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Clinical outcomes of theophylline use
as add-on therapy in patients with
chronic obstructive pulmonary disease:
A propensity score matching analysis
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Abstract
To examine clinical outcomes of theophylline use in patients with chronic obstructive pulmonary disease
(COPD) receiving inhaled corticosteroids (ICS) and long-acting beta-2 agonists (LABA). Electronic data
from five hospitals located in Northern Thailand between January 2011 and December 2015 were
retrospectively collected. Propensity score (PS) matching (2:1 ratio) technique was used to minimize
confounding factors. The primary outcome was overall exacerbations. Secondary outcomes were
exacerbation not leading to hospital admission, hospitalization for exacerbation, hospitalization for
pneumonia, and all-cause hospitalizations. Cox’s proportional hazards models were used to estimate
adjusted hazard ratio (aHR) and 95% confidence interval (CI). After PS matching, of 711 patients with
COPD (mean age: 70.1 years; 74.4% male; 60.8% severe airflow obstruction), 474 theophylline users and
237 non-theophylline users were included. Mean follow-up time was 2.26 years. Theophylline significantly
increased the risk of overall exacerbation (aHR: 1.48, 95% CI: 1.11–1.96; p ¼ 0.008) and exacerbation not
leading to hospital admission (aHR: 1.47, 95% CI: 1.06–2.03; p ¼ 0.020). Theophylline use did not significantly
increase the risk of hospitalization for exacerbation (aHR: 1.11, 95% CI: 0.79–1.58; p ¼ 0.548), hospitalization
for pneumonia (aHR: 1.28, 95% CI: 0.89–1.84; p ¼ 0.185), and all-cause hospitalizations (aHR: 1.03, 95% CI:
0.80–1.33; p ¼ 0.795). Theophylline use as add-on therapy to ICS and LABA might be associated with an
increased risk for overall exacerbation in patients with COPD. A large-scale prospective study of theophylline
use investigating both safety and efficacy is warranted.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a

progressive complex lung disease, which is a leading

cause of death and a significant burden on the health-

care system worldwide.1–3 Current clinical practice

guidelines for COPD management recommend

short-acting bronchodilators or long-acting broncho-

dilators for patients with low-risk of exacerbations

and step-up to inhaled corticosteroids (ICS) with

long-acting beta-2 agonists (LABA) in moderate to

severe airflow limitation with high risk of exacerba-

tions.4 Theophylline may be prescribed to control

symptoms if other choices are unaffordable.4

Theophylline is a xanthine derivative that has been

used as a conventional bronchodilator to control

symptoms in patients with COPD for more than 80

years.5 Theophylline was prescribed to 35% of

patients with COPD in the past and up to 64% in

Taiwan because theophylline is convenient to use and

inexpensive.5–7 Previous randomized controlled trials

showed that theophylline monotherapy could

decrease respiratory symptoms and exacerbation

rate.8,9 Theophylline might enhance the anti-

inflammatory effects of ICS, lead to an increased abil-

ity to control symptoms, and improve lung function.1

When theophylline is used as add-on therapy to the

combination of ICS and LABA, theophylline also

demonstrated high efficacy to reduce symptoms and

improve lung function.10 However, theophylline has

lower efficacy to control symptoms and was associ-

ated with higher side effects than LABA monotherapy

and in combination with ICS.11–13On the contrary, a

previous retrospective cohort indicated that theophyl-

line use was associated with a significantly increased

risk of exacerbations and hospitalizations in patients

receiving any COPD regimen.14

To the best of our knowledge, evidence to confirm

clinical outcomes of theophylline use as add-on ther-

apy to the combination of ICS and LABA in COPD

patients in real-world practice remains unclear. Con-

sequently, we aimed to perform a propensity score

(PS) matching analysis to clarify the risk and benefit

of theophylline use as add-on therapy to the combi-

nation of ICS and LABA in patients with COPD.

Methods

Study design and data source

A multicenter retrospective cohort study was per-

formed. We collected data from the COPD Clinic

Registry from five medical center hospitals in North-

ern of Thailand. Data consisted of COPD diagnosis

date, lung function (forced expiratory volume in 1

second (FEV1) and forced vital capacity), COPD

Assessment Test (CAT) score, modified Medical

Research Council (mMRC) Dyspnea Scale score, and

smoking status. Patient demographic, date of birth,

comorbidity using the International Statistical Classi-

fication of Diseases, Tenth Revision, Clinical Modi-

fication (ICD-10-CM), and prescription records were

collected from the electronic database from all five

hospitals. All data were collected between January

2011 and December 2015. This study was approved

by the Research Ethics Committee of the Division of

Research Administration and Educational Quality

Assurance, University of Phayao, Phayao, Thailand

(No. 2/061/59).

