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ABSTRACT

Background: There is conflicting evidence whether nasal nitric oxide (NO) is associated with current rhinitis and with other possible predictors. Most
studies have been performed in clinical cohorts and there is a lack of studies based on a general population sample. The aim of the present study was to
investigate predictors for levels of nasal nitric oxide (NO) in a general population.

Methods: The population consisted of 357 subjects from Gothenburg participating in the follow-up of the European Respiratory Health Survey in
1999-2001. All subjects completed an extensive respiratory questionnaire. Nasal NO was measured from one nostril at a time with a sampling rate of 50 mL/s
for 16 seconds and the nasal NO concentration was determined as the mean value within the plateau phase. Mattress dust samples were collected for cats and
mites in a subsample of subjects. Ambient and exhaled NO was also measured. The predictors for nasal NO were analyzed in multiple linear regression models.

Results: There was no relation between the levels of nasal NO and reporting current rhinitis. Nasal NO was significantly increased among those with high
levels of IgE against cats and current smokers had significantly lower nasal NO. There was also a positive association between ambient NO and nasal NO.
There were no significant associations between nasal NO and sex, age, or height, or between nasal NO and measured levels of cat antigen.

Conclusion: In this general population sample we found no relation between current rhinitis and nasal NO levels. There was a clear association between
sensitization to cat and nasal NO, but there was no relation to current exposure to cat allergen. Our data support that nasal NO has a limited value in
monitoring upper airway inflammation.

(Am J Rhinol Allergy 26, €99-e103, 2012; doi: 10.2500/ajra.2012.26.3777)

he role of nitric oxide (NO) in the pathophysiology of the respi-
ratory tract is not fully understood but seems to be related to
lower airways inflammation. In general population studies and in
occupational cohorts it has been shown that NO from the lower
respiratory tract, called the fraction of exhaled NO (FEy), is in-
creased among subjects reporting current asthma symptoms and
among atopic subjects.'? It has also been shown that FEy correlates
with the degree of airway inflammation and asthma3#; thus, FEy is
currently considered as a marker of inflammation in the lower air-
ways.

In healthy subjects, the major contribution of NO to the respiratory
tract comes from the upper airways. The levels of NO are several
100-1000 times higher in the nose than in the lower airways, and it
would be reasonable to assume that nasal NO could be affected as a
marker of nasal inflammation. There have been reports about in-
creased concentrations of nasal NO among subjects with seasonal
rhinitis>®and perennial rhinitis.” However, there are also studies in
which rhinitis does not seem to be associated with increased levels of
nasal NO#®10 and thus the role of nasal NO in upper airway inflam-
mation remains unclear. Most studies include selected populations or
series of hospitalized patients, and there is an obvious lack of studies
of random population samples.

In this study nasal NO and FEy was measured within the Euro-
pean Community Respiratory Health Survey (ECRHS) follow-up of
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the Gothenburg center in Sweden. This gave us the opportunity to
assess the distribution of nasal NO in a general population in relation
to different indices of nasal and airways inflammation.

The primary end point of this study was to examine whether there
is a relationship between nasal NO and rhinitis, taking asthma, am-
bient NO, sensitization, and exposure to allergens into account.

MATERIALS AND METHODS

The ECRHS is an international multicenter study of asthma and
allergy. The first part, ECRHS I, was conducted in 1991-1993 and the
follow-up study, ECRHS II, was conducted in 1999-2001. The design
of ECRHS I and II has been described in detail elsewhere.!" In sum-
mary (ECRHSI), 29 study centers used a short respiratory questionnaire
to study a random sample of at least 3000 subjects per center aged 20-44
years. Among the responders, a random sample and a “symptomatic
sample” were invited for further investigations in ECRHS II. The symp-
tomatic sample consisted of participants that reported symptoms of
“waking with shortness of breath in the last 12 months,” “asthma attack
in the last 12 months,” or “taking asthma medication.”

In the Gothenburg part of the ECRHS II follow-up study, the
random sample included 682 subjects and the “symptomatic sample”
included 184 subjects. All subjects gave their written informed con-
sent and the national study was approved by the Ethics Committee of
Uppsala University.

