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ABSTRACT

Fractioned exhaled nitric oxide (FeNO) is a noninvasive marker of inflammation in asthmatic patients. FeNO can be used
to monitor airway inflammation, but individual responses make tailored interventions based on FeNO difficult. The correlation
between the asthma control test (ACT), FEV;, and FeNO was evaluated in this study to ascertain the correct usage of FeNO
with different asthma phenotypes regarding their control, allergy, comorbidity, obesity, age, smoking status, and severity. ACT,
pulmonary function, and FeNO in 416 asthmatic patients on combined therapy were retrospective evaluated. Correlations
between these parameters and the FeNO levels in different asthma phenotypes were calculated. In the study population, FeNO
was 31.8 * 28.5 parts per billion (ppb), FEV; was 83.4 = 19% and ACT was 19 = 5.2. ACT scores were negatively correlated
with FeNO (r = —0.31; p = 0.002). FeNO was different in patients with positive and negative skin-prick test (p < 0.05), with
and without allergic rhinitis (p < 0.01), and with and without allergic conjunctivitis (p < 0.01). Significantly higher FeNO
levels were found with logistic regression analysis only in patients with a history of emergency room visits (ERVs) (p = 0.024).
The rate of the ERV of the patients with an ACT score more than or equal to 20 and with a FeNO value of more than 35 ppb
was 22.9%, but with a FeNO value of less than 35 ppb was 6.5% (p = 0.004). Allergy and allergic comorbidities may lead
to an increase in FeNO levels. Patients with a history of ERV have markedly higher FeNO levels, although they have an ACT

score more than or equal to 20.

(Allergy Rhinol 5:e157—e161, 2014; doi: 10.2500/ar.2014.5.0099)

he characteristics of controlled, partly controlled,
and uncontrolled asthmatic cases were outlined
in the Global Initiative for Asthma (GINA) Guidelines
based on symptoms and the results of respiratory func-
tion testing.' The guidelines also declared that simple
questionnaires such as the asthma control test (ACT)
were good tools for patient assessment.”> Accordingly,
the Turkish version of ACT was used throughout this
study.?

To determine the level of airway inflammation, var-
ious markers such as bronchial hypersensitivity tests,
induced sputum analysis, and fractioned exhaled nitric
oxide (FeNO) have been used. Some studies have sug-
gested that monitoring treatment according to these
markers will allow for better control to be achieved.*”
FeNO measurement stands out as the easiest and most
noninvasive alternative among this group of markers.
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However, one problem related to the use of FeNO for
facilitating better control is that conflicting results can
be produced and that these alterations of FeNO in
different asthma cases are omitted in clinical usage.’

ACT, spirometry, and FeNO were measured rou-
tinely for assessing asthma control in our patients re-
ceiving controller therapy with inhaled steroids and
long-acting B-agonists. We experienced some con-
founding data with FeNO, which we hypothesized
may be related to patient phenotype. The aim of this
real life study was to investigate retrospectively the
correlation of FeNO and ACT measurements with one
another and to evaluate FeNO levels in different
asthma phenotypes regarding their control, allergy,
comorbidity, obesity, age, smoking status, and severity
to assess the instability of this measurement, which can
be affected by many internal factors.

METHODS

The study was conducted by retrospectively scan-
ning the files of 982 asthma patients who were admit-
ted to our asthma outpatient clinic between January
2008 and December 2013. The study was approved as a
retrospective observational study by Cerrahpasa Fac-
ulty of Medicine Institutional Review Board (number
604/02-8890). A total of 416 patients who met the study
criteria were selected. The last control visit was se-
lected for patients who met the study criteria many
times.
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FeNO, ACT, and pulmonary function in 416 asth-
matic patients on combined therapy (long-acting B-ag-
onist and inhaled corticosteroids) were retrospectively
evaluated. The correlation among these markers and
the results of FeNO in different asthma phenotypes
were calculated.

