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Abstract

Background: The negative consequences of olfactory dysfunction for the quality of life are not widely appreciated
and the condition is therefore often ignored or trivialized.

Methods: 1,000 patients with olfactory dysfunction participated in an online study by submitting accounts of their
subjective experiences of how they have been affected by their condition. In addition, they were given the chance
to answer 43 specific questions about the consequences of their olfactory dysfunction.

Results: Although there are less practical problems associated with impaired or distorted odor perception than
with impairments in visual or auditory perception, many affected individuals report experiencing olfactory
dysfunction as a debilitating condition. Smell loss-induced social isolation and smell loss-induced anhedonia can
severely affect quality of life.

Conclusions: Olfactory dysfunction is a serious condition for those affected by it and it deserves more attention
from doctors who treat affected patients as well as from scientist who research treatment options.
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Background
Two recent patient memoires describe vividly the often
unanticipated consequences of changes to one’s sense of
smell from the patient’s perspective [1,2]. Olfactory
perceptual changes can be quantitative (smell loss) or
qualitative (smell distortions). Smell loss can be partial, a
condition called hyposmia, or total, a condition called
anosmia. Patients with partial smell loss often also suffer
from distorted olfactory perception. Distorted olfactory
perception can be subdivided into parosmia (distorted
olfactory experiences in the presence of an odor) and
phantosmia (distorted olfactory experience in the absence
of an odor) [for overviews, see [3,4]]. Phantosmia and
parosmia often co-occur [5] and parosmia is more common
than phantosmia [5-8].
Olfactory dysfunction is a very common condition

with a reported prevalence between 4 and 25% [9-12].
Men are more likely to suffer from it than women
[13,14] and smoking [9-11,15-17], working in a factory
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environment [18], low level of education [19], and hav-
ing a low household income [9] have been reported as
risk factors. Olfactory dysfunction, like visual and auditory
impairment, becomes more prevalent with increasing age
[12,20]. Of those who suffer from smell loss, between 10
and 60% also have distorted olfactory perceptions
[5,8,21,22]. Distorted perception is more common when
the smell loss is less severe [22].
There are many causes of olfactory dysfunction [for an

overview, see [23,24]]. The three most common causes
are sinonasal disease, upper respiratory infection, and
head trauma (Figure 1). Sinonasal diseases like nasal polyps
or chronic inflammation of the nasal passages and/or
paranasal sinuses (rhinitis, sinusitis, rhinosinusitis) are the
most common cause of olfactory dysfunction (Figure 1)
[for an overview see [30-32]]. Chronic inflammation in the
nose and sinuses is the most common chronic medical
condition in the United States of America [33-35] and
more than half of the affected individuals have olfactory
symptoms [36]. The cause of the olfactory problems in
sinonasal diseases is in many cases nasal obstruction. The
second most common cause of olfactory dysfunction are
upper respiratory tract infections that result in permanent
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Figure 1 Causes of olfactory dysfunction. The relative prevalence
of different causes of olfactory dysfunction as reported in seven
studies [5,22,25-29] is shown. Median values are indicated by the
open black bar. Sinonasal disease, upper respiratory infection, and
head trauma are the three most frequent causes of
olfactory dysfunction.
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damage to the olfactory sensory system (Figure 1). As a
consequence of the damage, smell loss will continue long
after the infection and its other symptoms have subsided
[for overviews, see [21,37,38]]. Patients with postviral
olfactory loss often retain some smell capacity [22,25,39]
and olfactory distortion is very common in these patients
[8,21,40,41]. The third most common cause of olfactory
dysfunction is head trauma (Figure 1) [for an overview,
see [42-45]]. Head trauma often leads to very severe
olfactory loss [41] with sudden onset. In addition to
the three main causes of olfactory dysfunction, surgical
procedures [46] (both sinonasal surgeries [47] and other
types of surgery [48]) can affect olfactory function. Some
of these cases are likely due to side-effects of the drugs
used for general anesthesia [49-51]. Other drugs can also
have side-effects on olfactory function [52-55]. Similarly,
toxic chemicals in the environment can damage the
olfactory system [56-60]. Finally, around 3% of those
suffering from olfactory dysfunction have congenital
anosmia: they were born without a sense of smell
(Figure 1) [for an overview, see [61]]. In rare cases, olfactory
perception can be disturbed due to processes in the central
nervous system, as in epilepsy [62,63], migraine [64,65],
Parkinson’s disease [66], or schizophrenia [63,67,68].
Not all cases of olfactory dysfunction are permanent.

Partial spontaneous recovery has been reported especially
in younger patients [69] and in patients with postviral
olfactory dysfunction [69-71]. Remarkably, spontaneous
recovery can occur years after the symptoms appeared
[69,71-73], but the likelihood of recovery decreases with
the duration of smell loss [22,69,70]. Olfactory dysfunction
caused by sinonasal disease usually fluctuates over time
[25] and can be modulated, for example, by physical
exercise [26] and hot showers [25]. If olfactory impairment
is a symptom of sinonasal disease, then treating the
underlying disease will often improve olfactory function.
Among the treatments of sinonasal disease that have been
evaluated for their influence on olfactory function are
antihistamines [74], nasally and systemically administered
corticosteroids [25,75-79], and surgery [46,47,80-85]. For
postviral and posttraumatic olfactory loss several treatments
have been suggested [for an overview, see [54,86]]. Zinc
[87,88], vitamin A [89], and the antibiotic minocycline [90]
have been shown to be ineffective in placebo-controlled
studies. α-lipoic acid [91] and the phosphodiesterase inhibi-
tors theophylline [92,93] and pentoxifylline [94] have not
been tested in placebo-controlled studies yet. Peroral
caroverine, an N-methyl-D-aspartic acid (NMDA) receptor
antagonist [88], as well as sodium citrate nasal spray [95]
have been shown to be effective in placebo-controlled
studies. In addition to drug treatments, acupuncture
[96-99] and olfactory training [100,101] have also been
investigated. It is likely that any successful treatment of
smell loss would also improve the associated symptoms of
distorted olfactory perception. However, some treatments,
like the surgical excision of olfactory sensory neurons
[3,102,103], bilateral olfactory nerve sections [104], and
repetitive transcranial magnetic stimulation [105] have been
specifically targeted at smell distortions.
None of the treatments that have been investigated are

in wide use and in most cases olfactory dysfunction is
untreatable. This is unfortunate because the disease
burden of olfactory dysfunction is high [for an overview,
see: [106-108]]. Quality of life in patients with olfactory
impairments is reduced compared to matched controls
[108] and patients in which the condition improves report
a higher satisfaction with life than patients in which the
dysfunction persists [109]. Practical problems of olfactory
dysfunction include difficulties avoiding hazardous events
[110] and the struggle to maintain healthy eating behaviors
[70,111-113]. Without a sense of smell, natural gas
leaks [109,110,114], fires [109,110,114,115], and hazardous
chemical vapors [115] cannot be detected. Similarly, it is
more difficult for these individuals to detect spoiled food
[70,109,110,114]. In addition, food intake has been reported
to be affected by olfactory dysfunction. Some patients
report losing weight after losing their sense of smell, while
others report gaining weight [112,113]. Weight gain is more
common [112]. Both weight gain and weight loss seem to
be a consequence of food being less enjoyable in the
absence of olfactory input [70,112,115]. In most sub-
jects, in addition to the change in how much food is con-
sumed, olfactory impairment also induced a shift in food
preferences. Taste and mechanosensation have to compen-
sate for the lost olfactory input and as a consequence spicy
food becomes more attractive [112,116,117].
The practical problems of not being able to sense

the odorous environment are exacerbated by smell
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loss-induced social isolation. The social problems that the
condition causes for relationships with friends, colleagues,
family members, and romantic partners [27,118,119] are
partially a consequence of social insecurity caused by
worries about undetected body odor and partially a conse-
quence of frustration over the perceived lack of sympathy
for the patients [120]. Interactions with medical service
providers can also be a source of frustration. One study
showed that in Germany and Switzerland, 25% of patients
felt that they had not been managed well and 6% felt that
their condition had been trivialized [121].
In addition to practical and social consequences, olfactory

loss also correlates with reduced ability to experience pleas-
ure and motivation to engage in pleasurable activities: smell
loss-induced anhedonia. Smell loss-induced anhedonia is
the least-appreciated consequence of smell loss because
affected individuals are often not aware of the connection
between their olfactory dysfunction and the reduced
enjoyment of formerly enjoyable activities. Although
the mechanism is unknown, there is a correlation between
smell loss and depressive symptoms and mood changes
[22,70,115,118,120,122].
Distorted olfactory perception is even more detrimental

to the quality of life than smell loss [3,4,22,123]. In one
study, over half of the patients with distorted odor percep-
tion reported that their condition severely affected their
quality of life [40]. Leopold and colleagues write about
phantosmia patients that “it is usual for the patients to have
thought about suicide because they had been offered no
hope for resolution…” [102].
In this paper, the collected first-person accounts from

1,000 patients suffering from olfactory dysfunction confirm
that severe consequences of this condition on life style and
life satisfaction are common.

Methods
Between 10/16/2009 and 08/08/2012, subjects submitted
their experiences with olfactory dysfunction online
under the IRB-approved protocol NYU-SoM 09–0226.
One thousand subjects were selected for inclusion in
this paper. For edited versions of the one thousand
reports, see Additional file 1. The free-form reports were
not analyzed quantitatively. Excerpts of the reports are
used as examples. However, in addition to submitting
the free-form reports, subjects were given the chance to
complete a questionnaire and the responses to this ques-
tionnaire have been quantified. A 43-point questionnaire
that asked questions about specific aspects of life that
are known or suspected to be affected by a change in
olfactory acuity has been used. The questionnaire was
adapted from the one used by Frasnelli and Hummel
[123]. The complete results of the questionnaire, which
was completed by 725 of the 1,000 subjects are shown in
Additional file 2.
All the participants in the study gave informed consent.
Due to the fact that this was an anonymous online study,
they consented by responding with “I agree” in response
to the question “By submitting your story you give us the
right to use your story for our research and to include it
in research presentations and in publications”. The sub-
jects were from 64 different countries. Because the website
was in English, most reports were from English-speaking
countries (Figure 2a). Sixty-two percent of the subjects
who reported their gender were female and 38% male
(Figure 2b). Almost three quarters self-identified as White
or Caucasian (Figure 2c). The subjects range in the age at
which they submitted their report from 6 to 85 with a
median of 52. The median age of onset of the problems
was 46, with a range from 0 to 83 (Figure 2d). Fifty-nine
percent of the subjects had previously seen a doctor for
their olfactory dysfunction (Additional file 2). A third to
half of the subjects reported experiencing smell distortions
in addition to smell loss (Figure 2e). For full methods see
Additional file 3.