Sample size estimation

We estimated the sample size based on the primary

outcome (overall exacerbations). Based on an HR

1.41 in the theophylline group versus the non-

theophylline group with a 3.5-year follow-up period

reported in a previous study, a sample size of 160

patients per group would be required to have a statis-

tical power of 80% and type-1 error of 5%.14

Study population

We included patients diagnosed with COPD (ICD-10

code J44x) and registered in the COPD Clinic

National Registry. The definition of COPD was based

on the Global Initiative on Obstructive Lung Disease,

and the severity was classified by the combined

COPD assessment tool.4 Patients were excluded if

they did not receive combination ICS and LABA ther-

apy, received aminophylline or doxophylline, the

duration of ICS and LABA use was less than 6

months, or had asthma with ICD-10 code of J45x, to

exclude COPD overlap syndrome. Patients were

divided into two groups, patients who received theo-

phylline (exposure group) and patients who did not

receive theophylline (non-exposure group). Patients

were followed from index date (the beginning time

of receiving theophylline with ICSþLABA or

ICSþLABA without theophylline) until the end of

the study (December 31, 2015), the regimen changed,

lost to follow-up, or death, whichever occurred first.
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Outcome measures

The primary outcome was overall exacerbations,

defined as the occurrence of acute COPD exacerba-

tion (ICD-10 code J441). Secondary outcomes were

exacerbation not leading to hospital admission (out-

patient exacerbation), hospitalization for exacerbation

(inpatient exacerbation), hospitalization for pneumo-

nia (ICD-10 code J12x-J18x and J440), and all-cause

hospitalizations.

Statistical analyses

Baseline characteristics were measured before the

patient’s index date and presented as numbers with

a percentage or mean, along with standard devia-

tion (SD) or median with interquartile range as

appropriate. Patient characteristics were compared

using an exact probability test for categorical vari-

ables and an independent t-test or Wilcoxon rank

sum test for continuous variables as appropriate.

Since the amount of missing data varied from

0.7% to 22.6% for any single variables, we used

multiple imputation by chained-equations to impute

missing values of co-variables for eligible partici-

pants based on patients who provided observable

data according to the method described by Roy-

ston.15,16 The distributions of the variables did not

differ substantially between participants with

observed data and those with imputed data (see the

Online Supplementary Appendix).

Because of the non-randomized study design, cer-

tain baseline characteristics between groups might be

different. Thus, we used a PS matching method to

minimize confounding factors.17,18 We calculated

PS using a multivariable logistic regression. The vari-

ables included in the PS calculation were age, gender,

duration of COPD, severity of COPD, CAT score,

smoking status, and baseline covariates with an inclu-

sion criterion of p-value < 0.1.19

We used Cox’s proportional hazard model to esti-

mate the hazard ratio between theophylline use and

clinical outcomes. The potential prognostic factors

including, gender, age, duration of COPD, severity

of COPD, smoking status, number of pack-years of

smoking, reliever and controller medications, other

concomitant drugs, percentage of compliance, and

Charlson comorbidity index were adjusted in the

model.20,21 Additionally, we used generalized esti-

mating equation analysis and Prentice–Williams–

Peterson elapse time for recurrent event data.22 We

estimated the proportional hazards assumption with

the Schoenfeld residuals test and complementary

log–log plots.23 We used time-varying covariates in

the model to fit nonproportional hazard when nonpro-

portional hazard variables were found.24 Subgroup

analyses were performed to examine the association

between overall exacerbations and each factor of

interest including: age (<60 and �60 years), gender

(male and female), smoking status (never, ex-smoker,

and smoker), the prescribed daily dose of theophylline

(�200 and >200 mg per day), and risk and symptom

category to perform the treatment effects in each sub-

cohort of COPD patients. To test the robustness of the

results, analysis by excluding cases with missing

smoking status, mMRC score, and post-predicted

FEV1 was also conducted.

Cumulative incidence curves, adjusted hazard

ratios (aHRs), and 95% confidence intervals (95%
CIs) were reported. All analyses were performed

using STATA version 14 (StataCorp, College Station,

Texas, USA). All statistical tests were two-sided tests,

where p < 0.05 indicated significance.

