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Risk Factors for Hazardous Events
in Olfactory-Impaired Patients
Taylor S. Pence, BS; Evan R. Reiter, MD; Laurence J. DiNardo, MD; Richard M. Costanzo, PhD

IMPORTANCE Normal olfaction provides essential cues to allow early detection and avoidance
of potentially hazardous situations. Thus, patients with impaired olfaction may be at
increased risk of experiencing certain hazardous events such as cooking or house fires,
delayed detection of gas leaks, and exposure to or ingestion of toxic substances.

OBJECTIVE To identify risk factors and potential trends over time in olfactory-related
hazardous events in patients with impaired olfactory function.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of 1047 patients presenting
to a university smell and taste clinic between 1983 and 2013. A total of 704 patients had both
clinical olfactory testing and a hazard interview and were studied. On the basis of olfactory
function testing results, patients were categorized as normosmic (n = 161), mildly hyposmic
(n = 99), moderately hyposmic (n = 93), severely hyposmic (n = 142), and anosmic (n = 209).

INTERVENTIONS Patient evaluation including interview, examination, and olfactory testing.

MAIN OUTCOMES AND MEASURES Incidence of specific olfaction-related hazardous events (ie,
burning pots and/or pans, starting a fire while cooking, inability to detect gas leaks, inability
to detect smoke, and ingestion of toxic substances or spoiled foods) by degree of olfactory
impairment.

RESULTS The incidence of having experienced any hazardous event progressively increased
with degree of impairment: normosmic (18.0%), mildly hyposmic (22.2%), moderately
hyposmic (31.2%), severely hyposmic (32.4%), and anosmic (39.2%). Over 3 decades there
was no significant change in the overall incidence of hazardous events. Analysis of
demographic data (age, sex, race, smoking status, and etiology) revealed significant
differences in the incidence of hazardous events based on age (among 397 patients <65
years, 148 [37.3%] with hazardous event, vs 31 of 146 patients �65 years [21.3%]; P < .001),
sex (among 278 women, 106 [38.1%] with hazardous event, vs 73 of 265 men [27.6%];
P = .009), and race (among 98 African Americans, 41 [41.8%] with hazardous event, vs 134 of
434 whites [30.9%]; P = .04).

CONCLUSIONS AND RELEVANCE Increased level of olfactory impairment portends an
increased risk of experiencing a hazardous event. Risk is further impacted by individuals’ age,
sex, and race. These results may assist health care practitioners in counseling patients on the
risks associated with olfactory impairment.
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O lfactory impairment may occur from a variety of
causes, including aging and neurodegenerative dis-
orders, head trauma, nasal obstruction, or viral up-

per respiratory tract infections, and has been estimated to affect
up to 25% of the population.1-5 Given the population’s advanc-
ing age, olfactory dysfunction will become even more com-
mon in the United States, as 60% to 70% of patients 80 years
or older have impairment.2 Olfactory function plays a key role
in our appreciation of the flavor of foods as well as the per-
ception of odors both pleasant and unpleasant, and its impair-
ment has been shown to decrease quality of life (QOL).6 In a
previous study, we demonstrated a link between olfactory im-
pairment and risk of experiencing select olfaction-associated
hazardous events.7 However, further insight regarding such
risks and factors that might modify them may allow health care
practitioners to better counsel patients with olfactory impair-
ment. For example, smoking has been shown to have a dose-
dependent effect on olfactory function and thus may also have
an impact on risk of hazardous events.8,9 In addition, even with
similar levels of dysfunction, olfactory deficits resulting from
different causes could lead to different risks of hazardous
events. For example, despite indications of intact olfactory
nerves, patients with a head injury can exhibit significant im-
pairment in olfaction.4 This conundrum of head injuries in ad-
dition to the other associated neurologic sequelae make this
pathologic condition particularly interesting. As such, the pri-
mary objective of this study was to determine which factors
may affect the risk of olfactory-impaired patients experienc-
ing specific hazardous events related to their impairment.
Lastly, given potential changes occurring over time, such as im-
proved home or workplace safety monitoring or even in-
creased lay public or physician awareness of olfactory dys-
function, we also sought to determine if risk of such hazardous
events was changing over time.

