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Abstract
Objective—To establish the CERAD neuropsychological battery as a valid measure of cognitive
progression in Alzheimer's disease (AD) by deriving annualized CERAD Total Change Scores and
corresponding confidence intervals in AD and controls from which to define clinically meaningful
change.

Method—Subjects included 383 Normal Control (NC) and 655 AD subjects with serial data from
the CERAD registry database. Annualized CERAD Total Change Scores were derived and
Reliable Change Indexes (RCIs) calculated to establish statistically reliable change values.
CERAD Change Scores were compared to annualized change scores from the MMSE, Clinical
Dementia Rating Scale (CDR) Sum of Boxes, and Blessed Dementia Rating Scale (BDRS).

Results—For the CERAD Total Score, the AD sample showed significantly greater decline than
the NC sample over the four year interval, with AD subjects declining an average of 22.2 points
compared to the NCs' improving an average 2.8 points from baseline to last visit [Group × Time
interaction (F(4,1031) = 246.08, p < .001)]. By Visit 3, the majority of AD subjects (65.2%)
showed a degree of cognitive decline that fell outside the RCI. CERAD Change Scores
significantly correlated (p<0.001) with MMSE (r = -.66), CDR (r = -.42), and BDRS (r = -.38)
change scores.

Conclusion—Results support the utility of the CERAD Total Score as a measure of AD
progression and provide comparative data for annualized change in CERAD Total Score and other
summary measures.

Introduction
Alzheimer's disease (AD) is a chronic, debilitating illness with a hallmark of progressive
cognitive decline. The assessment of cognitive change over time is integral for the diagnosis
and management of AD. In order to examine AD progression, clinicians and researchers
require a standardized, brief, and reliable means of evaluating the presence and degree of
cognitive impairment, with an emphasis on repeated assessment. The Consortium to
Establish a Registry for Alzheimer's Disease (CERAD) neuropsychological battery was
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developed to meet these needs by providing uniform longitudinal data on a large sample of
AD patients.1, 2 The CERAD project amassed a large database of rich clinical information
with which to study the progression of AD.

Multiple studies have supported the reliability and validity of the CERAD
neuropsychological battery in assessment of cognitive decline; however, until recently
progression studies used the individual subtests, not a summary score.3, 4, 5 A method for
tabulating a total score for the CERAD neuropsychological battery was recently developed,
providing a simple summary reference point for global cognitive performance.6 The
resulting CERAD Total Score demonstrated good test-retest reliability and differentiated
between normal controls (NC) and AD subjects as well as the MMSE, with fewer false
negatives.6

The CERAD Total Score enhances the value and utility of the CERAD neuropsychological
battery but has yet to be examined in terms of AD progression. To this end, we examined the
utility of the CERAD neuropsychological battery as a measure of progression and
comparing annualized CERAD Change Scores to the annual rates of change in other
established measures such as the MMSE.

Methods
The current study was based on the 1146 AD subjects and 465 NC in the CERAD registry
database (CERAD Archive Rev 2.0 Version 8). Subjects with any missing data were
excluded, and only subjects with a baseline (entry) assessment and at least one annual
follow-up were included. Although previous studies excluded minorities to provide more
uniform samples,6, 8 problems of ethnic bias may be attenuated in progression studies since
subjects serve as their own control.9 This study included both Caucasian and African-
American subjects; however, Hispanic subjects were excluded due to limited sample size
and lack of follow-up data (N = 2 NC, 21 AD). CERAD registry controls with a Clinical
Dementia Rating Scale (CDR) score ≥ 0.5 were excluded (N=27). The resulting sample size
was 383 NC and 655 AD subjects.

Data through the fourth annual visit were included for a total of 5 years of testing data
(baseline visit + 4 annual visits). There were 342 NC and 594 AD subjects with Visit 1 data
(1-year follow-up), 259 NC and 375 AD subjects at Visit 2, 214 NC and 204 AD subjects at
Visit 3, and 178 NC and 98 AD subjects at Visit 4. Of the 5 total possible visits, there were
95 NC and 275 AD subjects with 2 visits, 84 NC and 218 AD subjects with 3 visits, 86 NC
and 103 AD subjects with 4 visits, and 118 NC and 64 subjects with 5 visits.

