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Abstract

Objective: retest effects may be attributed to ‘repeated content’ in neuropsychological tests such as words in word list-
learning tests, or the ‘testing context’ which involves procedural memory and reduced test anxiety following repeated admin-
istration. Alzheimer’s Disease (AD) severely impairs episodic memory, so longitudinal cognitive testing among people with
dementia may reveal the relative contributions of content versus context to retest effects in neuropsychological testing.
Method: we used data from the Critical Path Institute’s repository of placebo arm data from randomized controlled trials
(RCTs) of dementia conducted by participating pharmaceutical companies (IN = 990 people, 4,170 study visits, up to 2.4
years of follow-up). To estimate retest effects on the Mini-Mental State Examination (MMSE), we used linear regressions
with random effects for people and time, adjusting for age, sex and race, and longitudinal quantile regressions.
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Results: average MMSE score (16.6 points, SD = 5.5, range 1, 27) declined by 2.0 points/year (95% confidence interval,
CIL: —2.3, —1.8). Mean retest effect was 0.6 points (95% CI: 0.4, 0.8) at second assessment (average 4 months after baseline).
Retest effects were similar among participants with and without any recall on the short-delay word recall subscale score at
baseline, and at the 30th, 50th and 70th percentiles of the MMSE distribution, suggesting similar retest effects across the

spectrum from mild to severe cases of dementia.

Conclusions: retest effects are apparent in people with dementia despite reduced episodic memory, suggesting a prominent

role of the testing context in RCTs and cohort studies.

Keywords: retest effects, practice effects, neuropsychological testing, ageing, dementia

Introduction

Retest or practice effects, the extent to which performance
improves after repeated cognitive testing [1], are well-documented
clinically and in longitudinal studies of cognitive ageing [2—4].
Retest effects due to repeated neuropsychological testing can
obscure findings from studies for which cognitive decline is an
outcome [3, 5]. The manner in which these effects are accounted
fot, whether statistically or through study design, depends on their
presumed sources. Retest effects have been attributed to the ‘con-
tent’ of neuropsychological tests, as well as to the ‘context’ in
which they are administered.

Retest effects attributable to memory for test content
implies that respondents remember content from eatlier
testing on subsequent testing occasions. To minimize or
eliminate retest effects related to content of neuropsycho-
logical testing, many studies use alternate test forms at dif-
ferent testing occasions (e.g. 6—7). The implicit motivation
behind alternate forms is based on the notion that retest
effects are attributable to episodic memory for test content
[8]. The RBANS, for example, features presumably equiva-
lent alternate forms to avoid confounding changes in cogni-
tive performance with content-related retest effects [9].
However, previous tresearch has also demonstrated that
alternate forms that are parallel, but not necessarily equiva-
lent, not only fail to climinate retest effects in cognitively
healthy and cognitively impaired older adults, but also fur-
ther contaminate the observed cognitive trajectory with
form effects [0, 10].

In contrast to the episodic memory explanation, the role
of contextual factors on retest effects has been acknowl-
edged but are underappreciated in research. Contextual fac-
tors in cognitive testing include task proficiency or
familiarity, test anxiety, procedural memory and other envir-
onmental cues; these are multi-faceted processes that
involve cultural and socioeconomic dynamics. Thorndike
[11] reviewed reports of retest effects on the Army Alpha
test battery, concluding that priming test-takers with an
explanation of a test before administration it could elimin-
ate retest effects. More recent recommendations involve
dual baseline assessments in which an entire battery is
repeated prior to the start of an intervention or analysis of
trajectory [12]. This treatment of retest is consistent with

the notion that retest effects are attributable to contextual
factors.

To our knowledge, the contribution of context to retest
effects isolated from content-related retest has not been
hitherto evaluated. Because AD is characterized by severely
impaired episodic memory, but procedural memory remains
largely intact, people with dementia provide an ideal oppor-
tunity in which to examine the contribution of procedural
memory to retest effects. Thus, we examined the role of
context-related retest effects in neuropsychological testing
using prospectively collected longitudinal data on a large
sample of patients with a clinical diagnosis of AD. Our
assumption is that for cognitively impaired people, any
observed retest effects are largely attributable to context or
procedural memory. We hypothesized we would observe
retest effects among people with dementia, even among
persons with very poor recall ability (e.g. scoring 0 on a
three-item short-delay recall subtest), which would indicate
the key role of procedural familiarity in retest effects. We
further hypothesized that subtests of the MMSE most sus-
ceptible to contextual cues, namely orientation to time and
place, would show the largest retest effects.

