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Abstract
Background—The Clinical Dementia Rating Scale Sum of Boxes (CDR-SOB) score is
commonly used, although the utility regarding this score in staging dementia severity is not well
established.

Obiective—To investigate the effectiveness of CDRSOB scores in staging dementia severity
compared with the global CDR score.

Design—Retrospective study.

Setting—Texas Alzheimer's Research Consortium minimum data set cohort.

Participants—A total of 1577 participants (110 controls, 202 patients with mild cognitive
impairment, and 1265 patients with probable Alzheimer disease) were available for analysis.

Main Outcome Measures—Receiver operating characteristic curves were generated from a
derivation sample to determine optimal cutoff scores and ranges, which were then applied to the
validation sample.
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Results—Optimal ranges of CDR-SOB scores corresponding to the global CDR scores were 0.5
to 4.0 for a global score of 0.5, 4.5 to 9.0 for a global score of 1.O, 9.5 to 15.5 for a global score of
2.0, and 16.0 to 18.0 for a global score of 3.0. When applied to the validation sample, κ scores
ranged from 0.86 to 0.94 (P <.001 for all), with 93.0% of the participants falling within the new
staging categories.

Conclusions—The CDR-SOB score compares well with the global CDR score for dementia
staging. Owing to the increased range of values, the CDR-SOB score offers several advantages
over the global score, including increased utility in tracking changes within and between stages of
dementia severity. Interpretive guidelines for CDR-SOB scores are provided.

Staging of Alzheimer Disease (AD) severity via global assessment measures is
commonplace in clinical and research settings and is useful for many reasons. Clinically,
knowledge of dementia severity is helpful for rapid communication about the disease, for
making management decisions, and for selection of pharmacologic options that have been
approved for different levels of diseas severity.1–3 In research settings, staging of dementia
severity is valuable for operationally defining homogeneous patient populations for
comparison purposes and end points for research studies monitoring progression.2 In
addition, staging of dementia severity is critical for clinical trials, as outlined by the US
Food and Drug Administration's Guidelines for the Clinical Evaluation of Antidementia
Drugs,4(p15) which states that the stage and severity of the dementia affecting each subject
participating in a clinical trial must be assessed and recorded systematically in a manner that
will be readily understood by other workers in the field.

The Washington University Clinical Dementia Rating Scale (CDR) is a global assessment
instrument that yields global and Sum of Boxes (SOB) scores, with the global score
regularly used in clinical and research settings to stage dementia severity.5 Although the
CDR-SOB score has been considered a more detailed quantitative general index than the
global score6 and provides more information than the global CDR score in patients with
mild dementia,7 its utility in formally staging dementia severity remains untested.

The utilization of CDR-SOB scores for staging dementia severity offers several advantages
over the global score because the optimal characteristics of both scores can be combined
into a single score. First, CDR-SOB scores are much simpler to calculate than the global
score and they do not require an algorithm for computation, which will ultimately result in
fewer calculation errors for those not using the online system. Second, CDR-SOB scores can
be treated as interval data in statistical analyses, whereas global CDR scores are ordinal by
the nature of the algorithm approach to condensing the data. Finally, the most significant
advantage to using CDR-SOB scores for staging of dementia severity is the increased
precision afforded for tracking changes across time.

This study was designed to evaluate the utility of CDRSOB scores in staging AD severity
compared with the global CDR score and to provide interpretive guidelines for CDRSOB
scores. It was hypothesized that CDR-SOB scores would correctly stage many participants
in the present study. Next, we evaluated the utility of CDR-SOB scores in distinguishing
between patients diagnosed as having mild cognitive impairment (MCI) vs those diagnosed
as having very early AD. It was hypothesized that CDR-SOB scores would accurately
predict diagnosis (MCI or AD) in most patients with global CDR scores of 0.5.

METHODS
PARTICIPANTS

The Texas Alzheimer's Research Consortium (TARC) is a statefunded collaborative group
of investigators from Baylor College of Medicine, Texas Tech University Health Sciences
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Center, University of North Texas Health Science Center, and University of Texas
Southwestern Medical Center. The TARC database includes a retrospective minimum data
set containing clinical and demographic data on individuals enrolled since 2001 in AD
research programs at TARC member sites and was patterned after the National Alzheimer's
Coordinating Center minimum data set. The present study conlprises 1577 participants (110
controls, 202 patients with MCI, and 1265 patients with probable AD) from the TARC
minimum data set who had available demographic data and CDR global and SOB scores at
the initial visit. The breakdown of global CDR scores was as follows: CDR 0, 112
individuals (110 controls and 2 patients with MCI); CDR O.5, 457 individuals (196 with
MCI and 261 with AD); CDR 1, 582 individuals (4 with MCI and 578 with AD); CDR 2,
304 individuals (all with AD); and CDR 3. 122 individuals (all with AD). All the
participants met consensusbased diagnoses based on the following criteria: patients with AD
met criteria of the National Institute of Neurological and Communicative Disorders and
Stroke-Alzheimer's Disease and Alzheimers Disease and Related Disorders Association
Work Group classification of probable AD,8 patients with MCI met the Mayo Clinic
research criteria,9 and controls performed within normal limits on psychometric assessment
and were assigned a global CDR score of 0. The CDR scores were assigned independent of
consensus diagnosis.

