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Anosmia in dementia is associated with Lewy
bodies rather than Alzheimer’s pathology

R H McShane, Z Nagy, M M Esiri, E King, C Joachim, N Sullivan, A D Smith

Abstract

Objectives—To assess olfactory function
of patients with dementia. Odour detec-
tion ability is impaired in clinical Parkin-
son’s disease. Evidence of impaired
detection in patients with clinically diag-
nosed Alzheimer’s disease is inconsistent.
No studies of olfaction have been neu-
ropathologically validated.

Methods—The olfactory function of 92
patients with dementia and 94 controls
was assessed using a simple bedside test as
part of the Oxford Project To Investigate
Memory and Ageing (OPTIMA). Neu-
ropathological assessment was made of
cortical Lewy bodies and substantia nigra
(SN) cell counts and of Alzheimer’s dis-
ease in all 92 patients, 22 of whom had SN
Lewy bodies and 43 of whom had only
Alzheimer’s disease.

Results—Patients with Lewy bodies were
more likely to be anosmic than those with
Alzheimer’s disease or controls. Patients
with Alzheimer’s disease were not more
likely to be anosmic than controls. Nor
was anosmia associated with degree of
neurofibrillary tangles, as assessed by
Braak stage. Among subjects with Lewy
bodies, overall cortical Lewy body scores
and Lewy body density in the cingulate
were higher in those who were anosmic.
Consensus clinical criteria for dementia
with Lewy bodies had a sensitivity of 64%
and specificity of 89%. In the absence of
definite Alzheimer’s disease, the criteria
had sensitivity of 100%. In patients with
definite Alzheimer’s disease, anosmia was
slightly more sensitive (55%) than the
consensus criteria (33%). However, the
addition of anosmia to the consensus
criteria did not improve their overall per-
formance.

Conclusion—Dementia with Lewy bodies
is associated with impaired odour detec-
tion. Misdiagnosis may have accounted
for some previous reports of impaired
odour detection in Alzheimer’s disease.
Simple but more sensitive tests of anos-
mia are required if they are to be clinically
useful in identifying patients with demen-
tia with Lewy bodies.

(¥ Neurol Neurosurg Psychiatry 2001;70:739-743)

Keywords: dementia with Lewy bodies; Alzheimer’s

disease; consensus criteria; olfaction

There are three main domains of olfactory
function: the ability to detect an odour, the
ability to recognise it, and the ability to identify
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it. Anosmia represents the most severe impair-
ment of detection. There is good evidence that
impaired odour detection in Parkinson’s dis-
ease is not simply due to poor cognitive
function.'> The picture is less clear in
Alzheimer’s disease. Impaired recognition and
identification of odours is influenced by cogni-
tive function in Alzheimer’s disease’ and there
is contradictory evidence on the question of
impaired detection,*’ which may depend on
which odour is tested."

There have not been any studies of olfactory
function in Parkinson’s disease or Alzheimer’s
disease in which the diagnosis was neuropatho-
logically validated. This could be important as
24% of patients with a clinical diagnosis of
idiopathic Parkinson’s disease do not have
Lewy body pathology'' and clinical diagnostic
criteria for Alzheimer’s disease commonly fail
to identify patients with Lewy body pathol-
o gy.IZ 13

The aim of this study was therefore to inves-
tigate the association of anosmia with the pres-
ence of Lewy bodies and Alzheimer-type
pathology in patients with dementia, taking
into account the effects of impaired cognitive
function.

Method

The Oxford Project to Investigate Memory and
Ageing (OPTIMA) is a longitudinal study of
patients with dementia with a high necropsy
rate (94%). Patients (n=92) had neuropatho-
logically confirmed neurodegenerative demen-
tia and full clinical datasets, including a score
of at least 2 on the dementia scale of Blessed
(DSB)," and a mini mental state examination
(MMSE)" score below 24 at some point before
death. Controls were over 65 and never fulfilled
either the DSB or MMSE criterion.

All patients were asked whether they could
smell anything from a sniff botle containing
lavender water and were regarded as anosmic if
they could not. The lavender water was a
preparation of 1.7% lavender oil in denatured
ethanol from a chain of large national pharma-
cies (Boots PLLC) and was replaced every 3 to 6
months. The test was repeated a year later in 58
patients, giving an index of test-retest reliabil-
ity. The performance of this test in controls was
compared with the rate of anosmia that would
be expected using the scratch and sniff Univer-
sity of Pennsylvania smell identification test
(UPSIT)."

