
I
t has been observed in various investiga-
tions1-3 that patients suffering from AL amy-
loidosis present several taste losses. Acuity of

one or more fundamental tastes was reduced in
most cases, but patients did not spontaneously
notice any alterations. Most of the time, taste
analysis was accomplished using a threshold
determination technique, so that patients not
recognizing a taste at the maximal solute con-
centration employed (threshold concentration)
were considered ageusic.1

Threshold concentrations are simply the base
points of the line relating taste intensity percep-
tion to increasing solute concentrations, but the
psychophysical function relating solute concen-
tration to intensity perception is not identical in
all cases.4,5 Thus threshold values neither reveal
true ageusia nor suggest taste abnormalities at
suprathreshold concentrations.

In order to obtain more reliable data, supra-
threshold examination of taste acuity in patients
suffering from AL amyloidosis seemed indicat-

ed. Problems related to the evaluation of the
absolute intensity of perception have been wide-
ly analyzed.5,6 Most reliable approaches compare
abnormal sensory modalities (taste, in our case)
to another presumably normal modality report-
ed by the same subject on the same scale. Taste
and sound matching, proposed by the Connecti-
cut Chemosensory Clinical Research Center,4 has
been largely applied. This technique requires
that patients possess perfect hearing, a criterion
not frequently met in older patients, Weiffen-
bach et al.7 matched taste with the extension of a
colored table. Different procedures matching
taste acuity with color intensity have also been
proposed.8,9 Using one of these last suprathresh-
old scaling procedures,9 we studied the psy-
chophysical function connecting solute concen-
trations to perceived taste intensity in patients
suffering from AL amyloidosis. Particular inter-
est was devoted to the quantitative taste behav-
ior of patients found to be ageusic with the
threshold procedure.
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ABSTRACT
Background. Sporadic observations suggest a possible taste impairment in AL amyloidosis, but

the frequency and intensity of this sensory anomaly are not known.
Materials and Methods. We submitted 21 AL amyloidotic patients, drawn from subjects referred

to the Amyloidosis Study Center of the Department of Internal Medicine and Medical Therapy,
University of Pavia, to suprathreshold scaling analysis.

Results. Taste acuity was reduced in most of them. Every taste showed independent behavior, and
90% of these patients were hypogeusic. True ageusia for one or two tastes was observed in 35% of
patients. No patient was aware of reduced taste acuity. Macroglossia did not seem to play a promi-
nent role in dulling tastes.

Conclusions. Impairment of taste perception suggests that gustative neuropathy is a frequently
unnoticed expression of sensory involvement in AL amyloidosis. 
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Materials and Methods
Twenty-one subjects, 12 males and 9 females

aged 25-79 years (median 55 years), were
enrolled. All patients were affected by histologi-
cally verified AL amyloidosis with various organ
involvement (heart, liver, kidneys). Three
patients (C.R., a 55-year-old woman, G.A.M., a
51-year-old woman and P.C., a 53-year-old
man) presented remarkable macroglossia, with
documented amyloid deposition in the tongue.
No patient showed xerostomia. The solutions
used for tasting were indicated by Bartoshuk.4

Gustometric assays were compared with val-
ues obtained in 20 normal subjects (11 males
and 9 females) aged 27-75 years (median 53.5
years). Patients were informed about the pur-
pose of the assay and underwent an accurate
oral and dental examination.

A cone section drawn on a sheet and divided
into serial layers, each consisting of a color tone
whose intensity progressed from the base to the
tip (white, rosy-yellow, pink, light red, strong
red, purplish), was shown to every patient. It
was explained that every color layer correspond-
ed to a range of taste intensity; the feeblest color
tonality corresponded to the weakest perception
of taste, the highest tonality to the highest per-
ception. Every patient was invited to choose the
color layer that best matched his/her perceived
intensity of the taste assayed, and to establish
whether the sensation experienced was better
placed at the bottom or at the top of the layer. 

