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ABSTRACT
Background: Allergic rhinitis is an important health problem in view of its prevalence and its impact on patients’
social life, school performance and work productivity. Smoking is known to affect the asthmatic airway
inflammation. The additional effect of smoking in impairment of nasal functions in patients with allergic rhinitis is a
subject of interest. The aim and objective of this study was to study the effect of active tobacco smoke on mucociliary
clearance and olfactory thresholds in allergic rhinitis.
Methods: A descriptive observational pilot study was carried out on 40 patients of allergic rhinitis. Nasal mucociliary
clearance was measured by saccharine transit time and olfactory threshold test was measured by butanol threshold test
score.
Results: The saccharine transit time was significantly prolonged in smokers as compared to nonsmokers. Amongst
the subgroups of allergic rhinitis mucociliary clearance was found to be more prolonged with the severity of allergic
rhinitis. Butanol threshold test scores were significantly lower in smokers when compared to non- smokers. Amongst
the subgroups of allergic rhinitis olfactory threshold was found to be lower with the severity of allergic rhinitis.
Conclusions: In the current study we found that nasal functions were significantly impaired in smokers with allergic
rhinitis. This indicates that smoking leads to worsening of symptoms in allergic rhinitis.
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INTRODUCTION
Allergic rhinitis is an important health problem in view of
its prevalence and its impact on patients’ social life,
school performance and work productivity. It represents a
global health problem affecting 10% to 20% of the
population. A survey conducted by Bosquet et al showed
that 92.2% of patients with allergic rhinitis had an
impairment of quality of life.1
Smoking is known to affect the asthmatic airway
inflammation. The additional effect of smoking in

impairment of nasal functions in patients with allergic
rhinitis is a subject of interest.
In patients with allergic rhinitis, rhinorrhea aids in
washing of stimulating allergens from nasal epithelium.
Smoking leads to impairment of mucociliary clearance
(MCC) and this leads to stasis of secretions in smokers
with allergic rhinitis, thus worsening the symptoms of
allergic rhinitis.2-5 Airborne toxins from cigarette smoke
cause damage to the olfactory neuroepithelium thus
causing olfactory disturbance.6
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Allergic rhinitis can hamper nasal functions which can be
measured in terms of Mucociliary clearance and
Olfactory Threshold scores. Through our study we have
attempted to quantify impact of smoking on nasal
functions including MCC and olfactory threshold.

If the sensation did not occur within 60 minutes, the test
was stopped and the subject’s ability to perceive the taste
of saccharin was verified by placing it on the tongue. If
the subject was able to taste the saccharin directly, the
test procedures were repeated on another occasion.

Aims and objectives

Olfactory threshold level as measured by butanol
threshold test (BTT)



To study the effect of active tobacco smoke on
mucociliary clearance and olfactory thresholds in
allergic rhinitis.

METHODS
A descriptive observational pilot study was carried out on
40 patients of allergic rhinitis (smokers and non-smokers)
presenting to outpatient department of ENT of St. John’s
Medical College Hospital, between 10-60 yrs of age
during July 2011 to February 2013.
Patients with sinusitis, nasal polyposis, bronchial asthma,
non-allergic rhinitis, pregnant females, individuals on
prolonged use of topical decongestants, recent use of
anti-histamines,
substance
abuse,
psychotropic
medication, those with comorbid conditions like
hypertension, diabetes mellitus, chronic obstructive
pulmonary disease, coronary artery disease, malignancy,
immunocompromised states and thyroid disorders,
conditions such as rhinitis medicamentosa, PNS
malignancies and those who did not give consent were
excluded from the study.
All patients were recruited on a voluntary basis after
informed consent and were evaluated with nasal
endoscopy, skin prick test, nasal function test as
measured by saccharine transit time and olfactory
threshold test as measured by butanol threshold test
score.
Mucociliary clearance (MCC)
saccharine transit time (STT)

