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Patterns of Cognitive Decline
in Presymptomatic Alzheimer Disease

A Prospective Community Study

Peijun Chen, MD, MPH, PhD; Graham Ratcliff, DPhil; Steven H. Belle, PhD;
Jane A. Cauley, DrPH; Steven T. DeKosky, MD; Mary Ganguli, MD, MPH

Background: Specific patterns of decline over time were
evaluated across a spectrum of cognitive measures in pre-
symptomatic Alzheimer disease (AD) within a commu-
nity sample.

Methods: A total of 551 individuals completed a bat-
tery of standard cognitive tests 3.5 and 1.5 years before
outcome (clinical onset of AD vs continued nonde-
mented status) within a prospective community-based
study of AD. Test score changes in 68 cases (who sub-
sequently developed symptomatic AD) and 483 con-
trols (who remained nondemented) on each of 15 cog-
nitive measures were transformed into z scores adjusted
for age, sex, and education. A case-control rate ratio of
the proportions of individuals who showed “cognitive de-
cline” on each test was calculated, representing the rela-
tive magnitude of cognitive decline on each test in pre-
symptomatic AD compared with normal aging.

Results: Declines in Trail-Making Tests A and B and
Word List delayed recognition of originals and third im-
mediate learning trial had the highest rate ratios, larger
than 3.0 (P<<.01). These were followed by Word List de-
layed recognition of foils and delayed recall, Consor-
tium to Establish a Registry for Alzheimer’s Disease Praxis,
Clock Drawing, the Boston Naming Test, and Orienta-
tion, with rate ratios between 1.7 and 3.0 (P<<.05).

Conclusions: Memory and executive dysfunction showed
the greatest decline over time in individuals who would
clinically manifest AD 1.5 years later. These findings might
help us understand the underlying evolution of the early
neurodegenerative process. They highlight the impor-
tance of executive dysfunction early in the disease pro-
cess and might facilitate early detection of AD.
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N ALZHEIMER disease (AD) and
other chronic diseases, it is hard
to ascertain how long the under-
lying pathological disorder has

ing for potential confounders, is theoreti-
cally and clinically more meaningful than
a single assessment. The progressive de-
terioration characteristic of AD might af-
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been present before clinical mani-
festations become apparent. Very mild cog-
nitive impairments might be objectively
identifiable in the presymptomatic or pre-
clinical phase of AD.""® Reliable, objec-
tive means of early detection would al-
low incipient AD to be identified not only
before clinical diagnostic criteria are ful-
filled but even before the first symptoms
appear and would play an important role
in potential early intervention.

Several studies” have made cross-
sectional comparisons of one-time cogni-
tive function between nondemented el-
derly persons and those with dementia
after, and even shortly before, symptom-
atic onset and diagnosis. However, de-
mentia is defined as “decline of memory
and other cognitive functions in compari-
son with the patient’s previous level of
function,”"? implying a change between 2
or more assessment points. Evaluation of
dynamic change over time, by account-

fect different cognitive functions at differ-
ent periods during its course,”"*!" as would
be expected from the pathological evolu-
tion of the disease.'®

See also page 859

Few previous studies'®?' empirically
evaluated patterns of cognitive decline in
presymptomatic AD. In a prospective com-
munity-based study,” we compared changes
over time on a spectrum of cognitive mea-
sures between 2 groups of nondemented
cohort members: cases who subse-
quently developed symptomatic AD and
controls who remained nondemented. Use
of alongitudinal case-control design, within
a cohort study of AD, minimized tempo-
ral and recall bias?® and enabled us to com-
pare cases and controls at a time when they
were all symptom free. Such data mightalso
have relevance for the evolving concept of
mild cognitive impairment.**
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SUBJECTS AND METHODS