Methods

Participants

We used data from the Critical Path Institute’s repository of
data from randomized trials of AD conducted by member
pharmaceutical companies. This repository includes pro-
spectively collected data from the placebo arms of clinical
trials of people with clinically diagnosed AD that adminis-
tered the Mini-Mental State Examination (MMSE) repeat-
edly [13]. A review of the characteristics of the database has
been published, and study procedutres wetre approved by
IRBs at companies and institutions where the studies were
conducted consistent with the Helsinki Declaration [14].

Each trial had between 57 and 700 control patticipants,
for a total of N = 4,113 participants and 19,560 study vis-
its. To minimize variability in the test-retest interval which
can affect retest effects [4], we excluded trials in which the
cognitive testing interval was less than three months, leaving
five trials (IN = 990 participants over 4,170 visits).
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Variables

The MMSE is a brief mental status instrument comprised
of 19 questions that assess 11 domains: attention and calcu-
lation, comprehension, drawing, naming, orientation to
place, orientation to time, reading, registration, recall, repeti-
tion and writing. Cues are not given in clinical administra-
tions [13]. For attention and calculation, three of the five
studies administered both serial 7 s and DLROW while the
other two administered only DLROW, for consistency we
used the DLROW item available from all studies. Each of
the subtests of the MMSE have administration histories as
far back as the original Stanford—Binet intelligence exam
[15]. The MMSE is typically inappropriate as a measure of
longitudinal change in community-living samples because of
pronounced ceiling effects and non-linear measurement
properties [6]. However, in our sample of people with AD,
ceiling effects are negligible (Supplemental Figure 1, avail-
able at Age and Ageing online). Moreover, we addressed
non-linear scaling properties of the MMSE by estimating a
composite score from a factor analysis on the 11 categorical
subtests of the MMSE. The model is consistent with
graded-response item response theory [16], and resulting
scores theoretically have interval-level scaling properties in
the study sample. We scaled the IRT-equated MMSE score
to have the same theoretical range as the original MMSE
(0-30 points). No inferences regarding retest effects in this
study changed after comparing results using MMSE raw
scores with analyses wusing MMSE factor scores
(Supplemental Table 1, available at Age and Ageing online).

Analysis plan

We first described the sample using means for continuous
variables and proportions for categorical variables. We next
modelled longitudinal change in the MMSE total scores and
subscales of the MMSE using random effects models with
individual level random effects for intercept and time in the
full sample. To further evaluate whether retest effects are
diminished among participants with more severe dementia,
we estimated retest effects separately among participants
who wete unable to recall any words at baseline in the
three-word recall task, and also among those who recalled
any words at baseline. While three-word recall may be seen
as a relatively easy test that is not a precise measure of epi-
sodic memory among cognitively normal older adults, our
sample was comprised of older adults with dementia. We
then modelled longitudinal changes in each subtest of the
MMSE to evaluate subtest-specific retest effects.

Fach model included fix effects for time, the retest
effect and covariates. The coefficient for time is interpret-
able as the annual rate of cognitive change after the second
testing occasion. The retest effect in each model was para-
meterized as the difference between the first and subse-
quent testing occasions [17, 18]. The retest effect is thus
interpretable as the jump in cognitive performance between
the first visit and later visits, after accounting for the antici-
pated changes due to ageing [19]. Previous research has
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suggested gains following the second testing occasion are
negligible [18, 20], and more importantly that different ways
of parameterizing retest effects do not affect inferences
about covariate effects [21].

Covariates included age, sex, indicators for trial and race
(white vs. non-white). The models use all observed data
and parameter estimates are obtained assuming missing
data are missing at random conditional on variables in the
model [22].