Study Population

Study inclusion criteria included the following: 1)
patients over 15 years of age who had been on inhaled
corticosteroids and long-acting B-agonist for at least
three months; 2) patients who had been diagnosed
with asthma within the last three months or longer and
had previously received treatment for asthma and had
an outpatient clinic file at our hospital with all demo-
graphic data; and 3) that spirometric examination,
ACT, and FeNO measurements were made during the
same visit to the outpatient clinic. Asthma severity was
classified by the frequency of asthma symptoms, pul-
monary function tests, and medication requirements
according to the asthma guideline." Other recorded
information included the results of skin-prick tests,
emergency room visits (ERVs), and hospitalization sta-
tus in the last year, comorbid conditions, and smoking
habits. The data were analyzed in terms of their corre-
lation and interaction with each other.

Study exclusion criteria were 1) cases who were suf-
fering an asthma exacerbation (those who required
rescue therapy or were using rapid acting B-agonist
more than four times a day for three consecutive days);
2) current use of oral steroids; 3) use of oral steroids
within the last three weeks; 4) spirometric examina-
tion, ACT, and FeNO measurement not being per-
formed during the same admission to the outpatient
clinic, or where tests were deemed invalid as the
patient did not take the measures that would affect
these tests; 5) cases with a history of infection within
the last three weeks; and 6) patients not adhering to
prescribed therapies or using incorrect inhaler tech-
nique.

Test and Laboratory Parameters

Exhaled nitric oxide measurement. Before spirometry
analyses, FeNO parts per billion (ppb) was measured
(online) at an exhalation flow rate of 0.05 L/s, during
single exhalation, using a portable nitric oxide analyzer
device (NIOX MINO Airway Inflammation Monitor;
Aerocrine AB, Solna, Sweden). The measurement unit
was expressed as ppb. The FeNO measurements were
performed according to the American Thoracic Society
and European Respiratory Society 2005 guidelines
methods.® In line with American Thoracic Society and
European Respiratory Society guidelines, the normal
exhaled NO values during measurements were set as
5-35 ppb for healthy adults and 5-25 ppb for children.®
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Asthma control test. ACT is a patient-based, five-item
questionnaire that can be self-administered by the pa-
tient and that is used to identify patients with insuffi-
cient asthma control.” Patients with ACT scores more
than or equal to 20 were considered to be under control
(controlled), whereas patients with ACT scores less
than or equal to 19 were considered as not being under
control (uncontrolled).

Pulmonary function tests. All of the functional mea-
surements were performed according to the methods
of the ERS/ATS Task force.” The spirometry tests were
performed using the ZAN 100 Flow Handy II Germany
spirometer device.

Skin test. All patients followed in our asthma outpa-
tient clinic had an epicutaneous prick allergy test
(ALK, Albello, Denmark) in the volar surface of the
forearm between the wrist and the antecubital fossa,
using 11 different allergen extracts.

Body mass index (BMI), which is used as an indicator
of relative obesity, was calculated according to the
formula BMI = weight (kg)/height” (m?). According to
the World Health Organization criteria, those with 40
more than or equal to BMI more than or equal to 30
were considered obese.

Statistical Evaluation

SPSS 15.0 software was used for statistical evalua-
tions. Significance level was set as p < 0.05 for all
statistical calculations. The Pearson correlation test was
used to evaluate the correlation between ACT, FeNO,
%FEV,, asthma duration, and BMI, whereas the Spear-
man correlation test was applied to evaluate the corre-
lation between ACT, FeNO, and asthma level. The
Student’s t-test was employed in the univariate analy-
sis of ACT and FeNO with gender, hospitalization
history, occurrence of ERVs, smoking habits, allergic
rhinitis, conjunctivitis, dermatitis, and skin test. Multi-
variate logistic regression analysis was employed to
determine the factors that cause high FeNO in different
asthma cases.

