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Abstract
Objectives—To assess the role of cer-
ebrovascular disease, sex, education, oc-
cupation, year of birth, leukoaraiosis,
congophilic angiopathy, family history,
and other demographic factors on the
reported age of onset and rate of progres-
sion of Alzheimer’s disease.
Methods—Analysis of data from the Uni-
versity of Western Ontario Dementia
Study, a prospective longitudinal study of
dementia patients with clinical and 6
monthly psychometric follow up to post-
mortem based in a university memory
disorders clinic with secondary and terti-
ary referrals. There were 172 patients with
dementia. The main outcome measures
were the reported age of onset of cognitive
decline as described by the family (avail-
able in 168) and rate of progression as
measured during the linear phase of the
extended scale for dementia, which could
be calculated in 66. The cases subdivided
into 49 cases of definite Alzheimer’s
disease without infarcts, 25 cases of other-
wise definite Alzheimer’s disease with inf-
arcts, 79 cases of probable Alzheimer’s
disease without infarcts, and 19 such cases
with infarcts.
Results—The age of onset was not influ-
enced by the rate of progression, the pres-
ence of cerebral infarcts, or congophilic
angiopathy. Educational level, occupa-
tional level, sex, family history, year of
birth, reported age of onset, severity at
entry, an ischaemic score, and the pres-
ence of leukoariosis, aVected neither age
of onset nor the rate of progression. An
earlier year of birth had amajor eVect and
higher education had a minor eVect on
earlier age of onset. The earlier the year of
birth, the lower the educational level and
the greater the accrual of cerebral inf-
arcts.
Conclusions—Contrary to series without
pathological verification, age of onset in
this study was not aVected by occupation.
Education had a modest eVect on earlier
reported onset, probably reflecting earlier
recognition. As birth year has a strong
eVect on educational level and the occur-
rence of cerebral infarcts, this must be
taken into account when analysing for risk
factors for Alzheimer’s disease.
(J Neurol Neurosurg Psychiatry 1998;65:184–190)
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Alzheimer’s disease is the single commonest
cause of dementia in the Occident aVecting as
many as 43% of 85 year old people.1 2 One of
the most prominent debates recently has been
the eVect of education and occupation on the
reported age of onset of Alzheimer’s disease.
Lower attainment is often associated with an
increased risk of Alzheimer’s disease3–10 al-
though this was not confirmed in
Framingham,11 Cambridge,12 Appignano,13 or
Rochester.14 Many of these data come from
epidemiological or population based studies.4–10

These use various cognitive assessments, some
of which are very brief, and often base the
diagnosis of dementia on rating scales without
the involvement of a physician. The diYculties
of using these reliably, because of the artefac-
tual eVect of education on cognitive rating
scales, have been the subject of an extensive
literature.12 15–20 These studies are often without
neuroimaging4 8–10 or follow up.4–6 8–10 Follow up
is crucial to diagnostic accuracy in early Alzhe-
imer’s disease.21 Importantly, the Framingham
study11 questioned the statistical methodology
employed in many of these studies. It used lon-
gitudinal follow up, age adjustment, and
classification of dementia by type and found
that low educational level was not a risk factor;
additionally, a cohort eVect for educational
attainment with year of birth was found. Age
adjustment would therefore seem essential.11 13

In addition, clinic based studies have found
that increased education hastens the onset of
Alzheimer’s disease.22–24 Whereas the overall
accumulated data make a case for a protective
eVect for education, leading to the “brain
reserve” hypothesis,3 there are serious ques-
tions regarding the diagnoses and conclusions
in these studies and appropriately analysed
data based on pathologically established cases
are needed.
A further very recent development has been

the increasing recognition of mixed dementia
and the suggestion of an intrinsic vascular25 26

