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Background: To assess the health-related quality of life (HRQoL) of Taiwan patients with different stages of chronic obstructive
pulmonary disease (COPD) and using different combination therapies and to explore the factors affecting HRQoL in these patients.
Methods: This cross-sectional study included outpatient participants aged 35 years old and older who were receiving long-acting
bronchodilator treatment in one of two hospitals in Southern Taiwan. Participants were categorized according to their Global Initiative
for Obstructive Lung Disease (GOLD) classification as either their COPD group, based on symptoms and exacerbation risk, or their
COPD stage, based on spirometry results. Patients’ HRQoL was assessed using the St. George’s Respiratory Questionnaire score
(SGRQ), World Health Organization Quality of Life Quality of Life-BREF (WHOQOL-BREF), and EQ-5D-5L. The total scores of the
SGRQ, WHOQOL-BREF, EQ-5D utility index, and EQ-VAS were presented as mean ± standard deviation (SD) among different
combination treatments. Univariate and multivariate analyses were used to explore the association of patients’ baseline characteristics
and environmental factors with HRQoL.
Results: A total of 218 patients were enrolled in the study. The distribution of patients using GOLD group classification were as
follows: 73.39% in group A, 20.19% group B, 1.83% group C and 4.59% group D. Triple therapy patients mostly showed a lower
quality of life than other combination therapies, regardless of the GOLD classification system. However, only the SGRQ scores of
GOLD groups A and B were significantly different when using different drug combinations (p-value = 0.0072 and 0.0430,
respectively). The COPD assessment test (CAT) score, a questionnaire to assess impact of COPD on health status, was found to be
associated with all the questionnaires.
Conclusion: The HRQoL is impaired in patients with COPD, and it deteriorates with an increase of severity. The CAT was the
strongest predictor of HRQoL.
Keywords: chronic obstructive pulmonary disease, long-acting bronchodilators, health-related quality of life, risk factors, Taiwan

Introduction
Chronic obstructive pulmonary disease (COPD) is a common but complex lung disease that has gained high attention due
to its high morbidity and mortality worldwide. The World Health Organization (WHO) has estimated COPD to be the
third leading cause of death by 2030.1 The prevalence of COPD is expected to increase over the next 40 years, and
according to WHO estimations, COPD and other respiratory diseases may contribute to 4.6 million deaths annually by
2060.2 In Taiwan, the estimated prevalence of COPD is 6.1% in adults aged ≥ 40 years.3 COPD is usually associated with
a progressive airflow limitation due to chronic inflammation of the airways and lungs. As the disease progress, patients
suffer more from symptoms, including dyspnea, sputum production, cough, wheezing, and chest tightness. Such
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symptoms may lead to exercise intolerance and a limitation in physical activities, thereby affecting the health-related
quality of life (HRQoL).4

Treatment goals of COPD are to improve the quality of life, reduce symptoms, and the risk of exacerbations and
mortality.5 According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines of 2020,4 the
treatment regimen for each individual varies according to their condition, based on the severity of their symptoms and
risk of exacerbations. Inhaled bronchodilators are the mainstays of pharmacological treatment.6 Studies had shown that
new dosage forms or new drugs, such as indacaterol/glycopyrronium, have a better therapeutic effect and lung function
improvements than that of traditional treatments.7,8 Previous local studies focused on COPD and its comorbidities;9 thus,
there is a lack of local studies focusing on the quality of life in patients with COPD. To the best of our knowledge, there
are no studies that classified measured quality of life using drugs.10–12

Therefore, we conducted a cross-sectional study by collecting data on the quality of life in Taiwan patients with
COPD when using different combination of drugs, including LABA monotherapy, LAMA monotherapy, LABA/LAMA,
LABA/ICS, and LABA/LAMA/ICS. We aimed to (1) establish local patients’ COPD data according to GOLD guidelines
classification, COPD groups based on symptoms and exacerbation risk, and COPD stages based on the forced expiratory
volume in one second (FEV1) score alone, and to (2) investigate the factors affecting the quality of life in these patients.

