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Abstract Olfaction, taste and trigeminal function are

three distinct modalities. However, in daily life they are

often activated concomitantly. In health and disease, it has

been shown that in two of these senses, the trigeminal and

olfactory senses, modification of one sense leads to chan-

ges in the other sense and vice versa. The objective of the

study was to investigate whether and (if so) how, the third

modality, taste, is influenced by olfactory impairment. We

tested 210 subjects with normal (n = 107) or impaired

(n = 103) olfactory function for their taste identification

capacities. Validated tests were used for olfactory and

gustatory testing (Sniffin’ Sticks, Taste Strips). In an

additional experiment, healthy volunteers underwent

reversible olfactory cleft obstruction to investigate short-

time changes of gustatory function after olfactory alter-

ation. Mean gustatory identification (taste strip score) for

the subjects with impaired olfaction was 19.4 ± 0.6 points

and 22.9 ± 0.5 points for those with normal olfactory

function (t = 4.6, p \ 0.001). The frequencies of both,

smell and taste impairments interacted significantly (Chi2,

F = 16.4, p \ 0.001), and olfactory and gustatory function

correlated (r210 = 0.30, p \ 0.001). Neither age nor

olfactory impairment cause effects interfered with this

olfactory–gustatory interaction. In contrast, after short-

lasting induced olfactory decrease, gustatory function

remained unchanged. The present study suggests that

longstanding impaired olfactory function is associated with

decreased gustatory function. These findings seem to

extend previously described mutual chemosensory inter-

actions also to smell and taste. It further raises the question

whether chemical senses in general decrease mutually after

acquired damage.
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Introduction

We sense our chemical environment using three systems:

the somatosensory, mediated by the trigeminal nerve, the

gustatory and the olfactory. Although these three systems

identify and mediate different qualities, daily life activities

such as eating, breathing or drinking makes them often

work simultaneously. Consequently, olfactory, trigeminal

and gustatory fibers are concomitantly activated. At a

peripheral level, olfactory and trigeminal fibers are inti-

mately intermingled within the olfactory cleft region [29]

and taste and trigeminal fibers are intermingled at the tip of

the tongue [35]. In contrast, olfactory and gustatory fibers

are not found together at any peripheral site (e.g. tongue or

olfactory cleft). On a central nervous level, gustatory,

olfactory and trigeminal afferent information converges at
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the orbitofrontal cortex [27]. As a consequence, in healthy

subjects, these three modalities frequently interact [4, 7,

20]. Hence, loss or alteration of one modality could influ-

ence the other chemical senses. This question has been

addressed by several authors, who could show that olfac-

tory impairment lowers trigeminal function and, vice versa,

trigeminal impairment decreases olfactory function [3, 17].

To date, little is known as to whether and how gustatory

function, as a third player within the chemical senses,

changes when olfactory function is altered. In agreement

with the aforementioned reports’ hypotheses that impair-

ment of a chemical sense attenuates the other chemical

senses, one would expect gustatory function to decrease if

olfaction is impaired. The aim of this study was to inves-

tigate gustatory function in subjects with normal or

impaired olfactory function. To gain potential insight into

the time frame requested for such interactions, an addition

experiment was conducted in which the olfactory cleft was

temporarily blocked.

Materials and methods

Participants

Olfactory and gustatory identification were tested in 210

subjects, of whom 103 (62 women, 41 men, mean age

53.5 ± 1.4 years) had impaired olfactory identification

scores and 107 (62 women, 45 men, mean age

51.8 ± 1.3 years) had normal scores. Impaired olfactory

function was due to causes such as head trauma (30%),

upper respiratory tract infection (28%), chronic rhinosi-

nusitis (12%), toxic exposure (2%), congenital (1%),

miscellaneous (10%) or unknown reasons (17%). All

subjects were previously investigated for long-lasting

chemosensory disorders at the olfactory outpatient clinic

according to the routine workup (for details see [8, 22]).