STUDY DESIGN AND SUBJECTS

The sample was derived from a community-based, multi-
wave, prospective study—the Monongahela Valley Inde-
pendent Elders Survey (MoVIES)—in southwestern Penn-
sylvania.?? At study entry (baseline [wave 1]), the MoVIES
cohort included 1422 subjects representing a 1:13 age-
stratified sample randomly selected from voter registra-
tion lists. Entry criteria included age of at least 65 years,
not institutionalized at the time of recruitment, and fluent
in English, with a minimum sixth-grade education. The
MOoVIES cohort has been followed up prospectively in a se-
ries of data collection “waves” at approximately 2-year in-
tervals. The present analyses excluded prevalent demen-
tia cases (n=121), ie, those individuals with symptomatic
onset of dementia before study entry, and 6 demented in-
dividuals with uncertain onset, leaving a total of 1295 non-
demented subjects “at risk” for developing incident de-
mentia during follow-up. At the time of the present analyses,
153 of these 1295 at-risk subjects had developed incident
AD during 5 waves of follow-up. Forty-six subjects who
developed non-AD dementias were excluded from these
analyses. Informed consent for all study procedures was ob-
tained according to methods approved by the institu-
tional review board of the University of Pittsburgh, Pitts-
burgh, Pa.

COGNITIVE SCREENING

At each wave, every subject underwent in-home screen-
ing with the same battery of cognitive tests (see the “Out-
come and Predictors” subsection). Descriptions and popu-
lation norms for the MoVIES cognitive test battery, test
scores in demented and nondemented participants at base-
line, and the utility of these tests for screening have been
reported previously.'®*?® At each follow-up wave, based
on screening scores, 3 groups were selected for further clini-
cal evaluation: (1) those who were “cognitively im-
paired,” (2) those who had “cognitively declined” since pre-
vious waves, and (3) a subgroup of cognitively unimpaired
controls randomly selected at baseline.*” Briefly, the cross-
sectional operational criteria for cognitive impairment
were scores at or below the 10th percentile of the MoVIES
sample on the Mini-Mental State Examination (MMSE)
or on at least 1 memory test and 1 other cognitive test.

During follow-up, the longitudinal operational criterion
for cognitive decline was a decline in scores since an ear-
lier wave by an amount greater than or equal to the decline
experienced by 95% of the sample or a decline in scores to
levels below the impairment criteria described earlier.

IDENTIFICATION OF SUBJECTS WITH DEMENTIA

In-home clinical evaluations** were performed, blind to the
screening cognitive data according to the standardized pro-
tocols of the Alzheimer’s Disease Research Center at the
University of Pittsburgh and the Consortium to Establish
a Registry for Alzheimer’s Disease (CERAD),* which were
modified for field use. The MoVIES protocol included a stan-
dardized general medical history and a general physical ex-
amination; detailed neurological and mental status assess-
ments; psychiatric examinations; laboratory studies for
relevant hematologic, chemical, and serologic evalua-
tions; and neuroimaging when possible and appropriate.
Relevant medical records were obtained and abstracted. Fi-
nal diagnosis was made by consensus, using the Alzhei-
mer’s Disease Research Center protocol, among all evalu-
ating clinicians and using all available data. Because the study
began in 1987, the diagnosis of dementia was made ac-
cording to DSM-III-R criteria®® and according to the Clini-
cal Dementia Rating Scale,” for which CERAD provides a
scoring algorithm based on functional (rather than cogni-
tive) impairment. Diagnosis of probable and possible AD
was made according to National Institute of Neurological
and Communicative Disorders and Stroke—Alzheimer’s Dis-
ease and Related Disorders Association criteria.'> Once the
diagnosis of dementia was made, the date of symptomatic
onset was estimated retrospectively using all available evi-
dence as to the time of emergence of symptoms of cogni-
tive and functional decline."*

SELECTION OF CASES AND CONTROLS

Selection criteria for cases were (1) development of inci-
dent AD during the 10-year follow-up period, with a
mean+SD date of symptom onset within 1.5+ 1.0 years of
their most recent cognitive assessment date, ensuring that
cases were in the presymptomatic phase of AD at the time
of cognitive testing, and (2) completion of all cognitive tests
3.5 years (time 1 [T1]) and 1.5 years (time 2 [T2]) before
symptom onset, ensuring that the change in performance of
all individuals could be compared on all cognitive mea-
sures. Among the 153 incident cases of AD identified during

— T

DESCRIPTIVE CHARACTERISTICS
OF THE STUDY POPULATION

Compared with controls, cases were significantly older
and a significantly higher proportion of them had low
education levels (Table 1); there was no significant
sex difference. Scores on the MMSE declined signifi-
cantly more during the 2 years from T1 to T2 in cases
(from 26.68 to 25.94) than in controls (from 27.76 to
27.61).

