ADNI-2. To date these three protocols have recruited over 1500 adults, ages
55–90, to participate in the research, consisting of older people who are cognitively
healthy, people with early or late MCI, and people with early AD. Demographic information and clinical data used for this study were downloaded from the ADNI data
repository (adni.loni.usc.edu) on 28 May 2014.
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Participants
The analysis for this study used baseline data from 1709 participants (768 female
and 941 male) enrolled across all three ADNI phases. Participants were an average of
73.70 years old (SD = 7.18) and highly educated (M = 15.93, SD = 2.85 years), and the
majority identiﬁed their race as White (n = 1579, 92.4%). Other races represented
include Black or African American (n = 75, 4.4%), Asian (n = 29, 1.7%), American
Indian or Alaskan Native (n = 3, .2%), and Native Hawaiian or Other Paciﬁc Islander
(n = 2, .1%); 18 participants (1.1%) reported that they were more than one race, and 3
participants (.2%) did not report their race. Ten participants reported their ethnicity as
Hispanic or Latino (.6%); 1643 (96.1%) indicated that they were not Hispanic or
Latino, while 56 participants (3.3%) had unknown ethnicity. Baseline diagnoses
represented a range of cognitive impairment: 416 (24.3%) were cognitively normal
(CN), 106 (6.2%) had subjective memory complaints, 308 (18.0%) had early MCI, 561
(32.8%) had late MCI, and 318 (18.6%) had very mild AD through AD as deﬁned just
below.
According to ADNI protocol, CN participants serve as the controls and show no
signs of MCI, dementia, or signiﬁcant depression. CN participants have normal cognition (deﬁned as CDR = 0, MMSE between 24 and 30, and WMS-R Logical Memory II
subscale score above education-adjusted cutoffs), and neither the participants nor their
study partners report memory concerns. Beginning in ADNI2, participants with signiﬁcant memory concerns (SMC) were enrolled. SMC participants have normal cognition
(deﬁned the same as for CN participants), but they show signiﬁcant concerns about
memory (either reported by the participant, study partner, or clinician), as measured
using the Cognitive Change Index, a self-report scale. MCI participants have been
enrolled since ADNI1, but in ADNI-GO and ADNI-2, MCI participants, either those
with early MCI or late MCI, are people who have a subjective memory concern and
signiﬁcant amnestic dysfunction (deﬁned by CDR = .5 plus an abnormal score on the
WMS-R Logical Memory II subscale). However, MCI subjects have sufﬁciently preserved functional abilities and global cognition (MMSE score between 24 and 30), such
that they do not meet criteria for AD. The determination of EMCI versus LMCI is
based on the severity of impairment on the WMS-R Logical Memory II subscale, a
measure of delayed recall for auditory information presented in story format. The ADNI
distinguishes between early MCI and late MCI based on the WMS Logical Memory
score alone, and this distinction should be taken with appropriate caution as it is based
on only one score.
Participants were diagnosed with AD if they met National Institute of
Neurological and Communicative Disorders and Stroke/Alzheimer’s Disease and
Related Disorders Association (NINCDS/ADRDA) criteria for probable AD (McKhann
et al., 1984). At the time of the ADNI diagnosis, AD participants demonstrated deﬁcits
in their global cognition, abnormal memory functioning (based on scores on the
WMS-R Logical Memory II subscale), and showed signiﬁcant concerns with memory
(reported by the participant, study partner, or clinician). Finally, participants were
excluded if they had a history of signiﬁcant neurologic disease (including multi-infarct
dementia and subdural hematoma). Detailed information about the ADNI inclusion and
exclusion criteria can be found online, http://www.adniinfo.org/scientists/ADNIStudy
Procedures.aspx.
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Measures
The ADAS-Cog (Rosen et al., 1984) is a cognitive assessment with raw scores
that range from 0 to 70, where higher scores indicate greater cognitive dysfunction. The
MMSE (Folstein et al., 1975) is a brief screening instrument for cognitive dysfunction
with raw scores that range from 0 to 30, where lower scores indicate greater cognitive
dysfunction. The CDR-SOB (Hughes et al., 1982; Morris, 1992; O’Bryant et al., 2008)
is a clinician-rated staging method for cognitive dysfunction and functional ability. It
requires an individual severity rating on each of six domains (or boxes): memory, orientation, judgment and problem-solving, community affairs, and activities of daily living.
Under the traditional scoring method, an algorithm is used to produce global scores that
indicate ﬁve stages of cognitive dysfunction: 0 = no dementia, .5 = questionable dementia, 1 = mild dementia, 2 = moderate dementia, and 3 = severe dementia (Morris, 1992).
Alternatively, the Sum of Boxes scoring approach (CDR-SOB) yields scores from 0 to
18 by summing the CDR domain scores (see O’Bryant et al., 2008 for a description of
how to stage using CDR-SOB). We used CDR-SOB in the current study to give a more
ﬁne grained assessment of the correspondence between the CDR measure and the
ADAS-Cog and MMSE. In the present sample, participants had the following scores
(MMSE: M = 27.24, SD = 2.60; ADAS-Cog: M = 10.59, SD = 6.42; CDR-SOB:
M = 1.53, SD = 1.66). Ranges appear in Table 1.
Statistical analyses
IRT assumes unidimensionality of the data, so we conducted exploratory factor
analyses to test the unidimensionality. Speciﬁcally, we tested a three-variable model,
where each measure (i.e., the ADAS-Cog, MMSE, and CDR-SOB) served as the variables. Then, we determined whether the ﬁrst factor was sufﬁciently large relative to the
second and third factors to assume unidimensionality. We then conducted IRT analyses
in Multilog (Thissen, 1991) using Samejima’s graded response model (Samejima, 1969)
to determine how the ADAS-Cog, MMSE, and CDR-SOB each function across the
range of latent cognitive dysfunction. Although it can be considered atypical to use full
measures as “items” in IRT, it is a statistically coherent practice within an IRT framework. We also used Multilog to map raw scores on each of these measures to corresponding ranges of latent AD-related cognitive dysfunction, or theta. Finally, we
developed a “crosswalk” table that details how raw scores on each of these three measures correspond to one another based on their relationship to theta.