Controls consisted of spouses of CERAD AD subjects and community volunteers and the
NC group remained normal throughout the study (CDR=0). AD subjects were diagnosed
with probable or possible AD using National Institute for Neurological and Communicative
Disorders and Stroke - Alzheimer's Disease and Related Disorders Association (NINCDS-
ADRDA) guidelines. 7 All subjects were age 50 or older, English speaking, not
institutionalized, and free of co-morbid conditions that could affect cognition. AD subjects
had a caregiver or informant who could provide history on the subject. All CERAD registry
subjects were administered the CERAD neuropsychological battery, including the CDR.
Additionally the Blessed Dementia Rating Scale (BDRS) was administered to all CERAD
registry AD subjects. It should be noted that because CDR box scores were not initially
included as part of the CERAD battery, the available sample size for the CDR Sum of Boxes
was 183 subjects, versus the 655 subjects available for the CERAD, MMSE, and BDRS.
Standard administration of the CERAD battery has been described previously.1
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CERAD Total Scores were calculated according to the method derived by Chandler et al.,
which excludes the MMSE. 6 Each subject's CERAD Total Score was tabulated at the
baseline visit and for each annual follow-up visit. CERAD Change Scores were derived by
taking the difference of the Total Score at baseline from the Total Score at the next
assessment such that negative numbers represent a decline in performance.

A meaningful degree of cognitive change was established by calculating Reliable Change
Index (RCI) confidence intervals from the test-retest data for the NC group according to
previously outlined Reliable Change methodology.10 RCIs take into account measurement
error in a test-retest setting and provide the degree of change required to exceed sources of
error.11 CERAD Change Scores exceeding the RCI 90% confidence interval (CI) represent
statistically reliable change that occurs only 10% of the time by chance.

To evaluate the change in CERAD Total Score from baseline to the fourth year visit
between AD and NC groups, a between-group comparison over time was analyzed using a
mixed models analysis of covariance with age at baseline, sex, education and race as
possible covariates; covariates remained in the final model if p < 0.05. In order to examine
the impact of dementia severity on AD progression, annualized change scores for AD
subjects with a baseline CDR Stage ≤ 1 were compared to those with a baseline CDR Stage
≥ 2 with an ANCOVA to control for the effects of education. RCIs were calculated to
provide a statistical means for determining if AD CERAD Change Scores differed
significantly between annual visits.

In order to explore how the annualized CERAD Change Score compared to the annual rate
of change in other established cognitive measures, annualized change scores for the CERAD
Total Score, MMSE, CDR Sum of Boxes, and BDRS were calculated by taking the
difference between each subject's final assessment score and baseline assessment score and
dividing by the number of total years between these assessments. Pearson correlations were
used to test for associations between annualized CERAD Change Scores and the annualized
change scores of the MMSE, CDR Sum of Boxes, and BDRS. A moderate correlation was
defined as ± 0.4 to ± 0.6.

Results
Demographic characteristics

Descriptive information for the NC and AD groups from the CERAD registry samples can
be viewed in Table 1. NC subjects were significantly younger and more educated than AD
subjects. Actual mean differences for the groups were small, but moderate effect sizes were
observed (age d = .41, education d = .40). There was a larger proportion of females in the
NC group compared to the AD sample, and in both groups there was a larger proportion of
Caucasian subjects. Approximately 60% of the AD group obtained a CDR Stage 1 rating at
entry.

CERAD Change Scores
Longitudinal CERAD Change Scores from baseline to each follow-up visit (i.e., the
difference from baseline to Visit 1, baseline to Visit 2, etc.) for AD and NC subjects are
presented in Figure 1A, and illustrate the relatively stable performance of the NC sample
compared to the steadily declining trajectory of the AD group. The change in mean Total
Score from baseline to each visit for the 64 AD and 118 NC subjects with follow-up data at
each time interval is shown in Figure 1B. This subset of subjects showed a similar pattern of
results to that found in the larger sample, with stable NC scores and declining performance
in AD.
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Significantly greater annual change in CERAD Total Score for the AD group versus controls
was observed from the baseline visit to fourth visit, after accounting for the significant
covariates (age at baseline, education, and race; time by group interaction: F(4,1031) =
246.08, p < 0.001), with AD subjects declining an average of 22.2 points compared to an
average 2.8 point gain for NC subjects (see Table 2).