MEAN COGNITIVE CHANGE AMONG AND
BETWEEN CASES AND CONTROLS

Among controls, there were no significant cognitive changes
between T1 and T2 on 10 of the 15 cognitive tests; mean
age-, sex-, and education-adjusted z score was approxi-
mately O, between -0.1 and +0.1 (P>.05, within-group
paired t tests). Significant improvement over time was seen
on the 5 remaining cognitive tests: Word List first and third
immediate learning trials, delayed recall, and delayed rec-
ognition of originals (P<<.01 for all) and Trail-Making Test
A (P<.05), with mean z scores between 0.1 and 0.22.
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the study, 120 (78%) completed all neuropsychological tests
at their T2 assessments; of these 120 cases, 68 (57%) also
had complete neuropsychological test data at their T1 as-
sessments. These 68 individuals comprised the case group.

Selection criteria for controls were (1) remaining non-
demented during the 10-year follow-up period, thus en-
suring that subjects with incipient dementia were not in-
advertently misclassified as controls, and (2) completing
all cognitive tests at waves 1 through 4, ensuring that case
and control performance could be compared on all tests.
Among the 1096 subjects who were not diagnosed as hav-
ing dementia during 10 years of follow-up, 483 completed
all neuropsychological tests at waves 1 through 4, thus com-
prising the control group.

OUTCOME AND PREDICTORS

The outcome variable in the analyses was symptomatic on-
set of AD in cases vs maintenance of nondemented status
in controls 1.5 years after the most recent cognitive screen-
ing (T2). Predictor variables were changes on 15 cogni-
tive test scores (see the next paragraph) between the 2 as-
sessment points preceding the outcome. This was further
operationalized in cases as changes in cognitive perfor-
mance between the assessment points 3.5 years (T1) and
1.5 years (T2) before symptomatic onset, and in controls
as changes in cognitive performance between wave 2 (T1)
and wave 3 (T2) (the midpoint of 10-year follow-up of the
overall study). For cases, T1 and T2 could have occurred
at any 2 consecutive waves (Figure 1).

Predictor variables were the following neuropsycho-
logical tests: the CERAD 10-item Word List (first and third
immediate learning trials, delayed recall, delayed recogni-
tion of originals, and delayed recognition of foils)?’; Story
Recall (immediate and delayed)*; Trail-Making Tests A and
B’!; Category Fluency®*; Initial Letter Fluency®; the Bos-
ton Naming Test (15-item CERAD version)**; CERAD
Praxis®; Clock Drawing?®; and the time/place orientation
subtest of the MMSE.? These tests were part of the MoV-
IES cognitive screening battery, developed to assess sev-
eral cognitive functions known to be affected in demen-
tia®® and incorporating the CERAD neuropsychological
panel.”’

STATISTICAL METHODS

Statistical software (SAS version 6.12) was used for data analy-
sis.’® All tests were 2-tailed, with statistical significance

set at a=.05. For descriptive statistics, differences between
groups were tested using x* tests for categorical data and
t tests for continuous variables. The scales of individuals’
scores on all cognitive tests were rendered uniform and
were adjusted for age, sex, and education as follows. Con-
trols’ raw scores at baseline (wave 1) were transformed
into normally distributed z scores using the formula
(raw score-mean)/SD on each test. By substituting T1
and T2 raw scores into the same formula, “observed”
z scores were calculated for cases and controls for each
test at T1 and T2. A multiple linear regression model
was fit for each test, with controls’ baseline z-trans-
formed scores as the dependent variable and age, sex,
and education as the independent variables, generating
coefficients (B values) for age, sex, and education for
each test. “Predicted” z scores were then calculated for
each subject on each test by entering the individual’s
age, sex, and education level, multiplied by the respec-
tive coefficients, into the model. Case and control test
scores at T1 and T2 were transformed into age-, sex-,
and education-“adjusted” z scores by subtracting pre-
dicted z scores from observed z scores.*>** Change in
cognitive scores was then measured by subtracting
adjusted T2 scores from adjusted T1 scores on each test
for each individual.

Despite efforts to retest subjects at 2-year intervals, the
actual mean+SD interval between T1 and T2 was 78391
days in cases and 822 + 123 days in controls. Change in test
scores was standardized to 2-year cognitive change using
the formula [(T1 score-T2 score)/(days between T1 and
T2)] X 730.