Results and discussion
Experiencing smell loss
Even patients with no sense of smell usually have some
type of perceptual experience when they inhale high
concentrations of volatile organic molecules [124]. In
this study, subjects with olfactory loss report that “vapors
feel differently” (subject 0002) or that smells coat their
mouths (subject 0063) when there is a source of volatile
chemicals nearby. Individuals with smell loss often
experience their conditions as still being able to detect the
presence or absence of smells, but being unable to identify
smells or discriminate between different smells (subjects
0268, 0771, 0823 and 0831). Different metaphors and com-
parisons are employed to describe this experience. One
subject (subject 0212) says that it is “like the form of a smell
is there, but there really isn't a smell”, another subject
(subject 0248) says that her “smell is now ‘black & white’
and no longer ‘in color’”. Smelling without a sense of smell
is like eating chick peas that you can feel but not taste when
you eat them (subject 0818). It’s like being an almost blind
person who still can recognize silhouettes (subject 0723).
If the smell loss is caused by sinonasal disease it is often

not due to permanent damage and the olfactory symptoms
can therefore fluctuate over time [25] and can be modu-
lated. Subjects experience improved olfactory function for
example during exercise [26] (subjects 0003, 0013, 0160,
0586, 0691, 0763, and 0964). At least one subject used
exercise to “switch-on” his sense of smell when desired:

During a dinner party when a good wine was served I
would excuse myself from the room and run up and
down the stairs several times. This restored my sense
of smell for a period. (subject 0013)



Figure 2 Study population. The subjects of this study are from 64 different countries with most from the USA, the UK, India, and Canada.
(a) The gender (b), self-reported race (c), and age as well as age at onset of the olfactory dysfunction (d) of the subjects is shown. In (e) the
responses to three of the questionnaire questions are shown.
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Changes in altitude (and the resulting changes in air
pressure) are also reported to have the effect of temporarily
bringing back some olfactory perception in patients with
sinonasal disease. Scuba diving (subject 0013), air travel
(subject 0015), hiking in the mountains (subject 0964), or
simply going to Colorado, which has a mean elevation
of over 2,000 meters, (subject 0817), are all reported
to improve odor detection in these patients. Hot
showers have been reported to trigger this change [25] and
the subjects of this study also report that changes in the
temperature of the inhaled air can temporarily improve
their olfactory acuity (subjects 0140, 0160, and 0586).
Because of the large contribution of the olfactory system

to flavour perception, olfactory loss also dramatically
changes the experience of eating food. Subjects compare
their eating experience to eating sawdust (subject 0632),
cardboard (subjects 0114, 0241, 0714 and 0912), or paper
with glue (subjects 0004 and 0804). Coffee and other hot
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beverages taste like hot water (subject 0123). Subjects
cannot distinguish cola from lemonade or cream soda
(subject 0712), whiskey from rum (subject 0226), or
coffee from tea (subject 0160). One subject reports that
she noticed that she accidentally sprinkled paprika instead
of cinnamon on her oatmeal only after she had finished
eating (subject 0995).

Practical problems of smell loss
The practical problems of not having a sense of smell
can be grouped into three groups: problems with hazard
avoidance, food-related problems, and problems with
managing odors.

Hazard avoidance
72% of the subjects of this study are scared of getting
exposed to dangers because of their olfactory dysfunction
(Additional file 2). The main concern is the inability to
detect a gas leak or a fire. Several subjects report that they
have actually failed to detect a gas leak (subjects 0009,
0028, 0413, 0826, and 0985). Similarly, the inability to
detect fires has resulted in dangerous situations for some
subjects (subjects 0009, 0140, 0530, and 0531). For fire-
fighters, olfactory loss and the resulting inability to locate
fires through smell is a particular challenge (subjects 0139
and 0334). One subject (subject 0531) reports that, while
cleaning the bathroom with a strong solvent that was
odorless to him, he exposed himself to the volatile
chemical until he was coughing up blood. Other subjects
with reduced olfactory acuity also experienced adverse
effects due to exposure to undetected volatile chemicals
(subjects 0031, 0532 and 0913).

Food-related
Many of the practical problems of not having a sense of
smell have to do with food. Among the subjects of this
study, accidentally eating spoiled food is common (subjects
0009, 0066, 0285, and 0637) and subjects report that they
have become overly careful and tend to discard food when
in doubt (subjects 0061 and 0319). Those who have been
cooking before their smell loss often no longer cook or do
not enjoy cooking anymore after they lost their sense of
smell (subjects 0049, 0059, 0226, 0504, 0548, 0798, 0913,
and 0930). Thirty-nine percent report that since the
change in their sense of smell their ability to prepare
food has decreased (Figure 3a). For those who work
as chefs (subjects 0041, 0199, and 0287) or sommeliers
(subject 0299) olfactory dysfunction makes it extremely
difficult to continue their careers.
Probably the most striking consequence of smell loss

for those affected is that they no longer enjoy eating.
Sixty-four percent of the subjects report that their enjoy-
ment of food has decreased (Figure 3a). Different sub-
jects respond with different behaviors to the reduced
hedonic value of food. Some lose the motivation to eat
(subjects 0413 and 0981) and eat less (36%; Figure 3a).
There are subjects reporting that they have to force
themselves to eat (subjects 0421 and 0776) and a subject
(subject 0875) who says “I now only eat to fill up and for
no other reason”. Other comments include: “I just let
myself get so hungry before I eat that the taste does not
matter. It's just for fuel”. (subject 0284), “The only reason
I eat now is to relieve hunger pains. I get no enjoyment
from eating”. (subject 0049), “I don’t care anymore
about eating, but I know I have to eat when I am
hungry”. (subject 0548), and “I am only eating because
I’m hungry, I don't enjoy any food”. (subject 0551)
These subjects respond to the reduced enjoyment they

find in eating by eating less. However, other subjects
(20%; Figure 3a) respond by eating more in an attempt
to find the enjoyment that they remember:

I ended up gaining almost twenty pounds before
realizing I was consuming more of every food in an
effort to taste it. (subject 0004)

I think I’ve gained weight as a result of my loss of my
sense of smell. I get the taste for certain foods, but my
appetite isn’t satisfied because I cannot fully enjoy the
foods I eat because I can’t smell them. (subject 0310)

I have gained a substantial amount of weight and I am
wondering if it is because I am never fully satisfied as a
person with normal smell and taste is. (subject 0327)

Instead of becoming disinterested in food, I find
myself eating very spicy things, or sweet or sour, all in
the interest of just having a sensation. But nothing
much gets through except texture. I keep searching,
and have even experienced weight gain since I’m ever
looking for something… (subject 0560)

Some subjects will eat less and others will eat more after
losing their sense of smell. As a consequence, some (19%;
Figure 3a) report weight loss (subjects 0024, 0035, 0046,
0048, 0061, 0084, and 0086) while others (24%; Figure 3a)
report gaining weight (subjects 0004, 0310, 0327, and
0560). This pattern has been observed before [112,113], but
the factors that determine if an individual responds to food
being less enjoyable by eating more or less are unexplored.
Losing their sense of smell not only influences how much

affected individuals eat, but also what they eat. For 72% the
taste of food changed as a consequence of the olfactory
dysfunction and 19% report an increased dislike towards
specific foods (Figure 3a). Many subjects of this study re-
port that the role of texture became more important in
deciding what to eat after they lost their sense of smell
(subjects 0002, 0028, 0048, 0156, 0186, 0312, 0376, 0560,



Figure 3 Consequences of olfactory dysfunction. Food-related consequences (a), changes in social behaviors (b), and general consequences
(c) of changes in the sense of smell are shown. The results are based on the 725 subjects that have completed the questionnaire.
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0712, and 0723). Examples of textures that are sought out
by these subjects are crunchy and crispy (subjects 0312 and
0723) and smooth and creamy (subjects 0004 and 0723).
Irritants also can contribute to the flavour of food through
non-olfactory pathways. Pungent irritants like horseradish
(subjects 0028 and 0061), chili peppers (subjects 0028,
0061), and pepper (0606) are popular. Taste is the most
obvious contributor to flavour in the absence of olfactory
perception. The subjects in this study report that their loss
of smell resulted in a preference for salty (subjects 0004,
0010, 0358, 0502, 0526, and 0723), sweet (subjects 0004,
0022, 0502, and 0723), and sour (subjects 0560 and 0723).

Odor management
For those who lost their sense of smell, odor manage-
ment is also difficult. Without a sense of smell it is
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impossible to verify that one’s body, children, or home
do smell acceptable:

However, I do get paranoid about personal hygiene,
how my house smells — i.e. something gone rotten in
the fridge, musty smells — this has resulted in me
being absolutely fanatical about both personal hygiene
and household cleaning — to the point where people
close to me have asked if I suffer from obsessive-
compulsive disorder. (subject 0532)

My poor kids sat in dirty diapers longer than they should
have because I couldn’t smell the soiled diaper. […] I’ve
put on way too much perfume many, many, many times.
I shower every day because I’m nervous I might have
body odor. (subject 0354)

The most important odor to manage is one’s body
odor. There are severe social consequences of failing to
maintain the culturally expected body odor and many
individuals who suffer from smell loss therefore are wor-
ried about their olfactory appearance. A large proportion
of individuals with a diminished sense of smell complain
about the difficulties of perceiving their own body odor
and the resulting challenges for personal hygiene [70,115].
Of the subjects in this study, 72% report a change in the
perception of their own body odor (Additional file 2).
Managing their own body odor without being able to
perceive it is challenging (subjects 0004, 0014, 0025, 0087,
0186, 0310, 0335, 0531, 0550, 0589, 0627, 0823, 0829,
0925). The obvious strategy is a rigid personal hygiene
regime and to have others help with the assessment of
one’s body odors (subjects 0965 and 0984).
Another challenge for those with smell loss, especially

for elderly people who live by themselves, is to manage
the odor of their homes (subjects 0087, 0310, and 0756):

I lost my sense of smell for no apparent reason five years
ago at age 72. I never noticed it until my daughter said
my house had a terrible odor and we then discovered a
dead rodent that caused the odor. (subject 0449)

Other subjects also report that they could not perceive
the foul smell of decay filling their house after an animal
died underneath furniture (subjects 0637 and 0874). Living
in a house filled with a foul smell can be very embarrassing
and the fear of this embarrassment can lead to social isola-
tion when the affected person refuses to let people in their
house (subject 0756).
Keeping pets also poses problems for those without a

sense of smell:

[As a child] I was told I could have a pet cat as long
as I took care of it and one of those responsibilities
was to change the cat box as soon as I smelled it.
Needless to say I was in constant trouble and was
thought to be irresponsible and lazy. Eventually I was
able to convince others that I just couldn’t smell.
(subject 0014)

… just recently one of our cats urinated on a piece of
carpet, and it apparently reeked, and the smell was
making my boyfriend nuts, and I couldn’t smell it at
all. His reaction to me was complete disbelief, as if I
was faking that I couldn’t smell something horrid.
(subject 0666)

Other subjects report having not noticed that a dog
relieved itself on the floor (subjects 0087 and 0539).
Young children also need olfactory attention. Diapers

need to be changed when they are “stinky” (subjects 0004,
0285, 0332, and 0747). Child care is a sensitive subject
and parenting without an olfactory system can be anxiety
inducing:

Another embarrassing thing I’ve run into was when
my last two children were babies — I wouldn’t notice
that they had a dirty diaper, of course. […] I
remember two different mothers who treated me with
great disgust, as if I didn’t care about my child or
hygiene, almost as if I were abusive. I had another
horrible experience when I apparently left a load of
laundry in the washing machine for too long. The
head of the day camp where I was sending my
daughter took me aside on the third day of the week
and asked why I was sending my daughter to camp in
clothing that smelled of mildew […] It’s a source of
enormous anxiety for me. (subject 0004)

People whose jobs involve odor management like
nurses (subjects 0705 and 0782) or building managers
(subject 0012) face problems in their professional lives
after losing their sense of smell.
In summary, there are several practical challenges of

having an olfactory impairment. Problem-focused coping
strategies are available for affected individuals [115,118,119].
Fire detectors can ease anxiety about undetected fires.
There are recipes designed specifically to be enjoyable for
those with a reduced sense of smell [125]. Perhaps most
importantly, affected individuals can learn to rely on others
noses and trust their judgment. However, this social
dimension of olfactory impairments causes its own set of
problems, which will be discussed in the next section.

