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Abstract

Background: Poor adherence to inhaled corticosteroid (ICS) therapy is a common reason for worsened asthma control. 

Objective: We investigated the characteristics of patients with moderate to severe asthma who showed poor adherence to 
therapy, to identify the barriers for optimal ICS therapy in a real-world observational cohort. 

Methods: We enrolled patients aged ≥ 20 years presenting with moderate to severe asthma who were enrolled at 18 hos-
pitals in Japan. According to the Global Initiative for Asthma 2018 steps 3–5, the patients were considered as moderate to 
severe asthmatic. At inclusion, clinical information was obtained using a self-completed questionnaire. Poor adherence was 
defined as skipping the ICS therapy for more than once a week or inability to recognize the necessity of daily ICS therapy. 
Adherence Starts with Knowledge 20 (ASK-20) questionnaire was used to evaluate the cause of therapy incompliance. 

Results: Of the total 85 participants, 19 (22%) showed poor adherence. The median age at diagnosis in the poor adherence 
group was 10.0 years (interquartile range [IQR], 3.0–50.0), and that in the good adherence group was 41.0 years (18.5–51.5; 
P = 0.050). The scores for the ASK-20 items related to the “resistance to taking too much medicine” and “compliance with 
the number of dosing” demonstrated statistically significant differences between patients diagnosed with asthma during 
their childhood and others. 

Conclusion: Age at diagnosis is an independent risk factor to predict poor ICS adherence among adults with moderate to 
severe asthma. 
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Introduction
Continuous treatment with inhaled corticosteroid (ICS) 

plays an important role in controlling chronic airway inflam-
mation and improving the quality of life in asthmatics.1,2,3 Al-
though alternative drugs, including leukotriene receptor an-
tagonists, may be effective in real-world clinical settings,4 ICS  
is the primary agent with strong therapeutic potential for asth-
ma control. Thus, poor adherence to ICS therapy causes poor 
disease control in patients with difficult-to-control asthma.5,6 
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Differences in adherence between the prospective studies and 
real-world use may lead to different therapeutic effects of an-
ti-asthma drugs.4 Nearly half of the asthmatics who were pre-
scribed oral steroids were non-adherent to ICS therapy.6,7 Re-
cently, efforts to improve the adherence to inhaled medicine 
have been taken in clinical settings, and inhaler reminders 
offered an effective strategy for better adherence to a steroid 
inhaler as primary care.8 Gamble J et al reported that poor ad-
herence in difficult-to control asthma could be improved when 
identified and targeted.9 Therefore, it provides a therapeutic 
opportunity to identify the characteristics of poor-adherent  
asthmatics. 

Many researchers focused on the age of asthmatics to report 
poorer adherence of older adults with asthma.10-14 Conversely,  
another study reported the association between increased 
age and better adherence in the Japanese population.15 Mean-
while, a meta-analysis of observational studies on the deter-
minants of asthma inhaler adherence among adults did not 
report any association between age and adherence to ICS.16  
There is still controversy about factors influencing ICS adher-
ence. Identification of patient-specific barrier for adherence 
is essential to improve the adherence to ICS for optimal ther-
apeutic strategy. The Adherence Starts with Knowledge 20  
(ASK-20) questionnaire was developed to evaluate these bar-
riers.17,18,19 The ASK-20 consisted of 20 clinically actionable  
questionnaires that assessed medication adherence. The ASK-
20 can be used to identify specific barriers to adherence among 
patients with chronic diseases. Furthermore, ASK-20 scores 
of asthmatic patients demonstrated a negative correlation be-
tween treatment adherence and barriers,20,21 suggestive of the  
usefulness of ASK-20 as a questionnaire for patient character-
ization. 