Because of technical problems with moisture in the sampling tube,
the NO analyzer had to be sent to Switzerland to be repaired. In all
284 subjects from the random sample and 73 from the symptomatic
sample were measured for nasal NO, in total 357 individuals. Subjects
who were not investigated (= dropouts) had a significantly lower
prevalence of rhinitis, but they were similar to the study populations
regarding age and asthma prevalence. Baseline data on examined
subjects and dropouts have been compared with examine any major
selection bias. Data on smoking status were categorized into never-
smokers and ever-smokers (smoking for >1 year or reported having
smoked at least 20 packs of cigarettes in total) in that data set.

All subjects were interviewed face-to-face by a trained interviewer
using an extensive questionnaire. Rhinitis was defined as being trou-
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Table 1 Characteristics of the subjects in the study (mean values)

All All Males All Females Random Symptomatic
n 357 170 (48%) 187 (52%) 284 73
Age, yr (SD) 43 (8) 43 (8) 43 (7) 43 (8) 42 (8)
Height, cm (SD) 173 (9.71) 180 (7) 166 (6) 173 (10) 171 (9)
Weight, kg (SD) 79 (15) 88 (13) 70 (11) 79 (15) 78 (16)
Never smokers 178 (50%) 86 (51%) 92 (49%) 136 (48%) 42 (57%)
Exsmokers 103 (29%) 50 (29%) 53 (28%) 87 (31%) 16 (22%)
Smokers 76 (21%) 34 (20%) 42 (23%) 61 (21%) 15 (21%)
Rhinitis 191 (54%) 82 (48%) 109 (58%) 138 (49%) 53 (73%)
Ever used topical steroids 73 (20%) 31 (18%) 42 (22%) 54 (19%) 19 (26%)
Atopy* 78 (25%) 44 (27%) 34 (20%) 57 (22%) 21 (32%)
RAST# 103 (29%) 57 (34%) 46 (25%) 73 (26%) 30 (41%)
Asthma§ 69 (19%) 24 (14%) 45 (24%) 30 (11%) 39 (53%)
*n = 307.

#Positive RAST for cats, mites, and/or grass.
§Doctor diagnosis of asthma.
RAST = radioallergosorbent test.

bled with sneezing, rhinorrhea, or blocked nose in the last 12 months,
without having a common cold (noninfectious rhinitis). In addition,
there were questions about “symptoms from the nose in combination
with itching in the eyes,” “medication for nasal symptoms,” and “use
of topical steroids; any time/for how many years/use latest year.”
Rhinitis questions based on specific symptoms have been validated
by Sibbald and Rink.'> They compared the questions from a postal
questionnaire with in-depth interviews in the same individuals,
showing a sensitivity of 95% and a specificity of 96%. The questions
used in this study have been used in several larger population-based
rhinitis studies.!314

In the study, asthma was defined as physician-diagnosed asthma.!>
A subject was considered a smoker if he/she had been smoking for
>1 year or reported having smoked at least 20 packs of cigarettes in
total. Smokers were further classified as current smokers or exsmok-
ers, based on the smoking status during the month before the study.

Specific serum IgE was measured against Dermatophagoides pteron-
yssinus, cat, timothy grass, and Cladosporium herbarum, using the
Pharmacia CAP System (Pharmacia Diagnostics, Uppsala, Sweden).
A person was defined as atopic if the titers against at least one of the
tested allergens were =0.35 kU/L as previously described. The spe-
cific IgE levels were further subdivided into low, middle, and high
class.

Analyzed blood samples within the ECRHS II study were used to
determine if the participants had atopy (defined as total IgE >100)
and if they had a specific IgE to house-dust mite, grass, cat, and/or
Cladosporium-radioallergosorbents test (RAST). The specific IgE or
RAST were also divided into subgroups: low, middle, and high class.

Measurement of NO

Nasal NO was measured by sampling air from one nostril at a
constant sampling rate, leaving the other nostril open, according to
the 1999 American Thoracic Society guidelines for measurement of
nasal NO.17 To ensure velum closure, simultaneous oral exhalation
was performed with a positive pressure of >5 cm H,O in the mouth.
A nasal probe was fitted to one nostril. Air was sampled at a constant
aspiration rate of 50 mL/s under 16 seconds. The NO concentration
was determined as the mean value within the plateau phase, increas-
ing from the 9th second until the 15th second under the measuring
procedure. The NO concentration was measured at both nostrils, and
then the mean value was calculated.