For inferential statistics, 2 strategies were used. First,
the direction and amount of change on each test between
T1 and T2 was tested for significance using paired ¢ tests
within case and control groups separately. On each cog-
nitive test, the mean change observed in cases was then com-
pared with the expected mean change, ie, that observed in
controls, using t tests between groups. Second, each indi-
vidual was categorized as “cognitively declined” or “cog-
nitively nondeclined” on each test. Cognitive decline was
uniformly defined across all tests as a cognitive decline
(z score) of at least 1 SD greater than the mean decline in
controls.” A rate ratio was then estimated as the case-
control ratio of the proportion who declined on each test,
representing the relative magnitude of cognitive decline on
each test. The contingency table method (x* test) was used
to test for significance of differences in proportions be-
tween cases and controls.

Among cases, performance on Trail-Making Test B
on average declined the most, with mean change in z score
being 0.88, followed by CERAD Praxis, Trail-Making Test
A, MMSE Orientation, Word List third learning trial
(P<<.01 for all), Word List delayed recall, Clock Draw-
ing, and Category Fluency (P<<.05 for all), with the mean
decline in z score being greater than 0.2.

Significant differences in mean T1-T2 decline be-
tween cases and controls were seen in Trail-Making Test
B and A, CERAD Praxis, Word List third learning trial,
Word List delayed recall, Word List delayed recogni-
tion of originals, Word List first learning trial, MMSE

Orientation, and Category Fluency (P<.05, t tests)
(Table 2).

COGNITIVE DECLINE IN CASES AND CONTROLS

The highest case-control rate ratios, greater than 3.0
(P<.01), were observed for cognitive decline in Trail-
Making Tests B and A and Word List delayed recogni-
tion of originals and third learning trial, followed by Word
List delayed recognition of foils and delayed recall, CERAD
Praxis, Clock Drawing, the Boston Naming Test, and Ori-
entation, with rate ratios of 1.7 to 3.0 (P<<.05). Declines
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on the remaining tests had the lowest rate ratios, ie, less
than 1.7 (P>.05) (Figure 2).

— T

Our prospective community study afforded several advan-
tages over clinical studies that typically examine patients
who are already symptomatic and have been diagnosed as
having AD. First, by following a nondemented cohort for
10 years, during which some but not all cohort members
developed AD at different times, we were able to focus on
adefined time window several years before onset of symp-
toms and thus examine all cases at the same stage of pre-
symptomatic disease. Second, our longitudinal assess-
ment of cognitive change over time enabled us to study the
cognitive decline pathognomonic of AD, minimizing the
potential confounders encountered in the study of one-
time cognitive performance. Third, we accounted for the
cognitive changes of normal aging as exemplified by non-

Presymptomatic Phase ) Symptomatic Phase )
“Nondemented” O “Demented”

Onset of
Symptoms
Still Nondemented i Dementia Diagnosis Made
Cases
(n=68) 35y -15y 0y o
Time 1 Tme2 A A .

_y Cases’ Changes in Scores

> Controls’ Changes in Scores

Controls
(n=483) Time 1 Time2 o
A A A A A -
Wave 1 Wave 2 Wave 3 Wave 4 Wave 5
<————— Nondemented >

Figure 1. Design and timeline of the prospective cohort study. Case-control
comparison superimposed on the course of Alizheimer disease in
presymptomatic cases and a comparable period in nondemented controls.
For explanations of time 1 and time 2, see “Selection of Cases and Controls”
subsection of the “Subjects and Methods” section.

demented controls. Fourth, we normalized test scores and
adjusted them for age, sex, and education, enabling direct
comparison of changes on different cognitive tests along
the same scale. Fifth, our cases and controls were identi-
fied during prospective follow-up of a randomly selected
community-based cohort, minimizing the selection bias as-
sociated with studying patients and controls in clinical re-
search settings.