or inflammatory component to Alzheimer’s
disease10 25 26 based on the finding that non-
steroidal drugs may be protective against the
disease.27–29 This could be due to more
common arteriosclerosis in Alzheimer’s disease
which may be tied into the common finding of
leukoaraiosis,25 a phenomenon not yet ex-
plained. Amyloid angiopathy, commonly seen
in Alzheimer’s disease, is not directly linked
with this process.25 26 To date there has been no
estimate of the eVect of these on the reported
age of onset and rate of progression of
Alzheimer’s disease and hence no clear insight
into their importance.
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The identification of factors aVecting the
reported age of onset and rate of progression of
Alzheimer’s disease has three other important
implications. Firstly, for those factors that are
modifiable, adverse factors might usefully be
the subjects of clinical trials. Secondly, for
those factors that are not modifiable, their
inclusion as covariates in the analysis of clinical
trials may increase the precision of the statisti-
cal tests and enhance the chances of detecting
a treatment eVect. Finally, the identification of
unsuspected factors could lead to new hypoth-
eses regarding the aetiology and pathogenesis
of Alzheimer’s disease.
The University of Western Ontario Demen-

tia Study (UWODS) established that the rate
of progression of moderate Alzheimer’s disease
is linear over the middle phase of decline in a
postmortem established series30 when meas-
ured by the extended scale for dementia
(ESD),31–33 a neuropsychological battery de-
rived from the Mattis scale. This provides a
valuable tool for assessing the eVect of various
factors on the rate of progression. We used
these data to assess the eVects of educational,
occupational, and ischaemic aspects of Alzhe-
imer’s disease on its rate of progression and
reported age of onset.

Methods
Data came from the UWODS. This is a
prospective longitudinal study of Alzheimer’s
disease begun in 1977. It has both prolonged
neuropsychological follow up of cases, with 6
monthly examination using the ESD, and
extensive pathological confirmation. VH joined
the study in 1982 and has personally seen and
diagnosed all the cases in this report. The
nature of the data collected for the study has
evolved over the past 20 years and the cases
reported here are those for which either the age
at onset was recorded or the rate of progression
could be calculated. There were 172 such
cases. The age at onset was known in 166 and
66 had suYcient ESD follow up to calculate
the rate of progression.
One hundred and five of these cases have

died and postmortem information is available
in 74 (70%).We based the data analysis on this
study on both definite and probable cases of
Alzheimer’s disease. For the purposes of this
report, we gathered the accumulated clinical,
radiological, and pathological data and re-
viewed the diagnoses to correspond with the
following criteria.
Definite Alzheimer’s disease was diagnosed

if the histopathology matched CERAD criteria
for Alzheimer’s disease,34 35 with no evidence of
any other cause for the dementia, with the
exception of infarcts. We reviewed all our
histopathological data over the past two years
to conform to the CERAD criteria. Micro-
scopic cortical infarcts seen in association with
amyloid angiopathy were not categorised as
infarcts for the purposes of this analysis.
The clinical diagnosis of probable Alzheim-

er’s disease always corresponded to standard
criteria36 37 even though these formal criteria
were published after the entry of some of these
cases into the study. Brain CT or MRI was

done in all cases along with basic haematology,
biochemistry, syphilis serology, thyroid func-
tion, and serum B-12 and folate concentra-
tions. Data from patients with active depres-
sion according to the hospital anxiety and
depression scale38 or other causes of cognitive
impairment were not used. Leukoaraiosis39 on
CT or MRI, which is common in Alzheimer’s
disease25 40–42 did not exclude a diagnosis of the
disease. We have shown that the positive
predictive value of the initial clinical diagnoses
of Alzheimer’s disease is as low as 38% for pure
Alzheimer’s disease.21 To minimise the eVect of
this, we used prolonged follow up data taking
progressive deterioration on the ESD as a sur-
rogate marker for progressive dementia.21 30

Because the purpose of this study included
the assessment of the eVects of infarcts and
leukoaraiosis on the rate of progression and
reported age of onset of Alzheimer’s disease, we
admitted cases with infarcts found at postmor-
tem or on neuroradiology among those re-
ported here.
Information on education and occupation