Smell loss-induced social isolation
The subjects of this study report that many of the
problems that are associated with living with an olfactory
dysfunction have to do with the responses by friends and
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family-members to the condition. It seems to be common
to doubt the existence of olfactory dysfunction or to
trivialize the condition. This often leads to embarrass-
ment, alienation, anger, and withdrawal on the side of the
patient. Half of the subjects report that their condition
makes them feel angry (Additional file 2) and 47% report
that it makes them feel isolated (Figure 3b).
Affected individuals have to continuously explain their

condition and defend themselves against explicit or
implicit suggestions that they are lying about their
inability to smell (subjects 0008, 0272, 0666, and 0928).
For those with congenital olfactory impairment the chal-
lenge starts with convincing their parents and other adults
that they cannot smell (subjects 0009 and 0071). Children
with congenital smell loss are usually unaware of the dys-
function and only “discover” their condition as teenagers
[70,126]. One subject reports her experience when she was
six years old and came home from school where cinnamon
rolls were baked, wondering what this “smell” everybody
else got so excited about was:

My mother got surprised, because she had absolutely
no clue about this condition before that. We went to
the hospital to check it out, but with little result. I
was asked to smell several different things while being
blindfolded, and I couldn’t smell anything. The result
was however that I was a stubborn child who lied, so
not much more was done. (subject 0071)

For those who lose their sense of smell as adults it is
equally challenging to convince people of their condition:

I get the feeling that people think I am lying about my
sense of smell a lot; especially once they see me enjoy
food. That’s pretty aggravating. (subject 0020)

By many, including the patients themselves, olfactory
impairment is considered to be “strange” (subjects 0078
and 0172), not “normal” (subjects 0048 and 0686), and
“weird” (subjects 0005, 0078, 0729, and 0982), Those
affected are labeled “freaks” (subjects 0008 and 0580)
or “crazy” (subjects 0078, 0094, 0172, 0340, 0359,
0447, 0470, and 0729).
Once affected individuals have convinced others of the

existence of their condition, they often face a lack of
sympathy. Olfactory impairment is not considered to
be a serious disability (subjects 0063 and 0072) and
sometimes affected individuals are even told that they
should be happy about their inability to smell unpleasant
odors (subjects 0025 and 0048):

It's a weird affliction. People don't really get it. They
think it’s not as big a deal as it is. After all, they figure
anosmics aren’t disabled. We don't need seeing-eye
dogs or sign language to interact with our
environment. And they are right — partly. We can
function without drawing attention to our plight. We
can do virtually everything we could before we lost
our sense of smell, except enjoy the immensely
important aspects of human life that most people take
for granted. (subject 0005)

I have written at some length here because there
seems to be a total lack of interest in the very
distressing condition of anosmia — most people
dismiss it as a joke: "aren't you lucky you can change
babies' nappies without noticing", whereas if I had
gone blind or become deaf everyone would be
sympathetic. I have learned not to mention it
anymore and work my way around it without letting
anyone know. (subject 0025)

A symptom of the lack of sympathy for affected
individuals is that others regularly keep forgetting about
the condition (subjects 0008, 0029, 0063, 0292, 0589,
and 0925) and are unforgiving about problems caused
by it (subjects 0014, 0539, 0666, and 0897):

Life can be hell sometimes but no one seems to take
it seriously. It is a disablement that is invisible. People
are always saying “smell that”, “taste this”. It is very
annoying; you wouldn't tell a blind man to look at the
lovely scenery. (subject 0029)

If you're blind, people forgive you if you are wearing
mismatched socks, but they can't see if you have
anosmia and therefore a reason why you may have
undetected body odor. (subject 0014)

…one day someone aggressively accused me of
ignoring the burning meal on the stove on purpose.
(subject 0897)

I was watching TV, and my dog pooped right behind my
chair, and I didn't notice until my mother came down
and yelled at me for not picking it up. (subject 0539)

It is especially aggravating for the patients when mem-
bers of the medical profession to which they turn for
help trivialize their condition:

My doctor did not know such a symptom existed. He
was stunned that this could happen and stuck a
couple things like coffee under my nose to test me.
[…] When he found out it had a name, anosmia, he
looked up possible causes in their computer and
decided to send me to get an MRI and a CT scan. He
refused to send me to an ear nose throat specialist
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because “I cannot send you unless I first diagnose a
condition they can treat, like sinusitis”. (subject 0012)

I don't care as much ultimately about what the public
awareness of this condition is; I'm resigned to
anosmia being a joke for those who don't have it. I do
wish that doctors took it more seriously. I have talked
to too many doctors who did not believe that I cannot
smell. […] One especially ignorant fellow just didn't
believe that I'm unable to smell anything at all and
treated me as if I were some hysterical female, telling
me it was entirely psychosomatic. This needs to change,
and this is why I've just spent the last 45 minutes
pouring all this out for you. (subject 0004)

My doctor first said “You're lucky! You won't have to
smell the diapers!” When that upset me, he replied
that loss of the sense of smell was “no big deal” and I
would “probably get it back in a few weeks”. That was
more than a month ago and there has been no
improvement. It is more terrible than I could have
imagined… (subject 0079)

Other subjects also report disappointing interactions
with their doctors (subjects 0030, 0035, 0054, 0073, 0080,
0121, 0133, 0196, 0238, 0267, 0271, 0395, 0402, 0428,
0571, 0897, and 0942). Doctors told them that olfactory
dysfunction is “a good thing to have” (subject 0423), that
it “is not a sickness” (subject 0001), “just a psycho-
logical feeling” (subject 0043), or they treated the
patient's complaint as “a trivial matter” (subject 0019).
These doctors are a small minority and most doctors
handle complaints of olfactory impairments profes-
sionally and show compassion towards their patients.
Much of the patients' frustration is caused by the lack
of treatment options. However, the fact that there are
some doctors who never heard of a chronic condition
that affects a large percentage of the population is indica-
tive of a problem.
The affected individuals' response to the perception that

their condition is “weird” and a trivial matter is that
they lie about their condition to avoid having to discuss it.
Children who do not have a sense of smell often just mimic
others' reactions to smell without actually perceiving any
smells (subjects 0009, 0031, 0064, 0304, 0308, 0319, 0532,
0611, and 0686):

Smelling seemed to me like religion, you just had to
have enough faith to make it true. (subject 0002)

When I was little I used to pretend that I was able
to because I thought I had to be able to “learn”
how and I just wasn't good enough at it yet.
(subject 0067)
I had always figured a sense of smell was something
that developed as you got older. (subject 0077)

Adults often continue to pretend having a sense of
smell to avoid having to discuss their impairment with
often skeptical and unsympathetic people (subjects 0002,
0186, 0292, 0666, 0883, and 0925) or because they are
embarrassed about it and fear to be labeled (subjects
0021, 0064, 0074, 0172, and 0319).

It was bad when I would eat with other people. They
always ask about my food or my family would ask me
to taste something and I would have to explain again
that I still can't taste… It seemed that in some cases
my loss of taste and smell took away their pleasures,
so I just started lying if someone asked me how my
dinner was. (subject 0292)

… people keep asking me how I like their new
perfume. Sometimes I just lie because telling my story
makes me feel even worse and I don't want pity, I
don't want to respond to the same questions over and
over again, and I don't want the questioning looks in
people's eyes starring in disbelief. (subject 0925)

The subjects of this study often comment that most
people do not understand how it feels to live without a
sense of smell (subjects 0005, 0008, 0023, 0027, 0137,
0530, and 0666). This perceived lack of understanding by
others leads to social isolation of the affected individuals.
They feel alone (subject 0102), left out (subject 0071),
apart from the rest of us (subject 0030), or like outsiders
(subject 0925). They are less interested in social situations
(subjects 0014, 0125 and 0431), have reduced libido (sub-
jects 0061, 0199, 0275, and 0655), and wonder if their
problems with forming emotional attachments and
establishing long-term romantic relationships may be due
to their condition (subjects 0317 and 0912). Not being
able to smell other people's odors can make it more diffi-
cult to feel close to them (subjects 0025 and 0544).
Twenty and twenty-one percent of the subjects, respect-
ively, report that since their change in olfactory perception
they avoid groups of people and visit friends or relatives
less frequently (Figure 3b). Thirty-eight percent report
that it has affected their romantic relationship and 32% re-
port a decreased enjoyment of intimacy (Figure 3b).
In this social isolation, affected individuals are often

relieved when they find out that there are others with
the same problems (subjects 0040, 0149, 0293, 0471,
and 0592):

I looked it up online and found several stories about
people smelling smoke just like me. […] it was nice to
know that I'm not alone. (subject 0470)
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I eventually met a number of other people who lost
their smell after a head injury. It didn't make us
friends but it helps knowing they're out there.
(subject 0020)

I have not found anyone else who has this problem
and have not been able to talk about it with others.
It's good to write this at least. Thanks for the
opportunity. (subject 0010)

The social problems that are associated with olfactory
dysfunction would be in large parts avoidable if the
condition and its consequences would be more widely
known:

My greatest wish (obviously right after being able to
smell) is that society will know more about anosmia
and that they are aware of us and that there is a
broader support for affected people. (subject 0925)

Smell loss-induced anhedonia
In addition to the practical problems associated with
olfactory impairment and the social consequences, not
having a sense of smell can also result in anhedonia,
the inability to experience pleasure from activities
usually found enjoyable:

I have a two year old daughter and I've never been
able to smell her. I miss the smell of pickles, early
September mornings, the ocean, gasoline, matches
and garlic… (subject 0008)

The sad thing, I find, is not being able to appreciate
the everyday smells which we take for granted:
perfume, freshly mown grass, freshly baked bread,
scent of bluebells/roses/flowers in general. Living
by the sea, I used to love the smell of the seaweed
around the tide pools. The list is endless.
(subject 0028)

My life is far less rich and my enjoyment of things
(food, going to the seaside, pretty much anything) is
often greatly reduced. (subject 0100)

It's made me quite sad at times as I can't get excited
about a new restaurant, the smell of summer, or any
other smell that brings out an emotive response.
(subject 0147)

Over 40% of the affected individuals report decreased
wellbeing, mood, and satisfaction with life (Figure 3c).
Sixty-six percent of the subjects in this study feel more
anxious than before the change in their sense of smell
and 46% feel more vulnerable (Figure 3c).
One important function of smell is contributing to the
experience of places. Although we are often not aware of
the smells of different locations, those smells greatly
contribute to our experience and enjoyment of them:

It was extremely depressing to have no sense of smell
at all. You realize that rooms have smells, water has a
taste, etc. (subject 0036)

It improved slightly and I forgot about it until
yesterday when realized I really missed the subtle
spring scents, like bluebells, grass. (subject 0701).
I went to the seaside two years ago, but was unable to
smell the sea and I felt quite sad about this. Also, on
rainy days, I am unable to smell the damp earth or
freshly cut grass… (subject 0510)

Many subjects of this study report that they miss char-
acteristic nature smells, like the smells of flowers (sub-
jects 0028, 0051, 0063, 0087, 0097, 0137, 0421, 0450,
0456, 0572, 0651, 0671, 0695, 0743, 0757, and 0984), grass
(subjects 0058, 0587, 0701, 0705, and 0889), the forest
(subject 0005), or the ocean (subjects 0008, 0028, 0058,
0100, 0441, 0510, and 0651).
Certain times or events also have characteristic smells.