FEno, like nasal NO, was measured with a chemiluminescence
analyzer (model CLD 77AM breath analyzer; Ecophysics, Diirnten,
Switzerland) and a computer biofeedback system (Exhalation Breath

e100

Analyzer TM; Aerocrine A, Stockholm Sweden).'® The subjects were
instructed not to use tobacco, eat or drink within 1 hour before the
examination and not to eat nitrogen-rich food within 4 hours before
the examination.'® Part of the results regarding FE\ has previously
been published.’ The room (ambient) NO level was recorded and
ranged from 0 to 55 ppb.

Assessment of Exposure to Allergen

Mattress dust samples were taken following a standardized proto-
col, and Fel d 1(cat), Der p 1(mite), and Der f 1(mite) were analyzed
using ELISA methods from the home of a subsample of the subjects.20
The result from the whole ECRHS II has previously been presented.?!
The lower limit of detection was 0.1 pg/g of dust, with no upper
limit. In the Gothenburg center Fel d 1 was detectable in 109 of 140
mattress dust samples and ranged from undetectable to 3615 ug/g
(median, 0.31 ug/g; interquartile range, 0.14-2.97 ug/g). The levels of
Fel d 1 were clearly associated with the presence of a cat (median, Fel
d1 in homes with no cat was 0.21 pg/g and in homes where cats were
allowed in the bedroom was 530 ug/g).

The mite allergens Der pl and Der f1 were below the limit of
detection in 123 and 101 of 140 samples, respectively.

Statistical Methods

Statistical analyses were performed using the Statistical Software
Pack SAS 8.0 (SAS Institute, Cary, NC). For analysis of the results we
used univariate and multivariate analysis and Spearman correlation
coefficients. We included covariates in the linear multiple regression
model based on prior decisions, but in the final models covariates
with a value of p > 0.7 were excluded. We also ran a model with
exposure to cat allergen as a covariate and stratified the model ac-
cording to measured exposure to cat allergens. Nasal NO was re-
garded as normally distributed. For the whole population the mean
level was 114.3 ppb and the median level was 109.8 ppb.

RESULTS

Baseline data of the study population are shown in Table 1. There
was no statistical significant difference regarding nasal NO concen-
tration between the random population sample (114 ppb) and the
“symptomatic sample” (116 ppb). Hence, in the analysis we have
merged these two samples together. The nasal NO concentrations
were also similar between never- and exsmokers (120 and 117 ppb,
respectively), and thus we have merged never-smokers and exsmok-
ers, defined as nonsmokers. Nasal NO was significantly lower among
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Table 2 Values of nasal NO considering smoking habits, sex, atopy, rhinitis, and asthma

Variables Nonsmokers (n = 281) Current Smokers (1 = 76) p Value (current smokers vs nonsmokers)

All 119 (2.8) 101 (5.0) 0.001
Sex

Male, n =170 126 (3.9),* n = 136 97 (7.6),** n = 34 0.001

Female, n = 187 113 (4.0), n = 145 104 (6.6), n = 42 0.20
RAST#

Positive 130 (5.9),*** n = 83 109 (12.8),*** n = 20 0.08

Negative 114 (3.1), n = 198 98 (5.0), n = 56 0.009
Atopy§

Yes 122 (7.86),**** n = 51 111 (10.4),**** n = 27 0.43

No 118 (3.1), n = 205 96 (5.3),n = 46 0.001
Rhinitis|

Yes 120 (4.1),*** n = 156 99 (8.2),**** n = 35 0.06

No 118 (3.8),n =125 103 (6.0), n = 41 0.006
Asthmal|

Yes 117 (8.4),**** n = 57 107 (19.2),**** n = 12 0.0007

No 120 (2.8), n = 224 100 (4.8), n = 64 0.53

Data are presented as mean ppb and (SD).

*Males vs females, p < 0.05; **males vs females, p = 0.56; ***positive vs negative, p > 0.05; ***yes vs No, p > 0.2.

#Positive RAST for cats, mites, and/or grass.

§Total IgE > 100.

ISymptoms of rhinitis without cold, in the last 12 mo.
|Physician’s diagnosis of asthma.

RAST = radioallergosorbent test.

current smokers compared with nonsmokers (101 ppb versus 119
ppb; p = 0.001). In Table 2 the nasal NO concentrations are presented
for the nonsmokers and current smokers according to sex, specific
RAST, total IgE, rhinitis, and asthma. In general, current smokers
showed lower levels of nasal NO compared with nonsmokers.