Methods
This study was approved by the institutional review board of
Virginia Commonwealth University (VCU). The patient data-
base of the Smell and Taste Disorders Center of VCU Health Sys-
tem (VCUHS), including data from 1047 patient evaluations,
was reviewed. Database entries for each patient consisted of
data obtained from a single clinical evaluation in the center,
including patient history, physical examination findings, and
olfactory test results. Historical data collected included de-
mographics, smoking status, medical history, and etiology of
olfactory or gustatory loss if known. As a routine part of this
evaluation, patients were asked to complete an olfactory haz-
ard questionnaire, asking whether they had experienced spe-
cific hazardous situations that are commonly associated with
olfactory cues. This questionnaire included 5 questions: “Have
you had any incidents while cooking which were caused by
your smell disturbance? Specifically, (1) have you burnt pots
and/or pans or (2) have you started a fire while cooking?”
(3) “Were you ever unable to smell smoke from a fire?” (4) “Have
you had any incidents in which natural gas was leaking and
you were unable to smell it?” (5) “Have you ingested any spoiled

foods or swallowed any toxic substances?” Each patient’s re-
sponses to these questions were recorded as a yes or no re-
sponse along with their demographic and medical data and the
results of their olfactory function testing.

Prior to olfactory testing, nasal airflow was assessed for each
nasal passage independently by occlusion of 1 nares while in-
haling through the other. Nasal airway obstruction for either the
right or left side was recorded if the patient reported difficulty
or was unable to inhale through that nostril. Olfactory testing
was performed using a standardized method developed at the
University of Connecticut Chemosensory Clinical Research
Center.5 Olfactory detection threshold was assessed through a
2-bottle forced-choice paradigm. The patient was presented with
2 bottles, one containing an odorant (butanol) in deionized wa-
ter and the other containing water alone (blank), and was asked
to indicate which bottle had the odorant. The concentration of
butanol in the odorant bottles was increased by one-third log
steps beginning at 0.00061% and continuing up to 4% butanol
if needed. The bottle containing the lowest concentration of bu-
tanol at which the patient was able to correctly select in 4 con-
secutive trials defined their odor detection threshold. Odor
identification was assessed using common household prod-
ucts with well-known odors such as coffee, baby powder, and
peanut butter presented in jars. Patients are asked to identify
the odorant presented. Scores from both threshold detection
(range, 0-50) and odor identification tests (range, 0-50) are com-
bined to determine a composite score for each nostril (range,
0-100).5 Right and left nostril scores were averaged to yield a
global olfactory function score (range, 0-100). Olfactory func-
tion scores were used to place the patients in 1 of the 5 diag-
nostic categories: normosmic (range, 100-85), mildly hypos-
mic (range, 84-65), moderately hyposmic (range, 64-45),
severely hyposmic (range, 44-15), or anosmic (range, 14-0).

Patients with obstructed nasal airways, younger than 18
years, with incomplete olfactory testing or with incomplete ol-
factory hazard questionnaires, were excluded from the study
population. Data were extracted from the patient database and
analyzed with SPSS (version 21; IBM Corp). Frequencies were
computed to assess study population demographic factors. Bi-
nary logistic regression analysis was used to compare frequen-
cies of occurrence of hazardous events between diagnostic cat-
egories based on level of olfactory function. Odds ratios were
calculated to assess the relative risk of experiencing any ol-
factory related hazardous event for each diagnostic category
compared with those with normal olfactory function. To test
for changes in the impaired population over 3 decades, a bi-
nary logistic regression analysis was used. Cross-tabulations
and the Pearson χ2 test were used to test the effect of demo-
graphic metrics on the incidence of hazardous events. For all
analyses, P < .05 was considered statistically significant.

Results
The VCUHS Smell and Taste Disorders Center database in-
cluded data from 1047 patients evaluated between 1983 and
2013. A review of these records yielded 704 patients 18 years
or older, with intact nasal airflow for which demographic data,
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medical history, olfactory hazards questionnaire, and olfac-
tory function testing results were available, who comprised the
study population. Demographic data and olfactory testing re-
sults for the study population are given in Table 1.

The impact of level of olfactory dysfunction on risk of ex-
periencing any hazardous event was analyzed by binary lo-
gistic regression. As determined by odds ratios, the risk of ex-
periencing hazardous events increased progressively with
degree of impairment; with anosmic patients being almost 3
times more likely to experience an olfactory related hazard-
ous event than individuals with normal smell function
(Table 2). Viewed alternately, Figure, A, depicts the percent of
patients at each level of olfactory function who had experi-
enced 1 or more hazardous events. We also sought to deter-
mine if any changes in incidence of hazardous events had oc-
curred over the past 3 decades. Figure, B, shows the percentage
of all olfactory-impaired patients experiencing each type of haz-
ardous event as revealed by testing over 3 decades. Events are
ranked in order of prevalence in the impaired population, as
averaged over the entire 30-year study period. By comparing
the decades a relatively consistent rank order of the specific
hazards was seen, although any apparent trends were not sig-
nificant by a binary logistic regression.