Additional analyses. To evaluate the robustness of the
results, we conducted two additional analyses. First, we esti-
mated the random effects model in the largest single trial
(IN = 406 participants) to verify the estimated retest effect
was not biased by the combination of multiple trials with
different follow-up schedules. Our second sensitivity ana-
lysis was intended to address the possibility that regression
to the mean would incorrectly inflate apparent practice
effects in people with low baseline test scores. We therefore
evaluated the robustness of the estimated retest effect
across the range of baseline cognitive performance in the
sample, using quantile regressions to avoid regression to
the mean. This model evaluates changes in the 30th, 50th
and 70th quantiles of MMSE across repeated testing, using
a clustered bootstrap to estimate confidence intervals.
Because the quantiles need not be defined by the same indi-
viduals at successive assessments, this method is not vulner-
able to regression to the mean.

Results

The MMSE data contained 4,170 visits for N = 990 partici-
pants. The sample was mostly female (59%), white (92%),
and the average age was 76 years (range 48, 95) (Table 1).
Participants across the trials completed on average 4.2 study
visits (range 1, 7) during up to 2.4 years of follow-up. The
mean MMSE score at baseline was 16.5 (range 1, 27); the

Table |. Characteristics of the sample (IN = 990)

Characteristic Statistic Observed range

Age at baseline, Mean (SD) 75.5 (8.1) (48.0, 95.0)

White, non-Hispanic, # (%) 910 (91.9)

Sex, female, 7 (%0) 581 (58.7)

Number of study visits, Mean (SD) 42 (2.2 (1.0, 7.0)

Years of follow-up, Mean (SD) 0.9 (0.6) 0.0, 2.4)

MMSE score, Mean (SD) 16.5 (5.5) (1.0, 27.0)

MMSE subscale scores (higher is better), Mean (SD)
Attention and Calculation 2.7 (2.0) (0.0, 5.0)
Comprehension 2.4 (0.8) (0.0, 3.0)
Drawing 0.4 (0.5) 0.0, 1.0)
Naming 1.8 (0.5) (0.0, 2.0)
Orientation to Place 2.9 (1.6) (0.0, 5.0)
Orientation to Time 2.0 (1.7) 0.0, 5.0)
Reading 0.8 (0.4) 0.0, 1.0)
Short-delay recall 0.5 (0.8) 0.0, 3.0)
Registration 2.6 (0.8) (0.0, 3.0
Repetition 0.6 (0.5) 0.0, 1.0)
Writing 0.7 (0.5) (0.0, 1.0)

SD: Standard deviation.
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Table 2. Results from random effects regression models of MMSE in patients with Alzheimer’s disease (IN = 990)

Full sample (IN = 990)

Predictor Estimate 95% CI
Intercept 16.55% (16.20, 16.90)
Annual rate of change —2.02* (—=2.29, —1.75)
Retest effect 0.61* (0.43, 0.79)
Female sex —1.59* (—2.33, —0.85)
Baseline age (per 10 years) —0.42* (—0.83, —0.01)
Non-white race 0.01 (—1.26, 1.28)

No baseline short-delay recall Any baseline short-delay recall

(N = 678) (N = 312)

Estimate 95% CI Estimate 95% CI
15.07* (14.64, 15.50) 19.69* (19.16, 20.22)

—2.05*% (—2.38, —1.72) —2.01* (=250, —1.52)
0.51% (0.29, 0.73) 0.83* (0.50, 1.16)

-1.76* (—2.58, —0.94) -1.1 (1.06, —3.26)
-0.11 (—0.64, 0.42) -0.14 (0.13, —0.41)
—0.54 (—2.09, 1.01) 1.7 (—1.63, 5.03)

*P < 0.05.