RESULTS
Findings indicated that data from the ADAS-Cog, MMSE, and CDR-SOB were
adequately unidimensional for IRT analyses. Indeed, the results of an exploratory factor
analysis with maximum likelihood estimation were nearly perfectly unidimensional.
The ﬁrst-to-second eigenvalue ratio was 2.45:.28 or 8.73:1. The third eigenvalue also
was .28, and revealed no signiﬁcant drop-off from the second eigenvalue. Our ratio of
ﬁrst-to-second eigenvalue, 8.73:1, far exceeded the 3:1 ratio standard which is commonly cited for sufﬁcient unidimensionality (see Embretson & Reise, 2000). This is not
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ADAS-Cog
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

MMSE

CDR-SOB

30
30
30
30
30
30
29
29
29
28
28
27
27
26
26
26
25
25
24
24
24
23
23
23
22
22
22
22
21
21
21
21
21
21
20
20
20
20

0
0
0
0
0
0
0
.5
.5
1
1
1.5
1.5
2
2.5
2.5
3
3
3.5
4
4
4.5
4.5
4.5
5
5
5.5
5.5
5.5
6
6
6
6.5
6.5
6.5
6.5
6.5
6.5

Notes: ADAS-Cog, Alzheimer’s Disease
Assessment Scale—Cognitive Subscale. MMSE,
Mini-Mental State Examination. CDR-SOB, Clinical Dementia Rating scale—Sum of the Boxes.

to say that these measures assess only one aspect of cognitive dysfunction. Rather, this
result suggests that all of the cognitive processes that these measures assess covary
quite strongly in this sample, and strongly enough to justify the application of
unidimensional IRT procedures.
The IRT analyses revealed that the measures indicated cognitive dysfunction in
the expected direction. Scores on the CDR-SOB and ADAS-Cog were higher at greater
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Figure 1. The correspondence among three measure of cognitive dysfunction in Alzheimer’s disease.
Notes: ADAS-Cog, Alzheimer’s Disease Assessment Scale—Cognitive Subscale. MMSE, Mini-Mental State
Examination. CDR-SOB, Clinical Dementia scale—Sum of the Boxes.