was collected from either the patient or the
patient’s carer. Education was rated on a four
point scale (1=no formal education (seven
cases); 2=failed to graduate from high school
(70 cases); 3=graduated high school (49
cases); 4=university or college education (28
cases)). Data were missing in 18 cases.
Occupation was scored on a three point scale
with 1 being the highest. Homemakers were
recorded as such in this database and not
according to their partner’s occupation. Be-
cause of the diYculty in ranking homemaker as
an occupation, it was excluded from analysis
resulting in missing data in 46 cases. A family
history was defined as a history compatible
with Alzheimer’s disease in either, or both, of
the subject’s parents. Infarcts and leukoaraiosis
were dichotomised as present or absent on
both the radiological and pathological studies.
Congophilic angiopathy was dichotomised as
present or absent on the pathological material.
Reported age of onset was established from the
relatives during the clinical history. We used
this, rather than age of first presentation, as
reported age of onset was the primary variable
of interest but it was closely correlated with age
at presentation (analysis of variance (ANOVA)
correlation coeYcient 0.95, F ratio 1,474,
p<0.0001, R2=90%) and reanalysis using age
at presentation did not produce materially dif-
ferent results. Rate of progression was calcu-
lated using the linear phase of the ESD—that
is, using only those scores between 50 and 200.
For subjects to have valid scores for rate of
progression, at least three qualifying ESD
observations were required and these had to
span at least 1 year. The rate of change of ESD
is expressed as units of ESD score per annum.

Results
From the 172 cases available for analyses, the
criteria used to classify cases here produced 49
cases of pathologically confirmed definite Alzhe-
imer’s disease, 25 cases of otherwise definite
Alzheimer’s disease but with infarcts, 79 cases of
clinically identified probable Alzheimer’s disease

Onset and progression of Alzheimer’s disease 185

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.65.2.184 on 1 A

ugust 1998. D
ow

nloaded from
 

http://jnnp.bmj.com/


without infarcts and 19 such cases with infarcts.
The reported age of onset correlated very closely
with the age when first seen in the clinic
(coeYcient 0.948, p<0.00001). Data regarding
the independent variables were complete to
varying extents and the numbers of available
observations are indicated in the tables. The
patients’ mean age was 72.2 (SD 9.2) and there
were 72 men and 100 women. All but one
patient was white.
To establish whether the pathologically con-

firmed cases and those without confirmation
could be analysed together, these two groups
were compared. For the outcome variables,
there was no diVerence (rate of progression in
those with necropsy (n=26) 32.7 (SD 17.0)
ESD units per year, without necropsy (n=40)
29.5 (SD 26.8) p=0.585; reported age of onset

with necropsy (n=69) 68.5 (SD 8.6) years,
without necropsy (n=97) 67.3 (SD 9.5),
p=0.401).
None of the factors examined aVected the

rate of progression (table 1). Repeating these
analyses for cases with pure Alzheimer’s
disease (those without any evidence of infarc-
tion whatsoever on imaging, necropsy, or both
if applicable) and for those with evidence of
mixed disease (evidence of infarction on one
or both of neuroimaging and necropsy) also
failed to disclose any factors aVecting rate of
progression.
The most powerful factor aVecting the

reported age of onset was year of birth (table 2
and figure). In the univariate analysis in the
whole population, reported age of onset was
highly significantly delayed in those with lower
levels of education and occupation showed a
trend in the same direction. The presence of
infarcts, regardless of whether they were radio-
logical, histological, or both, was associated
with a reported age of onset 6 years later than
those without infarcts. A similar trend was
noted for a higher ischaemic score to be associ-
ated with a higher reported age of onset, and
leukoaraiosis, when identified radiologically,
was associated with a 3.6 year delay in reported
age of onset. Increased severity at entry was
associated with an older reported age of onset,
although this eVect was limited to those with
infarcts. Rate of progression, sex, family
history, and congophilic angiopathy were not
associated with any change in reported age of
onset.
Modelling for reported age of onset, exclud-

ing year of birth, using forward stepwise multi-
ple regression showed that only infarcts
(pathological or radiological) and educational
level entered the model using F to enter and F
to remove of 4. An ANOVA for this regression
model showed that it was statistically highly
significant (F ratio 12.5, p<0.0001) but that

Table 1 Factors aVecting the rate of progression of Alzheimer’s disease, with and without
infarcts, for continuous and discrete variables and dichotomous variables

Continuous and discrete variables n Regression slope
ANOVA correlation
coeYcient p Value