On the back of the sheet, layers were marked
with progressive numbers from zero (white
basal layer) to 100 (purplish apical layer). Every
layer contained 20 numbers (0-20 rosy-yellow,
21-40 pink, and so on).

The numerical values corresponding to the
zones chosen by the patient were noted.

Suprathreshold analysis of taste acuity aims at
grading taste perceptions from normogeusia to
complete ageusia. Inadequate evaluation of taste
acuity (hypogeusia) was divided into two cate-
gories. We defined complete hypogeusia as an
inadequate evaluation of taste intensity at all
solute concentrations, and partial hypogeusia as
a delayed evaluation of taste acuity perceived
correctly only at the strongest solute concentra-
tions.

Results
Some general remarks can be made about the

observed data:
a) two patients only evaluated all tastes nor-

mally; all others presented complete or incom-
plete hypogeusia for one or more tastes;

b) among hypogeusic patients, 11 (52.3% of
cases) correctly evaluated one or two tastes; 6
(28.5% of cases) correctly evaluated three tastes;
3 (14.2% of cases) were hypogeusic for all tastes;

c) ageusia for one or two tastes was observed
in 8 patients (38% of cases).

More detailed analysis of taste acuity shows
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Tastes Investigated subjects Normogeusia
      n°         %

Hypogeusia
Partial Complete

     n°           %            n°         %
Ageusia

    n°      %

Bitter
normal (20)

amyloidosis (21)

19

13

95

62

–

–

–

–

1

6

5

28.5

–

2

–

9.5

Sweet
normal (20)

amyloidosis (21)

20

10

100

47.7

–

–

–

–

–

9

–

42.8

–

2

–

9.5

Salt
normal (20)

amyloidosis (21)

20

6

100

28.5

–

9

–

42.9

–

5

–

23.8

–

1

–

4.7

Sour
normal (20)

amyloidosis (21)

14

3

70

14.3

–

6

–

28.6

5

6

25

28.6

1

6

5

28.6

Table 1. Taste acuity
behavior in a group of AL
amyloidosis patients
compared with normal
subjects.
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that 4 patients did not recognize sweet and 6 did
not recognize salt at 0.10 M sucrose and 0.10 M
NaCl, respectively; 6 patients did not recognize
bitter at 0.00001 M quinine Cl and 17 did not
recognize sour at 0.0032 M citric acid concen-
tration. Since these values correspond to the
highest concentrations of threshold procedures,3

all these patients would have been classified
ageusic with the threshold approaches. Supra-
threshold examination confirmed true ageusia
in 8 patients: five were ageusic for one taste
only; one patient did not recognize sweet and
bitter, another bitter and sour, the third salt and
sour. Analytical examination of the perception
intensity of every fundamental taste gave the
following data (Table 1). No patient recognized
sweet at the lowest concentration but those
identifying it under the threshold concentration
showed a normal gustometric perception for all
remaining solute concentrations; those who rec-
ognized this taste at the threshold demonstrated
reduced gustative perception for all successive
concentrations (complete hypogeusia). Two
patients showed complete ageusia; they reported
abnormal sensations (“bitter”, “sour”, “as an
orange fruit”) during all the assays for sweet.

Thus, suprathreshold examination showed
that 9.5% of our patients were ageusic for sweet,

42.8% were completely hypogeusic and 47.7%
were normal (Figure 1).

Bitter was correctly evaluated by 13 out of 21
patients; six showed reduced gustometric per-
ception for all solute concentrations and two
were completly ageusic. Macroglossia was
observed in two hypogeusic patients and in one
(P.C., 53-year-old) with normal taste perception
for bitter. Ageusic patients did not show macro-
scopic lingual alterations. After tasting the most
concentrated solutions, they observed: It is very
unpleasant, but I don't know. On the whole, the
perception intensity of bitter was not adequate
in nearly 38% of amyloidosis patients, and
hypogeusia for bitter was constantly complete.

Six out of 21 subjects recognized salt under
the threshold concentration, 9 identified it at
the threshold and one showed complete ageusia.