Table 3. Retest effects in specific subscale scores of the
MMSE in patients with Alzheimer’s disease from random
effects regression models (IN = 990)

MMSE subscale scotes Retest effect estimate (Cohen’s ) 95% CI
Orientation to Place 0.18* (0.12) (0.10, 0.26)
Short-delay recall 0.09* (0.10) (0.03, 0.15)
Registration 0.07* (0.10) (0.01, 0.13)
Orientation to Time 0.10% (0.06) (0.00, 0.20)
Attention and Calculation 0.10 (0.05) (=0.02, 0.22)
Writing —0.02 (=0.05) (—0.04, 0.00)
Comprehension 0.03 (0.04) (—0.03, 0.09)
Drawing 0.02 (0.04) (=0.02, 0.006)
Naming ~0.02 (—0.04) (~0.04, 0.00)
Reading 0.01 (0.03) (=001, 0.03)
Repetition 0.01 (0.02) (=0.03, 0.05)
*P < 0.05.

Subtests are sorted by the absolute value of the size of the standardized retest
effect.

IRT-equated MMSE score at the first study visit demon-
strated minimal ceiling effects (Supplemental Figure 1, avail-
able at Age and Ageing online).

Results from random effects models of the MMSE
score, in the full sample and stratified by performance on
the short-delay recall subtest of the MMSE, are in Table 2.
From the full sample, the model-estimated MMSE score at
baseline was 16.6 (95% CI: 16.2, 16.9), which agrees with
the sample mean of 16.5 points. The model-estimated
annual rate of decline in the MMSE was 2.0 points/year
(95% CIL: —2.3, —1.8 points/yeat). The retest effect among
the entire sample was 0.6 MMSE points (95% CI: 0.4, 0.8),
corresponding to a Cohen’s d effect size of 0.1 SD units.
The estimated retest effect among the N = 678 (68%) parti-
cipants with no baseline recall (0.5 points, 95% CI: 0.3, 0.7
points, 4 = 0.09) was similar to that among the N = 312
(32%) of individuals who recalled at least one word at base-
line (0.8 points, 95% CI: 0.5, 1.2 points, 4 = 0.14) (Table 2).
Although persons with any recall showed a larger retest
effect than people who showed no recall, this difference
was not statistically significant (P = 0.07).

Table 3 shows mean retest effects for subscales of the
MMSE. Each score was standardized to its baseline stand-
ard deviation to facilitate comparisons of relative magni-
tudes across the subscales. Consistent with our a priori

hypothesis, significant and positive retest effects in the
range of approximately 0.1 standardized units were
observed for orientation to place (0.2, 95% CI: 0.1, 0.3)
and time (0.1, 95% CI: 0.0, 0.2). Significant retest effects
were also observed for registration (0.07, 95% CI: 0.01,
0.13) and short-delay recall (0.09, 95% CI: 0.03, 0.15).

Additional analyses. The model-estimated mean retest
effect among participants from the largest dataset (IN =
4006) was 0.7 MMSE points (95% CI: 0.4, 0.9). Quantile
regressions revealed similar magnitudes of retest at the 30th
(0.42 MMSE points, 95% CI: —0.06, 0.9), 50th (0.46
MMSE points, 95% CIL: —0.02, 0.9) and 70th percentiles
(0.65 MMSE points, 95% CI: 0.05, 1.3), suggesting the
presence of retest effects across the entire cognitive spec-
trum from severe to mild cases of AD dementia.

Discussion

We assessed retest effects by leveraging a large sample of
individuals with AD dementia, including those who may
have severe episodic memory impairments. This sample
demonstrated a statistically significant improvement in
MMSE scores, on average, between the first and subse-
quent visits, consistent with influences from aspects of the
testing context on retest effects. By contrasting people with
very poor recall (none of three words recalled on MMSE
task) versus other people with at least one word recalled,
we may infer the presence of some procedural memory and
the possible effects of memory for, or familiarity with, the
testing context as at least a partial explanation of the
observed practice or retest effect observed in this sample.
In fact, if people with no baseline short-term recall have
zero capacity for episodic memory, then we might infer that
at least 64% (0.09/0.14) of the retest effect in patients with
dementia reflects procedural memory and the remaining
third reflects episodic memory. Our results are consistent
with the hypothesis that episodic memory for test content
is not solely responsible for retest effects, but rather pro-
cedural memory and memory for context contributes to the
observed retest effects in longitudinal studies.