Methods
Study Population
Participants with COPD were identified using the International Classification of Disease (ICD-9: 490–492; ICD-10:
J44.0, 44.1, 44.9). Participants included outpatients aged 35 years old and older who were diagnosed with COPD before
the index date and who had been using any long-acting bronchodilators for more than one month. The index date of the
study was the day the participant filled out the questionnaires. Patients with lung cancer, a life expectancy less than three
months, without recognition, who were diagnosed before index date but did not use any long-acting bronchodilator more
than one month, who required supplementary oxygen equipment, or with insufficient data for analysis were excluded.

Participants were recruited from a medical center, Kaohsiung Medical University Hospital (KMUH) and a regional
hospital, Kaohsiung Da-Tung Hospital between September 2020, and April 2021. The study was conducted according to
the Declaration of Helsinki was approved by the Institutional Review Boards of KMUH Ethics Committee (KMUHIRB-
E(II)-20200044), and all participants provided written informed consent.

HRQoL Measurement
The HRQoL was captured by three instruments: St George’s Respiratory Questionnaire (SGRQ), World Health
Organization Quality of Life-BREF (WHOQOL-BREF), and Euro Qol 5D (EQ-5D-5L). Previous studies have suggested
that disease-specific and generic health status questionnaires should be used together to achieve the most holistic picture
of the overall burden of COPD on patients’ quality of life.13,14 All three measurements were in the traditional Chinese
version and had been validated by local researchers.15–17

The self-administered SGRQ consists of 50 items divided into three components that measure activity limitation,
symptoms, and social functioning.17 SGRQ has several scales, including dichotomous and 4-Likert scales. Each item is
weighted according to the severity of each component. An excel-based scoring calculator, obtained through the SGRQ
score developer, was used to calculate the three SGRQ component scores and the total score. The scoring Program
adjusts for up to 24% of missing items in the questionnaire. Overall scores range from 0–100, where a higher score
represents a poorer quality of life.

The WHOQOL-BREF Traditional Chinese version is a 28-item self-administered questionnaire that comprises four
domains, including physical, physiological, environmental, and social,15 and also two individually scored items regarding
an individual’s overall perception of quality of life and general health. Each question score ranges from 0–5. In this
questionnaire, the domain score is the average of the item scores in the same domain multiplied by four, thus each
domain ranged from 4–20 accordingly. Responses from the two items of the Overall Quality of Life and General Health
were calculated as a single score with a range of 4–20. The higher the score, the higher the quality of life.
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EQ-5D-5L is a self-administered questionnaire that consists of two parts––the descriptive system and the EQ
visual analog scale (EQ-VAS). The descriptive part measures the fives dimension of health (self-care, mobility, usual
activities, anxiety/depression, and pain/discomfort) with five levels (no problems, slight problems, moderate pro-
blems, severe problems, and extreme problems). The health states can be derived into a utility index according to
Taiwan’s value set.16 EQ-VAS is a vertical axis that ranges 0–100 that represents the patients’ perception of their
overall health.

In this study, the total scores of the SGRQ, overall WHOQOL-BREF, EQ-5D-5L utility index, and EQ-VAS score
were presented as the mean ± SD among different combination treatments.

Study Design
All eligible participants were referred by physicians. The study aim, methods, and consent form contents were explained
clearly to the eligible participants by researchers before inclusion. The questionnaires were filled out only after the
consent form was completed and signed. The estimated questionnaire response time was 20–30 minutes. Study patients
were allowed to fill out the questionnaire independently on the index date. An evaluator internal to the research was
available to answer any questions the study patients may have had throughout the questionnaire process. Each participant
filled out only one of each questionnaire.

Comorbidities and Covariables
Demographic data were collected through the questionnaires and medical records. Patients’ demographics one year
before the index date were retrieved from their medical records. Information on age, sex, smoking status (non-smoker,
past smoker, and current smoker), vaccination history (pneumococcal vaccination and influenza vaccination), lung
function data (forced expiratory volume in one second [FEV1], forced vital capacity [FVC], oxygen saturation
[SpO2], and respiratory rate [RR]), the COPD Assessment Test (CAT) results, and the Modified British Medical
Research Council (mMRC) questionnaire were collected. Lung function data within one year of the index date were
retrieved through medical reports. The CAT is a simple, self-administered questionnaire that evaluates the impact of
COPD on health status.18 The CAT score is classified as low (<10), medium (10–20), high (21–30), and very high (>30)
based on the impact level of disease.19 The Modified British Medical Research Council (mMRC) questionnaire can be
used to determine symptoms, health status, and mortality risk.4 An increasing mMRC score reflects high symptom
burden and impaired HRQoL. Comorbidities, such as hypertension, hyperlipidemia, malignancy, congestive heart failure,
coronary artery disease, and others, were also retrieved.