We then sought to determine if any demographic metrics
might have an impact on an individual’s risk of experiencing
a hazardous event. Analysis of risk by demographic factors
using Pearson χ2 test revealed a significantly higher inci-
dence of hazardous events among female patients, those
younger than 65 years, and African Americans, but not for
smokers or those with associated head injuries (Table 3).

Discussion

A National Health Interview Survey (NHIS) in 1994 deter-
mined that 1.4% of the US adult population self-report that they
have some disorder of the sense of smell.10 Application of the
2013 population estimate by the US Census Bureau would sug-
gest that there are approximately 4.4 million adults in the
United States with impaired olfactory function.11 However, a
2002 epidemiological study using objective olfactory testing
of individuals aged from 53 to 97 years revealed that 24.5% had
impaired smell function, despite only 9.5% self-reporting a
deficit.1 The incidence increased to 62.5% for those older than
80 years. These data illustrate that self-reporting is a far less
accurate indicator of olfactory dysfunction than objective test-
ing in this age group. Thus, the number of people in the United
States with olfactory dysfunction may be far more than 4.4 mil-
lion at present, and with the anticipated aging of the popula-
tion, this number may climb even higher.

Previous studies have shown that olfactory impairment can
have substantial negative effects on patients’ QOL by affecting
enjoyment of foods and fragrances and even overall satisfac-
tion with life.6 In addition, 15% to 20% of olfactory-impaired pa-
tients older than 60 years have depressive symptoms.12 Cogni-
tive impairment has also been associated with impaired olfactory
function.13 These changes can have drastic effects on a pa-
tient’s level of function and have been linked with loss of
employment.14 In a previous report, we demonstrated that the
effects of olfactory impairment are not limited to QOL but can
also increase patients’ risk of experiencing hazardous situations.7

The present study confirms this relationship, indicating an in-
creasing incidence of hazardous events with increased level of
olfactory impairment. Analysis of demographic factors showed
that patients’ age, sex, and race may modify their risk, with those
younger than 65 years, women, and African Americans having
higher risk. The cause of these associations is unclear. We may
speculate that the higher incidence seen in those younger than
65 years may be due to an increased potential for exposure to
hazardous situations. This may be due to a higher proportion
of working patients with additional opportunities for expo-
sure in the workplace. Also, patients in this age group may more
frequently assume caregiver roles where they would be respon-
sible for cooking in the home. Managing multiple responsibili-
ties such as child care, professional commitments, and social
obligations among this group may lead to distractions, poten-
tially increasing the number of hazardous events. Conversely,

Table 1. Study Population Demographics and Level of Olfactory Function

Variable Patients, No. (%)
Sex

Male 340 (48.3)

Female 364 (51.7)

Race/ethnicity

White 561 (79.5)

African American 127 (18.0)

Other 16 (2.1)

Age, y

<65 539 (76.6)

≥65 165 (23.4)

Smoking status

Nonsmoker 589 (83.0)

Smoker 115 (16.3)

Associated head injury

No 531 (75.4)

Yes 173 (24.6)

Olfactory function

Anosmic 209 (29.7)

Hyposmic

Severely 142 (20.2)

Moderately 93 (13.2)

Mildly 99 (14.1)

Normosmic 161 (22.9)

Table 2. Odds of Experiencing a Hazardous Event for Patients
With Impaired Olfactory Function

Level of Olfactory Function Odds of an Eventa P Value
Anosmic 2.94 <.001

Hyposmic

Severely 2.18 .004

Moderately 2.06 .02

Mildly 1.30 .41

a Odds of experiencing a hazardous event for normosmic patient, 1.00.
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those older than 65 years may include a higher proportion of pa-
tients with age-related olfactory dysfunction. Typically, this oc-
curs as a gradual decline in olfaction; thus, these patients may
adapt to their diminished function over time and compensate
for their impairment through increased vigilance, reducing their
risk. Similarly, the effect of race on risk may reflect differences
in home or work environments for the patients in our cohort.
Further investigation is needed to better understand the ob-
served differences in risk based on age, sex, and race, as innu-
merable confounding issues likely exist.

Surprisingly, we found no significant trend in the overall
incidence of hazardous events over the 3 successive decades
of our sampling. Regarding specific hazards, the number of fires
caused while cooking and undetected gas leaks decreased, but
these trends were not significant. Undetected smoke showed
an increase over the 3 decades but was also not significant. We
had postulated that improvements in building and safety stan-
dards would have led to an overall reduction in hazardous
events, although this was not shown by the data.