Unlike most studies of retest effects, which have focused
on cognitively healthy older adults, in the present study we
examined effects of retesting in older adults with dementia
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[8]. Older adults with dementia may have limited capacity
to learn and synthesize information after repeated testing.
Our study demonstrated that retest effects in samples of
people with dementia are non-trivial, even though they may
be smaller (0.11 SD units) than in groups of people without
dementia (0.60 SD units) [19]. Despite, a relative lack of
attention for retest effects in people with AD, they have
been documented in eatly trials of tacrine in AD [23] and
clinical trials of cholinesterase inhibitors in which even the
control group improved during the trial [24, 25]—although
in such settings retest might be attributable to effects of the
medication rather than content or context of the battery.
Other studies using the MMSE in people with dementia
have observed robust practice effects [20], but other studies
that used other, often more difficult, tests have not
observed practice effects in people with dementia [27-29)].
Our estimated retest effect among people with dementia
may even be an underestimate: in another sample of
patients with dementia, Abner and colleagues [2] reported a
baseline to follow-up change of about 0.2 SD units among
participants, many of whom had dementia. One potential
explanation for the lower retest effect observed in the pre-
sent study relative to other studies of retest effects in people
with dementia is that we cannot be certain whether the
sample was subject to some pre-screening testing not
included in the Clinical Path institute data.

Our study has several limitations. First, we were unable
to ascertain whether there were form differences across
studies in the MMSE;; this would add measurement error
especially in analyses of retest effects on subscales of the
MMSE. A second limitation is that we did not adjust for
complicating diseases, medications, or education because
such information was unavailable across all datasets. This
limitation is only relevant, however, if some covariate is
related to the size of the retest effect and also related to
retesting occasion number. Third, the MMSE was not ori-
ginally designed as a dementia monitoring tool, and demon-
strates ceiling effects which can mask retest effects
especially in community-living populations [30]. In this
study, however, we did not observe strong ceiling effects on
the MMSE because all participants had dementia
(Supplemental Figure 1, available at Age and Ageing
online). Further, we used the MMSE to represent cognitive
trajectories amount people with dementia, not as a tool for
diagnosing or monitoring dementia. A final limitation is
that it is impossible to be certain that persons who score 0
on the short-delay recall have no capacity to develop mem-
ories for test content from one testing occasion to the next;
there is no available external criterion available for impaired
episodic memory. Although impaired episodic memory is
likely the case for most participants with clinical dementia
scoring at that level, we must be open to the possibility that
observed practice effects are not entirely context-related
and that other factors may have interrupted performance
(e.g. aphasia, deafness, inattention, environmental disturb-
ance, etc.). A related caveat is that one of the many impedi-
ments to success in treatment trials of AD is the
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misdiagnosis of other forms of dementia as AD. Although
all participants in the present study have a diagnosis of AD,
we cannot be certain of the pathophysiology which may
affect retest effects.

Retest effects are robust in people with AD despite
reduced episodic memory, suggesting a prominent role of
the testing context in RCTs and cohort studies. This has
implications for studies and trials that longitudinally follow
people with dementia. Previous reports have called for
novel strategies, such as development of alternative forms,
to eliminate changes in cognitive test performance that are
attributable to retest effects (e.g 8). Given the heterogeneity
in retest across types of cognitive tests [4], the variability in
retest intervals across different studies, and the inadequacy
of commonly accepted alternate forms for traditional tests
[19], we suggest retest effects need not be eliminated.
Instead, analytic recommendations that have been docu-
mented in detail elsewhere (e.g. 19, 21) are readily available
to accommodate and characterize retest effects, and adjust
estimates in the presence of retest effects.

Key points

* Retest effects may be attributed to ‘repeated content’ or
the ‘testing context’ in cognitive tests.

Retest effects are apparent in people with AD despite
impaired episodic memory, suggesting a role of context.

Previous reports have called for use of alternative forms
to eliminate retest effects. Given the heterogeneity in
retest effects across different types of cognitive tests, the
variability in retest intervals across different studies, and
the inadequacy of many commonly accepted alternate
forms of traditional tests, we suggest retest effects need
not be eliminated. Instead, analytic recommendations atre
readily available to adjust estimates in the presence of
retest effects.

Supplementary Data

Supplementary data mentioned in the text are available to
subscribers in Age and Ageing online.
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