The air pollution data used in this study were collected through Environmental Protection Administration Executive
Yuan Taiwan.20 The air pollution exposure of each participant was estimated based on the nearest monitoring station
located by their residence. The mean concentrations of PM 2.5 and other pollutants, including sulfur dioxide (SO2),
ozone (O3), nitrogen dioxide (NO2) and carbon monoxide (CO) were recorded at the (i) Index date, and (ii) 1 day, (iii) 7
days, (iv) 14 days, and (v) one year before the index date.

Sensitivity Analysis
The sensitivity analysis was conducted by changing the exposure period of air pollutants at 1, 7, and 14 days, and
one year before the index date to detect the association of different exposure periods of air pollutants with the quality of
life.

Statistical Analysis
For baseline demographics, normally distributed continuous variables, such as age, lung function and others, are presented as
mean and SD, while categorical variables are presented as absolute numbers and percentages. Questionnaire scores are
presented as mean + SD. The difference between groups was analyzed using the Kruskal–Wallis test for the three groups above
and the Mann–Whitney U-test when comparing two groups.

The level of agreement between the three sets of questionnaires was determined using Spearman correlation
coefficient. A Spearman correlation coefficient (rho, rs) range higher than 0.701 indicated a strong correlation; a rs
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range between 0.301 to 0.700 represented a moderate correlation; and a rs range smaller than 0.300 was defined as weak
correlation.21 Univariate analysis was first used to investigate any potential predictors affecting the HRQoL of patients
with COPD. Variables with a p-value < 0.05 according to the univariate analysis, the mean concentration of air
pollutants, and variables regarded as clinically relevant, such as age and body mass index (BMI), were subjected to
multivariate analysis to identify important factors associated with HRQoL.

Data processing was performed in Microsoft Excel, while statistical analysis was carried out in SAS 9.4 software.
Statistical significance was determined for p-values < 0.05.

Results
Participant Characteristics
Figure 1 shows the flow chart of the study enrollment. Of the 232 eligible patients, 218 patients were included in our
study. Table 1 shows the characteristics of the study population. Most of the patients were male and past smokers, with
a mean age of 69.6 years old. Clinical characteristics showed a mean dyspnea severity score of 1.19, a mean CAT score
of 6.6, and an exacerbation risk of 0.1 in recent years. The distribution of COPD stages according to the spirometry
results was as follows: 23.3% in GOLD stage 1, 49.1% in GOLD stage 2, 23.4% in GOLD stage 3, and 4.1% in GOLD
stage 4. Using the latest GOLD classification, 73.4%, 20.2%, 1.8%, and 4.6% were classified as group A–D, respectively.

Relationship Between Questionnaires
There was a significant negative, moderate correlation between the utility index and SGRQ total score (rs = −0.4). EQ-VAS
and all SGRQ scores were negatively correlated (rs = −0.3 to −0.4), with moderate strength. The strength of the relationships
varied from weak to moderate between SGRQ domains and EQ5D dimensions. Furthermore, the utility index and EQ-VAS
were positively correlated with the WHOQOL-BREF overall score (rs = 0.4 and rs = 0.4, respectively). All WHOQOL-BREF
domains were significant correlated to the EQ5D dimensions, except for EQ5D-Mobility andWHOQOL-Social relationships.

HRQoL in COPD Patients
The utility indexes derived from the EQ-5D-5L and EQ-VAS scores were recorded as a mean of 0.9 and 67.4,
respectively. The mean SGRQ total score was 21.4, and ranged from 0 to 86.7, while the mean WHOQOL-BREF
overall score was 12.3, ranging from 4.0 to 20.0. These data showed a relatively high quality of life in patients with
COPD who were using long-acting bronchodilators.

