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Abstract
Objective—Necropsy confirmed clinical
diagnostic accuracy for Alzheimer’s dis-
ease is claimed to exceed 90%. This figure
contains two fallacies; it includes cases in
which Alzheimer’s disease exists with
other diseases aVecting cognition and the
studies that report these figures excluded
cases without necropsy (verification bias).
The eVect of these errors is estimated.
Methods—Data were taken from the Uni-
versity of Western Ontario Dementia
Study, a registry of dementia cases with
clinical and psychometric follow up to
necropsy based in a university memory
disorders clinic with secondary and terti-
ary referrals. Data were available on 307
patients; 200 (65%) had clinically diag-
nosed Alzheimer’s disease, 12 (4%) vascu-
lar dementia, 47 (15%) mixed dementia,
and 48 (16%) had other diagnoses. One
hundred and ninety two of 307 cases (63%)
died and 122 of 192 fatalities (64%) had
necropsies. The pathological material was
interpreted in two ways, allowing and dis-
allowing coexistent disease in making a
diagnosis of Alzheimer’s disease. In cases
without necropsy, progressive cognitive
loss was used as a marker for degenerative
dementia. The outcome measures of in-
terest were the positive predictive value of
a clinical diagnosis of Alzheimer’s disease
allowing and disallowing coexistent dis-
eases and with and without correction for
cases that were not necropsied.
Results—The clinical diagnoses diVered
significantly between the population who
died and those who did not. In cases with-
out necropsy, 22% had no dementia on fol-
low up, concentrated in early cases and
men, showing considerable scope for veri-
fication bias. The positive predictive value
of a diagnosis of Alzheimer’s disease was
81% including coexistent diseases, falling
to 44% when limited to pure cases.
Combined, these factors reduce the posi-
tive predictive value to 38% for pure
Alzheimer’s disease.
Conclusions—Correction for dual pathol-
ogy and verification bias halves the posi-
tive predictive value of the clinical
diagnosis of Alzheimer’s disease. Data
derived from necropsy studies cannot be
extrapolated to the whole population. This
has important implications including un-
certainty about diagnosis and prognosis
and a dilution eVect in therapeutic trials
in Alzheimer’s disease.

(J Neurol Neurosurg Psychiatry 1998;64:18–24)
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Studies on the accuracy of the clinical diagno-
sis of Alzheimer’s disease typically report posi-
tive predictive values between 71% and 88%.1–9

These figures may be flattering for two reasons.
Firstly, Alzheimer’s disease is fatal, although

it is often not thought of in this way. None of
the studies reporting diagnostic accuracy
waited until their whole cohort had died. Thus
the necropsy population will be biased towards
those with fatal conditions, which will artefac-
tually raise the apparent diagnostic accuracy.
This is a form of verification bias,10–12 in which
the decision to perform a gold standard
diagnostic test depends on the result of the test
under evaluation. The diVerence here is that
the selection bias is introduced by the condi-
tion’s natural history rather than by the test
under examination.
Secondly, most series regard cases in which

the pathological changes of Alzheimer’s disease
coexist with other conditions aVecting cogni-
tion to be true positives.1–4 6–8 13 This is
important because cases with two or more
conditions aVecting cognition may progress at
diVerent rates from cases with Alzheimer’s dis-
ease alone and may respond less well to drugs
directed at Alzheimer’s disease, a matter with
important implications for drug trials. This is a
fallacy of dual diagnosis.
We have reanalysed the data from the

University of Western Ontario Dementia Study
to estimate the magnitude of these factors. We
have recently shown that in histologically
established cases of pure Alzheimer’s disease,
cognition declines at 12.8% per year during the
linear phase of decline as measured by the
extended scale for dementia (ESD),14 a cogni-
tive rating scale based on the Mattis dementia
rating scale.15 Using this as a criterion for pro-
gressive dementia and the first percentile of the
scores achieved by control subjects as a
criterion for dementia that may not be progres-
sive (for example, vascular dementia) we
analysed the data to estimate the proportion of
cases clinically diagnosed as having a dement-
ing illness, but who prove to have no dementia
and who rarely come to necropsy. In addition,
we assessed the eVect of modifying the
necropsy criteria to count only pure Alzheim-
er’s disease as a true positive diagnosis.

