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ABSTRACT

Objective: We tested the a priori hypothesis that older participants differ in rates of decline on
cognitive outcomes compared with younger participants, and examined the potential effect of
age distributions on individual clinical trial outcomes.

Methods: From a meta-database of 18 studies from the Alzheimer's Disease Cooperative Study
and the Alzheimer's Disease Neuroimaging Initiative, we included a cohort of 2,793 participants
for whom there were baseline demographic data and at least one postbaseline cognitive assess-
ment on the Alzheimer's Disease Assessment Scale-cognitive subscale (ADAS-cog), Clinical
Dementia Rating-Sum of Boxes (CDR-SB), or Mini-Mental State Examination (MMSE). We used
mixed-effects models (random coefficient models) to estimate change on the outcomes across 7
age groups ranging from younger than 61 years to older than 85 years after adjusting for
education.

Results: Significant worsening occurred in all age groups on all outcomes over time. The 4 older
groups, aged 71 years and older, showed slower rates of decline on the ADAS-cog than the youn-
ger groups (p = 0.001). The older groups scored 2-3, 2-5, and 4-6 points better than the
younger groups at 12, 18, and 24 months, respectively. There were similar differences across
age groups for the MMSE, but not for the CDR-SB.

Conclusions: The differences in change on the ADAS-cog between older and younger participants
are substantially greater than differences expected between experimental drugs and placebo in
current trials or differences between marketed cholinesterase inhibitors and placebo. The clinical
interpretation of change on the ADAS-cog or MMSE differs depending on age. Until predictors of
decline are better understood, considering effects of age on rates of change is particularly impor-
tant regarding clinical practice and outcomes of trials. Neurology® 2015;84:1121-1127

GLOSSARY

AD = Alzheimer disease; ADAS-cog = Alzheimer's Disease Assessment Scale-cognitive subscale; CDR-SB = Clinical
Dementia Rating-Sum of Boxes; MMSE = Mini-Mental State Examination.

3 and clinical trials* suggest that older

Analyses of several Alzheimer observational studies'
participants decline less on cognitive outcomes than younger participants, although this find-
ing is not uniform."” This may be attributable to selection biases of who enrolls in trials; it also
may be attributable to the pathogenesis and virulence of Alzheimer disease (AD) reflected by
age at onset. Nevertheless, any age effect may have resulted in an attenuation of measurable
treatment effects or decreased likelihood to detect differences between drug and placebo. Some
clinical trial protocols constrain the lower and upper age limits for study entry, thus affecting
the distribution of younger and older participants and possibly the trial outcomes.® It is not
clear, however, how robust any age-associated effect may be, how individual trials may be
affected, or how this affects clinical meaning.” We assessed the extent of this phenomenon

using pooled clinical trials data.
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METHODS We selected participants from a meta-database®
consisting of 18 studies from the Alzheimer’s Disease Cooperative
Study and the Alzheimer’s Disease Neuroimaging Initiative
conducted from 1993 to 2012 to analyze the decline on the
Alzheimer’s  Disease  Assessment  Scale—cognitive  subscale’
(ADAS-cog), Clinical Dementia Rating—Sum of Boxes'
(CDR-SB) and Mini-Mental = State

(MMSE) over time. Participant selection criteria for the analysis

scale, Examination'!
were the selection criteria for the respective studies. Additional
inclusion criteria were (1) diagnosis of mild to moderate AD
dementia, and (2) at least one assessment on the ADAS-cog,
CDR-SB, or MMSE. We analyzed the 10 studies meeting these
requirements. All diagnoses of AD were based on National
Institute of Neurological and Communicative Disorders and
Stroke/Alzheimer’s Disease and Related Disorders Association
criteria,'* with the additional requirement of a minimal severity
based on clinical ratings. These were a CDR of =2 for the SL
trial'> and MMSE scores between 14 and 26'*'> (DHA, HC),
between 12 and 28'¢ (CE), between 12 and 26'7 (LL), between
13 and 26'%" (PR, NS), between 10 and 24*° (HU), between 12
and 20%' (VN), and between 20 and 26?* (Alzheimer’s Disease
Neuroimaging Initiative). We assessed outcomes at 6-month
intervals over 2 years, with the a priori hypothesis that older
participants would differ in rates of decline on cognitive
outcomes compared with younger participants. Based on the
sample size, participants were divided into 5-year age categories
of 48-60, 61-65, 66-70, 71-75, 76-80, 81-85, and 86-105
years; the groups younger than 55 years were merged with the
55-60 group, and the groups older than 90 years merged with the
86-90 group, because of the small number of participants in