A clinical diagnosis of probable dementia
with Lewy bodies was based on the presence of
any two of the following at study entry'’: visual
hallucinations for at least 4 months, persistent
brief fluctuations in cognitive or functional
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ability lasting minutes or hours (item 272 of the
Cambridge mental disorders of the elderly
examination CAMDEX'), and at least one
feature of parkinsonism.

Alzheimer’s disease pathology was assessed
according to the CERAD" and modified Braak
protocols.”® A 10 point cortical Lewy body
score was derived from assessments of five sec-
tions (anterior cingulate gyrus, parahippocam-
pal gyrus, insular, middle frontal, middle tem-
poral, and visual association cortex stained for
ubiquitin) using the consensus guidelines'’
with two variations. Firstly, except for the cin-
gulate, a 0.5 cm cortical strip rather than a strip
from the sulcus to the crest of the gyrus was
examined in all areas because sulcal depth is
highly variable. Secondly, Lewy body pathol-
ogy was not assessed in the parietal cortex and
counts from the visual association cortex were
substituted in determining the score. Olfactory
bulbs were not available. Cortical Lewy bodies
and pigmented nucleated cells in the whole SN
were counted blind to clinical data and data
from every other section from the same patient.
Patients were defined as having neuropatho-
logical dementia with Lewy bodies if any Lewy
bodies were identified in both the SN and the
cingulate gyrus.

Analyses of the associations of Alzheimer’s
disease and Lewy body pathology with anosmia
were restricted to patients with either probable
or definite Alzheimer’s disease or with Lewy
bodies (n=65). Analyses of the diagnostic util-
ity of anosmia drew on data from the whole
sample of 92.

Results

Most patients, 58% of whom were women,
were referred by general practitioners (35%) or
psychiatrists (40%). The mean (SD) age,
MMSE, and CAMCOG?" at study entry were
75.6 (8.0) years, 15.1 (7.6), and 51.8 (26.6)
respectively. The mean duration after study
entry until death was 2.6 (1.4) years. Controls
were well matched to the sample of patients
with dementia on sex (59% women) and age
(mean 75.3 (5.9)). Lewy bodies were detected
in the substantia nigra of 22 (24%) patients
with dementia, 17 (77%) of whom also had
Lewy bodies in the cingulate, 16 (73%) of
whom had probable or definite Alzheimer’s
disease, and all except one (5%) of whom had
at least some neurofibrillary tangles on Braak
staging. Of the remaining 70, 43 had probable
or definite Alzheimer’s disease only, two had
possible Alzheimer’s disease only, eight had
Alzheimer’s disease plus other conditions (five
vascular), and 17 had no Alzheimer’s disease
(seven vascular, three frontal lobe dementia,
one normal pressure hydrocephalus, one previ-
ously unsuspected Huntington’s disease, one
progressive supranuclear palsy, four cause
unknown).

Patients with Lewy bodies were more likely
to be anosmic than controls (41% v 6%;
p<0.0001) or those with Alzheimer’s disease
(16%; p=0.029, table 1). Those with
Alzheimer’s disease were not more likely to be
anosmic than controls although there was a

WWW. JANp. com

McShane, Nagy, Esiri, et al

Table 1  Number of patients with anosmia

Anosmia

Absent Present
Controls 88 6
Pure AD 36 7
LBs 13 9

AD=Alzheimer’s disease; LBs=Lewy bodies.

Anosmia statistics: overall 3?=18.12, df=2, p=0.0001; LB v
control y*=15.9, df=1, p<0.0001; AD v control *=2.31, df=1,
p=0.13; LB v AD y?=4.76, df=1, p=0.029 (Yates correction
applied when any cell with expected value<5).

trend in this direction (p=0.13). The possibili-
ties that the association of anosmia with Lewy
bodies in dementia was due to sex, impaired
cognitive function, or age were examined and
excluded. Although men were more likely to be
anosmic than women (10/27 v 6/32; y*> =3.8;
p=0.050), they were not more likely to have
Lewy body pathology (11/27 v 11/38;y* =0.98;
p=0.32). The CAMCOG score was no worse
in those who were anosmic (n=49) than in
those who were not (n=16) (50.6(25.5) v
42.5(27.2); =—1.1, df=63, p=0.29). There
was no difference in the age of those who were
or were not anosmic (76.8 (9.8) v 75.4 (7.3)).
Those with Lewy body pathology did not have
better cognitive function (CAMCOG=47.3
(23.8)) than those with Alzheimer’s disease
only (49.2 (27.2); df=63, =0.27, p=0.8).
Cohen’s « for the test-retest reliability of anos-
mia after 1 year was 0.52. Controls were less
likely to fail to detect lavender (n=6) than
would be expected to be anosmic on the
UPSIT (n=15).