Results

Baseline characteristics

A total of 2485 COPD patients were identified. Of

these, 1230 patients were excluded according to

exclusion criteria (Figure 1). The major reasons for

exclusion were no combination ICS and LABA

therapy and a follow-up time of less than 6 months;

1255 COPD patients were included (Figure 1). Of

the included patients, 1009 patients were theophylline

users (exposed group) and 246 were non-theophylline

users (nonexposed group). Demographic and clini-

cal characteristics of the two groups are shown in

Table 1.

In the unmatched cohort, patients between the two

groups were imbalanced in some characteristics such

as smoking history, duration of COPD, severity of

COPD, and some comorbidities (Table 1).

After matching patients in a 2:1 ratio using PSs,

711 patients were included where 474 patients were

assigned to the exposed group and 237 were assigned

to the nonexposed group. The characteristics of the

two groups were similar with a mean PS of 0.77 (SD:

0.76–0.78). The distribution of PS between groups

before and after matching can be seen in Figure 2.

Patient characteristics between the two groups (i.e.

duration of COPD, severity of COPD, smoking status)

were largely similar between two groups after propen-

sity matching (Table 1). The majority of patients were
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Figure 1. Cohort selection flow.

Table 1. Baseline characteristics.

Characteristics

Unmatched cohort Propensity-matched cohort (2:1)

Theophylline
(n ¼ 1009)

Non-theophylline
(n ¼ 246)

p-
Value

Theophylline
(n ¼ 474)

Non-theophylline
(n ¼ 237)

p-
Value

Age (years) 69.93 (10.53) 70.53 (11.35) 0.432 70.02 (10.68) 70.29 (11.41) 0.755
Male 763 (75.62) 182 (73.98) 0.621 350 (73.84) 179 (75.53) 0.650
BMI (kg/m2) 20.22 (4.23) 20.70 (4.69) 0.114 20.49 (4.25) 20.68 (4.70) 0.585
Smoking status

Ex-smoker 832 (82.46) 179 (72.76) 0.040 380 (80.17) 176 (74.26) 0.161
Smoker 41 (4.06) 15 (6.10) 14 (2.95) 15 (6.33)

Number of pack-years
of smoking

13.50 (4.50–25.00) 11.50 (2.00–25.00) 0.225 12.00 (3.00–23.00) 12.50 (4.50–25.50) 0.391

Duration of COPD
(years)

6.70 (8.01) 5.44 (7.23) 0.007 5.64 (6.72) 5.54 (7.32) 0.670

CAT score > 10 points 344 (34.09) 37 (15.04) <0.001 85 (17.93) 37 (15.61) 0.462
mMRC score > 2

points
343 (33.99) 56 (22.76) 0.001 109 (23.00) 56 (23.63) 0.851

Post-predicted %FEV1 56.33 (14.68) 59.53 (13.69) 0.002 59.14 (14.70) 59.31 (13.77) 0.884

(continued)
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Table 1. (continued)

Characteristics

Unmatched cohort Propensity-matched cohort (2:1)

Theophylline
(n ¼ 1009)

Non-theophylline
(n ¼ 246)

p-
Value

Theophylline
(n ¼ 474)

Non-theophylline
(n ¼ 237)

p-
Value

Previous exacerbation
(not leading to
hospital admission)
within 1 year

1 111 (11.00) 24 (9.76) 0.025 55 (11.60) 23 (9.70) 0.522
2 56 (5.55) 5 (2.03) 18 (3.80) 5 (2.11)
3þ 101 (10.01) 17 (6.91) 38 (8.02) 17 (7.17)

Previous OPD
exacerbation leading
to hospital admission
within 1 year

1 105 (10.41) 17 (6.91) 0.046 29 (6.12) 17 (7.17) 0.829
2 61 (6.05) 7 (2.85) 14 (2.95) 7 (2.95)
3þ 41 (4.06) 8 (3.25) 12 (2.53) 8 (3.38)

Severity of COPD
Low risk—low

symptoms
225 (22.30) 54 (21.95) <0.001 105 (22.15) 54 (22.78) 0.979

Low risk—high
symptoms

182 (18.04) 40 (16.26) 80 (16.88) 40 (16.88)

High risk—low
symptoms

303 (30.03) 116 (47.15) 221 (46.62) 107 (45.15)

High risk—high
symptoms

299 (29.63) 36 (14.63) 68 (14.35) 36 (15.19)