Methods
The University of Western Ontario Dementia
Study is a 17 year old prospective clinicopatho-
logical study of dementia based in the memory
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clinic of a secondary and tertiary teaching hos-
pital. Cases were typically secondary referrals
from patients’ family physicians and controls
were derived from patients’ spouses or from
normal volunteers. Only data from subjects
seen by VH were included here and these
numbered 163 controls and 307 cases. Alzhe-
imer’s disease was diagnosed according to
standard criteria.16 17 Clinical diagnoses made
were grouped together as Alzheimer’s disease,
vascular dementia, mixed dementia, and other
diagnoses. The diagnoses used in this analysis
are those made after the initial consultation
and investigations as would typically be the
case for the commencement of therapy, entry
into drug trials, or discussion of the diagnosis
and prognosis with the patient. The group of
other diagnoses included cases not thought to
have dementia, such as those with depression
etc and those with less common causes of
dementia. Further details of the study have
been published previously.2

Confirmation of the diagnosis by necropsy
was available in 122 (64%) of the 192 fatalities

amongst the 307 cases. All cases and controls
were followed up at six-monthly intervals using
the ESD.18–20

Necropsy diagnoses were based on modern
pathological criteria for Alzheimer’s disease,
diVuse Lewy body disease, and Parkinson’s
disease.3 21 22 These have evolved from earlier
criteria for Alzheimer’s disease23 and all our
pathological material was reviewed during
1994–5 to update the pathological diagnoses.
The pathological diagnoses of vascular demen-
tia and mixed dementia are more subjective as
no widely accepted criteria exist. Cases of
mixed dementia (mixed dementia refers
throughout to vascular lesions coexisting with
Alzheimer’s disease) met histopathological cri-
teria for Alzheimer’s disease,3 21 but also had
suYcient infarcts in the pathologists’ opinion
to contribute to the dementia. Similarly, cases
of vascular dementia had no other cause for the
dementia but had suYcient infarcts, in the
pathologists’ opinion, to cause dementia. As
the smallest infarct volume that can aVect cog-
nition may be much lower, we analysed the
necropsy findings in two ways. Firstly, we used
the original pathologists’ diagnoses, which
ignored small amounts of infarction in making
a final diagnosis and in which cases with
Alzheimer’s disease and one or more other rel-
evant diagnoses were counted as true positive
cases of Alzheimer’s disease. This scheme cor-
responds to the criteria we have previously
reported,2 and to most of the reported
literature. Next, we reclassified all cases with
any volume of supratentorial infarction (other
than microscopical infarcts seen in association
with congophilic angiopathy in cases of Alzhe-
imer’s disease, which we have treated as part of
the Alzheimer’s disease) as mixed dementia if
they also met criteria for Alzheimer’s disease
and reclassified all the other cases with Alzhe-
imer’s disease and one or more other diagnoses
as “other dementia” so that the pathological
category of Alzheimer’s disease was restricted
to pure Alzheimer’s disease. As there is
currently debate over the aetiology of hippoc-
ampal sclerosis these were classified as “other
dementia” rather than vascular dementia.
There were only five such cases and their pre-
cise classification did not substantially aVect
our findings. We then compared these results
with the results obtained using the original
classification to obtain an estimate of the eVect
of including and excluding dual diagnoses from
a diagnosis of Alzheimer’s disease.
To extend these findings to all clinically

diagnosed cases included in this report we first
established whether the patient population that
had necropsy was the same as the population
that died without necropsy. If biologically simi-
lar, the diagnostic accuracy for the necropsy
confirmed group could reasonably be extrapo-
lated to those who died without necropsy. We
compared these two groups for clinical diagno-
sis, year of onset, and year of death. Unexpect-
edly, the group of patients who had died with-
out having a necropsy diVered in clinical
diagnoses from the necropsied group. Conse-
quently this group was added to the patients

Table 1 Cases entering the study, dying, and undergoing necropsy divided by clinical
diagnosis

Clinical diagnosis
Entered
(n)

Alive
(n (%))

Dead
(n (%))

Necropsy
(n (%))

No necropsy
(n (%))

Alzheimer’s disease 200 69 (34) 131 (65) 94 (72) 37 (28)
Vascular dementia 12 7 (58) 5 (42) 2 (40) 3 (60)
Mixed dementia 47 14 (30) 33 (70) 17 (52) 16 (48)
Other 48 25 (52) 23 (48) 9 (39) 14 (61)
Total 307 115 192 122 70

Clinical diagnoses diVered between necropsy group and those who died without necropsy
(÷2=15.6, p=0.0014), between those who had necropsy and those still alive (÷2=17.1, p=0.0007),
and between those with and without necropsy examinations, alive or dead (÷2=20.6, p=0.0001).