The subjects of this study complain about no longer be-
ing able to smell the smell of early morning (subject
0058), rain (subject 0450), an approaching snow storm
(subject 0049), spring (subject 0701), summer (subject
0147), and fall (subject 0049). Similarly, holiday seasons
have distinctive smells and subjects report missing the
smells of Thanksgiving (subjects 0005 and 0888) and
Christmas (subjects 0243, 0441, 0888, 0950, and 0998).
The strong emotional effect that the characteristic smell of
summer or Christmas has is partially mediated by mem-
ory. Smells are powerful elicitors of vivid personal memor-
ies [127-129] and those without a sense of smell miss these
memories (subjects 0005, 0175, 0913, 0998, and 0999).
In addition to places, times, and events, people also

have characteristic smells. Many subjects in this study
note that they cannot smell their babies or children
(subjects 0004, 0008, 0035, 0041, 0063, 0097, 0119, 0131,
0327, 0355, 0538, 0651, 0695, 0889, and 0925). Others
complain about not being able to smell their romantic
partner (subjects 0035, 0041, 0087, 0137, and 0912) and
wonder if their olfactory impairment influences their
romantic relationships (subject 0912):

I have become afraid: does my lack of sense of smell
keep me from finding someone I'd like to spend the
rest of my life with? (subject 0317)

Anhedonia can be subdivided into consummatory anhe-
donia, the inability to enjoy an activity, and motivational
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anhedonia, the lack of the desire to engage in enjoyable
activities [130]. Motivational anhedonia can have a large
negative impact on the lives of individuals suffering from
smell loss. The smell of food does not only make eating
food more enjoyable, it also motivates us to eat, to
cook, and to go to restaurants. The smell of a roman-
tic partner is not only a pleasant sensory experience,
more importantly it motivates us to engage with him or
her. An effect of smell-loss on motivation could explain
the unexpectedly large life-changes experienced by pa-
tients with smell loss. The way some subjects in this study
describe their experience of having no sense of smell is
consistent with motivational anhedonia. They describe not
having a sense of smell as dampening the colors of the
world (subject 0175). The world without smells is de-
scribed as “artificial” (subject 0019) and empty, like “living
in a box and looking out at the world” (subject 0082). The
world becomes less rich (subjects 0082 and 0100) and
“smaller, darker, and sad” (subject 0925). Life becomes
strange and depressing (subject 0930):

At first I felt very out of touch with myself — like I was
out of step or like I had constantly forgotten something
important. (subject 0606)

It is very difficult for me now to make plans, feel desire,
feel good and happy. I live in a permanent present, I
have lost the sensations linked to memories, I have no
particular desire for the future.... (subject 0999)

Experiencing smell distortions
Between 10 and 60% of individuals with partial or
complete smell loss also experience distorted smells
[5,8,21,22]. The experiences of these subjects and the
problems that they face are different from those of indi-
viduals with smell loss.

Quality of distorted smells
The distorted smells experienced by those with parosmia
or phantosmia have been described as “burned”, “foul”,
“rotten”, “fecal”, “chemical” [6]; “burned”, “foul”, “un-
pleasant”, “spoiled”, “rotten” [3]; “off”, “rotten”, “burnt”
[5]; and “burned”, “foul”, “rotten”, “sewage”, “chemically”
[102]. Some patients do not have any associations with
the distorted smell, describing it as an unpleasant un-
known odor [6]. Not all distorted odor perception is un-
pleasant, though [131]. It is useful to follow Leopold [3]
and differentiate between two types of smell distortion.
In the more common type every distorted perception is
the same (for example the perception of cigarette
smoke), regardless of the trigger. In the second type dif-
ferent triggers cause different perceptions.
Describing odors and identifying them out of their

usual context is notoriously difficult [132] and this is
also true for distorted smells. Regardless, many subjects
attempt to describe their distorted odor perceptions:

It's not good or bad, sweet or bitter, it's not chemical
or organic, it's just there. (subject 0888)

… a constant odor — not sweet, not sharp, not foul.
I had never smelled it before. (subject 0017)

I cannot identify the smell; I try to associate it with
something but I come up empty. (subject 0026)

Many subjects in this study label the distorted odor
they perceive as “strange” (subjects 0028, 0097, 0221,
0225, 0416, 0448, 0465, 0500, 0535, 0605, 0630, 0687,
0694, 0767, 0773, 0791, 0887, and 0962) or “weird”
(subjects 0028, 0060, 0097, 0164, 0427, 0470, 0752,
0785, 0916, and 0963). Based on these reports, it is
tempting to speculate that the distorted smell is the
consequence of random firing of neurons, similar to
the smell of complex mixtures of odors with the same
intensity that has been named “olfactory white” [133].
This would be analogous to white noise or the hissing
sound perceived by those suffering from tinnitus
[134,135]. However, many subjects who experience
distorted smells describe them as readily identifiable
specific odors (see below).
The distorted perception is rarely pleasant and fre-

quently described as “unpleasant” (subjects 0011, 0018,
0025, 0040, 0041, 0100, 0164, 0169, 0172, 0182, 0260,
0381, 0383, 0509, 0544, 0606, 0694, 0814, 0825, and 0933),
“foul” (subjects 0136, 0216, 0475, 0511, 0670, 0674, 0745,
and 0968), or simply “bad” (subjects 0027, 0052, 0068,
0084, 0097, 0114, 0132, 0164, 0210, 0235, 0295, 0339,
0351, 0439, 0441, 0451, 0525, 0651, 0730, 0774, 0803,
0815, 0840, 0854, 0860, 0872, 0887, 0895, 0900, and 0952).
Rarely, the olfactory distortion inverts the olfactory

pleasantness spectrum; pleasant smells become unpleas-
ant and unpleasant smells become more pleasant:

Smells that I did not like before suddenly seemed
pleasant to me, and some of my favorite smells from
before were generally less appealing to me. (subject 0085)

The perfumes I used to use, which smelled very
pleasant to me prior to anosmia, now don't smell so
pleasant. Some foods don't taste as good as they used
to (for example I can't stand bananas now), and other
foods taste much better than they used to. Cigarette
smoke smells almost minty to me, and not nearly as
unpleasant as it used to. (subject 0869)

Among those who attempt to describe or identify the
odor, in almost half of the cases, the odor is associated
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with fire. “Cigarette smoke” is the most common de-
scription used by the subjects in this study. “Car ex-
haust” is also a common association and some subjects
are reminded of burning rubber or electrical fire. One
subject describes the experience as being “stuck behind
a school bus” (subject 0306). Other subject describe the
distorted perception as “burnt vegetables in a fetid
swamp” (subject 0832), or as “like chili that has burnt to
the bottom of the pan or a coffee pot that's been on the
burner all day” (subject 0592). There are also other odor
categories that are commonly used to describe the
distorted smell (Figure 4). Many subjects are reminded
of the smell of solvents or fumes from volatile
chemicals by their olfactory distortions. Diesel fumes,
paint smell, and plastic smells are often mentioned in
this category. The next largest category is food smells, in
which a variety of different and diverse experiences from
“part cooking oil, part garlic, part fish oil” (subject 0235)
to “oranges and cloves mixed with mulled wine” (subject
0066) are grouped.
Other common experiences are the odors of decay,

like rotten meat (subjects 0126 and 0619) or “rotten pea-
nuts soaked in vinegar” (subject 0674) and the smell of
urine/ammonia (subjects 0036, 0197, 0278, 0340, 0359,
0396, and 0998), the smell (or taste) of metal (subjects
0062, 0098, 0177, 0448, 0500, 0525, 0713, 0773, 0787,
and 0906), and sweet smell (subjects 0034, 0055, 0152,
0225, 0274, 0483, 0534, 0563, and 0721). There are also
idiosyncratic olfactory experiences that are only men-
tioned by one subject each, for example blood smell
(subject 0603) and lavender (subject 0934).
For most subjects, the distorted experience is always

the same. However, as has been reported previously [3],
Figure 4 Perceived quality of distorted smells. Of the 161
subjects that reported quality of distorted smells, the largest group
experienced a burnt or smoky smell. The second largest group
reported that they experience the distorted smells as smelling like
solvent or fumes.
for some subjects the distorted experiences can have dif-
ferent perceptual qualities:

I started to get phantom smells which ranged from
the smell of the tumble dryer to oil and petrol. […]
Many other smells like peppers, celery, and perfumes
also smell different than they used to smell. Eggs and
certain other foods smell like urine. (subject 0895)

The odors range from floral/perfume, wood or paper
smoke, petroleum or solvent based (petrol, WD-40,
butane) to cooked foods. (subject 0781)

At times it is like the room is filled with cigarette
smoke so full it burns the back of my throat. […]
Other odor variations are cherry pipe tobacco, the
smell of brick being cut with a brick saw, jasmine, a
smell so sweet it makes me sick. All body washes and
shampoos make me sick; they smell like poop.
(subject 0007)

Interestingly, several subjects of this study report that
the distorted smell is similar to the last actual smell that
they experienced; they are “stuck” with the last smell
they smelled before losing their sense of smell (subjects
0078, 0116, 0150, 0173, 0225, 0234, and 0379). One sub-
ject lost her sense of smell in a car accident and now ex-
periences an odor reminiscent of “the odor of the gray
smoky powder that filled the car when the airbags
deployed” (subject 0060). Other subjects report to con-
tinuously experience the lavender smell encountered on
vacation (subject 0934) or the smell of caramelized sugar
experienced at a friend's house while they were making
fudge (subject 0065). For one subject the distorted smell
alternated between two of the last smells she experi-
enced, a sandwich served on a plane and the smell of
guano from visiting a penguin colony (subject 0112).
Many subjects of this study report that their distorted

experiences are not purely olfactory. The distorted
“smells” are often accompanied by burning eyes (sub-
jects 0047, 0106, 0172, 0203, 0263, 0391, 0397, 0451,
0545, and 0734), an irritated throat (subjects 0007, 0047,
0194, 0203, 0358, 0391, 0397, 0408, 0451, 0545, 0694,
and 0739), and pain or burning sensation in the nose
(subjects 0097, 0243, 0372, and 0860). These are experi-
ences that cannot be mediated by the olfactory sensory
system, but instead are likely to be a consequence of tri-
geminal nerve activity [136,137]. Furthermore, the
“smells” elicit responses that are typical for trigeminal
activation like sneezing (subjects 0127 and 0397) and
nose rubbing (subject 0696). Subjects also report being
woken up by the sensation (subjects 0178, 0412, and
0678), although actual olfactory sensations do not have
the potential to wake subjects [138], and they locate the
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“smell” only in one nostril, which is also possible only
for trigeminal stimuli but not for olfactory stimuli [139].

Triggers of distorted smells
In most cases of distorted smell perception a trigger for
the experience can be identified. Distorted perceptions
can be triggered by mechanical stimuli like sneezing [3]
or changes in nasal airflow [102]:

The episodes are triggered by coughing, shouting, and
sneezing. […] Introduction of water into the nasal
passages/sinus cavity (underwater swimming, saline nasal
rinse, etc.) can also trigger an episode. (subject 0302)

Hot or cold air can also trigger distorted olfactory ex-
periences. Sensations can be triggered by furnaces (sub-
jects 0083, 0118, 0136, and 0503), the hot air inside a
car that sat in the sun (subject 0766), hot weather (sub-
ject 0555), heat from a blow dryer (subject 0084) or the
interior of fridges and freezers (subjects 0084 and 0321).
By far the most frequently mentioned trigger of

distorted olfactory experiences among the subjects of
this study are volatile chemicals (like perfumes and
scented beauty products) (subjects 0007, 0040, 0097,
0136, 0164, 0199, 0249, 0274, 0322, 0326, 0370, 0388,
0397, 0441, 0465, 0468, 0475, 0576, 0605, 0774, 0825,
0869, 0916, 0936, and 0941) and food or beverages, mul-
tisensory stimuli that include volatile chemicals (subjects
0007, 0011, 0062, 0249, 0284, 0322, 0326, 0441, 0451,
0465, 0468, 0475, 0501, 0513, 0605, 0774, 0825, 0837,
0840, 0847, 0855, 0858, 0869, 0911, and 0951). It has
been shown that different stimuli have different
potential to trigger distorted perception. In a survey of
46 patients, the most common stimuli eliciting distorted
olfaction were gasoline (30%), tobacco (28%), coffee
(28%), perfume (22%), fruits (15%, mainly citrus fruits
and melon), and chocolate (13%) [40]. The subjects of
this study also report differences in the effectiveness of
potential triggers of distorted olfactory perception:

Within a few weeks the weird taste got stronger and
started to affect more foods, including chocolate,
yogurt, cottage cheese, fried foods, onions, green
peppers, pancake syrup, beer, wine, grape fruit juice,
and most snack foods such as chips (potato, corn,
tortilla), crackers, pretzels, plus cakes and candies of
all kinds. I could not even eat my birthday cake. Fruits
of all kinds are at least a little bit weird with the taste
becoming worse when the fruits become overripe.
Water, skim milk, eggs, honey, and some cheeses
taste normal. (subject 0164)

I could not tolerate certain smells that are usually
pleasant, for example coffee, cut grass, celery
(absolutely the worst), butter (especially buttered
popcorn), apples, peaches, cucumbers, melons,
perfumes, shampoos, soap, grilled meats, and poultry.
I also discovered that I could no longer stomach
certain related tastes, such as vegetable juice,
carbonated beverages — especially colas, orange juice,
red wines, anything melony. (subject 0027)

Some of the distorted sensations triggered by food are
almost certainly triggered by heat activating the trigemi-
nal nerve:

Especially when food was hot it smelled so very bad.
(subject 0295)

I can smell the steam from ramen. (subject 0766)

Coffee, which is usually consumed hot, also appears
to be an efficient trigger (subjects 0027, 0129, 0210,
0329, 0343, 0381, 0416, 0484, 0598, 0606, 0632, 0887,
0888, 0895, and 0911). Coffee is often mentioned to-
gether with chocolate (subjects 0164, 0445, 0632, 0855,
and 0888):

Coffee and chocolate taste horrible!! (subject 0343)

I woke up one morning and immediately I could not
stand the following smells and tastes: coffee,
chocolates, all meat except processed meats like
salami, peaches, watermelons, etc. (subject 0911)

… coffee and chocolate smelling just awful…
(subject 0329)

I started to smell coffee but not like I used to smell it.
Within weeks I was getting the same smell for
cigarette smoke. I still get these smells — also for
chocolate. (subject 0895)

I have never been able to smell or eat chocolate and
coffee while I have the smell/taste because they are
just too bad to handle. (subject 0129)

Citrus fruits like lemons (subject 0900), orange juice
(subjects 0027, and 0210), citrus odors (subject 0095 and
0636), and orange peel (subject 0210) are also men-
tioned here as potent triggers. Melons are also often
mentioned (subject 0027, 0312, 0349, 0381, and 0911),
whereas other fruits appear to be less potent triggers of
distorted smells (pineapple, kiwi fruit, and pears are
never mentioned; strawberry and banana are mentioned
by one subject each and apples by two subjects). Other
foods that are indicated to be triggers by several subjects
are peanuts or peanut butter (subjects 0036, 0381, 0416,



Keller and Malaspina BMC Ear, Nose and Throat Disorders 2013, 13:8 Page 14 of 20
http://www.biomedcentral.com/1472-6815/13/8
and 0468), fried food (0226, 0588, and 0951), and onions
(subjects 0226, 0349, 0416, 0568, and 0840).

Problems of smell distortions
Individuals with a distorted smell perception face most
of the problems that those with smell loss face. It is difficult
to manage odors or to avoid hazards based on odors when
the perception of odors is not veridical. However, olfactory
distortions have a much stronger effect on the patients'
quality of life than loss of smell [40,123]. There are multiple
reasons for the severity of the effect of olfactory distortions.
One problem seems to be that the distorted olfactory
experiences provide a constant reminder of the condition
for the affected individual, thereby drawing attention to
the problem. However, the three main problems that are
associated with experiencing smell distortions are the
(usual) unpleasantness of the experience, maladaptive
responses to the condition, and the stigma that comes
with experiencing things that do not exist.

Unpleasantness of distorted smells
Regularly smelling an unpleasant smell for long periods of
time can have a severe impact on the affected individual's
mood. Their experience is unlike any experience people
with an intact sense of smell ever have because they do
not adapt to the phantom smells:

It's not like perfume, where you smell it for a while
and then it fades. (subject 0383)

The unpleasant distorted smell can also be triggered
by all types of stimuli and can thereby complicate activ-
ities of daily living like taking public transportation:

… commuting by subway was especially difficult for
some reason. (0035)

… This was particularly disturbing when I was riding
on public transportation, where I was bombarded
with dirty hair smell, underarm and genital body
odors, strong colognes and especially bad breath and
garlic odors emanating from my fellow passengers.
(subject 0423)

Smell distortions can also be triggered by romantic
partners, which can result in relationship problems:

My relationship with my wife has degenerated since I
cringe when she comes within smelling distance.
(subject 0011)

My condition is killing my sex life because when I ask
“can you smell that” my partner thinks I am referring
to her. (subject 0047)
I have not told my partner because I did not want
him to think he smells bad to me and he has never
mentioned that I have a different smell either.
(subject 0052)

The most common trigger of distorted olfactory per-
ception is food. When food elicits unpleasant olfactory
experiences, it is not possible to enjoy food and it can
even become difficult to eat (subjects 0043, 0045, 0046,
0284, 0429, and 0483).

A month after the accident I started having horrible
phantom smells. They were so awful that I couldn't
eat and was feeling horribly nauseous most of the day
[…]. In a few months I had lost 30 lbs. because I
wasn't eating. (subject 0035)

For the last six months I am smelling only a smell like
burning vegetable oil. The smell is so strong that I use
a mask, but it is of no help. […] I am so hungry
because I can't eat any food, even without oil.
Everything smells the same. My life is hell.
(subject 0096)

Maladaptive responses to experienced odors
Another big problem of distorted olfactory experiences
is that it is an often difficult and long process for the
affected individuals to determine that their perception is
non-veridical. During this process the affected individuals
behave as if there is a source of the unpleasant odor and
these odor management behaviors can create practical
and social problems:

About three years ago I started smelling diesel
fumes which nobody else around me seemed to
notice. This went on for about two years and I
started to think that I was just oversensitive to
fumes so I tried to live with it. Then, three months
ago, I stayed for a few weeks in a home with a
fryer that was giving off an awful chip fat smell
(at least that was how I perceived it) and since
then I have this smell with me everywhere I go.
Until a few days ago I thought I was smelling of
chip fat. I thought it was in my hair and on my
clothes. I kept putting my clothes in the wash even
before I wore them, kept washing my hair, really
scrubbing it, and when I still smelled it, I sprayed
my hair with deodorizing body spray. Whenever
anyone came close to me I would pull away,
conscious that they may be smelling “chip fat” on
me. I then realized that there are times when I
didn't notice the smell so I asked a family member
to smell my hair. She said all she could smell was
shampoo, which surprised me. I described what
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was happening to me and she assured me that
there wasn't even the slightest whiff of chip fat.
(subject 0116)

About a year ago I started smelling a strong
unusual smell that I had never smelled before.
At first I thought it was my urine. Then I thought
it was my cat that had an abscess. I started
smelling it more and more. I thought it was
from the cat sleeping on the couch or my bed.
I bought a rug shampooer and shampooed my
carpets, upholstery, and washed all the linen in
the house, but the smell continued. Then I started
smelling it at work and on the bus; so I figured it
was me. Recently, I had the nerve to start asking
people if they could smell it on me. No one could.
I started researching olfactory hallucinations.
(subject 0070)

These two examples illustrate common phases through
which people with distorted olfactory perception go as
they come to realize that their perception is not caused by
odor molecules. Often, they first suspect that there is an
odor source in their environment. When they notice the
odor in many different environments, they suspect that
their body or their hair or their clothes are the source of
the odor. When others assure them that they do not smell,
they sometimes conclude that the source of the odor is in
their nose or they start to suspect that their experience is
not coinciding with reality.
If affected individuals suspect the odor source in

their environment they often engage in excessive odor
management efforts. Subjects in this study with
distorted smell perception report cleaning their home
thoroughly and repeatedly in an attempt to remove
the odor source (subjects 0039, 0070, and 0278).
These attempts can cause problems with those they
live with (subject 0511). One subject reports that she is
“gagging my family with air deodorizers” (subject 0216).
Others have people come to check out their oven (subject
0392) or the drains (subject 0084). However, sometimes
more drastic steps like giving away clothes and furniture
(subject 0042) or changing windows to insulate them
against smells entering from the outside (subject 0047) are
taken. One subject started wearing a mask (subject 0096).
From the experiences reported by the subjects of this

study, it seems as if subjects are more likely to have
distorted olfactory experiences when resting. Consequently,
distorted odor experiences are more frequent at night
(subjects 0047, 0068, 0094, 0105, 0106, 0169, 0223,
0337, and 0575), and during passive activities like
watching TV (subjects 0050, 0060, 0083, and 0118)
and using a computer (subjects 0050, 0118, 0422,
0654, and 0887). Often the affected individuals notice
these patterns and, for a period of time, believe the
smells to be associated with their TV or computer.
If affected individuals suspect that they themselves

are the source of the odor, they focus on their personal
hygiene (subjects 0033, 0089, and 0116). More detrimen-
tally, they often become socially reclusive out of fear of
embarrassing themselves with their unpleasant body odor
(subjects 0033, 0089, 0116, and 0341):

My sense of smell within a few months' time turned
to always smelling a bad distasteful smell. I first
noticed it in my bedroom and then began to associate
the smell with my partner first and then with myself. I
have washed everything and cleaned, changed soaps,
done everything I can think of but the smell seems to
now follow me around and I hate it! Even when
I use perfume I can still smell it. My partner and
I have a good relationship. I have this nagging
feeling that I am sick and that is the reason I have
this bad smell around me, but I have no basis
for it. (subject 0052)

Some individuals with distorted olfactory perception
also suspect the source of the odor they experience in
their nasal cavity, which would explain why nobody else
can smell it:

The problem is that there seems to be a smell from
my nose or mouth. The ear nose throat doctor says
it's phantosmia, but can you have that if there is a
smell? (subject 0827)

These individuals often try do manage the odor
with sinus rinses and similar procedures (subjects 0150
and 0777).
Most of the ways in which affected individuals respond

to odor distortion as if it were a real odor are harmless.
They do however contribute to the patient's frustration
because they do not result in a change in the symptoms
and contribute to the feeling of not being in control.
Some responses can also lead to conflict with others who
have a veridical perception of the olfactory environment.
One reason why affected individuals are willing to accept
implausible explanations for their odor experiences, like
that the smell of a sandwich got stuck in their nose for
several months, is that there is a widespread unjustified
stigma associated with having non-veridical sensory
experiences [140].

Stigma
Phantosmia is the olfactory equivalent of phantom pain in
pain perception [141,142] and tinnitus in auditory percep-
tion [134,135]. There are striking parallels between these
conditions. In each case the phantom perception usually
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occurs with the loss of veridical perception. Phantom
pain, which refers to pain in a body part that has
been amputated or deafferented, is believed to be a
consequence of plastic changes in the brain due to
the changed sensory input [141]. Maladaptive plasticity
has also been suggested to be the cause of tinnitus
[135] and it has been speculated to play a role in
distorted olfactory perception [4]. Phantom pain and
tinnitus are both associated with a stigma and phantom
pain has often been viewed as a type of mental disorder
before the underlying neurological mechanisms were
understood [141].
Patients with phantosmia seem to face a greater

stigma than those suffering from phantom pains and
tinnitus. That phantosmia is likely to be stigmatized
is also clear to those that suffer from the problem
and many therefore chose to not tell others (subjects 0052
and 0470). Others are worried that their phantosmia is
not merely the consequence of neuronal plasticity after
smell loss but a sign of a serious psychiatric problem
(subject 0745). Others told their family or coworkers
about their condition and have been labeled as
“crazy” (subjects 0359 and 0729).