There was no difference between the dropouts and the investigated
sample regarding height, age, and sex distribution. However, the
dropouts had significantly higher prevalence of ever-smokers (61%
versus 39%) and lower prevalence of current rhinitis compared with
the investigated subjects (39% versus 54%).

Nasal NO was measured in one nostril at a time and the concen-
tration differed largely between the nostrils in some subjects. For the
left nostril the mean nasal NO was 114 ppb (SE, 2.4) and for the right
nostril it was 117 ppb (SE, 3.0). The difference was, however, not
statistically different. The mean difference between the nostrils was 14
ppb (SE, 1.8) and ~95% of the subjects (n = 331) had a difference of
=45 ppb. There were only seven subjects with a difference of 100 ppb
or more. In a multiple linear regression model, atopy was signifi-
cantly associated with a high difference of nasal NO levels between
the nostrils.

The mean FE o level was 14.8 ppb (SD, 13.2 ppb). The mean
ambient NO level was 3.1 ppb (SD, 6.0 ppb), ranging from 0 to 55 ppb.
There was a positive correlation between nasal NO and FE\ in the
whole population (r, = 0.33; p < 0.001), both in nonsmokers (r, = 0.29;
p < 0.001) and in current smokers (r, = 0.33; p = 0.004).

In the final multiple linear regression model, current rhinitis was
excluded due to low explanatory power (Table 3). High levels of
specific IgE to cat was associated with (29.0 ppb; 95% CI, 6.9-51.0)
increased levels of nasal NO. Current smoking was associated with
lower levels of nasal NO (—14.7 ppb; 95% CI, —26.4 to —3.1).

There was no correlation between exposure to Fel d 1 and nasal NO
(r, = 0.05; p = 0.57) in the subsample of 140 subjects included in the
measurements. Because only 16 of the 140 subjects were sensitized to
cat, no statistical analysis was made within the sensitized group.

When exposure to cat allergen (“yes” or “no”) was included in the
final regression model, the results remained unchanged. There were
still significant associations between nasal NO and high levels of
specific IgE to cat (38.8 ppb; 95% CI, 3.6-74.0) and current smoking
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Table 3 Multiple linear regression models with nasal NO as the
dependent variable in relation to different independent variables

Variable Estimate 95% CI p Value
Intercept 52.1 —44.3-148.3 0.29
Height (cm) 0.4 —0.06-0.9 0.09
Age (yr) -0.2 —0.8-0.5 0.57
Topical steroid last 0.6 -12.0-13.2 0.93

12 mo*
Physician’s diagnosis -9.2 —22.5-4.0 0.17
of asthma*
Cat medium# 15.1 —7.4-37.6 0.19
Cat high# 29.0 6.9-51.0 0.01
Mite medium# 0.60 —24.4-25.6 0.96
Mite high# 12.0 —15.1-39.1 0.38
Grass medium# 6.8 —15.5-29.2 0.60
Grass high# 94 —8.1-26.9 0.29
Current smokers§ —14.7 —26.4to —3.1 0.01
Ambient NO (ppb) 0.9 0.2-1.7 0.02

*Yes; 0 = no.
#Compared with low.
§Compared with nonsmokers.

(—26.6 ppb; 95% CI, —47.5 to —5.7). No significant association be-
tween exposure to cat allergen and nasal NO was found.

There was a high level of statistical significance in the multiple
linear regression model between nasal NO and ambient NO, with a
correlation coefficient of 0.9.

The questions about rhinitis and in combination with data about
sensitization to different allergens and atopy (IgE > 100), gave us the
opportunity to make different models for subgroups. The analyses
did not show any differences.

DISCUSSION

To our knowledge, this is the first study evaluating the usefulness
of nasal NO in monitoring upper airway inflammation in a larger
population sample.
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The main finding from this population-based study was that nasal
NO was increased in subjects sensitized to cats and high levels of
specific IgE to cats. Nasal NO was significantly lower among current
smokers. Nasal NO was also significantly and positively associated
with ambient NO.

The aim of the current study was to see if there are any predictors
for levels of nasal NO in the general population and if nasal NO can
be used as a tool to identify inflammation in the nasal mucosa. The
combination of questions about rhinitis and data about sensitization
to different allergens and atopy (IgE >100) gave us the opportunity to
make different models for subgroups. The analyses did not show any
differences.