In our sample, cognitive decline in presymptomatic
AD was notuniformacross cognitive domains. Memory func-
tions (Word List learning trial, delayed recall, and delayed
recognition) and executive functions (Trail-Making Tests
Aand B) declined the most prominently. Because memory
deficitis a cardinal diagnostic feature of AD, it was confir-
matory rather than surprising to find in our own study, as
in those of others,'*?' that early memory impairment was
associated with subsequent onset of AD. However, consen-
sus is lacking on the sequence of the cognitive deficits
that follow, precede, or coexist with memory impairment
during progression of the disease, particularly early in
its course. A few previous studies of patients already diag-
nosed as having early AD have found memory and frontal/
executive functions to be the most frequently impaired.”
In the MoVIES cohort described herein, we'! previously
reported that at a single assessment point 1.5 years before
onset, memory (delayed recall) and executive functions
(Trail-Making Tests) distinguished best between presymp-
tomatic cases and those who would remain nondemented.
We now report that decline on the same tests during the
2 preceding years (3.5 years to 1.5 years before onset) pre-
dicted the development of symptoms of AD. In the Framing-
ham cohort,* although cognitive decline was not exam-
ined, cross-sectional measures of memory (retention) and
abstract reasoning (similarities and differences) were the
strongest preclinical predictors of incident AD 5 and 10
years before onset. Taken together, these findings suggest
that executive dysfunction is among the earliest manifes-
tations of AD, consistent with the hypothesis of Lafleche
and Albert® that “the partial degeneration of an intracor-
tical projection system early in the course of disease could
produce difficulties in tasks that require the rapid and si-
multaneous integration of multiple types of information.”

Table 1. Characteristics of Cases and Controls: Demographics and Change in MMSE Score*
Test for Differencet
Controls Cases I |
Variables (n = 483) (n = 68) xZort P
Women, No. (%) 302 (62.5) 39 (57.4) 0.68 (x2) 41
Less than a high school education, No. (%) 154 (31.9) 32 (47.1) 6.14 (x%) .01
Age at time 1, No. (%)
65-74y 340 (70.4) 25 (36.8) 37.93 (x%) <.001
75-84y 140 (29.0) 39 (57.4)
=85y 3(0.6) 4(5.9)
Age, mean (SD), y 72.6 (4.4) 76.6 (5.3) 5.86 (t) <.001
MMSE mean (SD) score change from time 1 to time 2f -0.14 (1.61) -0.76 (2.37) 2.09 (ts) .04
(P=.52)§ (P=.02)§

*MMSE indicates Mini-Mental State Examination. For explanations of time 1 and time 2, see “Selection of Cases and Controls” subsection of the “Subjects and

Methods” section.
‘tBetween-group comparisons based on t or x? tests as appropriate.

FNegative change scores indicate declines during 2 years, from 3.5 to 1.5 years before outcome (ie, development of clinical onset of Alzheimer disease

vs maintenance of nondemented status).
§Within-group tests of significance of longitudinal change based on paired t tests.
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Table 2. Two-Year Mean Cognitive Changes in Cases and Controls From 3.5 Years (T1) to 1.5 Years (T2) Before Outcome*

Mean + SD Change in z Scores (Raw Scores at T1 and T2) Case-Control Differencet
Cognitive Measures Controls (n = 483) Cases (n = 68) I tt P I
Trail-Making Test B 0.07 +0.83 (120.9 and 130.5) 0.88 +1.17 (157.1 and 206.9) 5.50 (t7) <.001
CERAD Praxis -0.09 + 1.05 (9.69 and 9.56) —0.79 +1.48 (9.78 and 8.87) 3.77 (t7) <.001
Trail-Making Test A 0.10 +0.98 (44.76 and 48.02) 0.73 +1.34 (51.68 and 64.25) 3.73 (t7) <.001
MMSE time/place orientation 0.08 +1.38 (9.70 and 9.74) —-0.50 +2.08 (9.69 and 9.46) 2.23 (tss) .03
Word List (third immediate learning trial) 0.21 +0.95 (8.28 and 8.42) -0.36 + 1.05 (7.47 and 6.84) 4.57 (ts40) <.001
Word List (delayed recognition of originals) 0.13 +0.86 (9.71 and 9.77) -0.35 +1.76 (9.31 and 9.01) 2.23 (t) .03
Word List (delayed recall) 0.20 +0.79 (6.97 and 7.15) -0.21 +0.89 (5.56 and 4.91) 3.93 (ts0) <.001
Clock Drawing -0.08 +1.31 (7.36 and 7.24) —0.46 +1.84 (7.07 and 6.72) 1.62 (t) A1
Word List (first immediate learning trial) 0.22 +1.08 (5.05 and 5.27) -0.05+0.94 (4.15 and 3.97) 2.04 (ts40) .04
Category Auency 0.00 +0.74 (28.15 and 27.70) -0.21 +0.69 (23.41 and 21.79) 2.18 (tsu) .03
Boston Naming Test 0.04 +0.86 (14.37 and 14.36) -0.15 +1.17 (13.93 and 13.75) 1.28 (t;) .20
Story Recall (delayed) 0.02 +0.68 (6.41 and 6.40) -0.15 +0.96 (4.26 and 3.81) 1.38 (t) A7
Story Recall (immediate) 0.02+0.72 (6.91 and 6.97) -0.11+0.84 (5.18 and 4.88) 1.37 (tssg) A7
Initial Letter fluency 0.05 +0.65 (23.45 and 23.46) —0.07 +0.67 (19.94 and 19.04) 1.38 (tsss) A7
Word List (delayed recognition of foils) -0.07 £2.08 (9.94 and 9.93) 0.09 +4.52 (9.78 and 9.79) 0.29 (t4) 77