those age ranges. We used mixed-effects models (random

coefficient models) to compare the rate of decline in the
outcomes scores between the reference group 60 years and
younger and each of the remaining age groups, adjusting for
education. The mixed-effects model was selected because it

utilizes data from all participants (rather than just

completers), minimizes bias, and better controls for type I error
in the presence of missing data.?® The slope (rate of decline) and
intercept (baseline score) were modeled as independent. We also
conducted a sensitivity analysis restricting participants to those in

the placebo arms of the parent studies.

RESULTS Of the 5,990 participants available in the
meta-database, 2,799 from the 10 studies met
inclusion criteria. Six participants were excluded
because of missing baseline demographic data or
cognitive assessment, yielding 2,793 participants for
analysis. The number of participants in each age
category at each follow-up time is shown in table
e-1 on the Neurology® Web site at Neurology.org.
The age ranges allowed by the included studies
were from 50 years in 5 studies, 60 in 1, no lower
age limit in 3, and a range from 55 to 90 in 1 trial.
Individuals in the older age groups had fewer years of
formal education, were less likely to be married at
entry, and were more likely to be Caucasian than
the younger age groups (table 1). Unadjusted
baseline ADAS-cog scores differed among age
groups (p = 0.002) with lower (better) scores in the

[ Table 1 Subject characteristics at baseline and change in ADAS-cog scores over the durations of the trials ]

Age category, y

No. 48-60 61-65 66-70 71-75 76-80 81-85 86-105 p Value

No. (%) (total = 2,793) 2,793 179(6.4) 192 (6.9) 354 (12.7) 583 (20.9) 722 (25.8) 546 (19.5) 217 (7.8)

Education <high school 2793 6 10 14 15 14 16 21 <0.001°
Hispanic 2,793 4 4 5| 4 5) 4 5 0.95
Married 2,793 83 85 83 81 71 59 42 <0.001?
Caucasian 2,793 85 92 87 91 91 92 92 0.024
Female 2,793 58 58 54 58 59 61 63 0.41
Assigned to placebo 2,793 35 42 44 44 42 49 45 0.037
APO &4 carrier 1,955 53 65 74 74 66 57 48 <0.001°
MMSE 2,791 186 +5.7 18.7 + 5.6 192 + 55 199 + 4.7 19.6 = 45 19.6 + 4.2 19.3 + 3.8 0.037
CDR-SB 2191 6.4 +31 6.4 =32 6.5 =32 6.3 +31 6.6 = 3.1 6.7 =31 73+29 0.0072
ADAS-cog 2,793 276+ 133 282 +123 264 =121 244 +104 256=+105 253+101 263=+091 0.0022
ADAS-cog change, 6 mo 2,157 3.04 £542 239+ 552 291 +574 251+586 246535 249+565 140502 0.12
ADAS-cog change, 12 mo 1,882 7.04 +7.42 621 +737 624 +714 516=711 496+633 363+6.63 296556 <0.001
ADAS-cog change, 18 mo 1,100 12.09+917 933+x9.00 883+770 758+847 692+791 542=+768 438=*6.37 <0001
ADAS-cog change, 24 mo 340 154 £ 93 169 =103 142 =84 9.8 = 9.6 87 +6.7 75+70 77 £ 6.6 <0.001

Abbreviations: ADAS-cog = Alzheimer's Disease Assessment Scale-cognitive subscale; CDR-SB Clinical Dementia Rating-Sum of Boxes; MMSE = Mini-
Mental State Examination.

Summary data for the sample consists of frequencies (percentages) for categorical variables and means = SDs for continuous variables. Groups were
compared with x? tests for categorical variables and analysis of variance for continuous variables. See table e-1 for changes in CDR-SB and MMSE scores
over the durations of the trials.

2 Significant after correction for multiple comparisons.
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group of participants aged 71 to 75 years, but without
a clear trend across age groups (table 1).