In this study, we aimed to investigate clinical character-
istics of poor-adherent moderate to severe asthmatic patients 
and to identify the barriers to ICS adherence using the ASK-20  
questionnaire. 

the criteria by the Global Initiative for Asthma (GINA) guide-
line 2018.3 Asthma requiring step 3-5 treatments (including 
ICS and/or long-acting B–agonists or muscarinic antagonists,  
and anti-IgE drugs) to achieve optimal disease control was 
considered as moderate to severe. The patients with malignant 
tumors or diffuse lung disease were excluded from the study. 
However, the patients with chronic obstructive pulmonary 
disease (i.e., asthma and chronic obstructive pulmonary dis-
ease overlap: ACO) were not excluded because the prevalence 
of ACO was around 11–60% among individuals with asthma  
and information about this population was important to ad-
dress the aim of this study.24 

Collection of Clinical Information
At inclusion, clinical information was obtained using a 

self-completed questionnaire. The status of asthma control was 
determined using Japanese versions of the asthma control test 
(ACT) questionnaire. A previous report demonstrated the va-
lidity of the Japanese version of the ACT used with individu-
als with mild to severe asthma symptoms.25 Data of laborato-
ry findings and medications were obtained from the medical  
records. 

Pulmonary function during stable asthma status was  
measured using a CHESTAC-9800 spirometer (Chest, Tokyo, 
Japan), which accommodates the criteria of the American Tho-
racic Society. The predicted values of forced expiratory vol-
ume in 1 s for Japanese population were calculated using the 
lambda-mu-sigma method proposed by the Japanese Respi-
ratory Society.26 The fraction of exhaled nitric oxide was mea-
sured using a Sievers Nitric Oxide Analyzer (GE Healthcare  
Japan, Tokyo, Japan). 

Evaluation of Adherence
The patients were asked to answer the question in the 

self-reporting questionnaire, “How often do you forget inha-
lation of asthma controller?” They selected one answer from 
the following five options: #1) Never / Rare, #2) Sometimes 
(once or twice a week), #3) Often, #4) Always, #5) Not been 
prescribed. Poor adherence was defined as skipping ICS inha-
lation for more than once a week (answers #2-#4) or inability  
to recognize the daily necessity of ICS therapy (answer #5).  
Adherence status was also determined using the ASK-20 ques-
tionnaire.18 The items of ASK-20 are noted in Table 1.

Methods
Study Design

This study was retrospective, non-interventional, and 
multicentered. We enrolled patients with age ≥ 20 years who 
presented with moderate to severe asthma at 18 hospitals in 
Japan.22,23 Moderate to severe asthma was defined based on

Table 1. The scores of ASK-20† items in whole study population

#1. I just forget to take my medicine some of the time. 2.5 ± 1.4

#2. I run out of my medicine because I don't get refills on time. 1.3 ± 0.6

#3. My use of alcohol gets in the way of taking my medicines. 1.3 ± 0.6

#4. I worry about how medicine will affect my sexual health. 1.5 ± 0.9

#5. I sometimes forget things that are important to me. 1.8 ± 1.0

#6. I have felt sad, down, or blue during the past month. 2.4 ± 1.4

#7. I feel confident that each one of my medicines will help me. 1.7 ± 0.7

#8. I know if I am reaching my health goals. 2.4 ± 1.0

#9. I have someone whom I can call with questions about my medicines. 2.5 ± 1.2
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Statistical Analysis
Data were expressed as mean ± standard deviation, medi-

an (interquartile range [IQR]), or proportion (%). The t-test 
or Mann-Whitney U test, and χ2 test were used to analyse the 
continuous and categorical variables, respectively. A multivar-
iate logistic regression analysis was performed to calculate the 
odds ratio and the 95% confidence interval, following adjust-
ment for the baseline characteristics (i.e., age at diagnosis, sex, 
and smoking status). A statistically significant difference was 
defined as a two-tailed p-value < 0.05. All statistical analyses 
were performed using IBM SPSS statistical software package 
for Mac OS, version 24.0 (IBM Corporation, Armonk, NY,  
USA).

Ethical Approval
The study protocol was approved by the institutional re-

view board of each participating institution (approval number: 
2009-9-5). The protocol was implemented in compliance with 
the Declaration of Helsinki. All participants provided written 
informed consent and patient anonymity was preserved using 
the methods approved by the Ethics Committee.

