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SUMMARY
Aim—The Severe Impairment Battery (SIB), a reliable cognitive measure for evaluating
treatment response in advanced Alzheimer's disease (AD), takes approximately 20 minutes to
administer. A recently derived 8-item version of the SIB—the SIB-8—which takes about 3
minutes to administer, may represent a more convenient tool for use in clinical practice. The
current analyses further explored the SIB-8 scale with respect to its validity and sensitivity.
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Methods—A post hoc analysis was performed using data from a 24-week trial of donepezil 23
mg/day and 10 mg/day in > 1400 patients with moderate to severe AD (baseline Mini-Mental
State Examination [MMSE] score 0–20). Treatment effects on cognition (patterns of score change)
were assessed using the full SIB and SIB-8 in the total study population and subgroups based on
concomitant memantine use and baseline MMSE. Internal consistency/agreement and correlations
between the SIB and SIB-8 and other clinical end points were evaluated.

Results—Assessment of score changes from baseline to Week 24 with donepezil (23 mg/day or
10 mg/day) demonstrated comparable patterns of change when using the SIB-8 and the full SIB,
despite inherent differences in the total score ranges for the two scales. Internal consistency/
agreement between the full SIB and SIB-8 was good (Cronbach's alphas: 0.77– 0.95). SIB-8
scores reliably correlated with SIB total scores (r = 0.859, baseline; r = 0.900, Week 24; p <
0.0001), as well as MMSE scores (r = 0.7163, baseline; r = 0.7963, Week 24; p < 0.0001). Scores
on both SIB scales were moderately associated with functional measures at baseline and Week 24.

Conclusions—In this post hoc analysis, similar treatment effects were measured by the full SIB
and the SIB-8. Very good internal consistency/agreement and strong correlations between the SIB
and the more rapid and convenient SIB-8 indicate that the SIB-8 may be a useful and efficient
clinical proxy for the full SIB in evaluating treatment response in patients with advanced AD.

Introduction
The Severe Impairment Battery (SIB) scale was created over two decades ago, primarily to
overcome floor effects that had limited the utility of tools previously used to measure
cognitive changes in patients with moderate or severe Alzheimer's disease (AD) enrolled in
clinical trials [1]. The full SIB scale consists of 40 items organized into nine subscales
reflecting aspects of cognition that are sensitive to change over time in the later stages of
AD, including social interaction, orientation, visual perception, construction, language,
memory, praxis, attention and orienting to name [1]. The SIB, which takes approximately 20
minutes to administer, has been shown to be a valid and reliable measure of cognition as AD
progresses through the advanced stages, [1, 2] and is now a standard assessment tool in
clinical trials studying patients with moderate or severe AD [3-7].

Through its ability to measure cognition in patients who were previously considered
“untestable,” [1] the SIB has reinforced evidence indicating that patients with more
advanced AD do have meaningful cognitive capacities that can be maintained or improved
by treatment [8]. Nevertheless, in practice, patients with moderate or severe AD may
continue to present a challenge to the busy health care professional who is striving to gauge
the appropriateness and effectiveness of therapy. Indeed, in the moderate and severe stages
of AD, there is a significant loss of recent memory and expressive language skills, often
accompanied by the inability to perform many instrumental or basic activities of daily living
(ADLs) [9], which can make patient assessment challenging. However, although there are a
number of barriers to overcome in ensuring that these patients are assessed and managed or
treated appropriately, patients in the more advanced stages of AD can respond to continued
therapy, and the benefits of treatment should be recognized in this patient population.
Setting expectations of treatment response among patients and caregivers may also help to
reinforce the need to treat in this patient population. Moreover, since the number of patients
with advanced AD is increasing toward unprecedented levels, it is essential that physicians
are equipped with the necessary tools to assist in managing these patients and assessing their
response to treatment over time.

The reality of time limitations in clinical practice, and the availability of effective
symptomatic treatment for moderate and severe AD generated a need for a measurement
tool that was as accurate as the SIB, but more efficient in the clinical setting. To address this
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need, a database of patients with severe AD (Mini Mental State Examination [MMSE] 1–12,
inclusive) enrolled in four studies of donepezil was examined to identify SIB items that are
sensitive to change over time [10]. After examining loading factors of the various cognitive
domains and items, eight items from the full SIB were found to be sensitive to change with
treatment and relatively easy to administer (Table 1). These results led to the creation of the
SIB-8 scale, which takes approximately 3 minutes to administer and which correlates well
with the full SIB [10]. This tool has the potential to monitor change due to disease
progression and treatment, and to help practitioners manage and evaluate patients in the later
stages of AD; therefore, a closer study of its suitability as an efficient measure of cognitive
change in clinical settings is appropriate and could be accomplished through analysis of
existing data from newly completed clinical trials.