General discussion
The patient reports evaluated here show that olfactory
dysfunction has a severe impact on affected individuals.
This is in contrast to the low importance usually
assigned to olfaction. In a survey amongst Canadian
college students, for example, smell was ranked as the
least important sense [143] (page 106). In the “Guides to
the Evaluation of Permanent Impairment”, published by
the American Medical Association [144] a person's
impairment due to several conditions is quantified. A
complete loss of the sense of smell is suggested to be a
1% to 5% impairment. Deafness is a 35% impairment
and blindness an 85% impairment. Smell loss is
considered much less severe than the loss of the
other modalities because: “Only rarely does complete
loss of the closely related senses of olfaction and taste
seriously affect an individual's performance of the
usual ADLs [activities of daily living]. For this reason,
a value of 1% to 5% impairment of the whole person
is suggested…” (page 270). “Activities of daily living”
include bathing, feeding, eating, personal hygiene, and
sexual activity, activities that are shown here to be
seriously affected by olfactory loss. Distorted olfactory
perception is not discussed at all in the “Guides to
the Evaluation of Permanent Impairment”, although
tinnitus, the perception of sound in the absence of an
external stimulus, is considered to be a 5% impairment
because it interferes with “sleep, reading (and other tasks
requiring concentration), enjoyment of quiet recreation,
and emotional well-being” (page 248). The reports in this
paper show that in some cases a constant unpleasant
smell also interferes with these activities.
It has to be noted that collecting patient reports

online has two major limitations. First, it is likely that
the reports collected here are not representative. The
more severe the consequences of the olfactory dys-
function are experienced, the more likely is the
affected individual to participate in a study about the
condition. Because the subjects of this study are self-
selecting and not necessarily representative, it is not
possible to derive statements about the percentage of
the total population of patients with olfactory dysfunction
who experience any of the discussed consequences. This,
however, is also true for studies of the consequences
of olfactory dysfunction that enroll those patients that
seek medical help for their condition (for example
[27,108-110,115,123]). In fact, the barrier for participation
in an online study like the one presented here is presum-
ably lower than the barrier for participation in studies at
smell clinics. Many affected individuals will be motivated
enough by their condition to fill out an online survey, but
not motivated enough to schedule an appointment and
visit a smell clinic during office hours. An additional ad-
vantage of an online study is that there are fewer geo-
graphical and economic barriers to participation than to a
study based at a smell clinic.
The major disadvantage of an online study compared

to a study at a smell clinic is that the patient reports in
an online study cannot be verified. This is the second
major limitation of this study. Self-report of olfactory
function in healthy individuals is notoriously unreliable
[145,146] and although individuals with functional
anosmia are generally aware of their impairment [147],
the actual extend of olfactory loss in the subjects of
this study is unclear. Similarly, the accuracy of all
other information provided by the subjects anonymously
cannot be independently verified. Confabulations by the
subjects are also possible in studies in smell clinics,
but olfactory function can be assessed objectively in
these studies and the accuracy of basic facts about
the subject such as age and gender are also more reli-
able. Furthermore, the higher entry barrier of smell
clinic-based studies results presumably in more reliable
data. It is easier to imagine that somebody mischievously
submits wrong information to an online survey than that
somebody takes a day off and drives to a smell clinic to lie
about their condition there. Regardless of these limita-
tions, the current study illustrates vividly the diversity and
severity of the consequences of olfactory dysfunction.

Conclusion
Olfactory dysfunction, although it is often ignored or
trivialized, can have severe consequences for those
affected by it. While the practical problems of olfactory
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dysfunction are dwarfed by those of visual impairments,
smell loss-induced social isolation and smell loss-induced
motivational anhedonia have outsized detrimental effects
on the quality of life of these patients.
Better educating the patients, the public, and medical

professionals about disorders of olfaction would improve
the quality of life for those affected by reducing the
practical and social problems they often face. However, a
comprehensive solution can only be provided by research
into an effective treatment.

Additional files

Additional file 1: 1,000 reports about olfactory dysfunction: Edited
excerpts from the 1,000 reports about olfactory dysfunction
submitted online through our website. These reports and the
questionnaire that was filled out by the same subjects are the basis of
this paper.

Additional file 2: Results of the questionnaire: The complete results
of the questionnaire are shown. The 43 questions shown here include
the 27 questions shown in Figure 3.

Additional file 3: Methods: A more detailed description of the
methods.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
AK conceived of the study and collected and edited the patient reports and
evaluated the questionnaire. AK and DM together designed the study and
wrote the manuscript. All authors read and approved the final manuscript.

Acknowledgments
We would like to thank all the subjects who took the time to share their
stories as part of this study. We are grateful to Conor McMeniman, Leslie
Vosshall, and Jessica Keiser for comments on earlier versions of the manuscript.
AK was supported by a Branco Weiss Fellowship from the Society in Science
Foundation and by a NARSAD Young Investigator Grant. DM was supported by
the National Institute of Mental Health (R01MH066428).

Author details
1Laboratory of Neurogenetics and Behavior, Rockefeller University, New York,
NY, USA. 2Department of Psychiatry, New York University School of Medicine,
New York, NY, USA. 3Creedmoor Psychiatric Center, New York State Office of
Mental Health, New York, NY, USA.

Received: 25 March 2013 Accepted: 15 July 2013
Published: 23 July 2013

References
1. Blodgett B: Remembering Smell: A Memoir of Losing - and Discovering - the

Primal Sense. New York: Houghton Mifflin Harcourt; 2010.
2. Birnbaum M: Season to Taste - How I Lost my Sense of Smell and Found my

Way. New York: Ecco; 2011.
3. Leopold D: Distortion of olfactory perception: diagnosis and treatment.

Chem Senses 2002, 27:611–615.
4. Hong SC, Holbrook EH, Leopold DA, Hummel T: Distorted olfactory

perception: a systematic review. Acta Otolaryngol 2012, 132:S27–S31.
5. Nordin S, Murphy C, Davidson TM, Quiñonez C, Jalowayski AA, Ellison DW:

Prevalence and assessment of qualitative olfactory dysfunction in
different age groups. Laryngoscope 1996, 106:739–744.

6. Frasnelli J, Landis BN, Heilmann S, Hauswald B, Hüttenbrink KB, Lacroix JS,
Leopold DA, Hummel T: Clinical presentation of qualitative olfactory
dysfunction. Eur Arch Otorhinolaryngol 2004, 261:411–415.
7. Majumdar S, Jones NS, McKerrow WS, Scadding G: The management of
idiopathic olfactory hallucinations: a study of two patients. Laryngoscope
2003, 113:879–881.

8. Reden J, Maroldt H, Fritz A, Zahnert T, Hummel T: A study on the
prognostic significance of qualitative olfactory dysfunction. Eur Arch
Otorhinolaryngol 2007, 264:139–144.

9. Schubert CR, Cruickshanks KJ, Fischer ME, Huang GH, Klein BEK, Klein R,
Pankow JS, Nondahl DM: Olfactory impairment in an adult population:
the beaver dam offspring study. Chem Senses 2012, 37:325–334.

10. Brämerson A, Johansson L, Ek L, Nordin S, Bende M: Prevalence of
olfactory dysfunction: the Skövde population-based study.
Laryngoscope 2004, 114:733–737.

11. Vennemann MM, Hummel T, Berger K: The association between smoking
and smell and taste impairment in the general population. J Neurol 2008,
255:1121–1126.

12. Murphy C, Schubert CR, Cruickshanks KJ, Klein BEK, Klein R, Nondahl DM:
Prevalence of olfactory impairment in older adults. J Am Med Assoc 2002,
288:2307–2312.

13. Doty RL: Studies of human olfaction from the university of Pennsylvania
smell and taste center. Chem Senses 1997, 22:565–586.

14. Wysocki CJ, Gilbert AN: National geographic smell survey: effects of age
are heterogenous. Ann N Y Acad Sci 1989, 561:12–28.

15. Frye RE, Schwartz BS, Doty RL: Dose-related effects of cigarette smoking
on olfactory function. J Am Med Assoc 1990, 263:1233–1236.

16. Katotomichelakis M, Balatsouras D, Tripsianis G, Davris S, Maroudias N,
Danielides V, Simopouios C: The effect of smoking on the olfactory
function. Rhinology 2007, 45:273–280.

17. Gilbert AN: What the Nose Knows. New York: Crown Publishers; 2008.
18. Corwin J, Loury M, Gilbert AN: Workplace, age, and sex as mediators of

olfactory function: data from the national geographic smell survey.
J Gerontol Ser B-Psychol Sci Soc Sci 1995, 50:179–186.

19. Boesveldt S, Lindau ST, McClintock MK, Hummel T, Lundstrom JN: Gustatory
and olfactory dysfunction in older adults: a national probability study.
Rhinology 2011, 49:324–330.

20. Doty RL, Shaman P, Applebaum SL, Giberson R, Siksorski L, Rosenberg L:
Smell identification ability: changes with age. Science 1984,
226:1441–1443.

21. Seiden AM: Postviral olfactory loss. Otolaryngol Clin North Am 2004,
37:1159–1166.

22. Deems DA, Doty RL, Settle RG, Moore-Gillon V, Shaman P, Mester AF,
Kimmelman CP, Brightman VJ, Snow JB Jr: Smell and taste disorders, a
study of 750 patients from the university of Pennsylvania smell and
taste center. Arch Otolaryngol Head Neck Surg 1991, 117:519–528.

23. Murphy C, Doty RL, Duncan HJ: Clinical disorders of olfaction. In Handbook
of Olfaction and Gustation. 2nd edition. Edited by Doty RL. New York: Marcel
Dekker; 2003.

24. Doty RL, Bartoshuk LM, Snow JB Jr: Causes of olfactory and gustatory
disorders. In Smell and Taste in Health and Disease. Edited by Getchell TV,
Doty RL, Bartoshuk LM, Snow JBJ. New York: Raven Press; 1991:449–462.

25. Seiden AM, Duncan HJ: The diagnosis of a conductive olfactory loss.
Laryngoscope 2001, 111:9–14.

26. Goodspeed RB, Gent JF, Catalanotto FA: Chemosensory dysfunction:
clinical evaluation results from a taste and smell clinic. Postgrad Med
1987, 81:251–257. 260.

27. Brämerson A, Nordin S, Bende M: Clinical experience with patients with
olfactory complaints, and their quality of life. Acta Otolaryngol 2007,
127:167–174.

28. Damm M, Temmel A, Welge-Lüssen A, Eckel HE, Kreft MP, Klussmann JP,
Gudziol H, Hüttenbrink KB, Hummel T: Olfactory dysfunction:
epidemiological data and treatment strategies in Germany, Austria, and
Switzerland. HNO 2004, 52:112–120.

29. Mori J, Aiba T, Sugiura M, Matsumoto K, Tomiyama K, Okuda F, Okigaki S,
Nakai Y: Clinical study of olfactory disturbance. Acta Otolaryngol 1998,
118(Suppl 538):197–201.

30. Dalton P: Olfaction and anosmia in rhinosinusitis. Curr Allergy Asthma Rep
2004, 4:230–236.

31. Doty RL, Mishra A: Olfaction and its alteration by nasal obstruction,
rhinitis, and rhinosinusitis. Laryngoscope 2001, 111:409–423.

32. Hummel T, Hüttenbrink KB: Olfactory dysfunction due to sinonasal
disease. causes, consequences, epidemiology, and therapy. HNO 2005,
53:S26–S32.

http://www.biomedcentral.com/content/supplementary/1472-6815-13-8-S1.docx
http://www.biomedcentral.com/content/supplementary/1472-6815-13-8-S2.png
http://www.biomedcentral.com/content/supplementary/1472-6815-13-8-S3.docx


Keller and Malaspina BMC Ear, Nose and Throat Disorders 2013, 13:8 Page 18 of 20
http://www.biomedcentral.com/1472-6815/13/8
33. Blackwell D, Collins J, Coles R: Summary health statistics for U.S. adults.
national health interview survey, 1997. National center for health
statistics. Vital Health Statistics 2002, 10:15–16.