MEASURES
The CDR is obtained through semistructured interviews of patients and informants, and
cognitive functioning is rated in 6 domains of functioning: memory, orientation, judgment
and problem solving, community affairs, home and hobbies, and personal care. Each domain
is rated on a 5-point scale of functioning as follows: 0, no impairment; 0.5, questionable
impairment; 1, mild impairment; 2, moderate impairment; and 3, severe impairment
(personal care is scored on a 4-point scale without a 0.5 rating available). The global CDR
score is computed via an algorithm.10 Herein, each global score was calculated using the
Washington University online algorithm
(http://www.biostat.wustl.edu/~adrc/cdrpgm/index.html). Domain scores were entered inlo
the online algorithm independently by 2 different research assistants, and discrepancies in
computed global CDR scores (n=8) were double checked for entry errors and resolved. The
CDR-SOB score is obtained by summing each of the domain box scores, with scores
ranging from 0 to 18. The CDR demonstrates good reliability11,12 and has been validated
against neuropathologic finding13–15

STATISTICAL ANALYSES
Analyses were conducted using staistical software packages (Stata 9 [StataCorp LP, College
Station, Texas] and SAS version 9.1.3 [SAS Institute Inc, Cary, North Carolina]). Analyses
to evaluate the utility of CDR-SOB scores in staging dementia severity relative to global
scores took place in 2 uhases. First. the sample was randomly divided by diagnostic category
into 2groups (derivation sample and validation sample). The derivation sample consisted of
788 participants (55 controls, 101 patients wiih MCI, and 632 patients with AD). Receiver
operating characteristic (ROC) curves were generated for every 2 adjacent global CDR score
categories (0 and O.5,0.5 and 1, 1 and 2, and 2 and 3) to determine optimal CDR-SOB
cutoff scores. Sum of Boxes score ranges were established between each pair of bordering
cutoff scores. The validation sample consisted of 789 participants (55 controls, 101 patients
with MCI. and 633 patientswith AD). The cutoff scores derived from the derivation sample
were then applied to the validation sample. The Cohen κ was used to evaluate agreement.
Next, analyses were restricted to patients in the validation sample whose global CDR score
was 0.5 (147 with MCI and 85 with AD), and a ROC curve was calculated to determine the
diagnostic accuracy of CDR-SOB scores in classifying patients with MCI and AD. To
evaluate the utility of CDRSOB scores in distinguishing between patients with MCI and
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those with very early AD, logistic regression was used, with diagnostic group as the
dependent variable and CDR-SOB scores as the independent variable, adjusting for the
simultaneous effects of sex along with age and years of education as continuous variables.

RESULTS
The demographic characteristics of the study population are provided in Table 1. Patients
with AD were significantly older and controls were significantly younger than patients with
MCI. The AD group had significantly fewer years of education than the control and MCI
groups, which were not different from one another. As expected, there were more women
than men across all diagnostic groups, with the percentage of women significantly higher in
the AD group compared with the MCI group. As expected, the control group performed
significantly better on the Mini-Mental State Examination than did patients with MCl, who
scored significantly better than the AD sample. Mean CDR-SOB scores were highest in the
AD group, followed by the MCI group and then the control group.

Optimal ranges of CDR-SOB scores that mapped onto global CDR scores and area under the
ROC curve values for each pair of adjacent global score categories obtained from the
derivation sample are given in Table 2; κ values obtained from the validation sample are
also provided. Finally, the percentage of participants with a score within the newly derived
CDR-SOB ranges that were correctly staged into the appropriate global CDR score stages in
the validation sample is given. The ROC curves for CDR-SOB scores are presented in
Figure 1.

Next, using the ROC curve restricted to validation sample patients with MCI and AD and a
global CDR score of 0.5, a CDR-SOB cutoff score of 2.5 or greater was obtained (sensitivity
= 0.74 and specificity = 0.81), whereby 76.9% of patients with AD and MCI were correctly
classified. The obtained ROC curve is given in Figure 2 (area under the ROC curve of 0.85).
Finally, logistic regression analyses were conducted to evaluate the utility of CDR-SOB
scores in discriminating between these patients with MCI and AD. After adjustment for age,
sex, educational level, and Mini-Mental State Examination scores, an odds ratio of 2.87
(95% confidence interval, 2.22–3.70) was obtained for CDR-SOB scores, indicating that for
each 1-point increment in CDR-SOB score, there is a 2.9-fold increased liltelihood of being
diagnosed as having AD.

COMMENT
The staging of dementia severity is important for clinical and research purposes, with the
CDR being one of the most commonly used instruments. To our knowledge, however, there
are no published guidelines available for staging dementia severity based on CDR-SOB
scores. In the present sample, 93.0% of participants (AD, MCI, and control groups) were
staged correctly using the proposed CDR-SOB score guidelines (Table 3).