Table 1. (Continued)

#10. I understand my doctor's/nurse's instructions about the medicines I take. 1.6 ± 0.6

#11. My doctor/nurse and I work together to make decisions. 1.8 ± 0.9

#12. I am able to read and understand pill bottle labels. 1.7 ± 0.5

#13. Taking medicines more than once a day is inconvenient. 2.5 ± 1.3

#14. I have to take too many medicines a day. 2.5 ± 1.4

#15. It is hard for me to swallow the pills I have to take. 1.8 ± 1.0

#16. Taken a medicine more or less often than prescribed? 2.1 ± 1.4

#17. Skipped or stopped taking a medicine because you didn't think it was working? 1.1 ± 0.4

#18. Skipped or stopped taking medicine because it made you feel bad? 1.1 ± 0.4

#19. Skipped, stopped, not refilled, or taken less medicine because of the cost? 1.0 ± 0.1

#20. Not had medicine with you when it was time to take it? 1.5 ± 0.8

ASK-20 total score 36.1 ± 8.0

ASK-20 total barrier count 2.7 ± 2.0

All values are described as mean ± standard deviation
ASK-20 Adherence Starts with Knowledge 20 
† We used the Japanese version of ASK-20 in this study.

Results
We analysed 85 patients with moderate to severe asthma 

who met the inclusion criteria. Baseline characteristics of the  
study participants are shown in Table 2. Among the partici-
pants, 45% were male and the mean age was 58.9 years. Thir-
teen patients (15%) suffered a near-fatal asthma attack and  
three-tenth of the population were admitted to date. All patients 
were prescribed ICS and needed multiple antiasthma drugs.  
The median and IQR of ACT score was 21.0 and 16.0–23.0, 
respectively, and four-tenth of patients exhibited ACT scores  
below 20, indicative of poor asthma control. 

Table 2. Clinical characteristics of patients in study popula-
tion

Characteristics N = 85

Demographics

GINA step 3,4,5 (N) 16, 42, 27

Males (%) 45

Age (mean ± SD) 58.9 ± 14.4

Age at diagnosis (median [IQR]) 39.0 (7.5-50.5)

Diagnosed during childhood (< 16 years) (%) 31

BMI (kg/m2) (median [IQR]) 23.6 ± 4.4

History of smoking† (%) 40

Brinkman Index (median [IQR]) 0 (0 ± 212)

Comorbidities

Aspirin intolerance (%) 18

Atopic dermatitis (%) 31

Allergic rhinitis (%) 61

GERD (%) 22

Exacerbation and symptom

History of near-fatal attack (%) 15

Usage of short-term OCS (%) 70

Unscheduled visit (%) 60

Admission (%) 29

ACT score (median [IQR]) 21.0 (16.0-23.0)

ACT score < 20 (%) 40
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Characteristics N = 85

Biomarkers

Eosinophil (%) (median [IQR]) 5.3 (2.2-8.3)

Eosinophil (/μL) (median [IQR]) 291 (132-570)

Total IgE (IU/mL) (median [IQR]) 294 (138-705)

FeNO (ppb) (median [IQR]) 32.4 (13.9-58.7)

Pulmonary functions

FEV1/FVC (%) (mean ± SD) 65.7 ± 17.0

FEV1 (% predicted)‡ (mean ± SD) 77.6 ± 21.1

FEV1 (% predicted) after SABA inhalation‡ (mean 
± SD) 

84.9 ± 24.6

Medication

ICS (μg/day)§ (median [IQR]) 800 (400-1000)

OCS, % 29

LABA, % 74

LAMA, % 27

LTRA, % 73

Theophylline, % 47

Omalizumab, % 14

Table 2. (Continued)

ICS, inhaled corticosteroids; GINA, Global Initiative for Asthma; SD, standard 
deviation; IQR, interquartile range; BMI, body mass index; GERD, gastroesoph-
ageal reflux disease; OCS, oral corticosteroid; ACT, asthma control test; IgE, 
immunoglobulin E; FeNO, fractional exhaled nitric oxide; FEV1, forced ex-
piratory volume in 1 second; FVC, forced vital capacity; SABA, short-acting 
beta-agonist; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic 
antagonist; LTRA, leukotriene receptor antagonist; ASK-20 Adherence Starts 
with Knowledge 20
† Brinkman Index ≥ 400
‡ The predicted values were calculated on the reference equation proposed by 
the Japanese Respiratory Society.
§ Dose of ICS was shown as fluticasone propionate equivalent.