Comorbidity
Chronic heart failure 110 (10.90) 34 (13.82) 0.219 49 (10.34) 32 (13.50) 0.213
Pulmonary disease 1009 (100.00) 246 (100.00) 1.000 474 (100.00) 237 (100.00) 1.000
Liver disease 20 (1.98) 8 (3.25) 0.230 8 (1.69) 8 (3.38) 0.181
Renal disease 172 (11.05) 43 (17.48) 0.851 75 (15.82) 42 (17.72) 0.521
Tuberculosis 106 (10.51) 26 (10.57) 1.000 37 (7.81) 25 (10.55) 0.259

CCI score, median
(range)

2 (1–3) 2 (1–3) 0.057 2 (1–3) 2 (1–3) 0.570

Controller medications
LABA and ICS 1009 (100.00) 246 (100.00) 1.000 474 (100) 237 (100) 1.000
LAMA 292 (28.94) 62 (25.20) 0.269 135 (28.48) 59 (24.89) 0.327

Reliever medications
SABA 248 (24.58) 35 (14.23) <0.001 76 (16.03) 34 (14.35) 0.364
SABA and SAMA 935 (92.67) 213 (86.59) 0.003 415 (87.55) 205 (86.50) 0.647

Concomitant drugs
Statins 324 (32.11) 108 (43.90) 0.001 201 (42.41) 101 (42.62) 0.817
ACEI or ARB 358 (35.48) 113 (45.93) 0.003 179 (37.76) 89 (37.55) 0.643
Influenza vaccine 112 (11.10) 5 (2.03) <0.001 12 (2.53) 5 (2.11) 0.625
Short-course oral
corticosteroids used

463 (45.89) 76 (30.89) <0.001 149 (31.43) 75 (31.65) 0.727

Mean percentage of
compliance

92.49 (6.93) 90.39 (5.75) <0.001 91.68 (6.63) 91.35 (5.75) 0.239

Propensity score 0.81 (0.81–0.82) 0.76 (0.75–0.77) <0.001 0.77 (0.76–0.78) 0.77 (0.76–0.78) 0.591

BMI: body mass index; COPD: chronic obstructive pulmonary disease; CAT: COPD Assessment Test; mMRC: modified Medical
Research Council; FEV1: forced expiratory volume in 1 second; CCI: Charlson comorbidity index; LABA, long acting beta2-agonists;
ICS: inhaled corticosteroids; LAMA: long-acting muscarinic antagonists; ACEI: angiotensin-converting enzyme inhibitors; ARB: angio-
tensin II receptor blocker; SABA: short-acting beta-2 agonists; SAMA: short-acting muscarinic antagonists.
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male (n ¼ 529, 74.40%) and the mean age of the

matched cohort was 70.11 years (SD ¼ 10.92). Mean

duration of COPD was 5.61 years (SD ¼ 6.92). Most

cases (n ¼ 432, 60.76%) were considered at high risk

of a COPD exacerbation.

Unmatched cohort analyses

The multivariable regression analysis indicated that

theophylline use significantly increased the risk of

overall exacerbations (aHR: 1.72, 95% CI: 1.31–

2.25; p < 0.001), outpatient exacerbations (aHR:

1.48, 95% CI: 1.01–2.18), and exacerbations requir-

ing admission (aHR: 1.52, 95% CI: 1.09–2.14; p ¼
0.015). However, theophylline use did not signifi-

cantly increase the risk of hospitalization for pneumo-

nia (aHR: 1.27, 95% CI: 0.89–1.81; p ¼ 0.184) and

all-cause hospitalizations (aHR: 1.12, 95% CI: 0.90–

1.89; p ¼ 0.310) compared to non-theophylline users

(Table 2).

Propensity-matched cohort analyses

Results from the PS matching analysis using Cox’s

proportional hazards model were similar to those

from the unmatched analysis. Theophylline use sig-

nificantly increased the risk of overall exacerbations

(aHR: 1.48, 95% CI: 1.11–1.96; p ¼ 0.008) and out-

patient exacerbations (aHR: 1.47, 95% CI: 1.06-2.03;

p ¼ 0.020), but did not significantly increase the risk

of exacerbation requiring hospital admission (aHR:

1.11, 95% CI: 0.79–1.58; p ¼ 0.548; Table 2 and

Figure 3), hospitalization for pneumonia (aHR: 1.28,

95% CI: 0.89–1.84; p ¼ 0.185), and all-cause hospi-

talizations (aHR: 1.03, 95% CI: 0.80–1.33; p¼ 0.795)

compared with non-theophylline users (Table 2 and

Figure 4).