ADAS-cog scores increased (i.c., worsened) over
time in all age groups (p < 0.001). The rate of decline
became progressively smaller with older age groups rel-
ative to the age 48-60 group, although this only
achieved statistical significance for those older than
65 (table 2, figure 1). Significant differences in baseline
were only observed for the 71-75, 76-80, and 81-85
age groups. Post hoc tests showed that the 4 oldest age
categories, 71 years and older, had significantly slower
rates of decline compared with the 70 years and youn-
ger group (X*> = 55.47, df = 1, p < 0.001). The older
groups worsened about 3—5 points by 12 months, 4—
7.5 points at 18 months, and 7.5-10 points by 24
months. The 70 years and younger groups worsened
by about 6-7 points at month 12, 9-12 points at
month 18, and 1415 points at month 24. These out-
comes were confirmed in the analytic sample that
received only placebo in the original trials (figure e-1).

The SDs of the changes by age were also sys-
tematically smaller compared with the younger

[ Table 2 Slopes and intercepts for ADAS-cog scores by age category
Estimate Standard error df t Test statistic p Value
Intercept 29.99 0.966 5472 31.04 <0.001
Education
Less than high school — — — — —
High school graduate -2.22 0.600 2,784 -3.69 <0.001
College graduate -3.87 0.625 2,784 -6.20 <0.001
Time, mo 0.71 0.041 5472 17.18 <0.001
Baseline score
Age 48-60 = = = = =
Age 61-65 0.57 1114 2,784 051 0.609
Age 66-70 -1.34 0.985 2,784 -1.36 0.175
Age 71-75 =827 0.918 2,784 -3.56 <0.001
Age 76-80 -1.94 0.897 2,784 -217 0.030
Age 81-85 -2.23 0.926 2,784 -241 0.016
Age 86-105 -1.43 1.087 2,784 -1.32 0.188
Rate of change, per mo
Age 48-60 - - — — -
Age 61-65 -0.11 0.057 5472 -1.89 0.059
Age 66-70 -0.14 0.050 5472 -281 0.005
Age 71-75 -0.21 0.047 5472 -4.49 <0.001
Age 76-80 -0.26 0.046 5472 -572 <0.001
Age 81-85 -0.34 0.048 5472 -7.02 <0.001
Age 86-105 -0.41 0.058 5472 -7.02 <0.001

Abbreviation: ADAS-cog = Alzheimer's Disease Assessment Scale-cognitive subscale.

Parameters were estimated using a mixed-effects (random coefficients) model, with slope
and intercept being independent. The slope (rate of change) showed progressive worsening

with increasing age category relative to the reference category of age 48-60.

participants, indicative of less heterogeneity in the
rate of decline among the older participants (all p <
0.001, figure 2).

There were similar differences across age groups
and over time for the MMSE (table 1, figure 1, and
table e-2). Finally, CDR-SB scores also increased (i.e.,
worsened) over time in all age groups (r = 11.95,
df = 5,283, p < 0.001; data not shown); however,
there were no significant differences across age groups

(all p > 0.37) (figure 1).

DISCUSSION Younger participants with mild to
moderate AD dementia who were enrolled in clinical
trials show substantially greater worsening on the
ADAS-cog and MMSE over the course of 12 to 24
months than older participants. The differences in
rate of change on the ADAS-cog between older and
younger participants are substantially greater than
differences expected between experimental drugs and
placebo in current trials or from the observed effects
of marketed cholinesterase inhibitors compared with
placebo. The 4- to 6-point difference based on age
category across 24 months of clinical trials duration
is 2 to 3 times the differences planned for in the
current design of clinical trials of experimental drugs
for mild or moderate dementia due to AD,® or

in marketed cholinesterase
24,25

the actual differences
inhibitors trials compared with placebo.

Varying the distributions or mixtures of ages in a
trial, therefore, may have profound effects on the out-
comes of such trials even if the percentage reduction is
the same. Thus, a 40% slope reduction in those 71
years and older would correspond to a reduction of 3
or 4 points on the ADAS-cog in a 24-month trial,
while the reduction in those 70 years and younger
would be 5 or 6 points. Such differences in scores (with
corresponding differences in effect sizes) may be critical
in determining the success of a clinical trial. Neverthe-
less, if a drug is differentially effective because of age,
then the effect may not be observed if age by treatment
interactions are not considered or planned. Such ad-
justments for age, or stratifying analyses by age group,
would potentially alleviate this effect but would require
that age is not systematically associated with disease
progression (based on cognitive outcome measures)
and treatment response. For example, if younger age
is associated with more rapidly progressive disease that
is treatment-resistant, while older age is more slowly
progressive but treatment-responsive, a larger trial with
an older age group would be needed to detect treat-
ment effects. Considering age in sample selection for
a trial may be particularly important with respect to
the underlying neuropathology, availability of partici-
pants, trials outcomes, and external validity.

