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No Association Between Apolipoprotein E g4 Allele
and Rate of Decline in Alzheimer’s Disease

Greer M. Murphy, Jr., M.D., Ph.D., Joy Taylor, Ph.D., Helena C. Kraemer, Ph.D.,
Jerome Yesavage, M.D., and Jared R. Tinklenberg, M.D.

Qbjective: The relationship between number of apolipoprotein E e4 (APOE e4) alleles and
the rate of cognitive decline in patients with Alzheimer's disease was examined. Method: Rate
of decline in score on the Mini-Mental State was measured during the active phase of the decline
curve between Mini-Mental State scores of 23 and 0. To characterize onset, the authors also
estimated for each subject the age at which the Mini-Mental State score fell below 23 and
obtained a retrospective report of age at onset from the caregiver. The number of APOE e4
alleles carried by each subject was determined from genomic DNA samples. The study included
86 subjects with probable Alzheimer’s disease who had had at least two cognitive evaluations
(a mean of 5.6 evaluations per subject over an average period of 3.6 years). Results: The results
did not support an association between APOE g4 dosage and rate of cognitive decline. Age at
onset and age at which the Mini-Mental State score fell below 23 were also not related to
APOE ¢4 dosage. The APOE allele frequencies were similar to those in other studies of subjects
with Alzbeimer's disease, showing an enrichment of the &4 allele. Conclusions; Although the
APOE &4 allele is a risk factor for Alzheimer’s disease, there is no support of a strong asso-
ciation between APOE g4 dosage and rate of cognitive decline. The €4 allele did not predict
age at onset. Methodological inconsistencies may account for discrepancies between these

results and previous findings.
(Am ] Psychiatry 1997; 154:603-608)

izheimer's disease is characterized by heteroge-
neity in clinical presentation and disease pro-
gression. A variety of subtypes have been proposed on
the basis of age at onset, degree of familiality, and che
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presence or absence of clinical feacures such as lan-
guage disorder and parkinsonism (1-3). Yet the bio-
logical basis for clinical heterogeneity in Alzhei-
mer’s disease is unclear. One hypothesis is that genetic
factors may concribute to clinical differences among
subjects with Alzheimer’s disease. Many studies have
demonstrated chat the apolipoprotein E e4 (APOE &4)
allele is a genetic risk factor for both familial and spo-
radic Alzheimer’s disease (4). It is estimated that up o
65% of the patients with Alzheimer’s disease carry an
e4 allele, compared to only 24% to 31% of control
subjects (5). However, few studies have addressed che
effect of APOE £4 on hererogeneirty in the clinical phe-
notype in Alzheimer’s disease.

An important dimension of clinical variation among
subjects with Alzheimer’s disease is the cace of decline (6).
Rate of decline is the rate at which a patient’s cognitive
function decreases over time once che disease becomes
manifest. Although pacients and families often requesc int-
tocmation regarding the rate ac which decline will occur,
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at present evidence supparts great heterogeneity among
patients with Alzheimer's disease and no adequate bio-
logical marker that can predict rate of decline.

[n the present study we assessed whether the APOE
€4 allele is related to rate of change in cognition in Alz-
heimer's disease. Because the g4 allele has been repocted
to result in an earlier age at onset of Alzheimer’s disease
(4), we hypothesized that it might also predispose to
rapidity of decline. Unlike measures used in some stud-
ies of APOE and clinical progression of Alzheimer’s dis-
ease {7, 8), our clinical measure was actual rate of
change in cognitive status, not length of survival after
disease onset. While survival after disease onset may be
related to rate of cognitive decline, there is not a strong
relationship, as patients live for variable amounts of
time after reaching the end stage of the disease, after
which no further measurable cognitive decline occurs.