as

measured

This involved a forced-choice test using an aqueous
concentration of butyl alcohol in one sniff bottle and
water (non-odorant liquid) in the other. The BTT
composed a series of 12 concentrations of N-butanol
which were 3-fold serially diluted from 100% N-butanol
(solvent used was water) concentration level 1(4%
butanol) to concentration level 12(0.004% butanol).7
Patient was seated with eyes closed and non test nostril
was blocked using a cotton plug. Two bottles (water &
butyl alcohol in various concentration) were given to the
patient to sniff. Patient selected the bottle that they
believed contained the odor. A gap of 30 seconds was
maintained before offering the next concentration level.
After each incorrect response, the concentration of
butanol was increased to two higher concentrations until
the patient either achieved 3 correct responses or failed to
correctly identify the bottle with 4% butanol. After each
correct response the concentration was decreased to the
immediate lower concentration level. A score was
calculated as the average of last three correctly identified
concentration levels.
BTT scores were interpreted as follows:






Anosmia - score 0 to 3,
severe hyposmia - score 4 to 5,
moderate hyposmia - score 6 to 8,
mild hyposmia - score 9 to 10,
normosmia - score 11 to 12.

by

Patients were instructed to avoid local anaesthetic drops,
analgesics, barbiturates, tranquilizers, antidepressants and
alcohol or caffeine based substances for at least 12 hours
before the test.
Patient was seated comfortably with head slightly
extended, and a 6 mg particle of saccharine was placed 2
cm inside an unobstructed nostril at the anterior end of
inferior turbinate under visual guidance. A timer with
second’s clock was used to measure transit time. The
time from particle placement until the first perception of
a sweet taste in the mouth was recorded. Patients were
asked to maintain normal ventilation, avoiding deep
breaths, talking, sniffing, sneezing, eating, or coughing.
Patients were also instructed to avoid excessive
swallowing. Following the test of one nostril patients
were asked to rinse mouth with water. The same
procedure was repeated in the other nostril.

This scoring relates the patient's butanol threshold to a
normal subject population. The BTT was performed in
each nostril separately.
Statistical methods
All data are presented as mean±SD. Categorical data are
presented as number and percentage. Data were analyzed
within two groups of smokers and non –smokers. The
mean difference in the STT and BTT values between
smokers and non-smokers, males and females were
examined using independent t-test or Mann Whitney U
test as appropriate. For non-parametric variables,
correlation coefficient was calculated using Spearman’s
rank correlation. A coefficient value <0.5 was considered
as no correlation, 0.5-0.8 as good correlation and >0.8 as
excellent correlation. Statistical significance was
considered as p<0.05. All analyses were carried out in
SPSS version 17.0 (SPSS Inc, Chicago, III).
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RESULTS
Among the 40 patients included in the study 20 were
smokers (group I) and 20 non smokers (group II).
Average age of population was 33.98±10.2 years, with
the majority (50% smokers & 65%nonsmokers) being in
25-40 year age group. The average number of cigarettes
smoked per day was 10.3± 7.8 with average number of
years of smoking being 9.9±8.9 years. The average
number of pack years smoked was 6.3±7.6 pack years.
We compared the STT and BTT among smokers and
nonsmokers, in the entire group and in same age group, in
same subtype of allergic rhinitis, between males of both
the groups and females of both the groups. These
parameters were also compared within smokers with
reference to the number of pack years smoked.

The prolongation of MCC was found to have a good
positive correlation (Pearson correlation coefficient
0.639) with the number of pack years and this correlation
was found to be significant (p=0.002).
Butanol Threshold Test
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The saccharine transit time was significantly (p=0.01)
prolonged in smokers as compared to non smokers
(Figure 1).
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Figure 3: Butanol threshold test comparison between
smokers and non smokers.
Butanol threshold test scores were significantly (p≤0.001)
lower in smokers when compared to non- smokers
(Figure 3). 10% of smokers had anosmia, and 40% had
severe hyposmia. Among non-smokers i.e. patients who
were only suffering from allergic rhinitis 50% were
normosomic and 35% had mild hyposmia.
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Figure 1: Saccharine transit time (in seconds)
comparison between smokers and nonsmokers.
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Figure 4: BTT score comparison between smokers
and nonsmokers in each subtype of allergic rhinitis.
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Figure 2: STT (seconds) comparison between smokers
and nonsmokers in each subtype of allergic rhinitis.
Amongst the subgroups of allergic rhinitis MCC was
found to be more prolonged with the severity of allergic
rhinitis. STT was significantly (p=0.016) prolonged in
patients with moderate severe persistent allergic rhinitis
when compared to other subgroups (Figure 2).