Table 2. Association between theophylline users and clinical outcomes.a

Outcomes
Cox proportional
hazards regression p-Value

Propensity score matched
Cox proportional hazards regression p-Value

Overall COPD exacerbations 1.72 (1.31–2.25) <0.001 1.48 (1.11–1.96) 0.008
Inpatient COPD exacerbations 1.52 (1.09–2.14) 0.015 1.11 (0.79–1.58) 0.548
Outpatient COPD exacerbations 1.48 (1.01–2.18) 0.047 1.47 (1.06–2.03) 0.020
Pneumonia 1.27 (0.89–1.81) 0.184 1.28 (0.89–1.84) 0.185
All-cause hospitalizations 1.12 (0.90–1.39) 0.310 1.03 (0.80–1.33) 0.795

COPD: chronic obstructive pulmonary disease.
aData are adjusted hazard ratios (aHR) by age, gender, duration of COPD, severity of COPD, smoking status, number of pack-years of
smoking, reliever and controller medications, other concomitant drugs, percentage of compliance and Charlson comorbidity index
with 95% confidence intervals (CI), unless otherwise specified.

Figure 2. Distribution of propensity score. (a) Propensity score before matching and (b) propensity score after matching.
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Subgroup analyses

In subgroup analyses of the matched cohort for over-

all exacerbation, theophylline use showed an

increased risk of overall exacerbation in most sub-

groups. Exacerbations are significantly increased in

patients aged >60 years (aHR: 1.23, 95% CI: 1.17–

2.12), ex-smoker patients (aHR: 1.39, 95% CI: 1.02–

1.90), patients at high risk for exacerbations (aHR:

1.44, 95% CI: 1.03–2.00), and patients with more

symptoms (aHR: 2.16, 95% CI: 1.41–3.29), but were

not significantly increased in patients aged <60 years

and smoker patients. As predicted, high-dose theo-

phylline (more than 200 mg per day) consumption

displayed a significantly increased risk of overall

exacerbations (aHR: 1.92, 95% CI: 1.41–3.29),

whereas low-dose theophylline (less than or equal to

200 mg per day) intake was not associated with an

increase in overall exacerbations (aHR: 0.93, 95% CI:

0.66–1.32; Figure 5).

Discussion

To the best of our knowledge, this is the first multi-

center cohort study with propensity matching analysis

that provides the clinical experiences of theophylline

use as add-on therapy in patients with COPD receiv-

ing combination ICS and LABA therapy. We found

theophylline use was associated with an increased risk

of overall COPD exacerbations and outpatient exacer-

bations. A majority of patients in the cohort had

severe airflow limitation with a high risk of exacer-

bation, particularly in the elderly patients. Although

there was no statistically significant difference

Figure 3. Cumulative incidence of (a) overall COPD
exacerbations, (b) inpatient COPD exacerbations, and (c)
outpatient COPD exacerbations, among matched patients
with COPD receiving ICS and LABA, according to theo-
phylline use. COPD: chronic obstructive pulmonary dis-
ease; ICS: inhaled corticosteroids; LABA: long-acting beta-2
agonists.

Figure 4. Cumulative incidence of (a) pneumonia and (b)
all-cause hospitalizations, among matched patients with
COPD receiving ICS and LABA, according to theophylline
use. COPD: chronic obstructive pulmonary disease; ICS:
inhaled corticosteroids; LABA: long-acting beta-2 agonists.
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between the two groups in all-cause hospitalization

and hospitalization for pneumonia, theophylline used

trended to be associated with a higher risk of all-cause

hospitalizations compared to the non-theophylline

group. This study does not support the use of theo-

phylline to control symptoms of COPD patients even

when used as an add-on therapy to ICSþLABA since

the results indicated no additional benefit in the man-

agement of COPD in routine clinical practice.

The current findings on theophylline use and clin-

ical outcomes were similar to those of previous stud-

ies, which found that theophylline used as

combination therapy with any COPD regimens signif-

icantly increased the risk of the first exacerbation

(HR: 1.41, 95% CI: 1.24–1.60) compared with non-

exposed group.14 The finding from another pilot clin-

ical trial found that the combination of low-dose oral

theophylline and ICS was not associated with

increased exacerbation rate compared with ICS

monotherapy.25 However, exacerbation rate was

observed more frequently in the intervention group.

