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Background: Losing the sense of smell, which suggests eosinophilic rhinosinusitis, is a sub-

jective symptom, sometimes reported in asthmatic patients taking controller medication. Upper 

abdominal symptoms, suggesting gastroesophageal reflux disease (GERD) or functional dyspep-

sia, occur also in these patients. However, the relationship between these symptoms, concomitant 

with asthma, and the intensity of eosinophilic airway inflammation remains obscure.

Objective: To assess the symptoms of asthma and rhinosinusitis, and to examine the relation-

ship between the symptoms and bronchial inflammation, a new questionnaire, the G scale, 

was developed. To investigate the effects of GERD, dyspepsia, and rhinosinusitis on asthma 

symptoms and bronchial inflammation, the symptoms of asthma and rhinosinusitis obtained by 

the G scale, upper abdominal symptoms obtained by the modified F scale, a questionnaire for 

GERD and dyspepsia, and fractional exhaled nitric oxide (FeNO) were analyzed.

Methods: A prospective, observational study was performed in four hospitals in Gunma 

prefecture, and a retrospective analysis was done using data obtained from five hospitals in 

Gunma prefecture and Fukui prefecture, Japan. A total of 252 patients diagnosed as having 

asthma participated in the prospective study.

Results: The frequency of daytime phlegm or losing the sense of smell had a positive correla-

tion with FeNO levels in asthmatic patients taking controller medication. Upper abdominal 

symptoms, as well as symptoms suggesting rhinitis, were well correlated with asthma symptoms. 

However, neither upper abdominal symptoms nor rhinitis symptoms increased FeNO levels, 

which reflect eosinophilic airway inflammation during treatment for asthma. On the other hand, 

the degree of upper abdominal symptoms or dyspepsia symptoms had a weak but significant 

negative correlation with FeNO levels.

Conclusion: Daytime phlegm and losing the sense of smell suggest that eosinophilic airway 

inflammation persists, despite anti-inflammatory therapy, in patients with asthma. Although 

rhinitis and GERD made the subjective symptoms of asthma worse, they did not seem to enhance 

eosinophilic airway inflammation.

Keywords: asthma symptoms, FeNO, rhinosinusitis, GERD, dyspepsia

Introduction
Pharmacological treatment is the mainstay of management for most patients with 

asthma. Guideline-based management results in significant improvement in health-

related quality of life in most patients.1 Although the goal of therapy is to control 

asthma by reducing impairment and risk, many patients seem to continue to have 

some asthma symptoms, such as cough, phlegm, or dyspnea, when asked about their 
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symptoms on a questionnaire.2 Some important complica-

tions that occur with asthma, such as rhinitis,3 sinusitis,4,5 and 

gastroesophageal reflux disease (GERD),6 are known to affect 

asthma symptoms. These complications may make bronchial 

inflammation worse, because asthma symptoms are mainly 

caused by airway inflammation. Whether these complica-

tions directly affect the intensity of bronchial inflammation 

continues to be an unanswered question.

The frequency scale for the symptoms of GERD 

(F scale) is the standard questionnaire used in Japan for the 

diagnosis of GERD and assessment of the response to 

treatment.7 Recently, the F scale was modified by adding 

two questions on interdigestive and postprandial epigastric 

pain.8 We imitated the F scale and developed a new 

questionnaire, the Frequency Scale for the Symptoms of 

Asthma and Rhinosinusitis Developed in Gunma (G scale), 

to assess the symptoms of asthma and rhinosinusitis in 

adult patients with asthma. The relationships between 

asthma symptoms and the symptoms that come from the 

complications were investigated using both the modified 

F scale and the G scale.

Measurement of fractional exhaled nitric oxide (FeNO), 

a surrogate marker of eosinophilic airway inflammation,9 

is slowly becoming part of the routine clinical evaluation 

of asthmatic patients in Japan. In this study, whether the 

symptoms of rhinosinusitis or upper abdominal symptoms 

were related to eosinophilic airway inflammation, and which 

symptoms in asthmatic patients were related to eosino-

philic inflammation during treatment for asthma, were also 

investigated.