Intake of drugs known to alter gustatory function [9] were

exclusion criteria. Since qualitative taste/smell dysfunc-

tion (e.g. dysgeusia, phantosmia or parosmia) cannot be

assessed reliably and we wanted to investigate only

interactions of measurable olfactory and gustatory func-

tion, such qualitative distortions were further exclusion

criteria. The study was conducted according to the Dec-

laration of Helsinki on Biomedical Research Involving

Human Subjects and approved by the institutional review

board.

Chemosensory testing

Olfactory function was tested with the identification kit of

the Sniffin’ Sticks test battery, consisting of 16 familiar

odors. According to previously published [21] and recently

updated [18] norm values of this widely used European

smell test, more than 11 correctly identified odors were

considered consistent with normal olfactory function.

Gustatory function was examined by using ‘‘taste strips’’, a

clinical identification test based on impregnated filter

papers. Taste identification is considered normal when 19

or more of 32 presented taste strips are correctly identified

(for details see [23, 25]).

Olfactory cleft blocking experiment

In an additional experiment, 15 volunteers (6 women, 9

men, mean age 24 ± 4.1 years), were tested for gustatory

function before and after mechanical obstruction of the

olfactory cleft for 1 h using sponges, leading to transient,

reversible lowering of olfactory function (for details see

[26]).

Statistics

Results were analyzed using SPSS 15.0 for WindowsTM

(SPSS Inc., Chicago, IL, USA). Descriptive statistics are

presented as means and standard errors of the means

(±SEM). T tests for independent samples were employed

for comparisons between groups. Analysis of variance was

used to control for the etiologies. Correlation analyses were

performed using Spearman statistics and partial correla-

tions controlled for age as confounding factors. Analyses of

frequencies were calculated using Chi-Square tests. The

alpha level was set at 0.05.

Results

The mean olfactory identification score for subjects with

impaired olfaction was 7.1 ± 0.3 points (highest score 1;

lowest score 11) and 13.6 ± 0.1 points (highest score 16;

lowest score 12) for subjects with normal olfactory iden-

tification (t = 20.9, p \ 0.001). Mean gustatory identifi-

cation, expressed as taste strip score, for subjects with

impaired olfaction was 19.4 ± 0.6 points (highest score 5;

lowest score 30) and 22.9 ± 0.5 points (highest score 9;

lowest score 31) for those with normal olfactory function

(t = 4.6, p \ 0.001; Fig. 1). There was no significant age

difference between the two groups (altered olfaction

53.5 ± 1.4 years, normal olfaction 51.8 ± 1.3 years;

t = 0.8, p = 0.39). A significant positive correlation

was found between olfactory and gustatory function

(r210 = 0.30, p \ 0.001) which persisted after age cor-

rected partial correlation (r210 = 0.29, p \ 0.001). Among

subjects with impaired olfaction, 45 had altered gustatory

function (less than 19 taste strips identified) and 62 normal

taste functions. Only 17 subjects with normal olfactory
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function had altered taste function and 86 had both normal

taste and olfactory functions. Analyses of these frequency

rates yielded a significant association of impaired olfactory

function with decreased gustatory function (v2 test,

F = 16.4, degrees of freedom (df) = 1; p \ 0.001;

Table 1). Further analyses of variance with a special focus

on the causes of impaired olfactory function did not reveal

that the association between impaired olfactory and taste

functions was restricted to any particular cause

[F(7,36) = 1.04, p = 0.41].

Olfactory cleft blocking experiment

In the additional experiment, olfactory function was tran-

siently lowered by 30% (mean olfactory threshold before

obstruction: 6.7 ± 0.3 points, with obstruction 4.7 ± 0.3

points, p \ 0.001), whereas gustatory function remained

uninfluenced by the olfactory cleft obstruction (mean taste

strip score before obstruction: 24.0 ± 0.9 points, with

obstruction 24.1 ± 1.6 points, p = 0.9).