All patients who recognized this taste below
the threshold concentration revealed normal
taste intensity further on; among patients iden-
tifying salt at the threshold, six demonstrated
satisfactory quantitative taste perception at
higher concentrations and three showed persis-
tent hypogeusia.

Five patients recognized salt at suprathreshold
concentrations; two of these showed complete
hypogeusia.

So, the quantitative perception of salt was nor-
mal in 28.5% of our cases, showed delayed ade-
quacy (partial hypogeusia) in 42.5% and was
constantly inadequate (complete hypogeusia) in
23.8%. Complete ageusia was observed in only
one patient (Figure 2).

Just one patient recognized sour under the
threshold concentration and two recognized it
at the threshold; all three of these subjects
showed normal quantitative taste perception for
the remaining solutions. Twelve patients recog-
nized this taste at suprathreshold concentra-
tions: six showed partial and six complete
hypogeusia. Six patients were also completely
ageusic. Ageusic patients did not perceive any
taste until the highest concentrations were test-
ed, and only at the IVth or Vth concentration level
did some of them affirm: It is very bad; it seems
to be lemon, but I don’t know. Thus, quantitative
analysis of the perception of sour revealed that
partial hypogeusia, complete hypogeusia and
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Figure 1. Sweet suprathreshold perception in AL amyloidosis: (°ageusic
patients; — hypogeusic patients; shadowed area is normal perception).
Hypogeusia is complete in all hypogeusic patients. 
On abscissa, molar sucrose concentrations: I: 0.01 M; II: 0.032 M; III: 0.1 M;
IV: 0.32 M; V: 1.0 M.
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ageusia were equally distributed in 85.71% of
patients. 

A comparison between reduction in taste acu-
ity and amyloid organ involvement did not offer
conclusive correlations; the most severe hypo-
geusias were observed in patients with renal
insufficiency or with extensive organ infiltra-
tions. Surprisingly, hypogeusia was less severe in
patients with sensitive neuropathies. In our
opinion, these observations emphasize the for-
tuity of neurologic involvement in AL amyloi-
dosis patients. Deterioration of taste perception
does not seem to be significantly influenced by
the age or sex of the patients. Whether taste acu-
ity worsens with disease progression also
remains an unanswered question. Our data
(three cases submitted to suprathreshold taste
examination after a six-month interval) seem to
support this possibility, but they are too few to
permit any valid conclusions.

Discussion
Many sensory neuropathies are observed in AL

amyloidosis and the clinical picture of the dis-
ease is frequently marked by their symptoms.10-14

Peripheral sensory and motor  paralysis,
hoarseness or change of voice, lightheadedness,
orthostatic hypotension, impotence, sphincteral
alterations, carpal tunnel syndrome are the most
common manifestations. Clinical features are
similar to those observed in neuropathies asso-
ciated with monoclonal gammopathies.14 Since
the cranial nerves are generally unaltered in
these cases, this feature is considered a signifi-
cant symptomatic difference between AL amy-
loidosis and familial amyloidotic polyneuropa-
thy (familial amyloidosis).15,16

Cranial nerve integrity in AL amyloidosis is
not, however, absolute. Adie’s syndrome is spo-
radically observed and several taste losses have
been documented.1-3,12

In preliminary research Marinone et al.1

emphasized a significant reduction in the activi-
ty of several fundamental tastes in nearly 60% of
AL amyloidosis patients. Taste losses appeared
precociously and persisted throughout the
entire disease evolution; their severity was not
related to the severity or the duration of the ill-
ness. Most patients did not notice hypo- or
ageusia on their own.

Threshold determination of taste acuity, as it
has been employed in many studies, is not a
good clinical indicator of variations in taste;
consequently nobody at present knows the
quantitative extent of taste losses in AL amyloi-
dosis patients. Suprathreshold scaling of solute
concentrations reveals that hypogeusia, to vary-
ing degrees and for various tastes, is the most
frequent sensory anomaly in AL amyloidosis. In
our series, all patients but two were affected,
and all four tastes were independently involved.
True ageusia was less frequent. We observed
eight ageusic patients out of 21 cases. Three pre-
sented ageusia for two tastes: sweet and bitter in
the first, salt and sour in the second, bitter and
sour in the third case. Five patients were ageusic
only for sour.