Methods
Study design and patients
A total of 252 patients diagnosed as having asthma by medical 

specialists (certified by either the Japanese Respiratory Society 

or the Japanese Allergology Society) participated in this pro-

spective, observational study to investigate the correlations 

between symptoms and eosinophilic airway inflammation. 

All patients with asthma were enrolled consecutively, without 

any selection. After giving their written, informed consent, the 

patients answered two kinds of questionnaire: the modified 

F scale and the G scale (Table 1). In developing the G scale, 

the intention was not to use it for the diagnosis of asthma or 

rhinosinusitis. The goal was to evaluate chronic rhinosinusitis; 

but symptoms of acute rhinosinusitis and those of chronic 

rhinosinusitis cannot be distinguished using the  G scale. 

Complications associated with asthma, such as rhinosinus-

itis, GERD, or dyspepsia, were not diagnosed by objective 

findings in all patients in the present study, although some 

patients were diagnosed, based on the findings of endoscopy 

or computerized tomography (CT), as part of their routine 

medical care. FeNO was measured in all participants, using 

the NIOX MINO® (Aerocrine AB, Solna, Sweden), according 

to the manufacturer’s instructions.

Of the 252 patients, 2 were found not to have asthma, 

by a physician in charge, after they had provided their 

consent. They were excluded from the analysis. Two 

patients with asthma, who agreed to participate in this 

observational study, did not take any medicine for asthma, 

because their asthmatic symptoms were stable without 

treatment. These patients were also excluded from the 

analysis. Therefore, the data obtained from 248 patients 

who took controller medications for asthma were analyzed 

in this prospective, observational study. These 248 patients 

(97 males, 151 females; age range: 16–88 years; mean ± 

standard deviation (SD): 58.6±16.3 years) received sufficient 

treatment for asthma. Treatments for rhinorrhea, sneezing, 

nasal obstruction, olfactory dysfunction, or upper abdominal 

symptoms were prescribed at the physician’s discretion. 

Of the 248 patients, 246 had used inhaled corticosteroids 

(ICS): 92 used low-dose ICS, 106 used medium-dose ICS, 

and 48 used high-dose ICS. In addition, 50 patients were 

treated according to Treatment Step 2 of the Global Initiative 

for Asthma (GINA) guidelines, 47 patients were treated 

according to Treatment Step 3, 120 were treated accord-

ing to Treatment Step 4, and 31 were treated according 

to Treatment Step 5. Long-acting beta-agonists (LABA) 

were used by 170 patients, leukotriene receptor antagonists 

were used by 86 patients, sustained release theophylline 

was used by 44 patients, and oral corticosteroids were used 

by 31 patients for asthma control. Proton pump inhibi-

tors (PPIs) were used by 61 patients, and 6 patients took 

histamine H
2
 blockers. Forty-eight patients took histamine 

H
1
 blockers, and 31 patients used nasal corticosteroids.

This prospective, observational study (UMIN 000007762) 

was approved by the Ethics Committees of Gunma University 

Faculty of Medical Science (Maebashi, Japan), National 

Numata Hospital (Numata, Japan), Maebashi Kyoritsu 

Hospital (Maebashi, Japan), and Heisei Hidaka Clinic 

(Takasaki, Japan). This study was started on April 10, 2012 

and completed on November 30, 2012.

The retrospective analysis for the relationship between the 

asthma control test (ACT) and the G scale was performed as 

follows. Both the ACT and the G scale had been used at the 

same time in the daily medical treatment of outpatients with 

asthma since October 2012. The data on the ACT and the 
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G scale obtained from 128 patients (42 males, 86 females; age 

range: 22–88 years; mean ± SD: 60.3±16.9 years) who had 

been treated by controller medications for asthma from October 

2012 to December 2013 (in Gunma University Hospital, 

Heisei Hidaka Clinic, Maebashi Kyoritsu Hospital, University 

of Fukui Hospital, and Fukui Sogo Clinic), were analyzed 

retrospectively. Of these 128 patients, 125 had used ICS 

(53 patients had used low-dose ICS, 37 had used medium-dose 

ICS, and 35 had used high-dose ICS). Three other patients were 

treated by a leukotriene receptor antagonist alone. LABAs 

were used by 104 patients, leukotriene receptor antagonists by 

40 patients, sustained release theophylline by 22 patients, and 

oral corticosteroids by 24 patients, for asthma control. In addi-

tion, 20 patients were treated according to Treatment Step 2 

in the GINA guidelines, 31 according to Treatment Step 3, 53 

according to Treatment Step 4, and 24 according to Treatment 

Step 5. PPIs were used by 30 patients, and 1 patient took a 

histamine H
2
 blocker. Thirty-one patients took histamine H

1
 

blockers, and nasal corticosteroids were used by 22 patients. 