Figure 1 Flow chart of chronic obstructive pulmonary disease population.
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Table 1 Baseline Characteristics of COPD Population

Subjects (n) 218

Age (mean ± SD in years) 69.6 (10.4)
Age < 65 years old 64 (29.4)

Age ≥ 65 years old 154 (70.6)

Gender, n (%)
Male 179 (82.1)

Female 39 (17.9)

Area of residence, n (%)
Southern Taiwan 214 (98.2)

Central Taiwan 3 (1.4)
Northern Taiwan 1 (0.5)

BMI (kg/m2), n (%)
Normal 131 (60.1)
Underweight 14 (6.4)

Overweight/Obesity 73 (33.5)

Smoking, n (%)
Never 56 (25.7)

Past smoker 102 (46.8)

Current smoker 60 (27.5)
CCI score, (mean ± SD) 4.20 (1.7)

Comorbidities
Hypertension 65 (29.8)
Diabetes 32 (14.7)

Hyperlipidemia 48 (22.0)

Cancer 20 (9.2)
Arrhythmia 14 (6.4)

Congestive Heart Failure 16 (7.3)

Pneumonia 20 (9.2)
Chronic Kidney Disease 10 (4.6)

Anxiety 6 (2.8)

Depression 2 (0.9)
Dyspnoea severity (mMRC dyspnea scale) (mean ± SD) 1.19 (0.8)

CAT score (mean ± SD) 6.59 (5.1)

Mean number of exacerbations (mean ± SD) 0.08 (0.3)
Annual influenza vaccination n (%) 136 (62.4)

Pneumococcal vaccination n (%) 23 (10.6)

GOLD stage classification, n(%)
1 51 (23.4)

2 107 (49.1)

3 51 (23.4)
4 9 (4.1)

GOLD group classification, n(%)
A 160 (73.4)
B 44 (20.2)

C 4 (1.8)

D 10 (4.6)
Mean FEV1 ± SD 64.42 (22.4)

Mean FEV1/FVC ± SD 62.36 (14.1)

Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; FEV1, forced
expiratory volume; FVC, forced vital capacity; SD, standard deviation; CAT, COPD assessment
test; mMRC, Modified Medical Research Council; SD, standard deviation, CCI, Charlson comor-
bidity index.
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HRQoL in COPD Patients According to GOLD Group Classification
Table 2 shows the mean of the utility index, EQ-VAS, SGRQ total score, and WHOQOL-BREF overall score of patients
in groups A to D with different drug combinations. Most patients in group A were treated with LABA+LAMA (46.3%),
followed by LABA+LAMA+ICS (18.8%), ICS+LABA (15.6%), LAMA (14.4%), and LABA (5.0%). The SGRQ total
score was the only questionnaire to show a significant difference among the different drug combination in group A, (p <
0.01). Group B patients were mostly treated with dual and triple therapy. There was a decreasing trend in the utility index
and EQ-VAS scores obtained in this group of patients. Similar to group A patients, the SGRQ total score increased,
which represented a lower HRQoL from ICS+LABA to LABA+LAMA+ICS therapy. Additionally, the SGRQ total score
had a significant difference among different combination treatments (p < 0.04).

Only four patients were classified into group C in this study. Two patients were treated with LABA+LAMA, one with
LAMA, and the other one with LABA+LAMA+ICS. The SGRQ scores also increased with the number of drugs used.
Due to the small sample size in this group, the results were used as a reference only. Ten patients were classified in group
D with combination therapy of LABA+LAMA and LABA+LAMA+ICS. Patients treated with triple therapy had higher
EQ-VAS and WHOQOL-BREF scores, and a lower SGRQ score though there was no statistically significant difference
among the two groups.

HRQoL in Patients According to Their GOLD Stage Classification
Participants were reclassified into GOLD Stages I to IV for further analysis (Table 3). Among the 51 participants in
GOLD stage 1, 4 were LABA users, 8 were LAMA users, 12 were ICS+LABA users, 22 were LABA+LAMA users, and
5 were LABA+LAMA+ICS users. The SGRQ total score was lowest in the LAMA users (8.89 ± 10.34) and highest in

Table 2 Health-Related Quality of Life in Group A–D Patients

Utilitya EQ-VASa SGRQa WHOQOL-BREFa

Group A (N=160)