The strength of the general population design is that it allows us to
control for confounders in a rather unbiased way; however, the study
design has some limitations. Only 52% of the subjects from the
original sample were participating in the study, and the high number
of dropouts was mainly because of technical difficulties with the NO
analyzer. Among the included subjects there was an accumulation of
subjects with current rhinitis and of subjects who had never smoked.
This may cause a slightly higher mean nasal NO level among the
investigated subjects; however, in view of our results we consider our
study group as being reasonably representative for the source popu-
lation.

In the present study we found no relation between current rhinitis
and the concentration of nasal NO. (This study is one of few general
population studies in this field.) A Norwegian general population
study showed that nasal NO levels were similar in subjects with
allergic or perennial rhinitis compared with controls.® Other studies,
based on clinical materials, confirm our results,1° and some studies
have shown increased nasal NO among subjects with rhinitis.>”

There was no significant relation between nasal NO and sex (p ~
0.9), weight, or age. However, a positive nonsignificant association
was found between height and nasal NO (p = 0.09). This association
has previously been reported in a study by Struben ef al., where nasal
NO was associated with height but not with age, sex, or weight
among 100 healthy nonsmoking volunteers.??In another study in ad-
olescents (>12 years), there was no relation between nasal NO and
height.?®> To summarize, all these studies, including ours, are too small
to draw more definite conclusions from; to do so would require much
larger population samples.

We found a clear association between nasal NO and sensitization to
cats but not to grass or mites. Because the study was performed
outside the grass pollen season the lack of association with sensitiza-
tion to grass pollen is not surprising. The absence of an association
between nasal NO and sensitization to mites could be explained by
the exposure to mite allergen, which was substantially lower than that
to cat allergen in the subgroup where allergens were measured at
home (Fel d1, 109 positive; Der pl, 17 positive; and Der fl, 39 positive
of 140 dust samples).

There was, however, no association between nasal NO and mea-
sured levels of cat allergens. Interestingly, in a recent study from
Moody et al. in New Zealand a similar observation was made, i.e.,
subjects with cat sensitization had increased nasal NO levels.!® Con-
cordantly, they did not find a relation between current nasal symp-
toms and nasal NO, which supports the observation that current
exposure to allergens is not related to nasal NO.

In the present study the lack of association between cat allergen and
nasal NO may be explained by the fact that the number of sensitized
subjects was low in the homes where the measurements took place.

In contrast to measured exhaled NO (FE )?* we found a clear
relationship between nasal NO and ambient NO. The observed rela-
tionship was quite strong, with a correlation coefficient of 0.9, mean-
ing that 1-ppb increase of the ambient NO will increase the nasal NO
with 0.9 ppb. Struben et al. made similar observations in their study
on children, but their correlation coefficient was lower, 0.5.23 Hence,
we suggest that all analyses of nasal NO with the present method
have to be adjusted for ambient NO.
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The nasal NO concentrations in this study were calculated as mean
values, after measuring one nostril at a time. In some subjects there
were large differences in nasal NO between the nostrils, where atopy
was found to predict the nostril difference. Two previous studies
found no difference.”?> Our findings indicate that both nostrils should
be measured and that the highest observed value should be used
because low value could be an expression of congestion.

Nasal mucosa congestion and nasal polyposis have been shown to
have an impact on the measured nasal NO concentrations.?’One
limitation with the present study is that no nasal endoscopy was
performed before measuring nasal NO, and we can therefore not
exclude presence of these known factors.

There are two main approaches to the measurement of nasal NO.
One is infusion of NO-free air into one nostril, at a certain aspiration
flow, while extracting air from the other nostril where it is analyzed,
and the other is direct sampling from the nose with an airstream
generated by the analyzer.> Both methods are performed during
mouth breathing or breathholding. To what extent the present results
are influenced by the method of measuring nasal NO is difficult to
judge.

CONCLUSION

In this general population-based study we found no association
between current rhinitis and nasal NO. We found, however, a clear
association between sensitization to cat and nasal NO.

The results do not support the use of nasal NO as a tool to identify
inflammation in the nasal mucosa.

There was a strong relationship between ambient NO and nasal
NO; therefore, all analyses of nasal NO should be adjusted for ambi-
ent NO with this method.
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