The possibility that coexisting Alzheimer’s
disease pathology contributed to the associ-
ation of Lewy body pathology with impaired
olfaction was examined further and excluded.
In the sample of 65 with pure Alzheimer’s dis-
ease or Lewy bodies the severity of neurofibril-
lary pathology was not different in those with
and without anosmia (Braak stage: 4.3 (1.2) v
4.5(1.4); Mann Whitney U=288, z=—1.18;
p=0.24). Separate analyses on those with Lewy
bodies (n=20, two patients with missing Braak
data), and those with Alzheimer’s disease only
(n=43) also failed to show any relation between
severity of neuropathological Alzheimer’s dis-
ease and anosmia (patients with Lewy bodies:
Braak stage=3.5 (1.0) v 3.7(1.9); Mann Whit-
ney U=41, z=-0.51, p=0.62. Alzheimer’s
disease only: Braak stage=5.2 (0.42) o
4.8(1.1); Mann Whitney U=118, 2=-0.27,
p=0.81). Finally, the possibility that
Alzheimer’s disease and Lewy body pathology
acted synergistically to produce anosmia was
examined and excluded. Those with both Lewy
body and Alzheimer’s disease were no more
likely to be anosmic (seven of 16 patients) than
those with Lewy body but without Alzheimer’s
disease (two of six patients) (Fisher’s exact
p=1.0).

The relative contributions of cortical Lewy
body pathology and SN cell loss to anosmia
were examined in the sample of patients with
Alzheimer’s disease or dementia with Lewy
bodies (n=65). There was a strong association
between anosmia and a higher cortical Lewy
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body score (3.3 (2.7) v 1.3 (1.8); Mann Whit-
ney U=188, z=—3.1, p=0.002). The SN cell
counts were also lower in those with anosmia
(318 (178) v471(218);df 58,1=—2.4,p=0.02).
Confining the sample to the 22 patients with
Lewy bodies in the SN, the mean cortical Lewy
body score was greater in the nine patients with
anosmia (4.8 (2.4) v 2.5 (2.5); t=2.1, df=20,
p=0.05), but there was no significant difference
in the SN cell count (242 (119) v 308 (126);
t=—1.2, df=19, p=0.24).

Logistic regression analyses were performed,
in which the dependent variable was anosmia.
The following independent variables were
entered in a forward conditional analysis: mean
SN cell count, cortical Lewy body score, Braak
Alzheimer’s disease stage, sex, CAMCOG, and
age at study entry. In the final model, cortical
Lewy body score (B=-0.48, SE=0. 18,
Wald=7.09, df=1, p=0.008) and sex (B=1.93,
SE=0.83, Wald=5.4, df = 1, p=0.02) contrib-
uted independently to the presence of anosmia,
but the other variables did not. The results
were unaltered in simultaneous entry and
backward stepwise analyses and by omission of
CAMCOG score from the variable list.

An exploratory analysis of cortical Lewy
body density in individual brain areas showed
that anosmic patients had significantly greater
density of cortical Lewy bodies in the cingulate
gyrus than those without (mean density Lewy
body/mm®= 0.64 (0.59) v 0.27 (0.54); Mann
Whitney U=25, z=-2.25, p=0.025). This was
not apparent in the other five cortical areas
examined.