LABA (N=8) 0.94 (0.05) 68.38 (11.01) 9.51 (5.83) 13.25 (1.83)
LAMA (N=23) 0.92 (0.13) 73.04 (13.80) 13.44 (16.24) 12.52 (2.5)

ICS+LABA (N=25) 0.94 (0.11) 71.84 (14.05) 13.27 (13.04) 13.52 (2.4)

LABA+LAMA (N=74) 0.92 (0.13) 69.26 (13.67) 17.70 (12.64) 12.92 (2.57)
LABA+LAMA+ICS (N=30) 0.89 (0.15) 70.23 (12.98) 21.13 (13.08) 12.07 (1.62)

P-value 0.85 0.57 0.01** 0.20

Group B (N=44)

ICS+LABA (N=3) 0.91 (0.15) 70 (10) 20.71 (4.29) 11.33 (1.15)
LABA+LAMA (N=19) 0.76 (0.36) 61.05 (17.42) 25.31 (16.17) 11.68 (1.53)

LABA+LAMA+ICS (N=22) 0.56 (0.52) 55.19 (13.30) 43.08 (21.57) 10.36 (2.80)

P-value 0.30 0.20 0.04* 0.41

Group C (N=4)

LAMA (N=1) 1 60 3.74 16

LABA+LAMA (N=2) 0.80 (0.29) 50 (0) 27.66 (11.24) 12 (2.83)

LABA+LAMA+ICS (N=1) 1 50 35.22 10
P-value 0.61 0.22 0.41 0.32

Group D (N=10)

LABA+LAMA (N=3) 0.77 (0.41) 58.33 (16.07) 49.09 (18.31) 9.33 (4.62)

LABA+LAMA+ICS (N=7) 0.76 (0.27) 65.57 (27.63) 38.45 (7.91) 12 (1.63)
P-value 0.65 0.74 0.39 0.48

Notes: aAll questionnaires score were presented as mean (standard deviation). *Significant at P < 0.05. **Significant at P < 0.01.
Abbreviations: LAMA, long-acting muscarinic antagonists; LABA, long-acting beta2-agonists; ICS, Inhaled corticosteroids; SGRQ, St George Respiratory Questionnaire;
EQ-VAS, EQ visual analog scale; WHOQOL-BREF, World Health Organization Quality of Life-BREF.
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the LABA+LAMA+ICS users (22.67 ± 9.72). Most GOLD stage 2 patients were treated with LABA+LAMA therapy.
The mean total scores for each questionnaire were not significantly different among different combination therapies.

Among the 51 patients in GOLD stage 3, only 1 patient used a monotherapy (LAMA), 4 were ICS+LABA users, 19
were LABA+LAMA users, and the remaining 27 patients were LABA+LAMA+ICS users. The LABA+LAMA+ICS
group had a higher SGRQ total score (33.79 ± 19.55) than the other groups. The lowest utility, EQ-VAS, and WHOQOL-
BREF overall scores were also found in the LABA+LAMA+ICS group. There was no statistical difference among the
groups. Nine patients were considered to be in the very severe stage of GOLD classification. These patients were either
treated with LABA+LAMA or LABA+LAMA+ICS. No significant difference was found among the two groups.

Factors Associated with the HRQoL
Table 4 outlines the results of the regression analysis for utility, EQ-VAS, SGRQ, and WHOQOL-BREF on the COPD
population. Results of the univariate regression analysis showed that the potential factors associated with scores obtained
varied among different instruments. The results of multivariate regression demonstrated the important factors affecting
each measurements’ score. The model shows that with every increase of standard deviation (SD) in the CAT, the utility
index decreased by 0.35 SDs (p < 0.001). With an increase of one standard deviation in the mMRC, the utility index
decreased by 0.20 standard deviations (p = 0.02). Compared with patients without chronic kidney disease (CKD), those
with CKD scored 0.09 points lower in the utility index when other variables were considered (p = 0.02). With an increase

Table 3 Health-Related Quality of Life in GOLD Stage 1–4 Patients

Utilitya EQ-VASa SGRQa WHOQOL-BREFa

Stage 1 (N=51)

LABA (N=4) 0.96 (0.05) 65.5 (13.70) 10.74 (6.43) 13.5 (1.91)