Figure 1 A plot of change in ESD score against time for all the serial observations in the
cases of pure Alzheimer’s disease shows that all cases deteriorate steadily with time.

Diagnosis of Alzheimer’s disease 19
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who were still alive and these were treated as
one group.
In those who are still alive, or who died with-

out necropsy, the clinical diagnosis cannot be
confirmed. However, the long follow up
available in the University of Western Ontario
Dementia Study allows cases to be divided into
those with and without a progressive dementia.
Similarly, the large amount of control data
allows patients to be divided into those who
were already demented when first seen and
those whose dementia developed while under
review. Using these simple divisions, we have
estimated the proportion of cases in whom
dementia was diagnosed at first assessment,
but who never progressed and who therefore
did not have a progressive dementia. We used
these data to adjust the proportion of the whole
population represented by the pathologically
confirmed cases for those cases that did not
have a progressive dementia.
Having established that within the popula-

tion of those diagnosed at initial assesssment as
having a progressive dementia, there were some
patients who did not progress, we compared
these patients with those who did progress to
see if we could establish any reason for our fail-
ure to classify the non-progressors correctly.

Results
There were 163 controls and 307 cases in
whom a diagnosis had been made by VH
according to standard criteria. In the 307 cases,
clinical diagnoses were made of Alzheimer’s
disease in 200, vascular dementia in 12, mixed

dementia in 47, and other diagnoses in 48.
Of the cases, 192 have died and 122 (64%)
of these had necropsy. Table 1 shows the diag-
noses in these groups. Data from the control
subjects were used only for their ESD data. Of
the controls, only 25 (15%) have died and of
these three had necropsy. One showed ischae-
mic changes and the others were normal.
Follow up by ESD, excluding cases who had

no ESD examinations, was for a median of 2.0
years, interquartile range 0.5–3.75 years, range
0–11.6 years. Those who died were followed up
for a median of 1.75 years, range 0–9.6 years,
and those who remained alive were followed up
for a median of 2.6 years, range 0–11.6 years,
p=0.0006 (Mann-Whitney U test). Those who
had necropsies were followed up for a median
of 1.7 years, range 0–9.6 years and those who
died without necropsy were followed up for a
median of 1.9 years, 0–6.5 years (p=0.17).
To establish how far the results from the

necropsy group could be extrapolated, the
clinical diagnoses in this group were first com-
pared with those who died without necropsy.
These diVered significantly (÷2=15.6,
p=0.0014). Those who had necropsy also
diVered from those still alive (÷2=17.1,
p=0.0007). Similarly, the clinical diagnoses in
those who died with necropsy examinations
diVered from those made in patients without
necropsy, alive or dead (÷2=20.6, p=0.0001).
There was no significant administrative diVer-
ence, particular date of entry into the study, or
date of death, that could explain these
diVerences, suggesting that the pathological
diagnoses made in those with necropsies
cannot be extrapolated to those without
necropsies, alive or dead, as there may be a sys-
tematic biological diVerence between these two
groups.
To divide cases without necropsy into

demented and not demented groups we used
the first percentile (209) of the range of scores
on the ESD by normal subjects (1783 ESD
observations in 163 controls, median 244,
range 141–250, first percentile 209). The Uni-
versity of Western Ontario Dementia Study has
also recently reported the invariable steady
deterioration seen in Alzheimer’s disease when
patients are regularly reassessed using the
ESD.14 Figure 1 shows this for all histologically
established cases of pure Alzheimer’s disease.
Some fluctuation and apparent improvement is
evident in these data emphasising the im-
portance of follow up. Criteria for dementia
were therefore one of the following: a score over
100 and less than 209 at entry with subsequent
evidence of progression consistent with histo-
logically established Alzheimer’s disease14 ; a
score under 100 at entry (progression was not
specifically sought in these cases because of the
floor eVect); a score of 209 or more at entry
only if there was subsequent progression below
209 in a manner consistent with Alzheimer’s
disease.14

Of the 146 cases without necropsy in whom
a diagnosis of Alzheimer’s disease, vascular
dementia, or mixed dementia was made, seven
had no ESD scores. Thus 139 could potentially
be assessed this way. Figure 2 shows the

Figure 2 A plot of change in ESD score against time for all the serial observations in all
the cases of clinically diagnosed Alzheimer’s disease shows two populations. One group
matches that shown in fig 1 and probably contains cases of Alzheimer’s disease. The second
group, to the top right of the figure, did not progress with time. These cases are unlikely to
have Alzheimer’s disease.