When data were repeatedly obtained from the same patient, 

the latest data were used in the analysis.

Statistical analysis
The data were analyzed using SPSS software (IBM Japan, 

Tokyo, Japan). FeNO was analyzed as a continuous variable. 

Answers to the questionnaire were dealt with as discrete 

variables. The differences between the mean FeNO values 

of two categorical independent groups were determined 

using an unpaired t-test (Student’s t-test or Welch’s t-test), 

after the equality of variances was assessed by Levene’s test. 

Correlations of two variables were calculated using Spearman’s 

rank correlation coefficient, because the variables did not 

show a normal distribution and some of them were discrete. 

Multiple regression analysis was performed to determine 

the multiple regression function, and the standardized par-

tial regression coefficients were calculated to compare the 

strengths of two factors that affected a third factor.

Results
The relationship between the asthma  
symptoms score in the G scale  
and ACT sum score
The data on the ACT and the G scale obtained from 

128 asthmatic patients who received controller medication 

continuously were analyzed. The asthma symptoms score was 

calculated as the sum of the first eight questions on asthma 

symptoms of the G scale. The ACT sum score was calculated 

as the sum of five questions. The asthma symptoms score was 

strongly but negatively correlated with the ACT sum score 

(Figure 1A). ACT sum scores of $20 and #19 are useful 

for identifying patients with controlled and uncontrolled 

asthma, respectively. When an ACT cut-off point of 19 was 

established to screen for uncontrolled asthma, a cut-off point 

of 6 for the asthma symptoms score was suitable for identify-

ing uncontrolled asthma. The sensitivity and specificity for 

identifying uncontrolled asthma using this cut-off value were 

89.3% and 84.0%, respectively (Figure 1B). Asthma was con-

sidered uncontrolled in 41 (32%) of the 128 patients because 

their asthma symptoms scores were 6 or greater.

Table 1 The G scale: the frequency scale for the symptoms of asthma and rhinosinusitis developed in Gunma

Please choose one answer from the five choices below that best describes the frequency of your symptoms over the past month: 
0, never; 1, occasionally; 2, sometimes; 3, often; 4, always

Questions Never Occasionally Sometimes Often Always

G1 How often do you have a cough during the day? 0 1 2 3 4
G2 How often do you have a cough at night  

and in the early morning?
0 1 2 3 4

G3 How often do you get phlegm during the day? 0 1 2 3 4
G4 How often do you get phlegm at night and in the early  

morning?
0 1 2 3 4

G5 How often do you get a wheezing or whistling sound  
in your chest during the day?

0 1 2 3 4

G6 How often do you get a wheezing or whistling sound  
in your chest at night and in the early morning?

0 1 2 3 4

G7 How often do you have difficulty breathing during the day? 0 1 2 3 4
G8 How often do you have difficulty breathing at night  

and in the early morning?
0 1 2 3 4

G9 How often do you have a runny nose? 0 1 2 3 4
G10 How often do you sneeze? 0 1 2 3 4
G11 How often do you have nasal congestion? 0 1 2 3 4
G12 How often do you lose your sense of smell? 0 1 2 3 4

Abbreviation: G scale, frequency scale for the symptoms of asthma and rhinosinusitis developed in Gunma.
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G scale score in asthmatic patients 
continuously treated by controller 
medications
The data on the G scale obtained from the 248 patients with 

asthma who participated were analyzed. The percentages 

of respondents who answered sometimes, often, or always 

for each question of the G scale were 28% (G1), 27% (G2), 

25% (G3), 28% (G4), 15% (G5), 15% (G6), 13% (G7), 

16% (G8), 31% (G9), 31% (G10), 29% (G11), and 25% 

(G12). The frequencies of cough and phlegm were higher 

than those of wheeze and difficulty breathing. G3 and G4 

did not refer to the features of phlegm, although it was 

important to explore the cause of phlegm. The frequencies of 

symptoms of rhinosinusitis (G9–G12) were relatively higher 

than those of symptoms of asthma (G1–G8). The question 

to which patients most often answered “always” (14%) was 

the question on losing the sense of smell (G12).