The consensus criteria for probable demen-
tia with Lewy bodies" performed very well in
patients without CERAD definite Alzheimer’s
disease, identifying all patients with Lewy body
in the SN and cingulate (sensitivity=100%,
PPV=73%). The criteria were specific but
lacked sensitivity in patients with definite
Alzheimer’s disease (table 2). Overall, the posi-
tive predictive value of anosmia was only 43%.
In patients with CERAD definite Alzheimer’s
disease, anosmia was slightly more sensitive
(55%) than the consensus criteria for dementia
with Lewy bodies (33%). A new criterion for
probable dementia with Lewy bodies that
included anosmia and demanded two of four

Table 2 Performance of consensus clinical diagnostic
criteria for DLB and of anosmia

Consensus DLB criteria*  Anosmia

All cases (n=92):

Sensitivity 64 53

Specificity 89 84

PPV 58 43
Definite AD(n=54)1

Sensitivity 33 55

Specificity 88 82

PPV 38 38
Not definite AD (n=38)

Sensitivity 100 50

Specificity 90 87

PPV 73 50

AD=Alzheimer’s disease; DLB=dementia with Lewy bodies;
PPV=positive predictive value (%); neuropathological criterion
for DLB=LBs present in both SN and cingulate gyrus. *At least
two of visual hallucinations for at least 4 months, persistent brief
fluctuations (item 272 of CAMDEX), and at least one feature of
parkinsonism.

+CERAD criteria for definite AD.
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symptoms (parkinsonism, visual hallucina-
tions, fluctuation, and anosmia) identified two
more true positive patients than the existing
criteria, but also yielded two more false
positives.

Discussion

This is the first clinicopathological series to
correlate olfactory function in life with
necropsy findings. Our results confirm the pre-
sumed association of impaired olfactory func-
tion with Lewy body pathology, and show that
this association extends to patients with
dementia as well as those with clinical Parkin-
son’s disease. One explanation for the surpris-
ing discrepancy between our data and those
clinical studies which have found impaired
odour detection in Alzheimer’s disease may lie
in the failure of clinical criteria for Alzheimer’s
disease to exclude patients with Lewy body
pathology.

Why is dementia with Lewy bodies, but not
Alzheimer’s disease, associated with anosmia?
There are no olfactory brain areas that are
heavily affected by Lewy bodies in dementia
with Lewy bodies, but remain unaffected in
patients with pure Alzheimer’s disease. The
possibility of an additive effect on olfactory
function of Alzheimer’s disease and Lewy body
pathology is attractive as, in this series, all
patients with Lewy bodies except one also had
at least some Alzheimer’s disease pathology.
Different neurons in the anterior olfactory
nucleus or olfactory cortices might be affected
by Lewy bodies and tangles, or, in the
amygdala, both abnormalities may be present
in the same cells.”” However, this hypothesis is
not supported by either simple %’ or regression
analyses of our data on cortical pathology.
Although Lewy body involvement and cell loss
in the anterior olfactory nucleus is extensive in
Parkinson’s disease, with almost complete
group separation from controls,” cell loss and
tangle formation are also more severe in the
olfactory bulb of those with Alzheimer’s
disease than controls.”?" Unfortunately the
loss of olfactory bulbs during processing and
storage made it impossible to examine the
effect of additive pathology in peripheral struc-
tures.

Our failure to find an association of anosmia
with Braak Alzheimer’s disease stage could be
explained if a ceiling in the effect on olfactory
function of Alzheimer’s disease (anosmia) is
reached at very early Braak stages. However,
this possibility would contradict data from
clinical studies which show that olfactory
dysfunction is correlated with degree of
dementia in those with established Alzheimer’s
disease.'’ » Furthermore, without doing olfac-
tory bulb biopsies, or large clinicopathological
studies of controls, this explanation is untest-
able.

Odour detection may be dependent on
dopaminergic neurons, which are selectively
affected by Lewy bodies.*® The anterior cingu-
late, a predilection site of Lewy bodies, is rich
in dopaminergic innervation, which may ex-
plain our finding of increased cingulate Lewy
body density in patients with anosmia. The
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cingulate and frontal regions are activated by
odours in normal volunteers, as well as regions
previously recognised as olfactory cortex (en-
torhinal and orbitofrontal).”” In patients with
hyposmia, activation is reduced in the cingu-
late, orbitofrontal, medial temporal, and poste-
rior temporal regions, but is restored when
olfactory function is improved.*®

A strength of the study was the standardised
assessment of fluctuation, which, although it is
a core feature of dementia with Lewy bodies in
the consensus clinical criteria,'” is difficult to
define. We found that short term fluctuations
lasting “minutes or hours” segregated with
other elements of the clinical syndrome of
dementia with Lewy bodies and were associ-
ated with Lewy body pathology whereas longer
fluctuations of “hours or days” were not. The
within patient blinding of pathological assess-
ment was also a strength. It reduced the possi-
bility of confounds due to confusion of ubiqui-
tinated globose tangles and cortical Lewy
bodies. Although a-synuclein immunohisto-
chemistry may have been more sensitive, it was
not available at the time of this work, and there
are emerging doubts about its specificity for
Lewy bodies.” ** The only report comparing
ubiquitin and o-synuclein in the cortex found
similar numbers of Lewy bodies staining with
each.”