A recent randomised, double-blind trial involving more than 1400 patients compared the
standard dose of the acetylcholinesterase inhibitor donepezil (10 mg/day) with a high-dose
formulation (23 mg/day) [11]. All patients in the study had moderate or severe AD, defined
as a baseline MMSE score between 0 and 20 (inclusive); more than 70% of patients had a
baseline MMSE between 0 and 16, and 36% were already taking adjunctive memantine
therapy. The study included two co-primary end points: change in cognition at Week 24, as
measured by scores on the full SIB, and change in global function at Week 24, as measured
by the Clinician's Interview-Based Impression of Change plus caregiver input (CIBIC-plus).
The trial's secondary efficacy measures included the MMSE and the severe version of the
Alzheimer's Disease Cooperative Study-Activities of Daily Living scale (ADCS-ADL-sev).

Due to the variety of traditional clinical assessments utilised, and the large size of the
donepezil trial, further examination of the cognitive features of AD and their relationships
with other measures of AD status is possible. In particular, the study database provides an
opportunity to further examine the clinical utility of the SIB-8. As such, the current post hoc
exploratory analysis of data from this trial was performed to further assess the validity of the
SIB-8 in a population of patients with moderate or severe AD, particularly in relation to its
ability to track treatment effects in a comparable manner to the full SIB, and to explore the
relationships between the full SIB and SIB-8 scales and other measurements of AD severity
(e.g., MMSE and available functional scales).

Methods
Detailed methods for the original clinical trial have been fully described [11]. In brief, this
was a 24-week, double-blind trial in patients with moderate or severe AD (baseline MMSE
0–20, inclusive) who had been receiving a stable dose of donepezil 10 mg/day for at least 3
months. Patients were randomized 2:1 to receive the high-dose formulation of donepezil, 23
mg/day, or to continue taking the existing 10-mg/day dose. Concomitant use of memantine
was allowed if the patient had been taking a stable dose of ≤ 20 mg/day for at least 12 weeks
prior to the screening visit and provided the patient agreed to maintain their memantine
dosage throughout the trial.

Post hoc exploratory analysis
The post hoc analysis of the SIB-8 was divided into three parts: an analysis of treatment
effect, an internal consistency/agreement analysis and a correlation analysis between
outcome measures. All analyses were performed on the intent-to-treat (ITT) population,
defined as those patients who received ≥ 1 dose of study medication and in whom either [a]
SIB data was available for baseline and ≥ 1 postbaseline visit or [b] Clinician's Interview-
Based Impression of Severity plus caregiver input [CIBIS-plus]/CIBIC-plus data was
available for baseline and ≥ 1 postbaseline visit.
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Analysis of treatment effect—Scores on the eight individual items included in the
SIB-8 (Table 1) were extracted from the full SIB data and summed; SIB-8 scores range from
0 to 16. Changes from baseline to Week 24 in SIB total scores and SIB-8 scores for all
patients treated with either donepezil 23 mg/day or 10 mg/day (pooled group data) were
examined using an analysis of covariance model with terms for baseline score, country and
treatment. The least squares (LS) or adjusted mean score change was calculated, using the
last observation carried forward (LOCF) method to account for missing data, and the pattern
of score change evaluated for the SIB-8 and the full SIB in order to compare the respective
sensitivity to treatment effects. Evaluations were performed for the full study population and
in subgroups of patients based on concomitant use of memantine and on greater cognitive
impairment at baseline (MMSE 0–16).

Consistency/agreement analysis—Analyses were performed to evaluate the internal
consistency and agreement between SIB total and SIB-8 scores, i.e., to evaluate the
reliability of using the SIB-8 as an alternative measure for the full SIB. Cronbach's
coefficient alphas were calculated for baseline, Week 24 and change from baseline scores at
Week 24; an alpha between 0.7 and 0.95 is considered acceptable [12].