Table 3. ICS adherence in study population

Question. How often do you forget inhalation of asthma 
controller? N (%)

Good adherence (answer; #1 never/rare) 66 (78%)

Poor adherence (sum of all below; #2-#5) 19 (22%)

Answer; #2 sometimes (once or twice a week) 14 (16%)

Answer; #3 often 3 (4%)

Answer; #4 always 0 (0%)

Answer; #5 not been prescribed (really prescribed) 2 (2%)

ICS, inhaled corticosteroids

Table 3 shows ICS adherence in the study population. Six-
ty-six patients (78%) answered “never / rare” about the frequen-
cy of forgetting ICS inhalation and others (19 patients, 22%) 
were defined as poor-adherent patients. The number of patients 
who forgot inhalation more than three times a week was only 
three (4%), and two patients did not understand that they need 
daily inhalation despite ICS prescription. The mean ASK-20 to-
tal score and total barrier count in the study population were 
36.1 and 2.7, respectively (Table 1). 

Table 4 shows the relationship between ICS adherence and 
clinical features. The median age at diagnosis differed between 
patients with poor ICS adherence (10.0 years; IQR, 3.0–50.0) 
and those with good ICS adherence (41.0 years; IQR, 18.5–
51.5) (P = 0.047). Furthermore, ASK-20 total score was asso-
ciated with ICS adherence (P = 0.048). Patients with poor ICS 
adherence presented higher total scores of ASK-20 than those 
of patients with good ICS adherence, although the difference 
did not reach statistical significance (P = 0.063; Table 5). There 
were no statistically significant differences in smoking history, 
laboratory data, pulmonary function, the score related to the 
symptoms and exacerbation, and treatment intensity. Multi-
variate analysis showed consistent results (odds ratio: 0.974, 
95% confidence interval: 0.948–0.999, P = 0.042) after adjust-
ing for other variables such as sex, the status of disease con-
trol (ACT score), and number of cigarettes smoked per day  
(Table 6). 

Table 4. Clinical characteristics of patients with good or poor ICS adherence

Characteristics
ICS adherence

P-value
Good (N = 66) Poor (N = 19)

Demographics

GINA step 3, 4, 5 (N) 10, 33, 23 6, 9, 4 -

Males (%) 44 47 0.791*

Age (mean ± SD) 60.5 ± 12.8 53.5 ± 18.5 0.125**

Age at diagnosis (median [IQR]) 41.0 (18.5-51.5) 10.0 (3.0-50.0) 0.047***

Diagnosed during childhood (< 16 years) (%) 23 58 < 0.003*

BMI (kg/m2) (median [IQR]) 23.5 ± 4.1 24.0 ± 5.1 0.692**

History of smoking† (%) 42 32 0.404*

Brinkman Index (median [IQR]) 0 (0-231) 0 (0-160) 0.441***
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Table 4. (Continued)

ICS, inhaled corticosteroids; GINA, Global Initiative for Asthma; SD, standard deviation; IQR, interquartile range; BMI, body mass index; ACT, asthma control test; 
IgE, immunoglobulin E; FeNO, fractional exhaled nitric oxide; ASK-20 Adherence Starts with Knowledge 20
* χ2 test
** t-test
*** Mann-Whitney U test.
† Brinkman Index ≥ 400
‡ We used the Japanese version of ASK-20 in this study.

Characteristics
ICS adherence

P-value
Good (N = 66) Poor (N = 19)