METHOD

Subjects

A total of 33 women and 53 men with a clinical diagnosis of prob-
able Alzheimer’s disease were included in the srudy. All were part of
a longirudinal study of Alzheimer's disease conducred at the Stan-
ford/Veterans Affairs NIMH Clinical Research Center for che Study
of Senile Dementia. The criteria foc entry into the center were a clini-
cal diagnosis of probable Alzheimer's disease according to the criteria
of the National Institute of Neurological and Communicacive Disor-
ders and Stroke and the Alzheimer’s Disease and Related Disorders
Association (9) and an absence of active major medical problems. To
determine the diagnosis of probable Alzheimer's disease, all subjects
had a complete medical, psychiatric, neurologic, neuroimaging, and
neuropsychological assessment. On the basis of these evaluations a

consensus diagnosis was reached by an intecdisciplinary team that .

included one to three physicians.

The subjects or their caregivers had given written informed consent
for clinical and biological studies of dementia. Al subjects had been
followed for at least 1 vear in our center, and all had Mini-Mental Stare
(10) scores of 15 or higher at enery into the center cohort. At the tme
of daca analysis, 56 subjects were living and 30 were deceased. Of the
deceased subjects, 28 of the 30 had been autopsied. Complete autopsy
data, including full gross and microscopic neuropathologic findings,
were available for 24 subjects. Preliminary neuropathologic reports
were available for three additional subjects, and the cemaining neuro-
pathologic evaluadon was in progress at the time of the data analysis.
Of the 27 subjects with neuroparthologic evaluations, 14 (52%) had a
diagnosis of definite Alzheimer’s discase, seven {26%) had a diagnosis
of definite Alzheimer’s disease with cortical Lewy bodies (one diagnosis
was peeliminary), two {79} had a diagnosis of definite Alzheimer’s dis-
case with coexisting vascular changes, two (7% had a diagnosis of deti-
nite Alzheimer’s disease with coexisting Parkinson’s disease, and two
iT% had 3 preliminary neuropathologic diagnosis of Lewy body de-
mencia. Thus. on the basis of neuropathologic diagnosis, the predictive
value ($a positive clinical diagnosis of probable Alzheimer's disease was
939 foc detinite Alzheimer’s disease alone or in combinacion.

Inclusion in our study group of subjects with coexisting Alzheimer’s
disease and Packinsan's disease neuropachology is justifiable since Gear-
ing etal. (1 1} recently showed thacthe g4 allele is overrepeesented in this
population, as it is n persons with pure Alzheimer’s disease. Likewise,
the Stequency of the 24 allele is higher chan sverage in subjects with che
Lewy body variant of Alzheimer’s disease and in pure Lewy body dis-
ease 112~14). Hence. ic :s reasonable o hvpothesize that APOE zé af-
Sects the rate of Jdecline n these Jisease states just as ic does in puse
Alzhermer's disease. We Jid nor require neuropathologic evaluation as
part of the ‘nclusion/exclusion Jriteria since the population of incerest
hete ace living pattencs wich probabie Alzheimee’s disease.
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Clirucal Datu

The Mini-Meneal Stare was used to assess cognitive function, To
determine rate of cognitive decline, we estimated slopes by using 3
lineur regeession of Minw-Mencal Scace scores on age for cach indi.
vidual subject {15). Slopes were expressed as Mini-Mental Scare
points per year. We restricted each patient’s set of scores by ana-
Iyzing only che portiun of the data in which che Mini-Mental State
declined from 23 to the tirst instance of a O score. In chis way, the
scores likely to be subject to ceiling or floor effects were excluded
from the computation of the slape. In the present study group, 21
of the 86 patients scored 24 or above early in che course of theic
follow-ups, and these high scores were excluded from the slope
fiing. Also, 21 of the 86 partients had one or more 0 scores after
the initial 0, which were excluded. The subjects’ follow-ups aftec
exclusion of the high and low scores averaged 3.6 years in length
{SD=1.7, range=1.0~7.9) and contained an average of 5.6 Mini-
Mencal State scores (SD=2.3, range=2-11). Nine of the 86 subjects
had only two Mini-Mental Stare scores in the range used 1o calcu-
late the slope of decline; all of the others had at least three.