As far as hypogeusic patients are concerned, it
is noteworthy that those who did not recognize
sweet or bitter at the threshold concentration
never recovered normal quantitative perception
with more concentrated solutions; their hypo-
geusia was complete. On the contrary, patients
who did not recognize salt or sour at the thresh-
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Figure 2. Salt suprathershold perception in AL amyloidosis: hypogeusia is
complete (—) in five patients only; most hypogeusic patients recover nor-
mal taste perception at suprathreshold NaCl concentration (- - - partial
hypogeusia).
On abscissa, molar NaCl concentrations: I: 0.01 M; II: 0.032 M; III: 0.1 M;
IV: 0.32 M; V: 1.0 M.
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old concentration frequently recovered normal
taste acuity at higher concentrations; they pre-
sented a partial hypogeusia.

The mechanisms of sensory transduction
seem to be simpler for salt and sour than for
sweet and bitter.17 Clinically, the varying degree
to which AL amyloidosis patients recover recog-
nition intensity for electrolytes (H+ in citric acid;
Na+ in sodium chloride) as compared to organic
compounds (glucose and quinine) confirms the
different and independent modalities of taste
perception for these heterogeneous chemical
categories.

Among patients with documented amyloid
deposition in the tongue (three cases), only one
showed normal quantitative perception for bit-
ter. Two presented partial hypogeusia for bitter
and sweet, while salt and sour perception was
highly deficient in all three (two patients were
ageusic for sour).

These observations further confirm the func-
tional independence of different tastes, even in
severe and diffuse anatomical lesions of the
tongue. 

In conclusion:
1) taste losses represent a very frequent senso-

ry alteration in patients suffering from AL amy-
loidosis. Every taste demonstrates independent
behavior;

2) true ageusia is not frequent; it never
involved all tastes in any of our patients. Com-
plete hypogeusia prevails for sweet and bitter.
Partial hypogeusia is frequent for salt and sour;

3) AL amyloidosis patients are unaware of
their reduced taste acuity. None of the 40 sub-
jects studied by us with different approaches
spontaneously noticed any taste alterations. A
patient observed by Ujike et al.2 presented xeros-
tomia and complained of hypogeusia, and De
Moor et al.3 observed a patient who complained
of macroglossia, dysphagia and cacogeusia.

The role of saliva in taste perception is well
known18,19 and xerostomia has a strikingly dele-
terious effect on taste appreciation. It should
also be noted that taste perception derives from
an interaction of multiple cranial nerves.
Limited damage to this physiological network
can be without consequence on the general per-
ception of taste; some fibers from cranial nerve

VII, for instance, inhibit the function of cranial
nerve IX fibers. Their lesion enhances taste
appreciation in some lingual regions.20 Dys-
geusia with perioral sensory loss is frequently
observed in patients suffering from familial
amyloid polyneuropathy. This characteristic
represents an interesting differential symptom
between AL and familial amyloidosis. In our
opinion, it would be interesting to analyze and
compare taste loss modalities in both pathologi-
cal conditions. 

The pathogenesis of taste losses in AL amyloi-
dosis has not been investigated yet. Since amy-
loid deposition has been observed in the periph-
eral nerves of AL amyloidosis patients with
peripheral sensory-motor deficiencies,13 it would
be reasonable to suppose that taste anomalies
follow sensory nerve lesions induced by amyloid
deposition. Monoclonal immunoglobulins have
recently been identified in the serum of most AL
amyloidosis patients,21 and nerve fibers can be
heavily compromized by monoclonal antibod-
ies.22 So the physiopathology of taste anomalies
in AL amyloidosis is still open to study. From a
clinical point of view, however, it seems impor-
tant to underline that taste anomalies are a fre-
quently underestimated expression of sensory
neuropathies in AL amyloidosis.
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