Exacerbation and symptom

History of near-fatal attack (%) 16 12 0.677*

Usage of short-term OCS (%) 72 63 0.470*

Unscheduled visit (%) 61 58 0.832*

Admission (%) 29 32 0.811*

ACT score (median [IQR]) 21.0 (16.0-23.0) 22.0 (19.0-24.0) 0.559***

ACT score < 20 (%) 43 32 0.370*

Biomarkers

Eosinophil (%) (median [IQR]) 4.9 (2.0-9.8) 5.4 (3.8-7.7) 0.690***

Eosinophil (/μL) (median [IQR]) 269 (117-671) 302 (198-369) 0.741***

Total IgE (IU/mL) (median [IQR]) 281 (139-638) 400 (137-1000) 0.732***

FeNO (ppb) (median [IQR]) 29.3 (13.4-55.3) 38.0 (24.7-101.8) 0.343***

ASK-20‡

ASK-20 total score (mean ± SD) 35.2 ± 7.8 39.2 ± 7.8 0.048**

ASK-20 TBC (mean ± SD) 2.5 ± 2.0 3.4 ± 2.1 0.082**

Table 5. The scores of ASK-20 items in patients with good or poor ICS adherence

ASK-20 items†
ICS adherence 

P-value
Good (N = 66) Poor (N = 19)

#1. I just forget to take my medicine some of the time. 2.0 (1.0–4.0) 4.0 (2.0–4.0) 0.077

#2. I run out of my medicine because I don't get refills on time. 1.0 (1.0–1.25) 1.0 (1.0–2.0) 0.273

#3. My use of alcohol gets in the way of taking my medicines. 1.0 (1.0–1.25) 1.0 (1.0–2.0) 0.476

#4. I worry about how medicine will affect my sexual health. 1.0 (1.0–2.0) 1.0 (1.0–3.0) 0.074

#5. I sometimes forget things that are important to me. 1.0 (1.0–2.0) 2.0 (1.0–3.0) 0.025

#6. I have felt sad, down, or blue during the past month. 2.0 (1.0–4.0) 2.0 (1.0–4.0) 0.567

#7. I feel confident that each one of my medicines will help me. 2.0 (1.0–2.0) 2.0 (1.0–2.0) 0.352

#8. I know if I am reaching my health goals. 2.0 (1.75–3.0) 2.0 (2.0–3.0) 0.809

#9. I have someone whom I can call with questions about my medicines. 2.0 (2.0–3.0) 2.0 (2.0–4.0) 0.310

#10. I understand my doctor's/nurse's instructions about the medicines I take. 2.0 (1.0–2.0) 2.0 (1.0–2.0) 0.416

#11. My doctor/nurse and I work together to make decisions. 2.0 (1.0–2.0) 2.0 (1.0–2.0) 0.332

#12. I am able to read and understand pill bottle labels. 2.0 (1.0–2.0) 2.0 (2.0–2.0) 0.413

#13. Taking medicines more than once a day is inconvenient. 2.0 (1.0–3.0) 3.0 (2.0–4.0) 0.251

#14. I have to take too many medicines a day. 2.0 (1.0–4.0) 2.0 (1.0–4.0) 0.939

#15. It is hard for me to swallow the pills I have to take. 2.0 (1.0–2.0) 1.0 (1.0–2.0) 0.279



Asian Pac J Allergy Immunol DOI 10.12932/AP-311219-0731

adherence improved. Poor adherence to treatment, a common 
problem among asthmatic children, should be considered in  
all children with uncontrolled asthma.27,28,29 Recently diag-
nosed patients with asthma receive an explanation about the 
importance of ICS in the optimal treatment of asthma. How-
ever, patients diagnosed with asthma during childhood may 
show habitual poor adherence because a similar emphasis 
on ICS treatment is generally absent. Moreover, a decrease in 
drug adherence is observed in children with chronic diseases. 
For example, in childhood-onset type 1 diabetes, poor drug 
adherence tends to persist through the period from middle 
adolescence to adulthood.30,31 Similarly, established poor ad-
herence in patients with childhood-onset asthma might be 
carried over to adulthood. In addition, there is a possibility 
that the era of diagnosis may affect patients’ adherence. The 
importance of adherence in asthma was first mentioned in 
the GINA guideline in 2011,3 indicating that those diagnosed 
with asthma before these guidelines were published may not 
have been educated for the importance of good compliance  
to treatment. 

Second, we revealed that the two items “loss of strictness to 
taking routine medication routinely (ASK-20 #16)” and “mis-
understanding of the importance of key drug (ASK-20 #14)” 
resulted in poor adherence in patients with younger age at the 
diagnosis. More than half of the patients diagnosed during 
childhood did not recognize the importance of compliance  
with drug dosage, which inhibited the development of good  
ICS adherence. Additionally, patients with childhood-onset 
asthma might experience declined adherence to ICS in asso-
ciation with decreased opportunity to contact former doctors, 
pharmacists, and nurses. Physician’s explanation to patients’ 
parents about the importance of ICS might not improve its  
understanding in adolescent subjects. 