20 Bowler,Munoz,Merskey, et al
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progression of the ESD against time in these
cases. It shows a group of cases of dementia,
identified by their initial clinical assessment
and investigations, who did not progress. The
ESD exhibits a considerable ceiling eVect and a
score in the normal range does not exclude
early Alzheimer’s disease. Of the 139 cases, 29
scored 209 or more on their first examination;
13 progressed and 12 did not. In four there was
insuYcient ESD data to determine progres-
sion. The positive predictive value was 52% for
a diagnosis of dementia (v no progressive
dementia) in cases in which the ESD remained
above the first percentile of the normal range.
Of the rest, 45 scored less than 100 and may be
considered to have been demented at the
outset. However, two of these subsequently
achieved high scores suggesting that they did
not have a progressive dementia. In the 65
cases that initially scored between 100 and 208
inclusive, there was insuYcient follow up in 19
cases whereas 12 did not progress and 34 did.
Overall, in the 116 cases in which a conclusion
could be drawn, 24 did not progress and two
improved from very low levels whereas 90 did
progress for a positive predictive value of 78%.
Of the 24 cases that did not progress, only four
(16%) have died whereas in the 47 who initially
scored 100 or more and progressed, 13 (28%)
have died. Twenty eight of the 45 (62%) who
initially scored less than 100 have died.
Tables 2 and 3 show the clinical and patho-

logical diagnoses in the 122 necropsy con-
firmed cases. In table 2, the pathologists’ opin-
ion regarding the role of infarcts in aVecting
cognition is used and cases with Alzheimer’s
disease plus another diagnosis are counted as
true positives. Using these criteria, and within a
memory clinic, the positive predictive value of a
diagnosis of Alzheimer’s disease is 81%. In
table 3, the data have been reinterpreted,
reclassifying cases with any amount of infarc-
tion as mixed dementia when accompanied by
histopathological changes of Alzheimer’s dis-
ease and reclassifying cases with Alzheimer’s
disease plus another diagnosis (other than
mixed dementia) as “other dementia.” These
cases numbered two with coexisting Parkin-

son’s disease and 14 with coexisting diVuse
Lewy body disease.24 25 This condition was not
recognised, clinically or pathologically, during
the early part of this study and the diagnoses
have been made on retrospective re-
examination of the necropsy material. Cases of
diVuse Lewy body disease without the changes
of Alzheimer’s disease (11 cases) were always
classified as “other dementia.” The positive
predictive value of a diagnosis of Alzheimer’s
disease fell to 44% under these conditions.
Comparing the 24 non-progressors with the

47 who initially scored more than 100 on the
ESD and progressed, we found no diVerence
between these populations regarding age at
onset, delay to clinical evaluation from onset,
age at which they were seen, and educational or
occupational level. There was a significant sex
diVerence: 16 of 34 men were misdiagnosed
compared with only eight of 37 women
(÷2=4.6, p=0.033 with Yates’ correction). The
patients’ cognitive status at the initial evalua-
tion, measured by their first score on the ESD,
did diVer (progressors mean 177 (SD 34),
non-progressors 206 (SD 23), p=0.0002) and
the non-progressors had longer follow-up
(1342 (SD 689) days v 1833 (SD 1099) days,
p=0.0211). The non-progressors scored more
highly on the anxiety and depression compo-
nents of the HAD,26 but these diVerences were
not significant (depression mean 3.8 (SD 4.6)
v 6.1 (SD 4.4), p=0.16; anxiety 5.1 (SD 4.5) v
7.0 (SD 4.3), p=0.197) and three of 14
non-progressors compared with none of 35
progressors had a history of depression
(÷2=3.7, p=0.054 with Yates’ correction).
There was no diVerence in the use of
antidepressant drugs, past or present use of
alcohol, or in the examiner’s subjective rating
of the patients’ moods. Abnormalities in the
plantar responses, tendon reflexes, and primi-
tive reflexes were of similar frequency in both
groups as was the incidence of epilepsy and of
leukoaraiosis or infarction on neuroimaging.