34. Benninger MS, Ferguson BJ, Hadley JA, Hamilos DL, Jacobs M, Kennedy DW,
Lanza DC, Marple BF, Osguthorpe JD, Stankiewicz JA, Anon J, Denneny J,
Emanuel I, Levine H: Adult chronic rhinosinusitis: definitions, diagnosis,
epidemiology, and pathophysiology. Otolaryngol Head Neck Surg 2003,
129:S1–S32.

35. Wallace DV, Dykewicz MS, Bernstein DI, Bernstein IL, Blessing-Moore J,
Cox L, Khan DA, Lang DM, Nicklas RA, Oppenheimer J, Portnoy JM,
Randolph CC, Schuller D, Spector SL, Tilles SA, May KR, Miller TA, Druce HM,
Baroody FM, Bernstein JA, Craig TJ, Georgitis JW, Pawankar R, Rachelefsky
GS, Settipane RA, Skoner DP, Stoloff SW: The diagnosis and management
of rhinitis: an updated practice parameter. J Allergy Clin Immunol 2008,
122:S1–S84.

36. Litvack JR, Fong K, Mace J, James KE, Smith TL: Predictors of olfactory
dysfunction in patients with chronic rhinosinusitis. Laryngoscope 2008,
118:2225–2230.

37. Duncan HJ: Postviral olfactory loss. In Taste and Smell Disorders. Edited by
Seiden AM. New York: Thieme; 1997:72–78.

38. Jafek BW, Hartman D, Eller PM, Johnson EW, Strahan RC, Moran DT:
Postviral olfactory dysfunction. Am J Rhinol 1990, 4:91–100.

39. Cain WS, Goodspeed RB, Gent JF, Leonard G: Evaluation of olfactory
dysfunction in the connecticut chemosensory clinical research center.
Laryngoscope 1988, 98:83–88.

40. Bonfils P, Avan P, Faulcon P, Malinvaud D: Distorted odorant perception:
analysis of a series of 56 patients with parosmia. Arch Otolaryngol Head
Neck Surg 2005, 131:107–112.

41. Harris R, Davidson TM, Murphy C, Gilbert PE, Chen M: Clinical evaluation
and symptoms of chemosensory impairment: one thousand consecutive
cases from the nasal dysfunction clinic in San Diego. Am J Rhinol 2006,
20:101–108.

42. Doty RL, Yousem DM, Pham LT, Kreshak AA, Geckle R, Lee WW: Olfactory
dysfunction in patients with head trauma. Arch Neurol 1997,
54:1131–1140.

43. Costanzo RM, DiNardo LJ, Reiter ER: Head injury and olfaction. In
Handbook of Olfaction and Gustation. 2nd edition. Edited by Doty RL.
New York: Marcel Dekker; 2003:629–638.

44. Collet S, Grulois V, Bertrand B, Rombaux P: Post-traumatic olfactory
dysfunction: a cohort study and update. B-ENT 2009, 5:97–107.

45. Costanzo RM, Zasler ND: Head trauma. In Smell and Taste in Health and
Disease. Edited by Getchell TV, Doty RL, Bartoshuk LM, Snow JB Jr.
New York: Raven Press; 1991:711–730.

46. Bonfils P, Malinvaud D, Soudry Y, Devars Du Maine M, Laccourreye O:
Surgical therapy and olfactory function. B-ENT 2009, 5:77–87.

47. Pade J, Hummel T: Olfactory function following nasal surgery.
Laryngoscope 2008, 118:1260–1264.

48. Harris AM, Griffin SM: Postoperative taste and smell deficit after upper
gastrointestinal cancer surgery: an unreported complication. J Surg Oncol
2003, 82:147–150.

49. Dhanani NM, Jiang D: Anosmia and hypogeusia as a complication of
general anesthesia. J Clin Anesth 2012, 24:231–233.

50. Henkin RI: Altered taste and smell after anesthesia: cause and
effect - reply. Anesthesiology 1995, 83:648–649.

51. Konstantinidis I, Tsakiropoulou E, Iakovou I, Douvantzi A, Metaxas S:
Anosmia after general anaesthesia: a case report. Anaesthesia 2009,
64:1367–1370.

52. Ackerman BH, Kasbekar N: Disturbances of taste and smell induced by
drugs. Pharmacotherapy 1997, 17:482–496.

53. Doty RL, Bromley SM: Effects of drugs on olfaction and taste. Otolaryngol
Clin North Am 2004, 37:1229–1254.

54. Lötsch J, Geisslinger G, Hummel T: Sniffing out pharmacology: interactions
of drugs with human olfaction. Trends Pharmacol Sci 2012, 33:193–199.

55. Henkin RI: Drug-induced taste and smell disorders: incidence,
mechanisms and management related primarily to treatment of sensory
receptor dysfunction. Drug Saf 1994, 11:318–377.

56. Schiffman SS, Nagle HT: Effect of environmental pollutants on taste and
smell. Otolaryngol Head Neck Surg 1992, 106:693–700.

57. Hastings L, Miller ML: Influence of environmental toxicants on olfactory
function. In Handbook of Olfaction and Gustation. 2nd edition. Edited by
Doty RL. New York: Marcel Dekker; 2003:575–592.
58. Doty RL, Hastings L: Neurotoxic exposure and olfactory impairment.
Clin Occup Environ Med 2001, 1:547–575.

59. Shusterman DJ, Sheedy JE: Occupational and environmental disorders of
the special senses. Occup Med 1992, 7:515–542.

60. Upadhyay UD, Holbrook EH: Olfactory loss as a result of toxic exposure.
Otolaryngol Clin North Am 2004, 37:1185–1207.

61. Karstensen HG, Tommerup N: Isolated and syndromic forms of congenital
anosmia. Clin Genet 2012, 81:210–215.

62. Acharya V, Acharya J, Lüders H: Olfactory epileptic auras. Neurology 1998,
51:56–61.

63. Velakoulis D: Olfactory hallucinations. In Olfaction and the Brain. Edited by
Brewer WJ, Castle D, Pantelis C. Cambridge: Cambridge University Press;
2006:322–333.

64. Fuller GN, Guiloff RJ: Migrainous olfactory hallucinations. J Neurol
Neurosurg Psychiatry 1987, 50:1688–1690.

65. Schreiber AO, Calvert PC: Migrainous olfactory hallucinations. Headache
1986, 26:513–514.

66. Bannier S, Berdagué JL, Rieu I, de Chazeron I, Marques A, Derost P, Ulla M,
Llorca PM, Durif F: Prevalence and phenomenology of olfactory
hallucinations in parkinson's disease. J Neurol Neurosurg Psychiatry 2012,
83:1019–1021.

67. Arguedas D, Langdon R, Stevenson R: Neuropsychological characteristics
associated with olfactory hallucinations in schizophrenia. J Int
Neuropsychol Soc 2012, 18:799–808.

68. Kopala LC, Good KP, Honer WG: Olfactory hallucinations and olfactory
identification ability in patients with schizophrenia and other psychiatric
disorders. Schizophr Res 1994, 12:205–211.

69. Reden J, Mueller A, Mueller C, Konstantinidis I, Frasnelli J, Landis BN,
Hummel T: Recovery of olfactory function following closed head injury or
infections of the upper respiratory tract. Arch Otolaryngol Head Neck Surg
2006, 132:265–269.

70. Temmel AFP, Quint C, Schickinger-Fischer B, Klimek L, Stoller E, Hummel T:
Characteristics of olfactory disorders in relation to major causes of
olfactory loss. Arch Otolaryngol Head Neck Surg 2002, 128:635–641.

71. Duncan HJ, Seiden AM: Long-term follow-up of olfactory loss secondary
to head trauma and upper respiratory tract infection. Arch Otolaryngol
Head Neck Surg 1995, 121:1183–1187.

72. Welge-Lüssen A, Hilgenfeld A, Meusel T, Hummel T: Long-term follow-up
of posttraumatic olfactory disorders. Rhinology 2012, 50:67–72.

73. Mueller CA, Hummel T: Recovery of olfactory function after nine years of
post-traumatic anosmia: a case report. J Med Case Reports 2009, 3:9283.

74. Guilemany JM, Garcia-Piñero A, Alobid I, Centellas S, Mariño FS, Valero A,
Bernal-Sprekelsen M, Picado C, Mullol J: The loss of smell in persistent
allergic rhinitis is improved by levocetirizine due to reduction of nasal
inflammation but not nasal nongestion (the CIRANO study). Int Arch
Allergy Immunol 2012, 158:184–190.

75. Meltzer EO, Jalowayski AA, Orgel HA, Harris AG: Subjective and objective
assessments in patients with seasonal allergic rhinitis: effects of therapy
with mometasone furoate nasal spray. J Allergy Clin Immunol 1998,
102:39–49.

76. Heilmann S, Huettenbrink KB, Hummel T: Local and systemic
administration of corticosteroids in the treatment of olfactory loss. Am J
Rhinol 2004, 18:29–33.

77. Mott AE, Cain WS, Lafreniere D, Leonard G, Gent JF, Frank ME: Topical
corticosteroid treatment of anosmia associated with nasal and sinus
disease. Arch Otolaryngol Head Neck Surg 1997, 123:367–372.

78. Golding-Wood DG, Holmstrom M, Darby Y, Scadding GK, Lund VJ: The
treatment of hyposmia with intranasal steroids. J Laryngol Otol 1996,
110:132–135.

79. Goodspeed RB, Gent JF, Catalanotto FA, Cain WS, Zagraniski RT:
Corticosteroids in olfactory dysfunction. In Book Corticosteroids in olfactory
dysfunction. City: Macmillan; 1986:514–518. 514–518.

80. Rudmik L, Smith TL: Olfactory improvement after endoscopic sinus
surgery. Curr Opin Otolaryngol Head Neck Surg 2012, 20:29–32.

81. Litvack JR, Mace J, Smith TL: Does olfactory function improve after
endoscopic sinus surgery? Otolaryngol Head Neck Surg 2009, 140:312–319.

82. Jiang RS, Lu FJ, Liang KL, Shiao JY, Su MC, Hsin CH, Chen WK: Olfactory
function in patients with chronic rhinosinusitis before and after
functional endoscopic sinus surgery. Am J Rhinol 2008, 22:445–448.

83. Pfaar O, Hüttenbrink KB, Hummel T: Assessment of olfactory function after
septoplasty: a longitudinal study. Rhinology 2004, 42:195–199.



Keller and Malaspina BMC Ear, Nose and Throat Disorders 2013, 13:8 Page 19 of 20
http://www.biomedcentral.com/1472-6815/13/8
84. Delank KW, Stoll W: Olfactory function after functional endoscopic sinus
surgery for chronic sinusitis. Rhinology 1998, 36:15–19.

85. Hosemann W, Goertzen W, Wohlleben R, Wolf S, Wigand ME: Olfaction
after endoscopic endonasal ethmoidectomy. Am J Rhinol 1993, 7:11–15.

86. Hummel T, Stuck BA: Treatment of olfactory disorders. HNO 2010, 58:656–660.
87. Henkin RI, Schecter PJ, Friedewald WT, Demets DL, Raff M: A double blind

study of the effects of zinc sulfate on taste and smell dysfunction. Am J
Med Sci 1976, 272:285–299.

88. Quint C, Temmel AFP, Hummel T, Ehrenberger K: The quinoxaline
derivative caroverine in the treatment of sensorineural smell disorders: a
proof-of-concept study. Acta Otolaryngol 2002, 122:877–881.

89. Reden J, Lill K, Zahnert T, Haehner A, Hummel T: Olfactory function in
patients with postinfectious and posttraumatic smell disorders before
and after treatment with vitamin A: a double-blind, placebo-controlled,
randomized clinical trial. Laryngoscope 2012, 122:1906–1909.

90. Reden J, Herting B, Lill K, Kern R, Hummel T: Treatment of postinfectious
olfactory disorders with minocycline: a double-blind, placebo-controlled
study. Laryngoscope 2011, 121:679–682.