LAMA (N=8) 0.92 (0.15) 66.88 (16.24) 8.89 (10.34) 12 (2.83)
ICS+LABA (N=12) 0.94 (0.10) 72.08 (10.76) 9.00 (8.18) 13 (1.81)

LABA+LAMA (N=22) 0.88 (0.08) 75 (11.65) 12.76 (11.67) 13.82 (2.68)
LABA+LAMA+ICS (N=5) 0.92 (0.15) 67.8 (16.56) 22.67 (9.72) 12 (1.41)

P-value 0.5358 0.5876 0.1712 0.2829

Stage 2 (N=107)

LABA (N=4) 0.93 (0.05) 71.25 (8.54) 8.28 (5.84) 13 (2.00)
LAMA (N=15) 0.93 (0.12) 75.67 (12.23) 15.96 (18.44) 12.80 (2.37)

ICS+LABA (N=12) 0.92 (0.14) 73.25 (16.64) 15.32 (12.00) 14 (2.95)

LABA+LAMA (N=55) 0.86 (0.25) 65.82 (14.19) 20.21 (13.31) 12.25 (2.25)
LABA+LAMA+ICS (N=21) 0.84 (0.30) 69.7 (18.62) 24.66 (16.95) 11.62 (1.96)

P-value 0.7492 0.0750 0.0591 0.2014

Stage 3 (N=51)

LAMA (N=1) 1 70 2.24 16
ICS+LABA (N=4) 0.95 (0.04) 65.50 (12.15) 25.53 (19.07) 12 (1.63)

LABA+LAMA (N=19) 0.92 (0.12) 62.89 (16.61) 25.89 (13.58) 12.42 (2.17)

LABA+LAMA+ICS (N=27) 0.75 (0.35) 59.19 (15.73) 33.79 (19.55) 11.48 (2.40)
P-value 0.2471 0.6721 0.1866 0.2998

Stage 4 (N=9)

LABA+LAMA (N=2) 0.65 (0.50) 45 (7.07) 58.47 (16.26) 7 (4.24)

LABA+LAMA+ICS (N=7) 0.42 (0.64) 62.14 (8.09) 47.70 (19.85) 10.29 (3.15)
P-value 0.6670 0.1026 0.8872 0.2639

Note: aAll questionnaires score were presented as mean (standard deviation).
Abbreviations: LAMA, long-acting muscarinic antagonists; LABA, long-acting beta2-agonists; ICS, Inhaled corticosteroids; SGRQ, St George Respiratory Questionnaire;
EQ-VAS, EQ visual analog scale; WHOQOL-BREF, World Health Organization Quality of Life-BREF.
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of one SD in the CAT, the EQ-VAS score decreased by 0.37 standard deviations (p < 0.0001). On the other hand, one SD
increase in BMI led to a 0.14 SD increase in the EQ-VAS score (p = 0.03). Patients who had ever smoked scored 3.37
points lower for the EQ-VAS compared to those who had never smoked (p = 0.01). The stepwise multivariate analysis
only pooled out the CAT and FEV1 to be correlated when other variables were controlled. For every one SD increase in
the CAT, the SGRQ total score increased by 0.57 (p < 0.0001). A one SD increase in FEV1 led to a 0.22 SD decrease in
the SGRQ total score (p < 0.0001). Besides age and CAT, the WHOQOL-BREF overall score was also found to be
correlated with PM 2.5 concentration. Every one increase in the environmental factor PM 2.5 concentration at the index
date decreased the WHOQOL-BREF overall score by 0.17 standard deviations in (p = 0.06).

Sensitivity Analysis
Table 5 shows the sensitivity analysis results of factors associating the WHOQOL-BREF overall score with different
exposure periods of air pollutants. Age and CATwere significantly associated with the WHOQOL-BREF overall score in
all exposure periods. When changing the exposure period of air pollutants, only the mean NO2 concentration 1 and 7
days before the index date were correlated with the WHOQOL-BREF overall score (p = 0.01 and 0.03, respectively).

Discussion
In this cross-sectional study among patients with COPD, we found that the distribution of patients enrolled varied among
grouping systems. LABA+LAMA+ICS users had a lower quality of life compared to other combination therapies,
regardless of their GOLD group classification or GOLD stage classification. The findings proposed that patients’ baseline
characteristics (age, BMI and CKD comorbidity) and clinical characteristics (CAT scores, mMRC dyspnea score and
FEV1) are the main factors affecting the HRQoL in patients with COPD.