Of participants enrolled in these trials, 13.3% and
26.0% were younger than 66 and 71 years,
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[ Figure 1 Mean and predicted outcomes scores by age category ]
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(A) Mean ADAS-cog score by age category. Means were calculated for each age category at each time point of baseline, 6,
12,18, and 24 months. (B) Predicted ADAS-cog score by age category. Group means for each age category were calculated
using a mixed-effects model. The interaction between age category and time is significant (p < 0.001), indicating slope
differences (i.e., differences in the rate of decline) between the age categories. (C) Mean CDR-SB score by age category.
Means were calculated for each age category at each time point of baseline, 6, 12, 18, and 24 months. (D) Predicted
CDR-SB score by age category. Group means for each age category were calculated using a mixed-effects model. The
interaction between age category and time is not significant (p > 0.37), indicating no differences in slope (i.e., no differences
in the rate of decline) between the age categories. (E) Mean MMSE score by age category. Means were calculated for each
age category at each time point of baseline, 6, 12, 18, and 24 months. (F) Predicted MMSE score by age category. Group
means for each age category were calculated using a mixed-effects model. The interaction between age category and time
is significant (p < 0.001), indicating slope differences (i.e., differences in the rate of decline) between the age categories.
ADAS-cog = Alzheimer's Disease Assessment Scale-cognitive subscale; CDR-SB Clinical Dementia Rating-Sum of Boxes;
MMSE = Mini-Mental State Examination.

respectively; participants older than 80 years comprised
26.7% of the sample. AD dementia in those younger
than 70, however, is a fairly uncommon condition
with a prevalence of less than 1% in the 65 to 69
age range, increasing substantially to approximately

Neurology 84 March 17, 2015

18% in the 80 to 84 age range.”*” Therefore, younger
participants are relatively overrepresented and older
participants underrepresented in the pooled studies.
Although they showed greater worsening on the
ADAS-cog, few of the younger patients would have



[ Figure 2 SDs on the ADAS-cog by age category ]
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SDs were calculated for each age category at each time point of baseline, 6, 12, 18, and 24
months at baseline (<60 vs 71-75,F = 1.64, df = 178,582, p < 0.001; vs 76-80, F = 1.61,
df =178,721,p <0.001;vs 81-85, F = 1.75, df = 178, 545, p < 0.001; vs 86-105, F =
2.15, df = 178, 216, p < 0.001). ADAS-cog = Alzheimer's Disease Assessment Scale-
cognitive subscale.

fulfilled proposed criteria for rapidly progressive AD
dementia that include in part an annual decline of 6
MMSE points,*® and does not appear to be particularly
associated with younger age.”®

Because AD is multidetermined and pleomorphic,
relatively older participants compared with younger
participants in a trial may represent those with addi-
tional or different risks or pathology,” including,
for example, vascular disease, hippocampal sclerosis,
TDP-43 (TAR DNA-binding protein 43) proteinop-
athy, and other comorbid non-Alzheimer neuropa-
thology; or they may represent those in whom
clinical AD and pathology is more complex.*® Thus,
one explanation for the smaller degree of change in
cognitive scores in older participants is that misclassi-
fied older participants may decline less. It is also pos-
sible that participants who are available for trials at
relatively older ages may decline more slowly because
of survival bias, with the more rapidly declining par-
ticipants already removed from the prevalent pool.

Potential limitations to these analyses include that
the datasets for the selected trials span 2 decades, and
secular changes in participants, selection, trials con-
duct, test administration, and site differences® may
have influenced the results. Because the sites partici-
pating were mostly members of the Alzheimer’s Dis-
ease Cooperative Study, however, it is probable that
these are lesser sources of error than with other pooled
databases. Another limitation is that the ADAS-cog is
a poorly metricized scale, nonlinear regarding its
change over longer periods of time, and not an inter-
val scale. For example, individual items, such as

orientation, word recall, word recognition, and nam-
ing, contribute disproportionately to total ADAS-cog

2 and the extent to which older and

change scores,’
younger patients change on those items may differ.
The lack of differences seen with the CDR-SB may
imply that the cognitive and functional components
of this measure are less sensitive than the ADAS-cog
or MMSE to these issues, the range of the scale is
constricted, or that the noncognitive components of
the scale are less sensitive to the effects of age. It is also
possible that the scale is simply unable to identify the
more subtle changes in this group.