91. Hummel T, Heilmann S, Hüttenbriuk KB: Lipoic acid in the treatment of
smell dysfunction following viral infection of the upper respiratory tract.
Laryngoscope 2002, 112:2076–2080.

92. Henkin RI, Velicu I, Schmidt L: Relative resistance to oral theophylline
treatment in patients with hyposmia manifested by decreased secretion
of nasal mucus cyclic nucleotides. Am J Med Sci 2011, 341:17–22.

93. Levy LM, Henkin RI, Lin CS, Hutter A, Schellinger D: Increased brain
activation in response to odors in patients with hyposmia after
theophylline treatment demonstrated by fMRI. J Comput Assist Tomogr
1998, 22:760–770.

94. Gudziol V, Hummel T: Effects of pentoxifylline on olfactory sensitivity: a
postmarketing surveillance study. Arch Otolaryngol Head Neck Surg 2009,
135:291–295.

95. Panagiotopoulos G, Naxakis S, Papavasiliou A, Filipakis K, Papatheodorou G,
Goumas P: Decreasing nasal mucus Ca++ improves hyposmia.
Rhinology 2005, 43:130–134.

96. Vent J, Wang DW, Damm M: Effects of traditional Chinese acupuncture in
post-viral olfactory dysfunction. Otolaryngol Head Neck Surg 2010, 142:505–509.

97. Silas J, Doty RL: No evidence for specific benefit of acupuncture over
vitamin B complex in treating persons with olfactory dysfunction.
Otolaryngol Head Neck Surg 2010, 143:603.

98. Damm M, Vent J: Response to: no evidence for specific benefit of
acupuncture over vitamin B complex in treating persons with olfactory
dysfunction, by Jonathan Silas and Richard L. Doty. Otolaryngol Head Neck
Surg 2010, 143:603–604.

99. Anzinger A, Albrecht J, Kopietz R, Kleemann AM, Schöpf V, Demmel M,
Schreder T, Eichhorn I, Wiesmann M: Effects of laserneedle acupuncture
on olfactory sensitivity of healthy human subjects: a placebo-controlled,
double-blinded, randomized trial. Rhinology 2009, 47:153–159.

100. Fleiner F, Lau L, Göktas O: Active olfactory training for the treatment of
smelling disorders. Ear Nose Throat J 2012, 91:198–203. 215.

101. Hummel T, Rissom K, Reden J, Hähner A, Weidenbecher M, Hüttenbrink KB:
Effects of olfactory training in patients with olfactory loss. Laryngoscope
2009, 119:496–499.

102. Leopold DA, Loehrl TA, Schwob JE: Long-term follow-up of surgically
treated phantosmia. Arch Otolaryngol Head Neck Surg 2002, 128:642–647.

103. Leopold DA, Schwob JE, Youngentob SL, Hornung DE, Wright HN, Mozell
MM: Successful treatment of phantosmia with preservation of olfaction.
Arch Otolaryngol Head Neck Surg 1991, 117:1402–1406.

104. Sarangi P, Aziz TZ: Post-traumatic parosmia treated by olfactory nerve
section. Br J Neurosurg 1990, 4:358.

105. Henkin RI, Potolicchio SJ, Levy LM: Improvement in smell and taste
dysfunction after repetitive transcranial magnetic stimulation. Am J
Otolaryngol 2011, 32:38–46.

106. Nordin S, Brämerson A: Complaints of olfactory disorders: epidemiology,
assessment and clinical implications. Curr Opin Allergy Clin Immunol 2008,
8:10–15.

107. Hummel T, Nordin S: Olfactory disorders and their consequences for
quality of life. Acta Otolaryngol 2005, 125:116–121.

108. Neuland C, Bitter T, Marschner H, Gudziol H, Guntinas-Lichius O: Health-
related and specific olfaction-related quality of life in patients with
chronic functional anosmia or severe hyposmia. Laryngoscope 2011,
121:867–872.
109. Miwa T, Furukawa M, Tsukatani T, Costanzo RM, DiNardo LJ, Reiter ER:
Impact of olfactory impairment on quality of life and disability.
Arch Otolaryngol Head Neck Surg 2001, 127:497–503.

110. Santos DV, Reiter ER, DiNardo LJ, Costanzo RM: Hazardous events
associated with impaired olfactory function. Arch Otolaryngol Head Neck
Surg 2004, 130:317–319.

111. Ferris AM, Duffy VB: Effect of olfactory deficits on nutritional status: does
age predict persons at risk? Ann N Y Acad Sci 1989, 561:113–123.

112. Mattes RD, Cowart BJ, Schiavo MA, Arnold C, Garrison B, Kare MR, Lowry LD:
Dietary evaluation of patients with smell and/or taste disorders. Am J
Clin Nutr 1990, 51:233–240.

113. Mattes RD: Nutritional implications of taste and smell disorders.
In Handbook of Olfaction and Gustation. Edited by Doty RL. New York:
Marcel Dekker; 1995:731–734.

114. Bonfils P, Faulcon P, Tavernier L, Bonfils NA, Malinvaud D: Home accidents
associated with anosmia. Presse Med 2008, 37:742–745.

115. Nordin S, Blomqvist EH, Olsson P, Stjärne P, Ehnhage A: Effects of smell
loss on daily life and adopted coping strategies in patients with nasal
polyposis with asthma. Acta Otolaryngol 2011, 131:826–832.

116. Aschenbrenner K, Hummel C, Teszmer K, Krone F, Ishimaru T, Seo HS,
Hummel T: The influence of olfactory loss on dietary behaviors.
Laryngoscope 2008, 118:135–144.

117. Van Toller S: Assessing the impact of anosmia: review of a
questionnaire's findings. Chem Senses 1999, 24:705–712.

118. Blomqvist EH, Brämerson A, Stjärne P, Nordin S: Consequences of olfactory
loss and adopted coping strategies. Rhinology 2004, 42:189–194.

119. Tennen H, Affleck G, Mendola R: Coping with smell and taste disorder. In
Smell and Taste in Health and Disease. Edited by Getchell TV, Doty RL,
Bartoshuk LM, Snow JBJ. New York: Raven Press; 1991:787–802.

120. Croy I, Negoias S, Novakova L, Landis BN, Hummel T: Learning about the
functions of the olfactory system from people without a sense of smell.
PLoS One 2012, 7:e33365.

121. Landis BN, Stow NW, Lacroix JS, Hugentobler M, Hummel T:
Olfactory disorders: the patients' view. Rhinology 2009, 47:454–459.

122. Gudziol V, Wolff-Stephan S, Aschenbrenner K, Joraschky P, Hummel T:
Depression resulting from olfactory dysfunction is associated with reduced
sexual appetite: a cross-sectional cohort study. J Sex Med 2009, 6:1924–1929.

123. Frasnelli J, Hummel T: Olfactory dysfunction and daily life. Eur Arch
Otorhinolaryngol 2005, 262:231–235.

124. Glaser O: Hereditary deficiencies in the sense of smell. Science 1918, 48:647–648.
125. DeVere R, Calvert M: Navigating Taste and Smell Disorders. New York:

demos health; 2011.
126. Vowles RH, Bleach NR, Rowe-Jones JM: Congenital anosmia. Int J Pediatr

Otorhinolaryngol 1997, 41:207–214.
127. Chu S, Downes JJ: Odour-evoked autobiographical memories: psychological

investigations of Proustian phenomena. Chem Senses 2000, 25:111–116.
128. Herz RS, Cupchik GC: The emotional distinctiveness of odor-evoked

memories. Chem Senses 1995, 20:517–528.
129. Herz RS: Are odors the best cues to memory? A cross-modal comparison

of associative memory stimuli. In Olfaction and Taste Xii: An International
Symposium, Volume 855. Edited by Murphy C. New York: New York Acad
Sciences; 1998:670–674. Annals of the New York Academy of Sciences].

130. Treadway MT, Zald DH: Reconsidering anhedonia in depression: lessons
from translational neuroscience. Neurosci Biobehav Rev 2011, 35:537–555.

131. Landis BN, Frasnelli J, Hummel T: Euosmia: a rare form of parosmia.
Acta Otolaryngol 2006, 126:101–103.

132. Desor JA, Beauchamp GK: The human capacity to transmit olfactory
information. Percept Psychophys 1974, 16:551–556.

133. Weiss T, Snitz K, Yablonka A, Khan RM, Gafsou D, Schneidman E, Sobel N:
Perceptual convergence of multi-component mixtures in olfaction
implies an olfactory white. Proc Natl Acad Sci 2012, 109:19959–19964.

134. Jastreboff PJ: Phantom auditory perception (tinnitus): mechanisms of
generation and perception. Neurosci Res 1990, 8:221–254.

135. Eggermont JJ, Roberts LE: The neuroscience of tinnitus. Trends Neurosci
2004, 27:676–682.

136. Doty RL, Cometto-Muniz JE: Trigeminal chemosensation. In Handbook of
Olfaction and Gustation. 2nd edition. Edited by Doty RL. New York: Marcel
Dekker; 2003:981–1000.

137. Silver WL, Finger TE: The trigeminal system. In Smell and Taste in Health
and Disease. Edited by Getchell TV, Doty RL, Bartoshuk LM, Snow JB Jr.
New York: Raven Press; 1991:97–108.



Keller and Malaspina BMC Ear, Nose and Throat Disorders 2013, 13:8 Page 20 of 20
http://www.biomedcentral.com/1472-6815/13/8
138. Carskadon MA, Herz RS: Minimal olfactory perception during sleep:
why odor alarms will not work for humans. Sleep 2004, 27:402–405.

139. Radil T, Wysocki CJ: Spatiotemporal masking in pure olfaction. Ann N Y
Acad Sci 1998, 855:641–644.

140. Sacks O: Hallucinations. New York: Knopf; 2012.
141. Flor H, Nikolajsen L, Staehelin Jensen T: Phantom limb pain: a case of

maladaptive CNS plasticity? Nat Rev Neurosci 2006, 7:873–881.
142. Flor H, Elbert T, Knecht S, Wienbruch C, Pantev C, Birbaumer N, Larbig W,

Taub E: Phantom-limb pain as a perceptual correlate of cortical
reorganization following arm amputation. Nature 1995, 375:482–484.

143. Classen C, Howes D, Synnott A: Aroma: The Cultural History of Smell.
London: Routledge; 1994.

144. American Medical Association: Guides to the Evaluation of Permanent
Impairment. 6th edition. Chicago: American Medical Association; 2007.

145. Landis BN, Hummel T, Hugentobler M, Giger R, Lacroix JS: Ratings of
overall olfactory function. Chem Senses 2003, 28:691–694.

146. Knaapila A, Tuorila H, Kyvik KO, Wright MJ, Keskitalo K, Hansen J, Kaprio J,
Perola M, Silventoinen K: Self-ratings of olfactory function reflect odor
annoyance rather than olfactory acuity. Laryngoscope 2008,
118:2212–2217.

147. Welge-Lüssen A, Hummel T, Stojan T, Wolfensberger M: What is the
correlation between ratings and measures of olfactory function in
patients with olfactory loss? Am J Rhinol 2005, 19:567–571.

doi:10.1186/1472-6815-13-8
Cite this article as: Keller and Malaspina: Hidden consequences of
olfactory dysfunction: a patient report series. BMC Ear, Nose and Throat
Disorders 2013 13:8.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results and discussion
	Experiencing smell loss
	Practical problems of smell loss
	Hazard avoidance
	Food-related
	Odor management

	Smell loss-induced social isolation
	Smell loss-induced anhedonia
	Experiencing smell distortions
	Quality of distorted smells
	Triggers of distorted smells

	Problems of smell distortions
	Unpleasantness of distorted smells
	Maladaptive responses to experienced odors
	Stigma


	General discussion
	Conclusion
	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