Discussion

The main finding of the present study is that long-term

olfactory impairment lowers gustatory function. Despite its

statistical significance, it has to be kept in mind that this

decrease in gustatory function is of moderate and sub-

clinical extent and most likely remains unnoticed by sub-

jects with impaired olfactory function. Consequently,

studies using very rough taste testing or small sample sizes,

might not have found this interaction. Further, this con-

comitant decrease in taste function seems not to appear

after short term olfactory impairment but appears to require

longer olfactory impairment to be present. Although age is

a known factor in decreased taste function [23], we could

reasonably exclude this co-factor as a possible cause of our

findings. This effect was further unrelated to the origin of

olfactory impairment. Particularly, subjects with posttrau-

matic olfactory impairment did not contribute more than

other investigated subjects to the interaction observed here.

The question of how human sensory function changes

after acquired loss or impairment of another sensory sys-

tem has been addressed numerous times for interactions

between sight, audition and tactile function. This literature

shows that acquired loss or impairment of one sensory

system leads to compensatory mechanisms in other sensory

systems due to remarkable cortical plasticity [2, 5, 24, 34].

In analogy to these observations in sight, audition or tactile

function, one could speculate that olfactory dysfunction

should not lead to decreased taste function. However, this

analogy can probably not been drawn that simply, since

distinct anatomical and functional similarities exist among

the chemical senses, suggesting a higher degree of inter-

dependence than between vision and audition. In contrast

to vision or audition the chemosensory organs have to be

considered from an anatomical point of view as double

sensory organs. The tongue has a dense and overlapping

gustatory and trigeminal innervation similar to that found

within the olfactory cleft where trigeminal fibers are den-

sely present and even project into the olfactory bulb [27,

29]. Further, all three chemical senses have projections to

the orbitofrontal cortex, which is considered the secondary

olfactory and gustatory cortex [27]. Within the orbito-

frontal cortex, multimodal neurons responding to taste,

Fig. 1 Mean scores for gustatory function in subjects with normal

versus impaired olfactory function. Subjects with impaired olfactory

function exhibit decreased taste function compared to subjects with a

normal sense of smell

Table 1 Frequencies of normal and decreased olfactory and gustatory scores

Decreased taste strip score (\19 points) Normal taste strip score (C19 points)

Impaired olfactory function (identification \12) 45 62

Normal olfactory function (identification C12) 17 86

The v2 test showed a significant interaction, with more subjects having low taste strip scores in the impaired olfactory group, than could be

expected. This suggests a link between impaired olfactory identification score and decreased taste strip values

v2 test; F = 16.4; p \ 0.001
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touch and olfaction have been described [28]. The orbito-

frontal cortex seems to play a crucial role within the central

processing of chemosensory information [27]. On a daily

functional level, eating and drinking always leads to a

concomitant co-activation of taste, olfaction and even the

trigeminal system. Finally, trigeminal–taste interactions

have been reported, suggesting that touch or temperature

can elicit gustatory perceptions [6, 32].

For these reasons, one cannot simply state that com-

pensatory mechanisms seen for sight, audition and touch

can be translated into chemical senses. Chemical senses

might be different when it comes to mutual interaction in

health and disease.

The present findings seem to fit the assumption that the

three chemical senses are functionally linked, and that

change in one sense impacts on the other chemical senses.

This functional cross linking is assumed to be due to the

repeated co-activation between the three chemosensory

systems in everyday life [30]. In patients who suddenly

lose one chemical sense (e.g. olfaction), this missing

afferent information would also lead to a decreased

chemosensory integration with lowered overall perfor-

mances in the remaining chemical senses (e.g. trigeminal

function). Previous studies in patients seem to confirm that

[3, 17]. Very recent fMRI studies in healthy subjects seem

to further corroborate this functional interdependence by

showing that intranasal trigeminal stimulation co-activates

central olfactory areas such as the piriform cortex, while

cutaneous trigeminal stimulation solely activates the tra-

ditional trigeminal areas [1, 19]. The other way around, a

very recent study in rats also suggests that gustatory

function influences olfactory processing, thereby giving

further evidence to the hypothesis of mutual chemosensory

interaction [11].