Two indicators of age at onset were used in this study. One was the
caregiver’s repoct of the age when symptoms of dementia first became
noticeable, The mean such age for the entire study group was 65.3 years
(SDa7.4). Forty-four of the 86 subjects were classified as having carty
onsets {before or at 63 years of age; mean=53.3 years, SD=4.1), and 42
were classified as having late onsets {after age 65; mean=71.6 years,
$D=4.2). The other measure was an estimate of the age at which the
Mini-Mental Scate score fell below 23, which was caleulated by using
the y-intercept and slope parameters obtained from the linear regres-
sion. The mean value for this measure was 68.8 years (SD<=7.0). The
correlation between the two indicators was r=0.84.

" Familiality was determined by using information obtained from
caregivers of relatives at the time of initial evaluation. All informa-
tion was reviewed, and if the dara were incomplete or conflicting,
family members were recontacted to clarify the history. By means
of this method, 28 subjects were classified as having a family his-
tory of dementis, and 58 subjects were classified as having no iden-

tifiable family history.

Apolipoprotein E Genotyping

Genomic DNA was obtained from frozen EDTA<containing whole
blood or buceal mucosa cell samples from subjects living at the time
of sampling (N=69), and from deceased subjects samples were ob-
tained from frozen or paraffin-embedded brain tissue or archived fro-
zen blood clots from serum separator cubes (N=17). DNA was ex-
tracted from whole blood samples or from blood clots by using the
method of Lahiri and Nurnberger (16). Buccal mucosa samples were
obtained by using a cyrology brush, and DNA was extracted by fol-
lowing the protocol of Richards et al. (17). DNA was extracted from
frozen brain samples by using the TurboGen kit (Invitrogen. San Di-
ego, Calif.) according to the manufacturer’s instructions. DNA ex-
traction from 5- and S-um paratfin-embedded brain sections that had
been fixed in eicher methacarn of formalin was performed according
to the protocol of Greer er al. (13). .

APOE genotyping was performed according co the prosocol of
Hixson and Vernier 1 194, A negative conerol ino DNA templace; was
included with every batch of poiymerase chain reactions. Restcicrion
digestion products were visualized on ethidium bromide-srained gels.
Genatvpes were determined by two observers blind as o che clinical
or neuropathologic diagnosis. To test for contamination of reagents
with products of the polvmerase chain reactions, we routinely per-
formed 33 cycles with complere polymerase chain reaction reagents.
but no template DNA, or polymerase chain reactions using blaak
samples of DNA extraction ceagents a5 2 templace.

Statistical Analysis
One-wav analyses of var:ance were peciormed with clinical vari-

abies :age at onsee, age when \ling-Mental Seace score tell below 23,
and rate of cognitive Jecline: 35 Jependent vanables and numbec ot
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g4 alleles (zero, one, ue twa) as the

classification facror. To Jeteamine Alzheimer's Disease
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TABLE 1. Relation Between Number of APOE ¢4 Alleles and Clinical Measures for Subjects With

Jitferences in clinical variables be-
oween the groups wich famitial and
nonfamilial disease sad between

Age at Which

Rate of Decline Age at Onser Mini-Mental

the geaups with early and lace on- (Mini-Mental Reported by State Score Fell
sets, two-tailed ¢ tests were used. Number of State points/yeac)® Caregivec (vears) Below 23 (yearsy
€4 Alleles N Mean sD Mean SD Mean SD

0 36 -3.9 2.6 65.3 8.4 67.9 7.9

RESULTS 1 32 —40. 25 65.9 7.1 70.1 6.4
L 2 18 -4.5 20 64.3 6.2 68.1 6.3

There were no significant Total group 86 —4.1 2.4 65.3 7.5 68.8 7.0

differences among the groups
with zero, one, and rwo APOE
¢4 alleles in mean rate of cog-
nitive decline (F=0.34, df=2, 83, p>0.05). Excluding sub-
jects with an early onser and a family history (N=16) did
not alter the results (F=0.29, df=2, 67, p>0.05). Likewise,
there were no significant differences among APOE dosage
groups in mean reported age at onset (F=0.29, df=2, 83,
p>0.05) or mean age when Mini-Mental Stace score fell
below 23 (F=0.93, df=2, 83, p>0.05). Means and stand-
ard deviations of the clinical measures for the three groups
are presented in table 1.