Previous research suggests that CDR-SOB scores may have potential for discriminating
between patients with MCI and very early AD who are assigned a global CDR score of 0.5.
Gmndman et al,16 analyzing data from the Memory lmpairment Study,17 found that patients
with MCI (global CDR score of 0.5) were assigned significantly lower CDR-SOB scores
(mean [SD] score, 1.8 [0.8]) than were patients with very mild AD who also were assigned a
global score of 0.5 (mean [SD] score, 3.0 [0.8]). When restricting analyses to patients with
MCI and AD who were assigned a global CDR score of 0.5, the present study found a nearly
3-fold increased risk of being diagnosed as having AD for every 1-point increment in CDR-
SOB scores, which is slightly higher than hut consistent with a previous investigation7 that
found an odds ratio of 2.3 for the diagnosis of dementia in patients with a CDR score of 0.5.
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As mentioned previously, CDR-SOB scores for staging dementia severity offer several
advantages over the global score. The present results can be used to further expand on the
potential for increased precision in tracking change across time. Tracking progression in AD
studies has traditionally been conducted using the global CDR score, with primary end
points being transitioned from one category (eg, mild AD, global CDR of 1) to another (eg,
moderate AD, global CDR of 2). The proposed guidelines afford a more precise
interpretation of progression. For example, the present results suggest that mild AD spans
CDR-SOB scores from 4.5 to 9.0, whereas moderate AD spans CDR-SOB scores from 9.5
to 15.5. Therefore, using the global CDR score, there would be no way to distinguish
between a patlent who progresses from a score of 4.5 to 9.5 and one who progresses from a
score of 9.0 to 9.5, although both have progressed from mild to moderate AD. The present
guidelines also afford researchers the ability to monitor progression within stages (eg, mild
AD) in addition to between stages of dementla.

The present results demonstrate that CDR-SOB scores can be used to accurately stage
patients with AD, and interpretive guidelines are presented. These data also demonstrate that
CDR-SOB scores can, with reasonable accuracy, discriminate between patients with very
early AD and those with MCI, which is impossible using global CDR scores owing to the
nature of the scale. However, given that this study did not analyze other forms of mild
dementia syndromes (eg, frontotemporal dementia or Parkinson disease), the generalizability
of the guidelines should be tested with additional patient populations. These results offer
clinicians and researchers alike an alternative interpretive strategy for the CDR that affords
greater precision in patient care and analysis.
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Figure 1.
Receiver operating characteristic curves for Clinical Dementia Rating (CDR) Sum of Boxes
scores mapping onto global CDR scores of 0 and 0.5 (area under the receiver operating
characteristic curve [AUC]=0.99) (A), 0.5 and 1.0 (AUC=0.97) (B), 1.0 and 2.0
(AUC>0.99) (C), and 2.0 and 3.0 (AUC=0.97) (D).
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Figure 2.
Receiver operating characteristic curve for Clinical Dementia Rating (CDR) Sum of Boxes
scores for identifying patients with Alzheimer disease and mild cognitive impairment and a
global CDR score of 0.5 (area under the receiver operating characteristic curve = 0.85).
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Table 1

Baseline Study Population Characteristics
a

Characteristics AD Group (n=1265) MCI Group (n=202) Controls (n=110) Total (N=1577)

Sex, No. (%)

 Male 417 (33.0) 88 (43.6) 42 (38.2) 547 (34.7)

 Female 848 (67.0)
b 114 (56.4) 68 (61.8) 1030 (65.3)

Age, y

 Mean (SD) 75.5 (8.1)
c 73.1 (9.4) 69.1 (10.2)

c 74.8 (8.6)

 Range 44–95 43–97 47–90 43–97

Educational level, y

 Mean (SD) 12.5 (3.6)
c 14.1 (3.1) 14.8 (2.8) 12.9 (3.6)

 Range 0–20 3–20 5–20 0–20

MMSE score

 Mean (SD) 17.9 (6.8)
c 27.5 (2.0) 29.0 (1.2)

d 19.9 (7.4)

 Range 0–30 17–30 24–30 0–30

CDR Sum of Boxes score

 Mean (SD) 7.8 (4.4)
c 1.5 (1.1) 0.04 (0.1)

b 6.4 (4.8)

 Range 0.5–18.0 0.5–7.0 0–0.5 0–18.0

Abbreviations: AD, Alzheimer disease; CDR, Clinical Dementia Rating; MCI, mild cognitive impairment; MMSE, Mini-Mental State
Examination.

a
All statistical comparisons are based on MCI as the reference group and the χ2 statistic (categorical data) or analysis of variance (continuous

data).

b
P<,01.

c
P<.001.

d
P<.05.
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Table 3

Sum of Boxes Staging Category

CDR Sum of Boxes Range Staging Category

0 Normal

0.5–4.0 Questionable cognitive impairment

 0.5–2.5 Questionable impairment

 3.0–4.0 Very mild dementia

4.5–9.0 Mild dementia

9.5–15.5 Moderate dementia

16.0–18.0 Severe dementia

Abbreviation: See Table 1.
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