Analysis of the potential impact of patient demographics
surprisingly revealed no significant effect on occurrence of haz-
ardous events based on smoking status or presence of an as-
sociated head injury. Given that olfactory impairment is among
the many systemic changes associated with smoking and that
the practice of smoking poses increased risk of causing fires,
we had suspected a higher incidence of hazardous events
among smokers. Potentially, the lack of increased risk seen may
be attributed to the gradual nature of onset of impairment
through the dose-dependent relationship of smoking and ol-
factory impairment. A gradual onset of impairment may al-
low better long-term compensation for the deficit. We had also
suspected an increased risk in patients with head injuries; how-
ever, in this population the difference was not significant
(P = .07). It is possible that a larger sample size would have
made this difference significant. This lack of a significantly in-
creased risk in patients with an associated head injury could

be due to these patients’ increased vigilance caused by height-
ened concern surrounding their head injury. It is likely that pa-
tients receive more extensive evaluation and possibly treat-
ment for head injuries than for other common causes such as
normal aging. This increased medical care could cause pa-
tients to be more aware of their environment and risks owing
to fears of decreased perceptual ability.

There are several limitations of this study that are associ-
ated with both the manner and nature of data collected and
the retrospective nature of the study. At the time of evalua-
tion, patients were asked to indicate whether they had expe-
rienced any hazardous events during the entire period over
which they had impaired olfaction, which for some had been
years. Thus, between the time of onset of olfactory distur-
bance and evaluation, patients may have had fluctuation in
level of olfaction or further change due to other factors such
as normal aging that could affect their olfactory test results or
their risk of hazardous events. For example, a patient who tem-
porarily had complete anosmia that recovered to mild hypos-
mia or normosmia by time of testing may have experienced the
same number of hazardous events as a patient who had long-
standing and stable moderate or severe hyposmia. Recall bias
may have contributed to an underestimation of hazardous
events. Further, our database recorded whether patients had
experienced each type of event but not the number of times
each event was experienced, again leading to underestima-
tion of events reported. Lastly, other factors not recorded in
the database may have had an impact on the occurrence of
events, including type of heating system or number of gas ap-
pliances in the home, safety measures such as smoke or car-
bon monoxide detectors in the home or workplace, presence
of cohabitants in the home, and patients’ occupations.

Further work is required to more definitively indicate the
nature and degree of the effect of various factors on risk of oc-
currence of hazardous events. For example, inclusion of an in-
depth interview detailing patients’ living and working condi-

Figure. Incidence of Events and Hazardous Events
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tions, such as information about appliances and safety features
in the home and workplace, could allow better determination
of patients’ potential exposure to hazardous situations, com-
pared with their reported frequency of actually experiencing
such events. Further longitudinal studies of olfactory im-
paired cohorts could be used to assess the impact of specific
risk counseling on reducing occurrence of hazardous events.

Also, a longitudinal study of patients including repeated test-
ing of olfaction over time could assess the impact of changing
olfactory function on risk. Some ongoing work that will comple-
ment this work is the inclusion of an olfactory assessment in
the National Health and Nutrition Examination Survey
(NHANES).14 NHANES collects data through an extensive ques-
tionnaire and physical examination on an estimated 5000 pa-
tients each year who are a representation of the US popula-
tion. This survey will give valuable data on the prevalence of
olfactory impairment that can be compared with the many
other data points collected in this study.

Conclusions
Our study demonstrates the substantial risks of experiencing
hazardous events associated with impaired olfactory func-
tion and shows that these risks do not appear to be diminish-
ing with time. However, patients are frequently unaware of
these dangers, and recent reports have also indicated that pa-
tients are seldom educated by their primary care providers,15,16

with as many as 95% not receiving any counseling prior to re-
ferral to specialized smell and taste centers. Results of this
study can be used to guide health care practitioners and pub-
lic health agencies to increase awareness and increase safety
measures or help patients institute compensatory strategies.
By providing focused risk counseling to olfactory-impaired pa-
tients, health care practitioners may help reduce individuals’
personal risk of olfactory-related hazardous events.
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Table 3. Olfactory-Impaired Patients in Each Demographic Group
Experiencing Hazardous Events

Risk Factor by Group

No. With Hazardous
Event/Group Total,

No. (%) P Value
Age, y

<65 148/397 (37.3)
<.001

≥65 31/146 (21.3)

Sex

Female 106/278 (38.1)
.009

Male 73/265 (27.6)

Race

African American 41/98 (41.8)
.04

White 134/434 (30.9)

Head injury

Associated head injury 55/140 (39.3)
.07

No associated head injury 124/403 (30.8)

Smoker

Nonsmoker 153/458 (33.4)
.61

Smoker 26/85 (30.6)
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