Correlation analysis—Relationships between the SIB total score and SIB-8 scores were
evaluated. Additionally, relationships were examined between SIB total and SIB-8 scores
and scores on the other measure of cognition (MMSE) and measures of global function
(CIBIS-plus and CIBIC-plus) and daily functioning (ADCS-ADL-sev). The ADCS-ADL-
sev scale was analysed both for the total score and for two subscale scores reflecting basic
and instrumental ADL abilities. Pearson correlation coefficients were calculated for
baseline, Week 24 and change from baseline scores at Week 24. As higher scores on the
SIB, SIB-8, MMSE and ADCS-ADL-sev indicate less impairment, correlation coefficients
between these measures are positive; since higher scores on the CIBIS-plus/CIBIC-plus
indicate greater impairment, correlation coefficients for relationships between SIB or SIB-8
scores and CIBIS-plus/CIBIC-plus scores are negative.

Results
Patients

In total, 1371 patients comprised the full ITT population: 909 receiving donepezil 23 mg/
day and 462 receiving donepezil 10 mg/day. As described previously, demographics and
clinical characteristics were comparable in both treatment groups and no clinically relevant
differences were seen between the treatment groups in relation to baseline efficacy scores
[11, 13]. Moreover, baseline SIB-8 scores were also comparable between the patients
receiving donepezil 23 mg/day (mean [SD]: 10.4 [3.4]) and patients receiving 10 mg/day
(mean [SD]: 10.6 [3.4]).

Treatment effects analysis
Despite the inherent differences in the total score ranges for the two versions of the SIB, the
pattern of change in score for each population/subgroup assessed was generally similar
when using SIB total and SIB-8 scores (Figure 1).

Consistency/agreement analysis
The consistency and agreement between the full SIB and SIB-8 was very good. Cronbach's
coefficient alphas were greater than 0.90 both at baseline and Week 24 and greater than 0.75
for change from baseline at Week 24 (Table 2).
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Correlation analysis
SIB vs. SIB-8—SIB-8 scores were strongly correlated with SIB total scores. Pearson
correlation coefficients were greater than 0.85 both at baseline and Week 24 (Table 3); the
Pearson's r value for score change between the two SIB versions at Week 24 was also
moderately high (r = 0.64).

SIB and SIB-8 vs. other measures—The overall pattern of correlation with other
measures used in the study was similar for the full SIB and the SIB-8 scales. At baseline,
SIB total and SIB-8 scores were strongly correlated with MMSE scores and moderately
correlated with ADCS-ADL-sev (total and subscale scores) and CIBIS-plus scores (Table
4).

Correlations between SIB total and SIB-8 scores and scores on the MMSE and ADCS-ADL-
sev (total and subscale scores) were marginally but consistently stronger at Week 24 than at
baseline. In contrast, correlations between SIB total and SIB-8 scores and CIBIC-plus scores
at Week 24 were weaker than seen with CIBIS-plus scores at baseline (Table 4).

Assessment of correlations between change from baseline for SIB total and SIB-8 scores and
change from baseline in the other measures were of weak to moderate strength, with MMSE
showing the strongest correlation with the two versions of the SIB (Table 4). Change from
baseline in SIB total and SIB-8 scores correlated weakly with baseline MMSE, CIBIS-plus
or ADCS-ADL-sev (total and subscales) scores.

Discussion
This post hoc analysis of data from the study of patients receiving donepezil 23 mg/day or
donepezil 10 mg/day demonstrated that similar patterns of score change were observed
when using the SIB-8 and the full SIB, suggesting that the two scales possess a comparable
sensitivity to treatment effects despite inherent differences in the total score ranges.
Moreover, our results also showed Cronbach's alphas of 0.77 to 0.95 and Pearson's r values
of 0.64 to 0.90, providing evidence that the strength of consistency and correlation between
the full SIB and the SIB-8 is high. Since the SIB-8 is brief and easy to administer, these
results suggest a potential utility for the abridged scale as a clinical proxy for the full SIB in
clinical practice.