Education† 58 0.322
Occupation† 47 0.820
Year of birth 64 −0.315 −0.117 0.349
Age at onset 58 0.352 0.133 0.310
Initial ESD* 66 0.019 0.878
Ischaemic score* 62 0.080 0.535

Dichotomous variables n
Mean (SD)
Male n

Mean (SD)
Female p Value

Sex 27 −36.0 (29.2) 39 −27.1 (17.8) 0.130

Present Absent
Family history 23 −26.7 (23.8) 43 −32.9 (23.1) 0.306

Infarcts 16 −35.6 (29.6) 50 −29.2 (21.1) 0.342
Infarcts (pathology) 6 −28.0 (12.2) 20 −34.2 (18.2) 0.448
Infarcts (radiology) 11 −39.0 (34.7) 52 −28.9 (20.7) 0.205

Leukoaraiosis (any) 45 −30.6 (26.5) 21 −31.1 (15.0) 0.938
Leukoaraiosis (radiology) 45 −30.6 (26.5) 18 −30.9 (15.3) 0.966
Leukoaraiosis (pathology) 3 −30.7 (6.1) 23 −33.0 (18.0) 0.827

Congophilic angiopathy 10 −28.6 (12.3) 16 −35.3 (19.2) 0.331

*Spearman rank correlation.
†Kruskal-Wallis.

Table 2 Factors aVecting the reported age of onset of Alzheimer’s disease, with or without infarcts, for continuous and
discrete variables and dichotomous variables

Continuous and discrete variables n Regression slope ANOVA correlation coeYcient p Value

Education† 148 0.001
Occupation† 122 0.110
Year of birth 165 −0.840 −0.910 <0.001;R2=83%
Rate of progression 58 0.051 0.133 0.310
Initial ESD* 163 −0.179 0.023
Ischaemic score* 165 0.123 0.116

Mean (SD) Mean (SD)
Dichotomous variables n Male n Female p Value

Sex 67 66.9 (9.7) 70 68.4 (8.7) 0.287

Present Absent
Family history 45 65.9 (8.7) 118 68.3 (9.3) 0.135

Infarcts 43 72.9 (8.1) 123 66.0 (8.8) <0.001
Infarcts (on histopathology) 23 72.6 (6.0) 46 66.5 (9.1) 0.005
Infarcts (radiological) 24 72.5 (9.8) 134 66.7 (8.8) 0.004

Leukoaraiosis (any) 112 68.8 (8.6) 54 65.8 (10.0) 0.049
Leukoaraiosis (radiology) 107 68.8 (8.7) 51 65.2 (9.7) 0.021
Leukoaraiosis (pathology) 10 65.3 (9.9) 59 69.0 (8.4) 0.208

Congophilic angiopathy 24 68.4 (9.0) 45 68.5 (8.5) 0.958

*Spearman rank correlation.
†Kruskal-Wallis.
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the model accounted for relatively little of the
variance (R2=15.3%). Inclusion of year of birth
resulted in only year of birth and educational
level entering the model. An analysis for this
regression model showed that it was statisti-
cally highly significant (F ratio 370,
p<0.00001) and the model now accounted for
most of the variance (R2=84%). The residual
eVect of education was now small at −0.93
(years per unit of education), p=0.013, 95%
confidence interval (95% CI) −1.7 to−0.2.
In pure Alzheimer’s disease (cases without

any evidence of infarction, radiological or on
necropsy) a low educational level was still asso-
ciated with a later reported age of onset in the
univariate analysis (table 3). In this subgroup,
leukoaraiosis detected at necropsy, but not
when seen only radiologically, was also associ-
ated with an earlier reported age of onset.
However, year of birth was still the most
significantly associated and only year of birth
and educational level entered the model (F to
remove 155 and 5; ANOVA F ratio 85,
p<0.00001, R2=81%).