Regarding the risk of hospitalization, our findings

were not similar to previous studies. Cyr et al.

reported that theophylline used in combination with

ICS may lower the likelihood of overall exacerbation

(RR: 0.89, 95% CI: 0.87–0.92) compared with those

receiving combination in LABA and ICS therapy.26

Based on current evidence, theophylline may

enhance immunosuppressive effects of ICS by restor-

ing corticosteroid sensitivity through increased his-

tone deacetylases27,28 and may increase the risk of

pneumonia and COPD exacerbation.1,29,30 However,

other possible causes, which might affect the associ-

ation between theophylline use and exacerbations,

were drug interactions and adverse drug events. Addi-

tionally, results from subgroup analyses displayed

Figure 5. The risk of overall exacerbations with theophylline use in subgroups of matched patients with COPD receiving
ICS and LABA. COPD: chronic obstructive pulmonary disease; ICS: inhaled corticosteroids; LABA: long-acting beta-2
agonists.
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that an increase in overall COPD exacerbations were

observed when using high-dose theophylline. This

association may be considered as a dose–response

effect (see the Online Supplementary Appendix).

However, further studies needed to be conducted to

understand the association and mechanism behind

theophylline use with ICS.

This study indicates that there are no additional

benefits from the use of theophylline to reduce

exacerbations and hospitalization rates, even used

as an add-on therapy to ICS plus LABA according

to the recommendations from clinical practice

guideline.4 However, theophylline may be useful

to reduce respiratory symptoms if the other choices

are unavailable or unaffordable due to lack of clin-

ical benefit, ineffectiveness, or poor tolerability

even in additional to ICS or long-acting broncho-

dilators.3 To date, evidences suggest that theophyl-

line has limitations in terms of its efficacy11,12 and

has many adverse effects. Palpitation, tremor, and

other arrhythmia were frequently reported.5,9,31,32

Additionally, a previous meta-analysis of seven

observational studies illustrated that theophylline

use was associated with a significantly increased

all-cause mortality risk in COPD patients.33 Thus,

prescribing of theophylline should be approached

with caution due to the increased risk of exacerba-

tion of concurrent conditions such as seizure dis-

orders and cardiac arrhythmias.

The study has some limitations. There are a number

of significant differences in baseline characteristics

due to the retrospective nature of the study and

unknown prescribing patterns. This was addressed

using PS matching by disease severity and other fac-

tors, including smoking status, duration of COPD,

lung function, respiratory symptoms, history of

exacerbation, comorbidities, and concomitant drug

use. We found that the results remained similar before

and after PS matching (Table 2). However, conclu-

sions of this study are limited as the study population

may not be representative of the total population. The

present study has no information on lifestyle para-

meters, primary health-care data, or socioeconomic

data, and consequently, there may be remaining con-

founding factors. Although a PS-matching method

was used to adjust for known baseline characteristics,

the residual bias and confounders from unmeasured

variables may have influenced the findings.34 Further

prospective cohort studies should be conducted to

confirm these findings. This study has no data on

serum concentrations of theophylline to confirm

whether theophylline was associated with an

increased risk of exacerbation from supra-

therapeutic or subtherapeutic level. Moreover, the

effects of drug interactions cannot be ruled out. Data

were collected from hospitals in rural communities

with a higher prevalence and severity of COPD,35

which might limit the generalizability in urban com-

munity or in country with low prevalence of COPD.

Several strengths of this study should be high-

lighted. First, this is an observational design which

reflects the effect of theophylline use in real-world

clinical practice. Thus, it provides a high external

validity and can be generalized to other populations

with similar circumstances. Second, the sample size

in this study is large enough to allow us to examine

the effect of theophylline as an add-on therapy to a

combination of ICS and LABA. Sensitivity analyses

can be done to ensure the robustness of the estimates

effect size. Third, our propensity matching technique

minimizes bias by comparing groups with similar

observed characteristics, without specifying the rela-

tionships between confounders and outcomes.36

In conclusion, there is no additional benefit adding

theophylline with a combination of ICS and LABA to

control symptoms in patients with stable COPD.

Theophylline use with a combination of ICS and

LABA was associated with a significantly increased

risk of overall exacerbation in patient with COPD.

Although this study has some limitations, these findings

reflect real-world practice. Prescribing of theophylline

should be approached with caution. Well-designed,

large-scale, prospective studies of theophylline use in

COPD patients will help to provide more definitive evi-

dence on this issue.

Authors’ note
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