The main limitation of the present study lies
in the method of olfactory testing. As there
were no dummy bottles, suggestibility and
response bias could not be ruled out, but the
cognitive function of the Alzheimer’s disease
and dementia with Lewy bodies groups was not
different and there is no obvious reason why
those with Alzheimer’s disease should be more
likely to say that they could detect an odour
than those with dementia with Lewy bodies.
Conventional tests of detection threshold use
sequential presentation of differing concentra-
tions of odorants but these longer tests,
although more reliable,” would not be feasible
for patients with dementia. The test-retest reli-
ability over a year (k=0.52) was modest but is
likely to be confounded by patients who genu-
inely developed anosmia over that period, and
was better than the 2 week reliability of single
ascending butanol detection threshold tests in
normal subjects.” Fewer controls were anos-
mic on this test than expected, suggesting that
the olfactory stimulus might have been of a
higher concentration than occurs in UPSIT
and raising the possibility that some patients
reported detection of the odour because of a
trigeminal effect. Such an effect would have
worked against detection of an association of
anosmia with Lewy bodies.

The main problem with the existing clinical
diagnostic criteria for dementia with Lewy
bodies is poor sensitivity due to the masking of
symptoms by concomitant Alzheimer’s disease
(table 2). The crude test we used did not
improve the predictive value of the criteria.
Odours such as pizza and wintergreen may be
better at discriminating patients with Parkin-
son’s disease from controls,” although this
awaits confirmation. It is not known whether
these would be better discriminators between
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Alzheimer’s disease and dementia with Lewy
bodies than the test that we used as reports of
reduced odour sensitivity in Alzheimer’s dis-
ease depend on the odour being tested.”” The
finding that patients with dementia with Lewy
bodies were less likely than those with
Alzheimer’s disease to be able to detect
lavendar on a classic bedside test holds out the
possibility that a simple test may yet be
developed which has the right sensitivity profile
to be a useful addition to existing diagnostic
criteria.

Smells are probably less well semantically
encoded in humans than other stimuli, making
olfactory recognition and identification rela-
tively more vulnerable to early Alzheimer’s dis-
ease than detection.® * This also explains why
tests of odour identification may be markers for
subsequent cognitive decline.** »

Nevertheless, given that detection is a
prerequisite for identification, our results
suggest that neuropathological validation is
necessary before any impairments in olfactory
function can be confidently attributed to
Alzheimer’s disease rather than dementia with
Lewy bodies.
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NEUROLOGICAL STAMP

Vladimir Mikhailovich Bechterev (1857-1927)

Bechterev studied brain stem anatomy (1894) and later as
a contemporary of Pavlov contributed to “psychoreflexol-
ogy” (1900). He achieved a place in Russian neurology
nearly equivalent to Pavlov. Bechterev (1885, 1887) added
to Dieter’s work by distinguishing between the anterior and
posterior roots of the eighth nerve. He called the first the
ramus vestibularis and the second ramus cochlearis. He asso-
ciated the vestibular root with Dieter’s nucleus. His work
led to a better understanding of some components of the
eight nerve that had acoustic functions. In 1894 he also
described the nuclear complexes of the reticular formation,
connections of the inferior olive, components of the
cerebellar peduncles, the central tegmental tract, and the
superior vestibular nucleus (nucleus of Bechterev). Bech-
terev also described the spinothalamic tract (1904) as the
pain pathway and contributed to the motor and sensory
functions of the brain and the theory of cerebral
localisation. In 1909 Bechterev reported that unilateral
removal of the inferior colliculus led to transient
diminution of reflex movements of the ear contralateral to
sounds.

The first association of memory with a specific part of
the limbic system seems to have been made by Bechterev.
He described in 1900 the brain of a patient with memory
deficit and hippocampal degeneration. Bechterev also
described ankylosing spondylitis, known for a time as
Bechterev’s disease.

In 1952 Russia issued a postage stamp commemorating
the 25th anniversary of his death. (Stanley Gibbons 1790,
Scott 1655)
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