The decreased variability in the ADAS-cog and
MMSE by age suggests it is more difficult to predict
the course in younger compared with older individuals
in clinical studies. Therefore, setting an absolute thresh-
old for improvement, e.g., change of 2 to 4 points in
the ADAS-cog, would correspond to a smaller effect
size in younger individuals than in older individuals
and create potentially more misclassification in younger
relative to older patients with significant change.

As a clinical research tool, absolute cutoff scores on
the ADAS-cog have been recommended to estimate
change for individual patients or to explain the effects
of drugs. For example, 2- or 4-point differences on
the ADAS-cog—at least over 6 to 18 months—have
been considered to be clinically meaningful,>*~* and
3-point differences have been interpreted as the
equivalent of a 6-month change in clinical course.
Results here suggest that 2- to 4-point differences or
less may in fact miss a number of older individuals
showing a significant change that is less than this
threshold. Clinical interpretation of change on both
the ADAS-cog and MMSE should therefore be con-
sidered within the context of age and baseline scores,
and perhaps with other measures.

These findings have implications as well for mild
cognitive impairment and prevention trials because
they are more likely to include younger participants
and participants with Alzheimer neuropathology.®
Composite scales currently used in secondary preven-
tion or prodromal AD trials include the orientation
items from the MMSE and word lists similar to that
used in the ADAS-cog. Our results suggest that any
positive effects from interventions more likely would
be detected in younger study participants because
slowing of clinical progression would be more evi-
dent. However, our results also raise concerns that
outcomes from trials involving younger individuals
may not necessarily apply to older individuals seen
in the clinic, which reflect the majority of patients
with AD and ages of greatest incidence. While the
use of biomarker enrollment criteria (such as amyloid
imaging) may result in a more homogeneous sample
and more accurate classification of Alzheimer pathol-
ogy across age groups, it is not certain that biomarker
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requirements would lead to better extrapolation from
younger to older ages. Thus, consideration should be
given to including older adults in trials, despite the
perceived problems. An additional implication is that
defining successful prevention should vary by the age
of the participants.

Although these findings need to be replicated in
other databases, it appears older individuals with
AD dementia enrolled in clinical trials show substan-
tially less cognitive worsening measured with the
ADAS-cog or MMSE than younger individuals, and
this needs to be accounted for in clinical trial designs.
The clinical interpretation of change on the ADAS-
cog may also differ depending on age. Until predic-
tors or markers of decline are better understood,
considering age in sample selection may be particu-
larly important regarding clinical management and
therapeutic trial outcomes.

r(:omment:
Age effects on clinical trial results in Alzheimer dementia

Therapeutic trials in Alzheimer disease (AD) are notoriously difficult and
have produced no new approved treatments in the past decade.! Trial success
often depends on decline in a placebo arm, and population characteristics that
diminish placebo decline reduce the chance of detecting positive therapeutic effects
of a drug. This study of data from multiple trials of AD dementia demonstrates
that age can have such an effect: older participants showed less decline than youn-
ger participants by differences that were both meaningful and greater than
expected.”

Age effects were limited to cognitive test results. Baseline imbalances likely
accounted for some of the effect on decline since older patients had better initial
cognitive scores, a predictor of slower progression. Differences in baseline scores
would have been even more pronounced if age-adjusted. Such considerations
are worth exploring, but this hardly blunts the key point that ignoring age effects
on progression in study populations can negatively influence trial results.

These effects may be mitigated by several strategies, including stratification,
lowering an age threshold, and more rigorous exclusion of comorbid conditions,
each with some tradeoff in increased trial burden or consequences. Another miti-
gation is improvement of diagnostic accuracy. The recent negative bapineuzumab
and solanezumab studies enrolled an unexpectedly high percentage of patients
with dementia who did not have increased cerebral amyloid and were unlikely
to have had AD.?> Amyloid-negative subjects had higher baseline cognitive scores
and slower decline similar to older individuals in this study.

The useful findings described here serve a cautionary note not to take age ef-
fects for granted in designing clinical trials. It will be important to confirm repro-
ducibility of the results and at the same time to explore the effects of mitigations,
including use of diagnostic biomarkers, to improve trial success.
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