Reported age of onset is closely related to year of birth,
partly because of a “sliding window” opportunity for entry
into the study and partly because of cohort eVects.
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Table 3 Factors aVecting the reported age of onset of pure Alzheimer’s disease (no coexistent cerebrovascular disease), for
continuous and discrete variables and dichotomous variables

Continuous and discrete variables n Regression slope ANOVA correlation coeYcient p Value

Education† 113 0.017
Occupation† 90 0.884
Year of birth 124 −0.840 −0.895 <0.001;R2=80%
Rate of progression 47 0.093 0.245 0.090
Initial ESD* 122 −0.025 0.786
Ischaemic score* 125 0.019 0.834

Mean (SD) Mean (SD)
Dichotomous variables n Male n Female p Value

Sex 55 64.9 (9.0) 70 66.7 (9.0) 0.253

Present Absent
Family history 38 65.4 (9.0) 87 66.1 (8.9) 0.691

Leukoaraiosis (any) 79 66.7 (8.3) 46 64.6 (9.9) 0.201
Leukoaraiosis (radiology) 77 66.8 (8.3) 45 64.4 (9.7) 0.154
Leukoaraiosis (pathology) 4 56.5 (8.7) 42 67.4 (8.6) 0.020

Congophilic angiopathy 17 68.3 (10.2) 29 65.3 (8.3) 0.282

*Spearman rank correlation.
†Kruskal-Wallis.

Table 4 Factors aVecting the reported age of onset of Alzheimer’s disease with infarcts, for continuous and discrete
variables and dichotomous variables

Continuous and discrete variables n Regression slope ANOVA correlation coeYcient p Value

Education† 35 0.061
Occupation† 30 0.020
Rate of progression 10 −0.095 −0.276 0.411
Year of birth 39 −0.777 −0.95 <0.001;R2=83%
Initial ESD* 41 −0.394 0.013
Ischaemic score* 40 0.071 0.656

Mean (SD) Mean (SD)
Dichotomous variables n Male n Female p Value

Sex 14 74.8 (9.4) 27 72.9 (6.1) 0.430

Present Absent
Family history 7 68.7 (7.1) 34 74.5 (7.1) 0.056

Leukoaraiosis (any) 33 73.7 (7.3) 8 72.8 (7.8) 0.748
Leukoaraiosis (radiology) 30 73.7 (7.7) 6 70.7 (7.7) 0.379
Leukoaraiosis (pathology) 6 71.2 (5.2) 17 73.1 (6.4) 0.522

Congophilic angiopathy 7 68.6 (5.3) 16 74.3 (5.6) 0.032

*Spearman rank correlation.
†Kruskal-Wallis.
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In mixed disease (both Alzheimer’s disease
and evidence of infarction) the eVect of
educational level disappeared although weak
evidence for an association between low occu-
pational level and a delayed onset of dementia
appeared (table 4). Increased severity at entry
was very weakly associated with a later reported
age of onset. Weak evidence, based on small
numbers, was found for an earlier reported age
of onset in those with congophilic angiopathy.
Only year of birth entered the model (ANOVA
F ratio 155, p<0.00001, R2=84%).
Further analysis of year of birth showed that

educational levels increased from 2.2 to 3.2 on
the four point scale over the range of the
subjects’ years of birth (1886 to 1938)
(ANOVA F ratio 11, p=0.0013). Occupational
level also increased, but did not reach signifi-
cance. Similarly, infarcts were more common
in those born earlier. For those with evidence of
infarction, the mean year of birth was 1906
(SD 9), n=44, compared with 1914 (SD 10),
n=128 for those without, p=0.000003, con-
firming that accrual of infarcts with increasing
age could explain the apparent protective effect
of infarcts.
Ninety eight of the patients have died.

Factors aVecting age of onset had broadly
similar eVects on the age at death. This was
higher in those with lower levels of education
(level 1 (n=5) mean age=87.6 (SD 2.2); level 2
(n=46) 79.8 (SD 8.7); level 3 (n=31) 75.2 (SD
7.3); level 4 (n=16) 78.4 (SD 7.6) (Kruskal-
Wallis p=0.0016)). Occupation acted in the
same way but did not reach significance. Again,
the presence of infarcts was associated with an
apparent protective eVect in that the age of
death was 5.3 years later in those with infarcts.
However, there was again a powerful associ-
ation between year of birth and age at death
(regression slope −0.9 (SE 0.03), p<0.00001,
R2=91%) and inclusion of this in stepwise
multiple regression excluded education and
infarcts from the model.