RESULTS

A total of 416 patients were included in the study:
122 male (29.3%) and 294 female (70.7%) patients, with
a mean age of 41.9 * 13.9 years. A minority of the
patients were currently smoking (8.5%), 16.9% had quit
smoking, and 74.6% had never smoked. An ERV
within the last year was recorded for 16.8% of the
patients, and hospitalization was reported in 5.8% of
the total patients.

The percentage of patients with allergic or nonaller-
gic rhinitis was 66.4%, with allergic conjunctivitis was
22.5%, and with atopic dermatitis was 14.4%. Gastro-
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esophageal reflux occurred in 26.1%. A positive skin-
prick test was recorded in 57.4% of the patients, with
96% having mite sensitivity, 12% having pollen sensi-
tivity, 11% having mold sensitivity, and 3% having cat
sensitivity. Obesity according to BMI was recorded in
27.7% of the patients.

In 63% of the cases, an ACT score of 20 or above and
an FeNO value less than 35 ppb were recorded. These
patients were evaluated to be fully stable or under
control. A total of 37% of cases had an ACT score of 20
and above with a FeNO value of over 35 ppb.

The average patient FeNO value was 31.8 = 28.5 ppb
and the average ACT test score of our patients was
19.0 = 5.2 points. A negative correlation was identified
between the ACT score and FeNO (p < 0.002, r =
—0.31). The FEV,% predictive value of our patients
was determined as 83.4 = 19.3%. FeNO levels were not
correlated with FEV,. A positive correlation was iden-
tified between the ACT score and the percentage of
predicted FEV, (p < 0.001, r = 0.22). A total of 32% of
our patients had ACT more than or equal to 20 and
FEV| less than 80%; the BMI in these patients was not
elevated in comparison with the remaining group (p >
.05). No correlation was identified between the FeNO
level and the severity level of asthma.

The duration of asthma in our patients was 11.5 = 9.4
years. A negative correlation was identified between
FeNO and asthma duration (p = 0.008, r = —0.15). No
correlation was identified between FeNO and BMI. The
average age of our patients was 41.8 = 13.9 years. A
negative correlation was identified between patient
age and FeNO levels (p < 0.009, r = —0.13).

The FeNO levels in different groups are shown in
Table 1. Upon analyzing FeNO levels with respect to
various patient variables, significant differences were
identified according to gender (p < 0.001), results of
skin-prick tests (p < 0.05), having undergone an ERV
within the last year (p < 0.01), allergic rhinitis (p <
0.01), and allergic conjunctivitis (p < 0.01). No differ-
ence was identified in FeNO levels according to smok-
ing status and atopic dermatitis (p > .05). Significantly
high FeNO levels were found with logistic regression
analysis only in patients with a history of ERV (p =
0.024). The rate of the ERV of the patients with an ACT
score more than or equal to 20 and with a FeNO value
of more than 35 ppb was 22.9%, but the rate of the ERV
of the patients with an ACT score more than or equal to
20 and with a FeNO value of less than 35 ppb was 6.5%
(p = 0.004).

DISCUSSION

The study has some limitations as a retrospective
observational study. Although we had a large number
of asthma outpatient cases (n = 982), only 416 met the
inclusion criteria. In addition, we could not provide all
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Table 1. FeNO levels in different patient groups

Positive or

Negative or

Yes No

Female 293 =251 37.9 £ 34.7%*
Age = 60 204 =125 33.2 = 29.5%**
BMI = 30 26.7 =17.7 313 £ 27.6
Smoking history 369 +42.4 31.9 = 20.8
Allergic rhinitis 36.0 +30.2" 279 221
Allergic conjunctivitis ~ 43.6 * 42.8**  30.3 = 21.7
Atopic dermatitis 34.8 + 23.2 32.8 +29.2
Gastroesophageal 32.0*224 33.5+30.3

reflux
Last year ERV 41.6 = 30.7** 313 x274
ACT = 20 272 =152 41.1 = 37.0**
FEV, = 80% 31.8 £ 247 33.9 + 345
Skin prick test 39.8 +32.9% 29.7+224
Data are shown as the mean * SD.
*p < 0.05.
**p < 0.01.
***p < 0.001 indicate significantly higher FeNO than the
other group.