Amongst the subgroups of allergic rhinitis olfactory
threshold was lower with the severity of allergic rhinitis
(significantly decreased in patients with moderate severe
persistent allergic rhinitis when compared to other
subgroups) (p=0.003) (Figure 4). The decrease in
olfactory threshold score was found to have a good
negative correlation (correlation coefficient =-0.611) with
the number of pack years smoked (p=0.004).
Amongst the male subjects with allergic rhinitis,
olfactory threshold scores were significantly lower in
smokers as compared to non smokers. Among the
smokers average Butanol threshold test score for males
was 7.6±2.9 and for females was 10.7±1.2. Among
nonsmokers average Butanol threshold test score for
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males was 10.7±1.4 and for females was 10.7±1.3. The
difference in BTT between smokers (male) and
nonsmokers (male) was found to be significant
(p=0.002). The comparison between female smoker and
nonsmokers was not done due to lack of adequate
numbers (one female in group I).

Sun et al evaluated nasal MCC using technetium 99Mlabeled macro aggregated albumin (tc-99m MAA)
rhinoscintigraphy in patients with allergic rhinitis.23 By
tracing the course of Tc-99m MAA using gamma camera
they found that MCC is decreased in patients with
allergic rhinitis.

DISCUSSION

Proenca et al studied the STT in nonsmokers and smokers
(immediately after smoking and eight hours after
smoking).24 The STT values eight hours after smoking
was significantly prolonged (p=0.005 versus nonsmokers, and p=0.003 versus immediately after
smoking).

Allergic rhinitis is one of the most common forms of
rhinitis. In patients with allergic rhinitis, rhinorrhoea aids
in the washing of stimulating allergens from nasal
epithelium. Smoking leads to impairment of MCC by
toxin induced inhibition of ciliogenesis, blunting of
ciliary epithelium, ultrastructural distortion and increased
mucus production.2,3,8-15 This leads to stasis of secretions
in smokers with allergic rhinitis, thus worsening the
symptoms of allergic rhinitis. 4,5
Airborne toxins from cigarette smoke causes damage to
the olfactory neuroepithelium thus causing olfactory
disturbance.6 Through our study we have attempted to
quantify impact of smoking on nasal functions including
MCC and olfactory threshold.
Mucociliary clearance
Nasal mucociliary clearance can be measured by two
methods- direct and indirect. Direct method includes
stroboscopic,
microcinematographic,
or
microossilographic methods to observe ciliary movements.
Indirect methods include the saccharine test and Tc 99m
studies in which the movement of the mucosal layer from
anterior to posterior is observed with various indicators
and the clearance time is calculated.
MCC measurement using Saccharine was described by
Anderson et al later modified by Rutland and Cole.16,17 It
has been reported that there was no significant difference
between the results of technetium Tc 99m technique and
STT measurement.18,19 In our study, we preferred the
saccharine test because it can be obtained more easily and
it is more economical than Tc99m.
Mehra et al reported the normal value of
nasal mucociliary clearance in healthy Indian subjects as
5.06 minutes; however range of 3.3 to 3.5 minutes has
been reported in western countries in adults.20,21
Mahakit et al studied MCC using saccharine granules in
smokers, patients with allergic rhinitis, sinusitis and
normal healthy subjects.22 A significant (p<0.05)
difference was found in MCC between patients with
allergic rhinitis and normal subjects. They found a
significant difference in MCC of smokers and patients
with sinusitis when compared to the normal subjects
(p<0.05). In our study too, we found that MCC (measured
as STT) was significantly (p=0.01) prolonged in smokers
as compared to non smokers.

