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Introduction

Sensory functions such as hearing
and sight, but also smell, decline
with age. The decline in hearing
and sight is soon noticed; the
decrease in olfactory function is
often not. In 1984, Doty et al.,1

using the University of
Pennsylvania Smell Identification
Test (UPSIT), demonstrated that
olfactory function declines sig -
nificantly after the age of 60.
These findings have been con-
firmed in further studies, showing
that two-thirds of subjects over
the age of 80 had impaired per-
formance on an 8-item identifica-
tion test.2 These findings were also
confirmed with the Sniffin’Sticks
test battery.3 Bearing in mind that
5% of the general population are
anosmic4 and given the age of the
examined subjects, it can be con-
cluded that more than 10% of

people  over 65 are anosmic. That
is more than the percentages for
hearing disorders or diabetes.5

Moreover, there is a high number
of unreported cases in this age
group,2 which may be due to the
gradual nature of the change. It is
often perceived as a change in
“how food tastes” and therefore
confused with, or reported as, a
change in taste.6 Nevertheless,
olfactory disorders are assumed to
have a major impact on quality of
life in affected persons: problems
with cooking, changes in mood,
reduced or changed appetite.7 An
increased number of hazardous
events (like the lack of smoke or
gas identification) has also been
linked to the decline of the olfac-
tory function.8

Olfactory disorders are also a
common feature in neurodegenera-
tive diseases such as idiopathic
Parkinson’s disease (IPD) and

Alzheimer-type dementia (AD).
In IPD, olfactory dysfunction was
first described in 1975 by Ansari
and Johnson.9 It is known that
olfactory dysfunction is a very
common feature of IPD, appearing
in more than 90% of all IPD
patients10,11 and usually preceding
motor symptoms.12,13 Olfactory
dysfunction, however, is also
present  in Alzheimer’s dementia.
It is therefore impossible to dis -
tinguish between IPD and AD on
the basis of the olfactory disorder
alone. Olfactory disorders are also
present in other neurodegenerative
diseases such as Huntington dis-
ease, multiple sclerosis and dif -
ferent forms of ataxia.14,15

By contrast with the high inci-
dence of olfactory disorders, taste
disorders are rare. The incidence
of complete taste loss has been
found to be as low as 0.85%.16

Hypogeusia and dysgeusia are
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usually more common.17 Since
both olfactory and taste disorders
occur in the elderly, flavour
enhancement is becoming more
important to improve appetite and
nutritional status among those
patients.18 In addition, the impor-
tance of palatability is finally
beginning to be recognised in
dietary recommendations for the
elderly.19

Pathophysiology of age-related
olfactory and gustatory disor-
ders

Age-related changes in smell per-
ception are multiple and include
deficits in several parameters of
olfactory function, including
detection thresholds, odour identi-
fication, discrimination and inten-
sity perception. Moreover, older
subjects seem to adapt more
quickly to odours and resensitise
more slowly.20

For odour detection, the volatile
olfactory stimuli have to dissolve
in, and penetrate through, watery
layers before they can interact
with the odorant receptor residing
on the cilia of the odorant receptor
neurons. Changes in mucociliary
movement, mucus composition,
submucosal blood flow, enzy -
matic degradation and epithelia
thickness might interact and dis-
turb odorant perception at the
peripheral level. A decline in
hydration and mucus secretion is
known to take place with age and
may therefore, together with hor-
monal and metabolic changes
affecting blood flow, be partly
responsible for age-related changes
in odorant perception.21

In addition, even though olfac-
tory receptor cells regenerate
throughout life, this process
requires ongoing neurogenesis. It
has been assumed that the number

of dying cells exceeds the number
of new cells, resulting in a reduced
number of olfactory receptor
cells.22,23

Even though the decline in taste
function is not as marked as in
olfaction, it declines with age as
well.24 Several factors can reduce
taste function such as: (1) destruc-
tion or loss of taste buds them-
selves (2) damage to neural (local
or central) pathways, (3) involve-
ment of other central structures
(stroke, tumour) or (4) systemic
disturbances (several diseases,
including diabetes, liver and kid-
ney diseases etc., or medication).
Most elderly subjects suffer from
at least one or more diseases and
take one or more types of medica-
tion, so a meticulous history can
be helpful in the identification of
possible causes of the taste dis -
order. 

Pathophysiology of olfactory
and gustatory disorders in
neuro degenerative diseases

Olfaction in IPD

In accordance with the staging
concept of Braak et al.,25 the very
early involvement of olfactory
regions in the course of the dis-
ease has been hypothesised.
Parkinson’s disease-related
pathology spreads from the olfac-
tory bulb and tract, the anterior
olfactory nucleus (stage 1) to the
piriform cortex and different sub-
nuclei of the amygdala (stage 3/4)
and hippocampus. The olfactory
deficit is not influenced or
improved by dopaminergic medi -
cation.26 Taken together with the
fact that olfactory function in IPD
can improve over time,10 the olfac-
tory loss might be taking place
independently of the nigro-striatal
degeneration that is typically

observed in IPD. Olfactory event-
related potentials (OERPs) seem
to be a very sensitive marker of
olfactory loss.27 Combining func-
tional MRI/fMRI and OERPs,
Welge-Lüssen et al.28 were able to
demonstrate a link between the
expression of OERPs and olfac -
tory-induced brain activity in IPD.
Moreover, in an earlier study, the
same group was able to identify
altered neuronal activity in the
amygdaloid complex and the hip-
pocampal formation during olfac-
tory stimulation in IPD using
fMRI.29 Changes in the olfactory
bulb (an increase in the number of
dopaminergic cells) have also
been observed,30,31 even though the
impact on the observed olfactory
deficit has yet to be determined. 

Alzheimer’s dementia

In Alzheimer’s disease, one of the
first areas to be damaged is the
entorhinal cortex.32 This area is of
great importance, not only for
memory and emotion but also for
olfaction. By contrast with IPD, a
correlation between the severity
of the disease and the olfactory
disorder has been established.
Moreover, in a prospective popu-
lation-based study in almost 2000
individuals, there was a five-fold
increase in the probability of
developing a subsequent cognitive
failure in anosmics with at least
one ApoE4 allele.33 The absence of
awareness of an olfactory disor-
der, in combination with a mild
cognitive impairment, also seems
to increase the probability of
developing Alzheimer’s disease.
Even though it was initially
thought that biopsies of the olfac-
tory neuro-epithelium could be
used to diagnose Alzheimer’s dis-
ease,34 this hope has not been ful-
filled since the reported changes
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have also been seen in IPD and
some healthy elderly controls and
cannot therefore be considered to
be specific.35

Gustatory disorders

Taste disorders in neurodegenera-
tive diseases are, in most cases,
due to cortical dysfunction. The
neurodegenerative disease usually
not only affects neurotransmitter
systems that are important in taste
information processing, like
acetylcholine or epinephrine, but
also affects brain areas which are
involved in taste processing. In
early Alzheimer’s disease the
associative level of taste informa-
tion processing was found to be
altered and described as “associa-
tive agnosia”.36 In IPD the findings
from taste testing are equivocal:
both a reduction in gustatory sen-
sitivity in IPD compared to con-
trols as well as a similar function
in IPD and controls have been
reported.37

Conclusion

So far, there is no specific therapy
for age-related olfactory or gusta-
tory disorders. Meticulous history
can help to identify concomitant
systemic diseases other than age
which might be responsible for the
taste disorder. Treatment of these
diseases or changes in medication
might lead to an improvement
in taste function. Olfactory and
 gustatory disorders accompanying
neurodegenerative diseases cannot
yet be treated.
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