A diagnosis of allergic rhinitis or sinusitis cannot be made 

using the G scale. Although post nasal drip was also one of 

the important findings in patients with sinusitis, there was no 

question that referred directly to post nasal drip, because the 

G scale consisted of patients’ subjective symptoms.

The relationship between FeNO  
and symptoms
The correlation between the frequency of each symptom 

and FeNO was investigated. The frequency of daytime 

phlegm was significantly correlated with FeNO (Figure 2A). 

FeNO was significantly higher in patients who answered 

“occasionally”, “sometimes”, “often”, or “always” for G3, 

the question on daytime phlegm (47.0±36.6 parts per billion 

[ppb], n=104), than in patients who answered “never” 

(38.1±31.3 ppb, n=144) (Figure 2B). The frequency of 

losing the sense of smell was also significantly correlated 

with FeNO (Figure 2C). FeNO was significantly higher 

in patients who answered “occasionally”, “sometimes”, 

“often”, or “always” for G12, the question on losing the 

sense of smell (50.8±40.1 ppb, n=84), than in patients who 

answered “never” (37.3±29.2 ppb, n=164) (Figure 2D). 

Although the frequency of losing the sense of smell was 

well correlated with FeNO, the frequencies of runny nose, 

sneezing, and nasal congestion were not (data not shown). 

In contrast, the scores for runny nose, sneezing, or nasal 

congestion, but not that for losing the sense of smell, were 

significantly correlated with the asthma symptoms score 

(Figure 3A–D).

The relationships between upper 
abdominal symptoms, GERD symptoms, 
dyspepsia symptoms, and asthma 
symptoms
The sum scores for upper abdominal symptoms 

(upper abdominal score), GERD symptoms (GERD 

score), and dyspepsia symptoms (dyspepsia score) were 

calculated using the modified F scale.8 Specifically, the 

upper abdominal score was calculated as the sum of 

14 questions of the modified F scale. The GERD score or 

dyspepsia score was calculated as the sum of seven ques-

tions, each on GERD symptoms or dyspepsia symptoms. 

The upper abdominal score, GERD score, and dyspepsia 
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Figure 1 The relationship between asthma symptoms scores calculated by the G scale and ACT sum score.
Notes: (A) The asthma symptoms score is well correlated with ACT sum score. Spearman’s rank correlation coefficient is -0.743 (P,0.01). (B) The receiver operating 
characteristic curve is shown to determine a cut-off value of the asthma symptoms score calculated by the G scale, to identify asthmatic patients who are uncontrolled.
Abbreviations: ACT, asthma control test; G scale, frequency scale for the symptoms of asthma and rhinosinusitis developed in Gunma.
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score were well correlated with the asthma symptoms 

score (Figure 4A–C). Although symptoms of both GERD 

and dyspepsia seemed to affect asthma symptoms, GERD 

symptoms had a greater contribution to asthma symptoms 

than dyspepsia symptoms. The multiple regression func-

tion was as follows:

Asthma symptoms score = �0.790 × GERD score + 0.259  

× Dyspepsia score + 2.924

The standardized partial regression coefficients were 

0.419 for GERD symptoms and 0.148 for dyspepsia 

symptoms.

The relationships between upper 
abdominal symptoms, GERD symptoms, 
dyspepsia symptoms, and FeNO
The upper abdominal score and the dyspepsia score were nega-

tively correlated with FeNO (Figure 5A and C). The GERD 

score also tended to be negatively correlated with FeNO, though 

this correlation was not significant (P=0.097) (Figure 5B).