Reliable Change Index
Data for the RCI calculations are provided in Table 3. The majority of AD subjects did not
exhibit a degree of cognitive change that exceeded the confidence intervals established by
the RCI until Visit 3 when 65.2% of the AD group exhibited a decline in CERAD Change
Scores that exceeded the RCI. When examining the annualized change in CERAD Total
Score from baseline to each individual's last visit, the majority of AD subjects (55.1%)
exceeded the cut-offs established by the RCI.

Impact of dementia severity
There was no significant difference in mean annual change by level of severity [CDR ≤ 1 =
-7.03, CDR ≥ 2 = -7.50; F(1, 653) = 1.34, MSE = 1.34, p = .247, partial η2 = .002],
indicating that the level of dementia severity with which a subject entered the study did not
impact change in CERAD performance over time.

Correlation with other measures
Total Scores of the AD sample on the MMSE, CDR Sum of Boxes, and BDRS at baseline,
last visit, and the annualized Change Scores are presented in Table 4. Annualized CERAD
Change Scores correlated significantly with all other measures (p < .001), and the highest
correlation was seen with the MMSE, r(654) = .66, followed by the CDR Sum of Boxes,
r(181) = -.42, and the BDRS, r(654) = -.38. Annualized CERAD Change Scores were at
least moderately correlated with the annualized scores of the established measures, with the
exception of the BDRS. Annualized MMSE Change Scores also correlated significantly (p
<.001) with the CDR Sum of Boxes (r = -.42) and the BDRS (r = -.41), and annualized CDR
Sum of Boxes Change Scores with the BDRS (r = .60).

Discussion
A composite score for the CERAD neuropsychological battery was recently developed6, but
until now the utility of the Total Score had not been examined in terms of AD progression.
As expected, AD subjects showed significantly greater annual change in Total Scores than
NC subjects. In order to establish a meaningful degree of cognitive change, the annual
Change Scores of the AD and NC groups were compared. According to the 90% CI
established by the RCI, CERAD Change Scores should exceed at least ± 10.51 points in
order to represent clinically meaningful change. This threshold provided by the RCI
increases the likelihood that an individual's change in performance reflects an actual change
in cognitive abilities rather than extraneous factors such as subject variability. The mean
annualized rate of AD progression as measured by the CERAD battery was determined to be
-7.2 points, and it was not until Visit 3 that the majority of AD subjects exhibited a clinically
significant decline in their performance as determined by the calculated RCIs.

Several factors were examined to better understand the lack of clinically significant change
in years 1 and 2 (based on the RCI). To assess the potential impact of dementia severity,
change scores were reviewed based on CDR at baseline and no differences were seen when
comparing those with baseline CDRs of 1 versus 2. This was surprising given the substantial
amount of research identifying dementia severity as a key factor in AD progression.12

Although the mild severity group (CDR Stage ≤ 1; N=411) had significantly better CERAD
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and MMSE total scores than the moderate to severe group (CDR Stage ≥ 2; N=244) at
baseline and last visit, there was no significant difference in the rate of decline. However, it
should be noted that the range of CDR scores was restricted at baseline (.5 – 3.0) and the
majority of subjects (59%) were classified at CDR Stage 1, limiting the number of subjects
in other stages that were available for comparison. Since the AD sample's CERAD
performance was fairly impaired at baseline there may not have been much room for further
decline, resulting in floor effects.