*Change in zscore was age adjusted for sex and education and normalized to zscore. Negative change scores indicate decline and positive change scores
indicate improvement, except on Trail-Making Tests A and B. T1 indicates time 1; T2, time 2. For explanations of T1 and T2, see “Selection of Cases and Controls”

subsection of the “Subjects and Methods” section.

TBetween-group comparisons. Within-group comparisons are reported in the text.

1Different tests have t values with difference degrees of freedom (df); pooled df = 549 when the 2 groups had equal variances, or unpooled df =71, 75, or 77

depending on the actual variances in each group on a given test.
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Figure 2. Patterns of cognitive decline in presymptomatic Alzheimer disease. Rate ratio of proportions of the cognitively declined among cases and controls
(N=551). CERAD indicates Consortium to Establish a Registry for Aizheimer’s Disease; asterisk, P<.01 (x? test); dagger, P<.05 (x? test). Error bars represent SE

Early executive dysfunction might not be specific to
AD, but there were too few cases of non-AD dementias (such
as frontotemporal dementia)* in our community sample
to allow us to study them. Furthermore, conditions
affecting visuomotor speed and attention might affect
performance on the Trail-Making Test. In post hoc
analyses to control for possible variation from this
source, a hybrid measure, the difference between Trail-
Making Tests B and A, had a rate ratio of 3.34, only
slightly lower than the rate ratio of 3.72 on Trail-Making

Test B alone. Thus, our findings are most likely ex-
plained by the additional cognitive complexity and
working memory “load” of Trail-Making Test B rather
than the speed or visual components common to both
parts A and B.

We observed small but significant presymptomatic
declines in a few tasks sensitive to other cognitive changes
in AD. Category Fluency is more sensitive to AD than
Initial Letter Fluency, presumably because it is more af-
fected by deterioration in the structure of semantic knowl-
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edge in AD.** Average performance in the CERAD Praxis
test, a largely constructional task, declined 0.7 SD in 2
years, whereas Clock Drawing, involving construction
and planning, declined 0.4 SD in 2 years. The case-
control difference in orientation decline might be re-
lated to memory and might foreshadow the more marked
disorientation characteristic of clinically evident AD.

Despite their advantages, some of our study’s design
features might have introduced other sources of bias. Our
requirement that subjects have complete cognitive test data
at multiple points might have led to our selecting a rela-
tively “successfully aging” cohort, although cases’ and con-
trols’ mean T1 MMSE scores of 26.7 and 27.8, respec-
tively, do not suggest a substantial healthy survivor bias.!!
Because the same test battery was used at each wave, we
cannot discount the possibility of practice effects, as dem-
onstrated by slightly improved cognitive performance in
controls on some measures. Because a true age-related im-
provement in cognitive function is not expected, our re-
sults might in fact underestimate any normal age-related
cognitive decline, ie, practice effects might counteract age
effects in nondemented elderly persons.*

Our findings highlight the importance of executive
dysfunction early in the disease process and might fa-
cilitate detection and monitoring of early AD. They might
also help explain the temporal evolution of cognitive de-
cline in preclinical AD and prompt further study on the
underlying mechanisms.
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