Given that the present study addresses change on the SIB-8 in patients receiving one of two
doses of donepezil, the question of SIB-8 change in untreated AD is a relevant issue for
evaluating the clinical impact of donepezil on patient response when using this tool. To best
evaluate the measurement characteristics of the SIB-8 in an untreated AD cohort and to
provide a theoretical reference for the clinical meaningfulness of changes on the SIB-8
following donepezil treatment, SIB-8 scores (n = 104) were derived from the original
Alzheimer's Disease Cooperative Study (ADCS) Instrument Trial, [2, 14] and evaluated for
progression over time using an ANCOVA with baseline SIB-8 as a covariate. As expected,
SIB-8 performances decrease over time; a statistically significant decline of about one point
over 6 months (mean = −0.86 or 5% of the SIB-8 range; p < 0.006) and more than two
points over one year (mean = −2.27 or 14% of the SIB-8 range; p < 0.0001). In the present
analysis, SIB-8 scores increases by around 0.3 points over 6 months following donepezil
therapy. However, prospective studies including a placebo arm would be required to
determine the true clinical impact of donepezil treatment vs. no treatment as measured by
the SIB-8.

Correlations between SIB-8 scores and SIB total scores were strong in the current analysis;
the Pearson correlation coefficient between the two instruments was 0.86 at baseline and
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0.90 at Week 24 (which accounts for 74% and 81% of the variance, respectively). The
correlation between change from baseline in the full SIB and SIB-8 was weaker than seen at
baseline or Week 24, but remained moderately strong (r = 0.64). Overall, these findings are
comparable to the results reported in the original evaluation of the SIB-8 in patients with
severe AD [10]. The similarity with the previous report on the SIB-8 provides further
evidence to support the validity of the technique used to derive the SIB-8 from the full SIB
and once again indicates that the SIB-8 may be a useful method of assessing cognition and
tracking individual patients with moderate or severe AD over time. Furthermore, the 3-
minute SIB-8 test is quick, easy to administer, and simple to explain to both patients and
caregivers. Therefore, it has the potential to be an efficient new tool for the practising
physician. However, prospective studies are needed to formally validate the SIB-8 with
respect to sensitivity to longitudinal decline in cognition. Indeed, evidence for the validity of
the SIB-8 would be greatly enhanced by the use of this scale as a primary measure in clinical
studies, as opposed to being extrapolated from the full SIB. Use of a derived SIB-8 in the
current study may limit the interpretation of our results. Moreover, further analysis of the
SIB-8 scale in patients treated with other acetylcholinesterase inhibitors or memantine will
be necessary to fully establish its utility in measuring treatment-related changes in cognition.

Correlations between SIB total and SIB-8 scores and scores on the MMSE were strong at
both baseline and Week 24, a finding that is also supportive of previously published studies
[2, 10, 15]. Furthermore, moderate baseline correlations were seen between the measures of
cognition (SIB total and SIB-8 scores) and measures of both daily functioning (ADCS-
ADL-sev total and subscale scores) and global function (CIBIS-plus), lending weight to
previous reports suggesting that impairments in cognition and function are somewhat
interrelated in the moderate to severe AD population [16, 17]. Correlations between the two
SIB scales and the functional measures in terms of the changes in score from baseline to
Week 24 were only of weak to moderate strength, which is perhaps not surprising
considering that changes in ADCS-ADL-sev and CIBIC-plus scores in this study were small
[11]. Furthermore, a previous factor analysis of the nine SIB domains, in relation to other
measures of autonomy/dependency of functioning, showed that the constructional praxis
domain was related to dependency with 20% shared variance, but that the main cognitive
domains of the SIB were not related to dependency [17]. Hence, the SIB vs. ADL
associations in the present analyses might be considered rather robust. Finally, the weak
correlations observed between the change in SIB and SIB-8 scores at Week 24 and baseline
ADCS-ADL-sev or CIBIS-plus scores suggest that baseline functional impairment does not
impact a patient's potential to show cognitive response, and that even patients with impaired
ADLs/function can realise clinically meaningful cognitive benefits with treatment.

Conclusion
In this exploratory post hoc analysis, similar treatment effect outcomes were observed when
using the SIB-8 and the full SIB and the two scales showed a high level of consistency and
agreement. The analyses also showed strong correlations between SIB-8 and SIB total
scores at baseline and Week 24 and moderate correlations for change from baseline in SIB-8
and SIB total scores, further suggesting that the SIB-8 scale may represent an objective,
accurate and clinically useful tool for practising physicians in the measurement of cognitive
status and treatment effects in patients with advanced AD. Furthermore, changes on the
SIB-8 may also serve as a clinical indicator of changes in other domains of interest in
patients with AD, such as ADLs. Additional prospective studies utilizing the SIB-8 scale as
a primary measure are, however, required to fully determine the applicability of the SIB-8
scale in clinical practice.
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What's known?