Discussion
Seventy four (43%) of our cases were histologi-
cally established. For the remainder, the
positive predictive value of a diagnosis of
Alzheimer’s disease in this database was over
80% and the incorporation of evidence of pro-
gression in those cases where it was available
and radiological data into the diagnostic
algorithm should increase this figure.21 43 Thus
it is very likely that over 90% of our
non-necropsied cases had a correct diagnosis.
Few reports44 45 on the rate of progression of

Alzheimer’s disease used serial administration
of quantified neuropsychological tests rather
than softer outcome variables such as admis-
sion to a nursing home or death,46 47 which are
subject to interference by other matters such as
domestic circumstances. None of the factors
that we examined significantly aVected the rate
of progression as measured during the linear
phase of decline of Alzheimer’s disease.30 48

Using the linear phase excludes ceiling and
floor eVects, which both occur with the ESD,
and so these cannot be the explanation for the
absence of any eVects on the rate of progres-

sion. An alternative explanation is that the fac-
tors that we have analysed do aVect the rate of
progression, but at earlier or later stages of the
disease such that we excluded the relevant
data. Although we cannot exclude this
possibility, we know of no other evidence to
support it. The relatively few subjects in whom
a rate of progression could be calculated, along
with the large SD, raises the risk of a type II
error in some of our findings. In particular, the
lack of eVect of infarcts on rate of progression
is surprising. For a two tailed test â=39%; as a
one tailed test predicting that infarcts acceler-
ate the decline, â=28% so we cannot make a
negative conclusion about the eVect of infarcts
based on our data. The lack of eVect of
congophilic angiopathy (â=42%) is also at risk
of type II error but the conclusions on the lack
of diVerence between the sexes are more secure
(â=13%) despite the diVerence in the means.
For the other results, the diVerences in the
means, or the correlation coeYcients, are too
small to make an important type II error likely.
Sex, age at onset, severity at entry, family
history, and duration of illness did not aVect
the rate of progression in previous work44 45 49–54

although positive findings exist for family
history,52 53 55 age (with contradictory
results),56–58 and severity.59 We conclude that
Alzheimer’s disease progresses remorselessly,
regardless of education, occupation, and the
other factors tested although we cannot make a
firm negative conclusion about the eVect of
coexistent cerebrovascular disease and con-
gophilic angiopathy.
The most powerful factor aVecting reported

age of onset was year of birth. This association
has several components. We have confirmed a
cohort eVect for both education11 22 23 and coex-
istent cerebrovascular disease. Correction by
age at entry to the study would be suYcient to
deal with this in a cross sectional study.
However, because UWODS recruited patients
over many years, age at the time of study, as
adjusted for in the Framingham study,11 is not a
suYcient correction. For example, a patient
recruited aged 70 in 1978 would have been
born in 1908 but the same patient recruited
towards the end of the study in 1991 would
have been born in 1921. Thus correction by
year of birth, rather than age at time of study, is
required. However, we have also identified a
previously unrecognised major artefact;
UWODS was referral based, as are most
memory clinics, and referral is usually made
only once, typically shortly after recognition of
symptoms. For a patient born in 1900 to have
entered UWODS he would have to have been in
his late 70s; conversely, a patient born in 1940
could have been no older than 51. This means
that a “sliding window of opportunity” exists
for subjects to enter clinic based studies that
does not exist in cross sectional population
based studies. Thus a later year of birth, and
hence greater educational opportunity, better
health care etc are all associated with a younger
reported age of onset for a second entirely arte-
factual reason in a clinic population. Cohort
eVects are compounded by the “sliding window
of opportunity.” This almost completely
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explains the dilemma of increasing education
being associated with an earlier reported age of
onset in memory clinic based studies and
largely explains the paradox in this kind of
study that increasing educational attainment is
associated with lower reported age of onset. It
does not, however, fully account for the eVect
as increasing education was still associated with
an earlier presentation of Alzheimer’s disease
after adjustment for year of birth but the
residual eVect is very small.
We were initially suspicious that this residual