The largest contrast for rate of decline was between
the combined groups with zero and one &4 alleles and
the group with two g4 alleles. This yiclded a small effect
size of 0.23 (two-tailed 95% confidence interval, -0.29
to 0.74). For the age at which Mini-Mental State score
fell below 23, the largest contrast was between the
group with zero &4 alfels and the combined groups
with one and two alleles; the effect size was 0.21 (con-
fidence interval, —0.22 to 0.63). For age at onset as re-
ported by the caregiver, the largest contrast was again
berween the combined groups with zero and one g4 al-
leles and the group with two alleles (effect size, 0.17;
confidence interval, =0.35 to 0.69). For these effect
sizes, to achieve even 70% power to detect a significant
diffecence with a 5% two-tailed test would require
more than 300 subjects per group.

We found no significant differences in the clinical meas-
ures berween subjects with and without a family history
of dementia or between subjects with early and late onsets.
The mean slope of cognitive decline (in Mini-Mental State
points per year) for the early-onset subjects was —4.2
1SD=2.0), whereas the mean slope for the late-onset sub-
jects was —3.9 (SD=2.7). This difference did not reach
statistical significance (t=0.53, df=84, p>0.05). For the
subjects without a farnily history of dementia, the mean

3Determined by linear regression for each subject (see rext).

slope of cognitive decline was 3.9 (SD=2.4), whereas for
the subjects with a family history the mean slope was 4.3
{SD=2.5). This difference did not reach statistical signifi-
cance (t=0.68, df=84, p>0.03).

APOE allele frequencies are given in table 2. The fre-
quencies for the total study group are similar to those
found in other studies of subjects with Alzheimer’s dis-
ease, demonstrating that the frequency of the €4 allele
among persons with Alzheimer’s disease is higher than
population frequencies (20, 21). Table 2 also shows al-
lele frequencies for the subjects subdivided by family
history and age at onset. There were no significant dif-
ferences in allele frequencies between subjects with and
without a family history of dementia (}2=0.01, df=2,
p>0.05) or between the subjects with early and late on-
sets (x2=1.01, df=2, p>0.05).

DISCUSSION

Our results do not support the hypothesis that there
is an association between the APOE &4 allele and rate
of decline or age at onset among patients with probable
Alzheimer’s disease. The results of some studies are at
variance with these (22, 23), whereas some previous
findings are concordant (24, 25). Clearly, one cannot
prove the null hypothesis with a statistically nonsignifi-
cant result. If, in fact, there was truly no association
between rate of decline and £4 dosage, 5% of well-done
studies would show statistically significant associa-
tions. However, given publication bias related to statis-
tical significance, the results of those 5% would be
more likely to be published, creating a false impression
of a positive association. Thus, it is important to exam-

-
TABLE 2. Relation of Frequency of Apolipoprotein E Alleles to Family History and Age at Onset for Subjects With Alzheimer's Disease

Age ac Onser (vears)

Family History
Total - N=36: Positive (N=18) Negative iN238) €63 iN=44 >63 (N=+42)
Numoer of Number of Number of Number of Number of
Chroamo- Cheomo- Chromo- Chromo- Checomo-
Ailele  Frequency somes Frequency somes Frequency somes Frequency somes Frequency somes
gl Q0335 4 0.036 2 0.033 4 0.034 3 0.036 _3
e3 0370 94 0.057 32 0.569 66 1.554 4~ 0.607 5 1
ed 1).393 653 1,393 22 0.397 36 0,432 38 0.357 39
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ine results more carefully than merely noting whether
they are seatistically significant and to examine eftect
sizes and their confidence intervals.

Variation among the conclusioas of studies acises in
a number of ways. There may be sampling ditferences.
For example, Frisoni et al. (22) examined only 28 late-
onset cases, whereas in the present study the full range
of Alzheimer’s disease cases was examined and thece
were more than three times as many subjects. There
may also be measurement problems. Retrospective re-
port of age at onset, for example, may be quite unreli-
able and may reflect confounding factors, such as
whether the caregiver lives with the patient, the rela-
tionship between them, and the sensitivity of the care-
giver to early signs and symptoms. The last is of par-
ticular importance, for sensitivity to early signs and
symptoms may itself be related to previous experience
with Alzheimer’s disease in the family. In the present
study, retrospective report of age at onset was used but
was checked against a data-based measure of onset.