The potential impact of selective attrition on CERAD Change Scores was also examined to
identify if lower-functioning individuals with AD may have dropped out earlier in the study
than less-affected individuals, thus biasing the remaining sample with a disproportionate
contribution from comparatively higher-functioning individuals. In fact, comparison of the
average baseline CERAD performance of subjects with no follow-up data to those with at
least one follow-up assessment revealed that those individuals who dropped out were
significantly more impaired (CERAD M (SD) = 30.78 (14.07); MMSE M (SD) = 13.71
(6.72) than those who remained in the study (CERAD M (SD) = 39.46 (12.97); MMSE M
(SD) = 18.50 (5.10). For the 64 AD subjects who had follow-up data at each time interval,
the mean annualized decline was -5.4 (3.69), which is 1.8 points less than the mean of the
larger sample (N = 655). These results provide some support for the idea that subjects who
were experiencing less pronounced dementia remained in the study longer, which suggests
that the progression rates found in the current study may not apply as readily to individuals
with more severe dementia.

The annual CERAD Change Score was compared to the annual rate of change in the
MMSE, CDR Sum of Boxes, and BDRS, which are established measures of cognitive
decline.13, 14, 15 The mean annualized rate of change in the AD sample was -7.20 (6.93) on
the CERAD, -3.43 (3.33) on the MMSE, 2.28 (2.13) on the CDR, and 1.89 (1.54) on the
BDRS. The mean rates of change for the MMSE and BDRS are in keeping with prior
research.16, 17, 18 The CERAD Change Score was significantly and moderately correlated
with each measure with the exception of the BDRS, which fell slightly short of the 0.4 – 0.6
range (r = -.38), likely due to the fact that the BDRS is based upon caregiver report of
functioning rather than an objective assessment of cognitive functioning per se. These
results support the concurrent validity of the CERAD neuropsychological battery in
measuring AD progression and provide comparative data for annualized change in the
CERAD Total Score and other common measures.

This study was subject to the inherent limitations of longitudinal designs, namely, selective
attrition that resulted in successively smaller ns and inconsistency in the subjects returning at
each visit. However, when comparing subjects with consistent annual follow-ups to the total
sample, the results were similar, as shown in Figure 1. This study was limited to Caucasian
and African-American subjects, so the CERAD Total Score's utility as a measure of
progression among other ethnic populations is unknown. As reflected in the composition of
the CERAD registry, this sample has a relatively high level of education (M = 13.3 years). It
is possible that the progression of individuals with limited education may manifest
differently than the results reported here.

The RCI method of determining clinically significant change in scores utilized in this study
is well researched; however, it is relatively conservative.19 As such, it may have provided
overly wide confidence intervals that required AD subjects to exhibit a larger degree of
change in order to be categorized as “meaningful.” Therefore, Change Scores that do not
exceed the specified confidence interval may not necessarily be insignificant but should be
interpreted within the context of other sources of clinical information.19 Although the
confidence interval provided by RCIs is useful, once the degree of change extends beyond
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the critical range it does not provide information regarding the relative magnitude of the
change.11 Given that in a sample of AD affected individuals each annual assessment would
be expected to reveal significant change in cognitive performance, it may be that the RCI
method is in fact too conservative for this population in assessing cognitive progression.
Furthermore, while the RCI method takes into account standard error of measurement, it
only measures one point in time and may miss variability that occurred between
assessments.

The current study establishes the CERAD Total Score as a measure of AD progression
comparable to other common measures such as the MMSE, CDR, and BDRS. Additional
research geared toward exploring the utility of the CERAD Total Score in the staging of AD
would be valuable. The establishment of cut-off scores for mild, moderate, and severe
impairment would allow the CERAD battery to be used more precisely as a dementia
staging tool. In addition, the CERAD battery could be utilized as a measure of change in
intervention studies with dementia populations by examining the change in CERAD Total
Score to assess the effectiveness of pharmacological or other interventions.
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Figure 1.
Figure 1A.  AD □ NC
Mean CERAD total change score and standard deviations from baseline to each follow-up
visit, N = 655 AD, 383 NC
Figure 1B. ▪ AD ▴ NC
Mean CERAD total change score and standard deviations from baseline to each follow-up
visit for subjects with data at each time point, N = 64 AD, 118 NC.
Note. V1 through V4 denotes the first annual visit through the fourth annual visit.
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Table 1
Characteristics of CERAD registry samples