The mean utility of the COPD population was 0.9, indicating that this patient population had high satisfaction in their
level of physical, mental, and social functioning. A study conducted by local researchers reported a mean utility of
0.9458 in the general population.22 However, the study only included patients between 20–64 years old, while the mean
age of our study population was 69.6 ± 10.4, which may have decreased the mean utility index. Such results may prove
that the usage of long-acting bronchodilators in patients with COPD can improve their health status by helping them to
live a normal life as the general population. As this is the first report of the utility index in the Taiwan COPD population,
there is a need to collect further domestic data to improve understanding and for comparison.

Table 4 Regression Analysis for Utility, EQ-VAS, SGRQ and WHOQOL on COPD
Population

Variables Multivariate

B β P-value

CAT −0.02 −0.35 <0.001**
mMRC −0.20 −0.20 0.02*

Chronic Kidney Disease −0.09 −0.14 0.02*

CAT −1.10 −0.37 <0.0001***
BMI 0.50 0.14 0.03*

Ever smoker −3.37 −0.16 0.01**

CAT 1.89 0.57 <0.0001***
FEV1 −0.17 −0.22 <0.0001***

Age 0.04 0.15 0.02*

CAT −0.23 −0.47 <0.0001***
PM 2.5 −0.03 −0.17 0.06

Notes: *Significant at P < 0.05. **Significant at P < 0.01. ***Significant at P < 0.0001.
Abbreviations: B, unstandardized regression coefficient; β, standardized regression coefficient; CAT, COPD
assessment test; mMRC, Modified British Medical Research Council; BMI, body mass index; FEV1, forced
expiratory volume.
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Most patients in this study had a GOLD stage 2 classification (49.1%), in accordance with a previous study.23

Moreover, most had an FEV1 between 50% and 80%. However, when classified according to symptoms and exacerbation
history, most patients were in group A (73.4%), followed by groups B, D, and C (20.2%, 4.6%, and 1.8%, respectively).
This distribution was similar to that found in a Norway study comparing the discrimination ability of different GOLD
classifications.24 However, another local study found the GOLD group distribution to be 23.3%, 63.2%, 1.9% and 11.6%
in groups A, B, C, and D, respectively.25 Comparing the baseline characteristics of both studies, we noted that our study
enrolled patients with lower CAT scores and mMRC scores, which indicates lower respiratory symptoms in the COPD
population, thus impacting the distribution between studies.

The quality of life among patients using LABA+LAMA+ICS was lower compared to that of patients using other
combination treatments in groups A and B. Though the EQ-VAS score was slightly higher in triple therapy patients than
that of LABA monotherapy and LABA+LAMA patients, there was no significant difference. However, there was
a significantly higher SGRQ total score, which indicates a lower quality of life in the triple therapy patients compared
with the other treatment groups. In contrast, Lutter et al26 investigated the relationship of ICS use with clinical and
functional outcomes and concluded that ICS treatment led to improvements in generic quality of life, such that there
might be a subgroup of patients in groups A and B who experienced l benefits when treated with ICS. The difference in
the results may be due to a few reasons. The classification of patients into A/B differed between the studies; while Lutter
et al used the mMRC score, we classified patients according to the CAT or mMRC score. Next, the study included other
ICS treatments, including LABA+ICS and LAMA+ICS users in ICS treatment groups. However, it should be noted that
LAMA+LABA+ICS patients comprised the majority (72%) of the study. The results of our study are commensurate with
previous research27 that had found potential overuse of LABA+LAMA+ICS therapy in those who were not recom-
mended use by current GOLD guidelines. This indicates that there is a need for further attention and investigation on the
use of triple therapy. The study findings provided only an overview of this issue, as information, such as medication
switching and usage of oral corticosteroids, were not recorded or analyzed.