Ceiling and floor effects are a problem (26~29). In 4

this study, we chose to exclude the upper, relatively flac
portion of the decline curve and the flat end-stage por-
tion. We selected an upper limit of a Mini-Mental State
score of 23 because this value is frequently used as a
clinical threshold for evidence of dementia (10), and
evidence supports the most rapid decline for patient co-
horts in which the initial Mini-Mental State scores av-
erage between 10 and 16 (27, 28, 30, 31). If such ceiling
and floor effects are ignored, as they frequently are, the
observed rates of decline may underestimate the true
rate of decline, and the observed variance may overes-
timate the true variance. This may be, for example, why
the rates of decline in this study were greater than those
reported for a similar population by Dal Forno et al.
(23), who used similar methods. Moreover, when the
intercepts differ widely, any correlation between inter-
cept and slope may result in spurious findings on slopes.
Matching subjects at the intercept (Mini-Mental State
score of 23 at time 0) addresses that problem.

The present study was designed to deal with these
methodological problems as well as is possible in a
clinical serting, by using powerful analytic methods
{32). Yet the overall result was that no statistically sig-
nificant differences were found among subjects with
differing numbers of £4 alleles, and the sizes of the ef-
fects were at best small to moderate. Such small effects
are unlikely to be of clinical significance, even if a
larger study group could document them as statisti-
cally significant (33). Moreover, when we assessed pre-
vious studies, taking into account how each dealt with
the methodological issues we have described, it ap-
peared that the consensus of studies supports this over-
all assessmenc.

A lack of association berween APOE genorype and
rate of cognitive decline suggests that whereas the
APOE &4 allele increases the risk for developing Alzhei-
mer’s disease. it does nor alter the rate ac which clinical
decline occurs. At first this seems surprising, since
APOE e4 dosage in Alzheimer's disease is correlared
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with the aumber of neuritic plaques (23, 34, 33). Yec
the number of plaques may not be correlated with the
degree of cognitive impaiement (36, 37). Therefore, the
lack of association berween APOE genotype and rate of
decline is not necessarily at odds with previously re-
ported associations between APOE genotype and
neuropathologic dara.

Ic is possible that some of our subjects with early-on-
set familial disease could carry presenilin 1 mutations
(38). Because APOE €4 has not been demonstrated to
affect phenotype in presenilin-linked cases (39, 40), we
performed a separate analysis of the effect of ¢4 dosage
on rate of decline after excluding the early-onset famil-
ial cases. However, the results of this analysis were the
same as for the full scudy group.

Certain clinical features of Alzheimer’s disease, such
as extrapyramidal signs and psychiatric symptoms,
have been shown to be associated with rate of cognitive
decline (41, 42). These clinical features may be the re-
sult of the same underlying biological process that de-
termines rate of overall cognitive decline, or the pres-
ence of emerging neuropsychiatric symptoms may
actually be causarive in the decrease in cognitive func-
tion. Patients with chronic concurrent medical condi-
tions may also decline rapidly (43). Factors such as
quality of daily care, nutrition, stability of living situ-
ation, coping skills of caregivers, and nursing home
placement may also influence the rate of cognitive
change in demented patients.

We found no association between APOE genotype
and age at onset in Alzheimer’s disease when using on-
set data obtained from caregivers and other ancillary
sources. This finding is in agreement with the results of
several other studies that included cases of sporadic
Alzheimer’s disease (7, 44—46). Further, a novel indica-
tor for an important early milestone in the disease, the
age at which the Mini-Mental State score declines past
23, also showed no relationship to €4 dosage in the
present study.

There has been debate recently over the role of APOE
genotyping in diagnosis or prognosis in Alzheimer’s dis-
ease (47, 48). Our results suggest that the APOE geno-
type is not useful in providing information on the rate
at which a patient will decline once the disease is diag-
nosed. Additional studies will be required to clarify
which dimensions of clinical variation in Alzheimer’s
disease, if any, are related to the APOE &4 allele.
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