Characteristic AD
(N = 655)
M (SD)

NC
(N = 383)
M (SD)

Age at Baseline* 72.1 (7.9) 68.9 (7.9)

Education* 12.6 (3.7) 13.9 (3.1)

Baseline CERAD* 39.4 (13.0) 79.8 (9.4)

Baseline MMSE* 18.48 (5.1) 28.81 (1.6)

Baseline BDRS 4.3 (2.4) -

Gender [N (%)]*

 Male 281 (43) 129 (34)

 Female 374 (57) 254 (66)

Race [N (%)]*

 Caucasian 560 (86) 360 (94)

 Black 95 (14) 23 (6)

CDR Stage [N (%)]ˆ

 .5 25 (3.8) -

 1 386 (58.9) -

 2 220 (33.6) -

 3 24 (3.7) -

*
Significant difference between AD and NC groups at p < .001 using independent samples t tests for continuous variables and χ2 for categorical

variables.

ˆ
All NCs were CDR Stage 0. Stage 0 = no dementia, 0.5 = questionable, 1 = mild, 2 = moderate, 3 = severe.

CERAD = Consortium to Establish a Registry for Alzheimer's Disease; NC = normal control; AD = Alzheimer's disease; MMSE = Mini-Mental
State Examination; BDRS = Blessed Dementia Rating Scale, CDR = Clinical Dementia Rating Scale
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Table 2
CERAD Total Score Means and Standard Errors with Covariates of Age at Baseline,
Education, and Race

AD NC

Time Interval Mean (SE) Mean (SE)

Baseline 40.60 (0.49) 78.93 (0.64)

Visit 1 34.42 (0.53) 81.08 (0.66)

Visit 2 28.32 (0.59) 80.68 (0.71)

Visit 3 22.80 (0.70) 81.38 (0.78)

Visit 4 18.42 (0.87) 81.73 (0.84)

Note. p values for education and race were < 0.001 and age at baseline was < 0.002.

CERAD = Consortium to Establish a Registry for Alzheimer's Disease; NC = normal control; SE = standard error of the mean.
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Table 3
Test-Retest Reliability Coefficients and Reliable Change Index Scores Based on Standard
Errors of Measurement for CERAD NC Sample

Time Interval Test-Retest Reliability SEm SEdiff RC (90%) CI

Baseline to Visit 1 .80 4.53 6.41 ± 10.51

Baseline to Visit 2 .65 6.67 9.43 ± 15.47

Baseline to Visit 3 .76 5.12 7.24 ± 11.87

Baseline to Visit 4 .69 6.12 8.66 ± 14.20

Baseline to Last Visit .74 5.52 7.80 ± 12.80

Note. Test-retest reliability coefficients based on the correlation between the mean CERAD Total Score at baseline, (M = 79.8, SD = 9.4), and each
subsequent visit.

CERAD = Consortium to Establish a Registry for Alzheimer's Disease; NC = normal control; SEm = standard error of measurement; SEdiff =
standard error of difference; RC = reliable change; CI = confidence interval.

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2011 April 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rossetti et al. Page 12

Table 4
Summary Measure Total Scores for AD Sample

Total Score at Baseline
M (SD)

Total Score at Last Visit
M (SD)

Annualized Total Change Score
M (SD)

CERAD 39.35 (13.01) 25.41 (16.37) -7.20 (6.93)

MMSE 18.48 (5.07) 11.18 (7.46) -3.43 (3.33)

CDR 7.43 (3.26) 12.71 (4.98) 2.28 (2.13)

BDRS 4.30 (2.36) 9.82 (4.32) 1.89 (1.54)

Note. N = 655 for all measures except the CDR (N = 183).

AD = Alzheimer's disease; CERAD = Consortium to Establish a Registry for Alzheimer's Disease; MMSE = Mini Mental State Examination; CDR
= Clinical Dementia Rating Scale Sum of Boxes; BDRS = Blessed Dementia Rating Scale
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