The SIB-8 scale is a brief instrument (taking ~3 minutes to administer) for patients with
severe AD that is sensitive to change and able to detect treatment response. The SIB-8,
which was developed using pooled data from 4 donepezil clinical trials in subjects with
severe AD, correlates well with the parent scale (the full SIB) and with another measure
of cognition, the MMSE.
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What's new?

Using data from a large single-study population, the current analysis supports previous
findings by providing evidence of good internal consistency/agreement and strong
correlation between the full SIB and the more rapid and convenient SIB-8. Additionally,
analyses provide novel data on correlations between the full SIB and SIB-8 and measures
of global function and ADL, which may assist in our understanding of the relationships
between different measures of AD status and symptomatic treatment response.
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Figure 1.
Patterns of score change (LS mean; LOCF) from baseline to Week 24 among patients
receiving donepezil therapy as measured using the SIB total and SIB-8 scales
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Table 1

SIB-8 Items
*
 [10]

Item Domain

Month Orientation

Months of year Language

Write name Language

Sentence Memory

Fluency Language

Confrontational naming—spoon Language

Using spoon Praxis

Digit span Attention

SIB-8, Severe Impairment Battery, 8-item version; MMSE, Mini Mental State Examination

*
Items derived from analysis of patients with severe AD (MMSE 1-12). Each item has a minimum score of 0 and a maximum score of 2; scores

range from 0 to 16.
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Table 2

Cronbach's coefficient alpha values for SIB total scores and SIB-8 scores (full ITT population)

SIB measurement Cronbach's coefficient alpha

Baseline 0.9240

Week 24 0.9474

Change from baseline 0.7736

SIB, Severe Impairment Battery; SIB-8, Severe Impairment Battery, 8-item version; ITT, intent-to-treat
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Table 3

Correlations between SIB total scores and SIB-8 scores (full ITT population)
*

SIB-8

Baseline Week 24 Change from baseline

SIB total

Baseline 0.8587

Week 24 0.9004

Change from baseline 0.6417

SIB, Severe Impairment Battery; SIB-8, Severe Impairment Battery, 8-item version; ITT, intent-to-treat

*
Ns for individual correlation coefficients ranged from 1369 to 1371. All correlations were statistically significant (p < 0.0001).
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Table 4

Correlations between SIB total and SIB-8 scores and scores on the ADCS-ADL-sev (total, basic, and

instrumental), CIBIS-plus/CIBIC-plus, and MMSE (full ITT population)
*

SIB total SIB-8

Baseline Week 24 Change from baseline Baseline Week 24 Change from baseline

ADCS-ADL-sev total

Baseline 0.5681 0.5105

Week 24 0.6398 0.6031

Change from baseline 0.3318 0.2420

ADCS-ADL-sev basic

Baseline 0.5523 0.4972

Week 24 0.6138 0.5683

Change from baseline 0.3101 0.2036

ADCS-ADL-sev instrumental

Baseline 0.5127 0.4643

Week 24 0.5990 0.5705

Change from baseline 0.2764 0.2139

CIBIS-plus/CIBIC-plus

Baseline (CIBIS-plus) −0.5286 −0.5075

Week 24 (CIBIC-plus) −0.2153 −0.2548

Change from baseline (CIBIC-plus) −0.4026 −0.2706

MMSE

Baseline 0.6999 0.7163

Week 24 0.7437 0.7963

Change from baseline 0.4645 0.3629

SIB, Severe Impairment Battery; SIB-8, Severe Impairment Battery, 8-item version; ADCS-ADL-sev, Alzheimer's Disease Cooperative Study-
Activities of Daily Living scale, severe version; CIBIS-plus, Clinician's Interview-Based Impression of Severity plus caregiver input; CIBIC-plus,
Clinician's Interview-Based Impression of Change plus caregiver input; MMSE, Mini Mental State Examination; ITT, intent-to-treat

*
Ns for individual correlation coefficients ranged from 1363 to 1371. All correlations were statistically significant (p < 0.0001).
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