Stanley et al, Cohen et al and Leopald et al studied the
pathophysiology of increase in MCC in smokers.2,15,25
Cohen et al showed that ciliary beats were diminished as
a result of exposure to tobacco smoke, thus impairing
MCC.2 Stanley et al described that mucociliary transport
was slower in regular smokers.25 Leopald et al
demonstrated that cilia of smokers are 10% shorter than
those of nonsmokers thus decreasing the MCC.15
In the present study STT values among smokers and
nonsmokers were compared within each subgroup of
allergic rhinitis. In patients with moderate severe
persistent allergic rhinitis this difference in STT values
was significant. This could be attributed to a greater
number of patients in this subgroup of allergic rhinitis.
Future studies can be done with more number of patients
in each subgroup of allergic rhinitis so as to get a uniform
data for comparison.
In our study we did not find any statistically significant
difference in STT values of smokers (p=0.12) and
nonsmokers (p=0.9) of different age groups. Our study
results were similar to Mortensen et al who found that
there is no statistically significant correlation between
age and nasal MCC.26 On the contrary, James et al have
shown that over the age of 40 years nasal MCC is
prolonged.27 Puchell et al also indicated that mucociliary
activity in volunteers aged >54 years is lower than
younger volunteers due to mucosal atrophy.28
Olfactory threshold test
During the past two decades, a number of standardized
olfactory tests have been developed. Both subjective and
objective test are available. Subjective test include test
for odor identification, odor discrimination and olfactory
threshold.
University
of
Pennsylvania
Smell
Identification Test (UPSIT), Connecticut Chemosensory
Clinical Research Center Test (CCCRC), Cross-Cultural
Smell Identification Test (CC-SIT), Sniffing Sticks test
(using n butanol in various dilutions) and Smell
Identification Test (SIT) are some of the kits available. In
the present study butanol threshold test was used to
determine the olfactory threshold.
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Objective test for olfaction includes electro physiologic
tests using olfactory event related potentials. This tool is
a diagnostic method to confirm anosmia. It is more
valuable as a research tool, as is functional MRI.29
Cowart et al conducted a study of olfactory function in
allergic rhinitis patients.30 Detection thresholds were
significantly elevated for patients when compared with
controls (23.1% of patients with allergic rhinitis exhibited
clinically significant olfactory decrements).
Doty et al studied odor identification ability in a group of
638 subjects (179 smokers, 197 ex-smokers and 262
normal subjects) using 40-odorant UPSIT.6 They showed
that current smokers were nearly twice as likely to have
an olfactory deficit in comparison to the persons who
have never smoked. They also concluded that smoking
adversely influences odor identification ability in a doserelated manner in both present & past smokers.
BTT in various subgroups of allergic rhinitis
According to allergic rhinitis and its impact on asthma
guidelines, patients with allergic rhinitis have been
divided into various subgroups namely mild intermittent,
mild persistent, moderate severe intermittent and
moderate severe persistent allergic rhinitis.

smokers with allergic rhinitis. The difference in STT
values among smokers and nonsmokers was significant in
patients with moderate severe persistent allergic rhinitis.
Olfactory threshold scores measured as Butanol threshold
test scores were significantly lower in smokers when
compared to non smokers with allergic rhinitis. Amongst
the subgroups of allergic rhinitis olfactory threshold was
more decreased with the severity of allergic rhinitis. The
MCC and olfactory threshold scores were found to have a
good correlation with the number of pack years in
smokers.
The derangement in nasal functions in smokers with
allergic rhinitis is an interesting finding which indicates
that smoking leads to worsening of symptoms in allergic
rhinitis. Though this may not have any immediate
applicability to treatment if this condition, it helps in
understanding the nature of disease progression. Further
evaluation with a larger population is required to validate
these results.
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