levels of cognitive dysfunction. In contrast, scores on the MMSE were lower at greater
levels of cognitive dysfunction (see Figure 1). Next, expected scores on the three measures at each level of cognitive dysfunction were compared. Results indicated multiple
inﬂections in CDR-SOB and ADAS-Cog scores within a given MMSE score (see
Table 1), suggesting that the CDR-SOB and ADAS-Cog are more precise in measuring
the severity of cognitive dysfunction than the MMSE. Figure 1 illustrates how an
MMSE score of 22 is equivalent to an ADAS-cog score of 25 and a CDR-SOB score
of 5.0. Table 1 summarizes the correspondence among each raw score in the relatively
mild range of cognitive dysfunction (ADAS-cog = 0 through 37, CDR-SOB = 0
through 6.5, MMSE = 20 through 30) across the three measures. Note that a threshold
procedure ensured that the relationship among the scores was computed consistently.
For example, a raw score on the ADAS-Cog of 28 would need to be fully reached
before the raw score on the chart switched from 28 to 29.

DISCUSSION
This study examined the relationship among raw scores on three commonly used
measures of AD severity related to cognitive dysfunction. Using IRT, we were able to
determine the correspondence among scores from each of the three measures (Table 1
provides a useful catalog for raw score equivalence across the measures). This table is
designed to allow clinicians and investigators to compare patients or research participants who were assessed using one measure to those who were assessed using another
measure. Results are consistent with previous research in that they replicate the welldocumented general correspondence among these measures. Higher scores on the
ADAS-Cog and the CDR-SOB are associated with lower scores on the MMSE, and
vice versa. The associations detailed in the table we present are important because they
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show how individual raw scores correspond among the measures. Likewise, the table
shows the meaningful model-based ﬂoor and ceiling effects of these measures across
the continuum of cognitive dysfunction.
Of particular note, we replicated the structure among these three measures via a
conﬁrmatory factor analysis using MPlus software (Muthen & Muthen, 2007) in the
database maintained at Baylor College of Medicine’s Alzheimer’s Disease and Memory
Disorders Center (n = 859), (see Doody et al., 2005). Results conﬁrmed equivalent factor loadings between the samples. Notably, the differences between the samples did not
exceed the required magnitude to impose additional constraints as recommended by
simulations (Cheung & Rensvold, 2002). Conﬁrmatory ﬁt indices between the constrained (CFI = .99) and unconstrained (CFI = 1.00) models did not differ more than
.01. This simple analysis helps to further the replicability of the ﬁndings.
A clinician, for example, who is treating a client and has assessed the client using
the MMSE would be able to use our table to understand the patient’s score in relation
to published literature using the ADAS-Cog, for example. Or, if a clinician had an
MMSE score for the patient, but did not have the required collateral source to arrive at
a CDR-SOB score, the clinician could use our table to estimate the client’s CDR-SOB
scores and to arrive at a dementia stage (see O’Bryant et al., 2008, for how to stage
dementia using a CDR-SOB score). The clinical applications extend beyond these two
examples, of course, into the clinical trial literature where the ADAS-Cog is ubiquitous,
yet these other measures are not always used. Our ﬁndings provide a way for clinicians
or researchers to directly apply clinical trial ﬁndings using the ADAS-Cog to their own
patients, who might have been assessed using the MMSE or CDR-SOB scores.
It is important to note that these main ﬁndings are based on just one sample,
although the structural correspondence among the measures was replicated in a second
sample, and the ADNI sample is one of the best characterized and largest samples in
Alzheimer’s research. That said, the ADNI sample is skewed in terms of education and
race, and one should exercise caution when applying this table to underrepresented
minority groups. Also, participants had relatively mild cognitive dysfunction, and this
study does not address scores in the range of severe cognitive dysfunction. While this
is a limitation of the study, it is also a potential strength because most of the relevant
comparisons among these measures will be made for individuals and studies that
address mild cognitive dysfunction.
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