Discussion
Although the histopathological criteria for
Alzheimer’s disease are not yet settled,6

Table 2 Cross tabulation of the clinical and pathological diagnoses using standard criteria

Clinical diagnosis

Pathological diagnosis

Total (n (%))
Positive predictive
value (%)

Pure Alzheimer’s
disease

Vascular
dementia

Mixed Alzheimer’s and
vascular dementia

Other
dementia

Alzheimer’s 76 0 1 17 94 (77) 81
Vascular dementia 0 1 1 0 2 (2)
Mixed dementia 9 3 1 4 17 (14)
Other dementia 3 0 0 6 9 (7)
Totals (n (%)) 88 (72) 4 (3) 3 (2) 27 (22) 122 (100)

Table 3 Cross tabulation of the clinical and pathological diagnoses reclassifying cases with changes consistent with
Alzheimer’s disease and any amount of infarction as mixed dementia

Clinical diagnosis

Pathological diagnosis

Totals (n (%))
Positive predictive
value (%)

Pure
Alzheimer’s

Vascular
dementia

Mixed Alzheimer’s and
vascular dementia

Other
dementia

Alzheimer’s 41 1 15 37 94 (77) 44
Vascular dementia 0 1 1 0 2 (2)
Mixed dementia 4 3 6 4 17 (14)
Other dementia 2 0 0 7 9 (7)
Totals (n (%)) 47 (39) 5 (4) 22 (18) 48 (39) 122 (100)

Diagnosis of Alzheimer’s disease 21
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necropsy is the gold standard for validating the
clinical identification of Alzheimer’s disease. In
recent series the positive predictive value is
typically 80%. We have identified two funda-
mental faults with these reports which, in com-
bination, reduce the positive predictive value to
well below 50% for early Alzheimer’s disease,
which has major implications for therapeutic
trials.
A crucial question is that of how

representative are our results of memory clinic
patients in general.We included all the patients
seen by VH but only used data from his
patients simply because his research commit-
ment in memory disorders meant that his
patients were assessed according to the Univer-
sity of Western Ontario Dementia Study
protocol rather than on a simple clinical basis.
This practice should not be diVerent from any
other research based memory clinic. The
patients were not otherwise selected and the
vast majority of referrals were secondary refer-
rals from the patients’ family physicians. It has
also been suggested that our figures show a
specific diagnostic deficiency but this sugges-
tion is immediately refuted by the finding that
our crude positive predictive value of 81% is
closely comparable to data from other large
centres; it is only after correction for the falla-
cies that the figure falls dramatically and we
suggest that re-analysis of the data from other
centres, after suYcient follow up, would
confirm our figures. We think that our data are
closely representative of the normal practice of
a memory clinic.
The cause of the first fallacy, that of verifica-

tion bias,10–12 lies in the extrapolation of
necropsy material to the whole clinic popula-
tion. We have shown that the clinical diagnoses
in those having necropsy diVered substantially
from those who did not. Thus necropsy mate-
rial cannot be extrapolated to the whole
memory clinic population. We have also shown
that of those who did not have a necropsy, fully
22% did not progress, despite clinical diag-
noses of Alzheimer’s disease, vascular demen-
tia, or mixed dementia, and in the presence of
suYcient follow up to determine whether pro-
gression occurred or not. Although this prob-
lem has not been appreciated in previous stud-
ies, it should not come as a surprise.
Depression, age associated memory impair-
ment, and drug eVects may all mimic early
Alzheimer’s disease without subsequently pro-
gressing. Cases of vascular dementia may not
progress if they have no further vascular events,
but these are very rare in our memory clinic
and would not have significantly aVected the
results. Furthermore, of the 22% of patients
who did not progress, only 16% have died.
Conversely, of those with a progressive demen-
tia, between 28% and 62% have died, depend-
ing on severity at entry. This diVerential death
rate will cause cases of progressive dementia to
be overrepresented in necropsy based data
producing a substantial verification bias. Forty
per cent of our cases had necropsy, so that the
22% non-progression rate was located in 60%
of the whole population. Thus in the whole
study population the non-progression rate was

about 13%; only 87% of cases diagnosed as
having dementia eventually become available
for necropsy.
There was a bias towards necropsy in

patients with Alzheimer’s disease in our study.
We have no definite explanation for this. There
were no demographic diVerences between
those who died with and without necropsy that
might explain the diVerence. We are not aware
of any other published reports that detail the
clinical diagnoses of those who died without
necropsy and so cannot comment on whether
or not the finding is unique. However, the find-
ing does not invalidate either of the fallacies;
the non-progressors did not die and dual diag-
nosis remains a problem regardless of the true
pathological diagnoses in those dying without
necropsy.
The cause of the second fallacy, that of dual

pathology, lies in the nature of the pathological
diagnosis. All previous series,1–4 6–8 13 with one
exception of which we are aware,5 have allowed
dual pathology such as diVuse Lewy bodies and
infarcts to count as a true positive diagnosis of
Alzheimer’s disease. DiVuse Lewy bodies have
been reported to coexist with Alzheimer’s
disease in 1%27 to 30% of patients.4 28 29