eVect was an artefact of case recognition. Rela-
tives of patients with higher levels of ability,
who themselves are likely to be more able, may
notice subtle changes earlier than might other-
wise be the case and, through better access to
physicians, may also be assessed and referred
more quickly. However, the very close correla-
tion between reported age of onset and age of
referral makes it unlikely that the speed of
referral was a major factor, suggesting that it is
recognition by relatives that is more important.
A comparison of the first ESD score on entry
to the study did not support this suggestion
either as this did not diVer significantly
between those with low and high education
(low education ESD at entry 103 (SD 83); high
education 119 (SD 86), p=0.23). Thus,
whereas we could not prove the existence of an
artefact of case recognition, we also could not
disprove one as the study was not designed to
do this.
An alternative explanation would be that

coexistent cerebrovascular disease might cause
Alzheimer’s disease to appear at an earlier age.
However, coexistent cerebrovascular disease
would be expected to be more common in
those with lower educational and occupational
attainment and so would act in the opposite
sense to our findings. This possibility is
conclusively eliminated by the identification of
the same eVect for education in the cases with
no evidence at all of cerebrovascular disease,
and the elimination of the eVect of education in
those with coexistent cerebrovascular disease.
Having not been able to confirm either of the
artefactual explanations, or a role for cerebrov-
ascular disease, we remain uncertain as to the
reason but speculate that an artefact of case
recognition is the explanation.
These findings provide evidence against the

“use it or lose it” hypothesis. This hypothesis
proposes that higher educational and occupa-
tional levels have a protective eVect against
Alzheimer’s disease. Three mechanisms may
mediate this. One is the establishment of a cog-
nitive reserve, perhaps as more synapses or
more eYcient synapses, such that more have to
be lost before the disease is manifest, so delay-
ing onset. The second is that increased
intellectual activity may enhance brain repair
and recovery mechanisms, so slowing the rate
of progression. Finally, other brain regions may
take over the functions of those aVected early in
the disease and some functional evidence exists
for this hypothesis.60 61 Our inability to identify
any eVect of education or occupation on rate of
progression is contrary to the predictions of the
second component whereas the earlier re-

ported age of onset in those with higher educa-
tion is contrary to the predictions of the first
component.
Although infarcts were the second most

powerful factor aVecting the reported age of
onset in the univariate analysis, delaying it by 6
years, this did not retain significance in the
multivariate analysis after inclusion of year of
birth. Further analysis shows that this is
because the cases with infarcts were born, on
average, 7 years earlier than those without.
These cases will therefore have entered the
study when they were 7 years older than those
without infarcts by virtue of the sliding window
phenomenon. This almost exactly matches the
apparent protective eVect of infarcts and
discloses the univariate eVect to be an artefact
of study design.
This study provides evidence against the

view, based on community surveys, that higher
education and occupation delay the onset of
Alzheimer’s disease. We found very little
evidence that demographic variables have any
real influence on the reported age of onset, rate
of progression, or age at death of patients with
Alzheimer’s disease. The eVect that increased
education had was to cause the earlier presen-
tation of Alzheimer’s disease, although this was
a weak eVect in the multivariate analysis. We
have also shown, using quantitative histopa-
thology in the same population, that there is no
evidence for the histopathological correlates
that would be expected if the brain reserve
hypothesis was true (del Ser T, Hachinski VC,
Munoz DG, unpublished observations).
Community based studies are not at risk of

the “sliding window” artefact but are at risk of
other problems.Many of these, such as the lack
of imaging and the reliance on short cognitive
tests, possibly biased against those with lower
education despite statistical correction, are well
recognised. Others are less well recognised.
Depression in elderly people is more common
in those with lower educational and occupa-
tional attainment62 63 and depression is a
powerful mimic of early dementia. This will act
to cause overrepresentation of apparent de-
mentia among the less educated. Mortality
from all causes is lower in those with higher
levels of education. In a community based
study, this selective mortality will cause those
of lower educational attainment to die early so
depriving them of the opportunity to dement in
later old age. This may also cause the
artefactual early onset of Alzheimer’s disease in
the less well educated.
We conclude that neither the reported age of

onset nor the rate of progression of Alzheimer’s
disease, with or without coexisting cerebrovas-
cular disease, are influenced by education or
occupation and that claims to the contrary, in
either direction, have arisen because of imper-
fect methodology and unrecognised sources of
error.
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