There are a few limitations of the present study. First, it 
was impossible to accurately analyse the causal relationship 
because of the retrospective study design. Second, we checked 
ICS adherence of the participants based on their self-reported 
questionnaires and we could not evaluate the appropriate in-
haler techniques.32 Third, the sample number was too small to 
conclude any definite association. In addition, patients with

Table 5. (Continued)

All values are described as mean ± standard deviation
† We used the Japanese version of ASK-20 in this study.
ASK-20, Adherence Starts with Knowledge 20; ICS, inhaled corticosteroid

ASK-20 items†
ICS adherence 

P-value
Good (N = 66) Poor (N = 19)

#16. Taken a medicine more or less often than prescribed? 1.0 (1.0–3.0) 3.0 (1.0–4.0) 0.063

#17. Skipped or stopped taking a medicine because you didn't think it was working? 1.0 (1.0–1.0) 1.0 (1.0–1.0) 0.658

#18. Skipped or stopped taking medicine because it made you feel bad? 1.0 (1.0–1.0) 1.0 (1.0–1.0) 0.710

#19. Skipped, stopped, not refilled, or taken less medicine because of the cost? 1.0 (1.0–1.0) 1.0 (1.0–1.0) 0.592

#20. Not had medicine with you when it was time to take it? 1.0 (1.0–1.0) 1.0 (1.0–1.0) 0.087

ASK-20 total score 34.5 (29.8–41.0) 38.0 (33.0–45.0) 0.063

ASK-20 TBC 2.0 (1.0–4.0) 3.0 (1.0–5.0) 0.076

The prevalence of barrier determined by each ASK-20 
item such as “#14. I have to take too many medicines a day.”  
(42.3% vs 18.6%, P = 0.032), and “#16. Taken a medicine more 
or less often than prescribed?” (53.8% vs 25.4%, P = 0.011) 
was different between the childhood-diagnosed (< 16 years) 
patients and others (≥ 16 years). We set age threshold as 16 
years between childhood and adulthood because patients un-
der or above the age of 16 years are usually consulted at the 
paediatric department or internal medicine department, re-
spectively, in Japan. No statistically significant differences were 
demonstrated between the two groups for the scores of items 
regarding cognitive disturbances (ASK-20 #5) and depression  
(ASK-20 #6). 

Table 6. Multivariate logistic regression analyses of baseline 
characteristics representing poor adherence indicators.

Odds ratio (95% CI) P-value

Age at diagnosis 0.974 (0.948–0.999) 0.042

Male sex 0.763 (0.222–2.624) 0.673

Number of cigarettes smoked per 
day 1.000 (0.938–1.065) 0.993

ACT score 1.042 (0.930–1.169) 0.478

CI, confidence interval; ACT, asthma control test

Discussion
The present study suggested the relationship between age at 

diagnosis of asthma and adherence to ICS therapy among pa-
tients with moderate to severe asthma, which provides import-
ant indications. 

First, younger age at diagnosis of asthma was a significant 
and independent risk factor for poor ICS adherence. In our 
study, we analysed the data of moderate to severe asthma pa-
tients with unstable disease control (IQR of ACT score was 
16.0–23.0) who mostly did their best to improve their symp-
toms. Nevertheless, more than one-fifth of patients (22%) 
were poor-adherent although they had continuous or con-
tinual symptoms; their symptoms could be alleviated if their 
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Conclusion
In conclusion, age at diagnosis is an independent risk fac-

tor for poor adherence to ICS therapy in adults with moder-
ate to severe asthma. Clinicians should assess age at diagnosis, 
course of treatment, and adherence before diagnosing a patient 
as severe asthmatic because of its relationship with treatment 
adherence. Educational approach to improve therapy compli-
ance, especially during a transition period from childhood to 
adulthood, might be useful for successful management of severe 
asthma. 
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