The interactions within the chemical senses in people

with congenital, compared to acquired, loss are less clear.

First, congenital trigeminal and total gustatory losses are

clinically extremely rare and poorly investigated. Second,

for congenital anosmia, very few studies exist. One

recently conducted study suggested that patients with

congenital anosmia do not show any altered trigeminal

function compared to patients who had acquired olfactory

impairment [12]. The sparse literature on gustatory func-

tion in congenital anosmia does not overcome the level of

case reports with contradictory results [13, 15]. The num-

ber of patients in our study with congenital anosmia is too

small (n = 2) to clarify this situation and, although both of

them had taste strip values in the best third of the normal

range, we think the issue of taste function in congenital

anosmia must be addressed in future by investigating a

larger sample size.

In a previous report, Vennemann et al. [33] tested

olfactory and gustatory function in over a thousand patients

without finding an association between taste and smell

impairment. These authors used very rough taste testing,

which could be a reason why their findings contrast with

the present data. It further underlines that the gustatory

decrease in olfactory impairment patients is of significant

but moderate and subclinical extent and needs a sensible

taste testing device to be revealed.

The authors of the previous studies identifying chemo-

sensory interaction in health and disease have proposed

different anatomical sites where this mutual modulation

among senses could take place [4, 7, 17]. Based on the

present clinical data, it remains purely speculative to pro-

pose a mechanism or site for this gustatory decrease after

acquired olfactory impairment. Nevertheless, according to

the abovementioned anatomical particularities of the

chemical senses, we might remember that olfactory and

trigeminal fibers, like taste and trigeminal fibers, are

intermingled at a peripheral level. This has not yet been

described for taste and olfactory fibers, with the nose

having no gustatory innervation and the tongue no olfac-

tory innervation. Solitary chemosensory single cells car-

rying bitter receptors have been observed within the nasal

mucosa, but they seem to be related to the trigeminal rather

than the taste system [10, 14]. Consequently, one could

imagine that the decrease in gustatory function after

acquired olfactory impairment observed here is due to

central nervous changes. Thus, the most likely candidate

regions are the amygdale, the thalamus, the insula or the

orbitofrontal cortex [27]. As stroke patients with lesions of

the orbitofronal cortex have been shown to exhibit more

frequent and more pronounced taste alterations, even when

they are unaware of that taste impairment, than patients

with stoke lesions elsewhere [16], we dare to speculate that

the presently observed interaction between the olfactory

and gustatory functions could be due to neuronal modifi-

cations at the level of the orbitofrontal cortex. PET imaging

studies investigating activation after smell, taste and mixed

stimulation revealed that bimodal (smell and taste together)

stimulation leads to an activation that is more than simply

the sum of its parts [31]. These authors also found the

orbitofrontal cortex to be the main region of interest for the

observed smell–taste interaction.

Taken together, we provide further evidence that sug-

gests that the hypotheses according to which chemical

senses intimately interact could be extended to smell and

taste, and that this is also reflected in patients with

chemosensory dysfunction. It further raises the question

whether chemical senses in general decrease mutually after

acquired damage. The present findings also suggest that

chemical senses, in contrast to other sensory modalities, do

not tend to show compensatory mechanisms, but rather

mutual weakening. However, it has to be kept in mind that

the present data are from clinical observation and not a
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proof of any underlying mechanism. Psychophysical test

results can be influenced by many co-factors, of which the

most important are age, disease state and cognitive func-

tion. We could rule out age as a co-factor but we did not

test for cognitive function and disease state, which is a

shortcoming of the present data.

Besides bringing to light further evidence for the mutual

chemosensory interaction hypothesis, these findings have a

direct clinical impact on smell and taste in the impaired

patient’s workup in medico-legal issues. It might also

explain a clinical observation that many patients with

olfactory impairment report changes in food habits and

particularly enhanced seasoning of foods. Taken together,

the present findings further underline the role of chemo-

sensory interaction and we feel that routine chemosensory

investigation should include assessment of all chemical

senses.
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