FeNO = fractioned exhaled nitric oxide; ERV = emergency
room visit; BMI = body mass index; ACT = asthma control
test.

the parameters of our patients before treatment as our
clinic is in a university hospital.

The value of FeNO measurement as an adjunct to
clinical assessment of asthma control is still unclear
based on a review of studies concerned with this
topic.”®? In this study, a negative correlation was iden-
tified when comparing ACT scores with levels of FeNO
(p < 0.002, r = —0.31). The poor correlation result was
attributed to multiple patient factors such as different
endotypes and phenotypes and different controller
therapies with inhaler corticosteroids and LABA. A
total of 63% of cases had an ACT score of 20 or above
and an FeNO value below 35 and could be evaluated as
controlled. In 37% of cases, the ACT score was below
20, despite a low FeNO value. In these cases, when we
take into account factors other than inflammation that
may decrease ACT, comorbid diseases such as gastro-
esophageal reflux and psychological disorders may be
considered. Cases with an ACT score of 20 and above
and an FeNO value of over 35 may be due to inflam-
mation not being reflected in the ACT, such as a pos-
itive skin-prick test, having allergic rhinitis, or the pos-
sibility of small airway disease in some asthma cases.
Studying alveolar NO concentration might be useful in
this population.'’™'? Therefore, this situation should be
taken into consideration alongside other factors when
reviewing asthma treatment.

No correlation was observed between percentage of
predicted FEV; and FeNO levels. This is because al-
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though FeNO reflects actual airway inflammation,
FEV, measures airway calibre or indirectly indicates
airway inflammation. In a study conducted on 450
children of 7-12 years of age, a significant correlation
was observed between FeNO and blood eosinophils,
especially in those with atopy. In the same study, no
correlation was identified between FeNO and spirom-
etry measurements once more.'” In a study conducted
on asthmatic children, Mappa et al. found FeNO to be
associated with airway hypersensitivity and atopy.
However, they also demonstrated that FeNO was not
correlated with spirometry measurements.'*

No correlation was identified with the FeNO level
and asthma severity in this study. Farrente et al. indi-
cated that the heterogeneity of problematic severe
asthma greatly limits the utility of FeNO alone as a
biomarker of inflammation.'® In a similar study, it was
reported that FeNO levels correlated with respiratory
tract inflammation but did not provide information
regarding the nature and severity of asthma.'®

NO was lower in both healthy smokers and asth-
matic smokers. Furthermore, smoking acutely reduces
NO levels and increases H,0, levels.'” In our study, no
significant difference in FeNO was found between
those who had a history of smoking and those who did
not. We hypothesize that smoking asthmatics might
have other comorbidities that increase FeNO levels,
which could affect our ability to identify a significant
difference.

In our study, there was a negative correlation be-
tween age and FeNO levels (p = 0.009, r = —0.13). In
terms of gender, there was a significant difference in
FeNO levels between men and women (p < 0.001). The
gender difference in FeNO was not attributed to BMI
or spirometry findings, which is consistent with other
studies.'®'” For example, in one study, FeNO was 25%
lower in women and 60% higher in those with atopy
but was not significantly affected by weight, height, or
pulmonary function."®

Despite the fact that obesity has been linked to an
increase in the prevalence of asthma, a correlation be-
tween body fat percentage and FeNO was not identi-
fied in studies of men and women." Ciprandi et al.
found that lung function was significantly impaired in
overweight and obese asthmatic patients. However,
increased BMI does not affect FeNO values and asthma
control level.*” In our study, no correlation was found
between FeNO levels, ACT scores, and BMI. A total of
32% of our patients had ACT more than or equal to 20
and FEV, less than 80%; the BMI in these patients was
not elevated in comparison with the remaining group
(p > .05). This finding is not consistent with the results
of Ciprandi et al., who concluded that “BMI assessment
should be routinely considered in asthmatic patients to
reveal bronchial obstruction, also, in controlled
asthma.”?
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Increased FeNO has been shown in patients with
bronchiectasis, allergic rhinitis, and asthma. During
inflammation, inducible nitric oxide synthase expres-
sion increases in response to specific and nonspecific
stimuli.”! In our study, FeNO was significantly in-
creased in asthma patients with allergic rhinitis (p <
0.01) or allergic conjunctivitis. It should be taken into
consideration that these allergic comorbidities may
lead to an increase in FeNO levels.