Fourteen of our patients (11%) had cortical
Lewy bodies with Alzheimer’s disease, and 11
patients (9%) had diVuse Lewy body disease.
Some authors consider Alzheimer’s disease
coexistent with diVuse Lewy bodies to be a
variant of Alzheimer’s disease.28 29 However,
not only these authors but others and
ourselves22 30 have identified clear cognitive and
biological diVerences between Alzheimer’s dis-
ease with and without coexistent diVuse Lewy
bodies suggesting that they are diVerent
entities and probably represent the coexistence
of two common degenerative dementias. The
role of infarcts is more problematical for two
reasons. Firstly, there is no agreement on the
minimum volume of infarction that may aVect
cognition and so turn a case of Alzheimer’s
disease into one of mixed dementia. The origi-
nal work of Tomlinson,31 who suggested
volumes of 50–100 cm3, has been superseded
by findings of cognitive impairment in associ-
ation with volumes as low as 1 cm3.32–37

Secondly, most studies have not described any
formal criteria for attributing a role in impair-
ing cognition to infarcts. The previous data
reported from our database2 identified a role
for infarcts only on the strength of the patholo-
gists’ opinion. Sulkava et al1 state only that
there were “no major vascular lesions.”
Joachim et al4 only considered infarcts larger
than lacunes to be relevant. Perry et al27 thought
that ischaemic lesions of less than 20 ml were
“minor.” The CERAD study3 mentions “vas-
cular lesions of varying nature and size” with
their role being based on the pathologists’
opinion. Similarly, Morris et al13 reported
infarcts in 35% but these aVected a “sizable
volume” in only one. Molsa et al5 allowed the
presence of any amount of infarction to convert
a diagnosis of Alzheimer’s disease to combined
dementia, 10% having this diagnosis. Clear
data regarding the frequency with which
infarcts and Alzheimer’s disease coexist in data

22 Bowler,Munoz,Merskey, et al
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based on Alzheimer’s disease are diYcult to
find because small infarcts may be ignored—
for example, in the study of Mendez et al.7 In
the consortium to establish a registry for
Alzheimer’s disease (CERAD) study3 coexist-
ing infarcts were seen in 28% and Morris et al13

reported coexistence in 35%, these figures
being very similar to our findings. We have
found that cases of mixed dementia, including
those with only small amounts of infarction,
behave diVerently in their age of onset and
neuropsychological progression (Bowler et al,
unpublished observations and Bowler et
al38).The balance of evidence is now clearly
moving towards a role in cognition for even
small infarcts occurring incidentally in patients
with Alzheimer’s disease and it would seem
unwise to ignore them.
Dual pathology is important in that it

reduced the positive predictive value of a diag-
nosis of Alzheimer’s disease from 81% to 44%
in our database, 35 of 76 true positive cases of
Alzheimer’s disease being reclassified. Com-
bining the fallacies of dual diagnosis and verifi-
cation bias together, the overall positive predic-
tive value of a diagnosis of Alzheimer’s disease
is 70% allowing Alzheimer’s disease with other
conditions and only 38% for pure Alzheimer’s
disease, with the bulk of the errors lying in early
cases.
Additional tests and review of the clinical

aspects to identify phenomena that improve the
diagnostic accuracy in early cases are urgently
needed. The mean age of onset was 66 and
given the higher incidence of diagnostic error
in men we speculate that part of the error arises
as a result of apparent loss of function after
retirement. We had anticipated that depression
would be a major factor, but could not confirm
this. Neither simple focal neurological signs
nor leukoaraiosis or infarcts on neuroimaging
distinguish between the groups.
The findings reported here are important as

they show two fallacies regarding the necropsy
confirmation of the clinical diagnosis of Alzhe-
imer’s disease and revise downwards the
diagnostic accuracy for the detection of pure
Alzheimer’s disease. Therapeutic trials based
on the clinical diagnosis would be at consider-
able risk of having a real therapeutic eVect
masked if 62% of cases either do not have
Alzheimer’s disease, or have Alzheimer’s dis-
ease plus a second disease. Our data also
suggest that mixed dementia may be much
more common than is currently appreciated39

with implications for treatment of the vascular
component and raising the possibility that the
recently reported beneficial eVect of non-
steroidal anti-inflammatory drugs40–43 may be
due to an eVect on coexistent cerebrovascular
disease.
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