Table 5 Sensitivity Analysis of Factors Associating WHOQOL Overall Score with
Different Exposure Periods of Air Pollutants

Variables Multivariate

B β P-value

A day before index day (F = 24.0, R2 = 0.3)

Age 0.04 0.16 0.01**

CAT −0.22 −0.46 <0.0001***
NO2 −0.06 −0.17 0.01**

7 days before index day (F = 22.8, R2 = 0.2)

Age 0.04 0.18 0.01**

CAT −0.23 −0.47 0.03*
NO2 −0.05 −0.12 0.03*

14 days before index day (F = 31.8, R2 = 0.2)

Age 0.05 0.19 0.002**

CAT −0.23 −0.47 <0.0001***

A year before index day (F = 31.8, R2 = 0.2)

Age 0.05 0.19 0.002**

CAT −0.22 −0.47 <0.0001***

Notes: *Significant at P < 0.05. **Significant at P < 0.01. ***Significant at P < 0.0001.
Abbreviation: CAT, COPD assessment test.
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Previous studies have compared the health status of patients using a particular long-acting bronchodilator with those
using an active comparator or placebo.28–32 Some studies divided patients into subgroups of GOLD stages; however,
most studies pooled the results of all patients without considering their disease severity. Huijsmans et al33 investigated
the clinical utility of GOLD classification based on COPD disease severity; however, they focused on pulmonary
rehabilitation not on long-acting bronchodilators. A pooled analysis involving dual bronchodilators concluded that
dual therapy showed more consistent benefits in the GOLD III/IV group than in the GOLD I/II group; however, the
study focused only on group B patients classifying them into gold stage I–IV.34 This was the first study to investigate the
effect of long-acting bronchodilators on health status by stage and group.

Our study findings found that only the SGRQ total score showed a trend of deterioration in the HRQoL with the
increase in COPD severity. The SGRQ questionnaire has been used to measure the effect of pharmacology treatment on
respiratory health quality of life as well as the health status when treated by non-pharmacological treatments, such as
pulmonary rehabilitation.35 Moreover, differences identified as clinically important by the SGRQ questionnaire have
been proven to reflect associations of clinical importance.36 Thus, the establishment of an EQ-5D-adjusted utility based
on the SGRQ score may obtain a more precise utility index of the COPD population. Although a previous study invented
a model to predict EQ5D utility using SGRQ total score,37 it used United Kingdom population preferences; thus, there is
a need to develop an algorithm based on Taiwan population for a better prediction.

Interestingly, we found that the CATwas the strongest predictor of HRQoL in COPD patients. Magdalena Brandi et al38

found a negative association of CATwith SF-12, another generic questionnaire. Another study reported good correlations
between the CAT and SGRQ total score (r = 0.7, p < 0.0001).39 Yet, all evidence indicates that the CAT is a good indicator,
regardless of the questionnaire used during the HRQoL assessment.

COPD is usually associated with exposure to cigarette smoke, environmental particles, and other noxious gases.
However, this is the first study to evaluate the association between exposure period and the HRQoL of COPD patients.
The sensitivity analysis reported that only the daily mean concentration of NO2 at 1 and 7 days before the index day were
associated with the WHOQOL-BREF score. Previous studies showed that lung function performance is affected by
concentrations of air pollutants in the days before taking the test in asthmatic patients.40 As air pollutants are also
common COPD triggers, the result of that study can be used as an indirect comparison with our study. Both results
indicate that a short-term exposure may have effects on health status.

This study did have some limitations that should be acknowledged. First, because of the cross-sectional study design
we could not determine the causal relationship between HRQoL and patient characteristics. Second, the small sample
size of the study may have resulted in insufficient power, leading to difficulty in detecting important differences across
the GOLD group and stage classification. Finally, as the area of the study was focused on Southern Taiwan, the results
may not be extrapolated to the whole Taiwan COPD population.

Conclusion
The study showed that the HRQoL is impaired in patients with COPD, and it deteriorates with increase in severity. The
mean utility index derived from the Taiwan value set was 0.86 in COPD patients, which means that using long-acting
bronchodilators may help patients improve their health status to that of the general population. The HRQoL was
significantly lower in those treated with triple therapy patients in groups A and B. However, there was no significant
difference among combination therapies according to the GOLD stage classification. The findings of our study found that
the strongest predictor of HRQoL appeared to be CAT. Short-term exposure to certain air pollutants may also an
important factor affecting the HRQoL in COPD patients. Based on our findings, we would recommend future studies to
include in-hospital patients for a more comprehensive understanding of the HRQoL of Taiwan patients with COPD.
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