Discussion
Asthma control is assessed by daytime symptoms, limita-

tion of activities, nocturnal symptoms/awakening, need 

for reliever/rescue treatment, and lung function. Several 

composite control measures, such as ACT10 and the Asthma 

Control Questionnaire,11 have been developed and are being 

validated. We have developed a new questionnaire, the 

G scale, to evaluate the symptoms of rhinosinusitis, as well as 

the symptoms of asthma, in asthmatic patients. Unexpectedly, 

asthma symptoms were not well controlled in about one-third 

of patients, despite taking controller medications. This result 

suggests that asthma symptoms might be underestimated by 

doctors in patients treated continuously. Evaluation of asthma 

control and rhinosinusitis symptoms using the G scale was 

considered not always superior to a combination of ACT 

with the SACRA questionnaire, which was designed to 

reflect asthma control and the condition of allergic rhinitis. 

However, the G scale might be convenient for screening the 

concomitant sinusitis, because it contains a question on olfac-

tory dysfunction, which suggests the presence of sinusitis. 

Certainly, imaging with CT or magnetic resonance imaging 
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Abbreviations: FeNO, fractional exhaled nitric oxide; ppb, parts per billion; G scale, frequency scale for the symptoms of asthma and rhinosinusitis developed in Gunma.
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(MRI) is much more useful for an accurate and objective 

diagnosis of sinusitis.

It is known that the prevalence of allergic rhinitis as a 

complication of asthma is 67.3%, and the percentage of 

patients whose asthma is well controlled is lower in those 

with allergic rhinitis than those without allergic rhinitis, 

suggesting that allergic rhinitis may negatively affect asthma 

control or asthma symptoms.3 The results of the present study, 

based on patients’ reports of symptom frequencies, support 

this theory, because the symptoms of rhinitis, such as runny 

nose, sneezing, and nasal congestion were well correlated 

with asthma symptoms, such as cough, phlegm, wheeze, and 

difficulty breathing.

The presence of sinusitis, as well as rhinitis, in adult 

asthmatic patients is a very serious problem, because rhi-

nosinusitis, in many cases of adult asthma, is expected to be 

eosinophilic chronic rhinosinusitis, which is characterized by 

bilateral nasal polyps, ethmoidal antrum-dominant lesions, 

and losing the sense of smell.12 This type of rhinosinusitis, 

which occurs mainly in adults, is resistant to macrolide ther-

apy, and is sometimes accompanied by sinus and peripheral 

blood eosinophilia.13,14 According to the retrospective data 

on FeNO measured in Gunma University Hospital, by the 

American Thoracic Society/European Respiratory Society-

recommended online method, FeNO levels in 12 patients, 

who complained of olfactory dysfunction and who showed 

abnormal shadows in bilateral ethmoid sinuses on CT or 

MRI, were higher than those of asthmatic patients who had 

not complained of olfactory dysfunction, although both 

groups had been treated by controller medications for asthma 

(74.5±35.4 ppb versus 37.3±24.9 ppb; n=12 versus n=58). 

This observation motivated us to develop the G scale con-

taining the question on olfactory dysfunction. As expected, 

FeNO was significantly more elevated in asthmatic patients 

with olfactory dysfunction than in other asthmatic patients, 

even if their asthma had been treated adequately by standard 

therapy. Because the diagnosis of rhinosinusitis was not 

made by CT, MRI imaging, or rhinoscopy in the present 

study, one can only conclude that olfactory dysfunction, as 

one of the subjective symptoms, was related to FeNO levels. 

Although olfactory dysfunction is a representative symptom 

of eosinophilic sinusitis or nasal polyps, this symptom is not 

specific for eosinophilic sinusitis or nasal polyps.

Among the symptoms of asthma, the frequency of 

daytime sputum was correlated with FeNO. Interleukin 13, 

a pleiotropic Th2 cytokine that has been shown to be central to 

0
0

10

20

30

40

0

10

20

30

40

0

10

20

30

40

0

10

20

30

40

1 2 3 4 0 1 2 3 4

0 1 2 3 40 1 2 3 4

Score for nasal congestion (G11) Score for losing the sense of smell (G12)

Score for sneezing (G10)Score for runny nose (G9)