A significant difference was found in FeNO accord-
ing to skin-prick test positivity (p < 0.05). This is con-
sistent with another study that found a significant
correlation between skin-prick test positivity and
FeNO in asthma patients who were not using ste-
roids.** Grzelewski et al. found that asthmatic patients
allergic to cat dander had elevated FeNO.**> We found
a low level of cat allergy in our study group. Yilmaz et
al. also found very low levels of cat and dog allergy in
pet shop workers in Turkey.** Sahiner et al. found a
low level of aeroallergen sensitization in children with
asthma during the first 2 years of life in Turkey.” We
consider that an allergic phenotype on its own might
be sufficient to elevate FeNO levels.

The correlation between FeNO and atopy and vari-
ous parameters was lost after multivariate logistic re-
gressions; significantly increased FeNO levels were
found upon logistic regression analysis only in patients
with a history of ERVs. Many phenotypes have a va-
riety of factors that can increase or decrease FeNO,
such as allergy (can increase FeNO), female gender
(decreased FeNO), ACT below 20 (high FeNO), and
elderly (low FeNO). However, exacerbations reflect
inflammation, and they may continue after many
months. Because FeNO increases in response to inflam-
mation, exacerbations within the previous year that led
to an ERV were the only significant factor left after
multivariate regression analysis. This finding is consis-
tent with a recent review on FeNO, in which Ric-
ciardolo indicated that FeNO provides additional in-
formation in distinguishing different asthma phenotypes
but also pointed out difficult/severe asthma cases for
this purpose.” In their prospective study, Gelb et al.
found that 85% of the patients with FeNO more than 28
ppb and FEV, less than 76% had at least one exacer-
bation during an 18-month period.” Zeiger et al. high-
lighted the independent relationship between FeNO
levels more than 300% of predicted with increased
future one-year asthma impairment and risk in asth-
matic patients using inhaled corticosteroids.”® We also
found that the rate of the ERV of the patients with an
ACT score more than or equal to 20 and with a FeNO
value of more than 35 ppb was significantly higher
than the rate of the ERV of the patients with an ACT
score more than or equal to 20 and with a FeNO value
of less than 35 ppb (p = 0.004). We speculate that
asthmatics with elevated FeNO should be treated more
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aggressively with antiinflammatory therapy and fol-
lowed more closely, including follow-up FeNO levels
to make sure that airway inflammation is suppressed.
Prospective studies need to be performed to determine
whether strategies to decrease FeNO can prevent sub-
sequent exacerbations.

CONCLUSIONS

Various parameters are used in the clinical assess-
ment and monitoring of asthma control. In our study,
an increase in FeNO was associated with a decrease in
the ACT score. FeNO was above 35 ppb in 37% of the
cases even when ACT was more than 20, and it will be
valuable in terms of treatment management to examine
FeNO in cases that are assumed to be under control
based on ACT.

By univariate analysis, FeNO levels increased in the
presence of allergic rhinitis, allergic conjunctivitis, and
a positive skin test. In accordance with the current
literature, FeNO levels were higher in males. In both
our study and in others, FeNO was shown to interact
with other parameters such as age, gender, ERV, and
the presence of atopy. Therefore, along with clinical
and functional data, each individual should be as-
sessed according to his/her own predicted optimum
FeNO value. However, because significantly higher
FeNO levels were found with multivariate logistic re-
gression analysis only in patients with a history of
ERV, these patients could be examined and treated
using a different phenotyping approach.
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