A

C D

B

A
st

h
m

a 
sy

m
p

to
m

s 
sc

o
re

A
st

h
m

a 
sy

m
p

to
m

s 
sc

o
re

A
st

h
m

a 
sy

m
p

to
m

s 
sc

o
re

A
st

h
m

a 
sy

m
p

to
m

s 
sc

o
re

Figure 3 The relationship between asthma symptoms and rhinosinusitis symptoms.
Notes: The G scale scores for runny nose (G9), sneezing (G10), and nasal congestion (G11) are positively correlated with the asthma symptoms score. (A) Spearman’s rank 
correlation coefficient (ρ) is 0.116 between runny nose and asthma symptoms (P=0.009); (B) ρ=0.225 between sneezing and asthma symptoms (P,0.001); (C) ρ=0.271 between 
nasal congestion and asthma symptoms (P,0.001). (D) There is no significant correlation between the frequency of losing the sense of smell and asthma symptoms.
Abbreviation: G scale, frequency scale for the symptoms of asthma and rhinosinusitis developed in Gunma.
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the pathogenesis of asthma, induces goblet cell hyperplasia 

and increased mucus secretion.15 It also induces nitric oxide 

synthase in bronchial epithelium,16 resulting in increased 

breath NO levels. Although increased airway secretion is 

not a specific phenomenon for Th2-dominant or eosino-

philic inflammation, persistent hypersecretion resistant to 

pharmacotherapy in asthmatic patients may be a key sign 

that suggests intense eosinophilic inflammation remaining 

in the lower airways.

Epidemiologic evidence suggests that 30%–90% of 

asthmatic patients have GERD,17,18 and respiratory symp-

toms associated with asthma are increased among patients 
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coefficient (ρ) is 0.471 between upper abdominal symptoms and asthma symptoms 
(P,0.001); (B) ρ=0.478 between GERD and asthma symptoms (P,0.001); 
(C) ρ=0.378 between dyspepsia and asthma symptoms (P,0.001).
Abbreviation: GERD, gastroesophageal reflux disease.
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Figure 5 The relationship between upper abdominal symptoms and FeNO.
Notes: (A) Spearman’s rank correlation coefficient (ρ) is -0.148 between upper 
abdominal symptoms and FeNO (P=0.02); (C) ρ=-0.176 between dyspepsia and 
FeNO (P=0.005). (B) GERD score tends to be negatively correlated with FeNO 
(ρ=-0.106, P=0.097).
Abbreviations: FeNO, fractional exhaled nitric oxide; ppb, parts per billion; 
GERD, gastroesophageal reflux disease.
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with GERD.19 It is suggested that esophageal acid may 

produce bronchoconstriction and, therefore, exacerbate 

airflow obstruction in asthmatic patients.20–22 However, the 

impact of GERD therapy on objective outcome measures 

of asthma control has been variable.23–26 In patients with 

no evidence of organic disease, the modified F scale was 

useful to distinguish functional dyspepsia from nonerosive 

reflux disease, and to assess dyspeptic symptoms.8 Dyspep-

sia is defined as one or more of the following symptoms: 

postprandial fullness, early satiation, and epigastric pain or 

burning.27 Up to 75% of patients have functional dyspepsia 

with no underlying cause on diagnostic evaluation.28–30 Upper 

abdominal symptoms, including both GERD and dyspepsia, 

were well correlated with the degree of asthma symptoms, 

without enhancing the intensity of eosinophilic inflamma-

tion. On the other hand, the coexistence of upper abdominal 

symptoms, especially dyspepsia, may suggest decreased 

eosinophilic inflammation. The presence of GERD contrib-

utes more to respiratory symptoms associated with asthma 

than does dyspepsia, although the coexistence of GERD itself 

never makes eosinophilic inflammation worse.

In this study, the goal was to investigate only whether 

upper abdominal symptoms or rhinosinusitis symptoms 

affect eosinophilic inflammation of the lower respiratory 

tract in asthmatic patients sufficiently treated by standard 

asthma therapy. The present results do not necessarily suggest 

that some factors of the G scale, which do not affect FeNO 

levels, do not reflect airway inflammation of asthma. The pos-

sibility that some factors of the G scale or modified F scale 

may affect airway inflammation, especially noneosinophilic 

inflammation, under sufficient treatment for asthma, was 

not ruled out.

Conclusion
The presence of rhinitis and GERD may affect asthma 

control independent of eosinophilic inflammation, and loss 

of smell or persistent daytime sputum may suggest persis-

tent eosinophilic inflammation in asthmatic patients taking 

guideline-recommended therapy.
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