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SUMMARY
Background: Theophylline is often used to treat chronic obstructive pulmonary 
disease (COPD). Current evidence leaves the effectiveness and safety of this 
drug open to question. Thus, we evaluated the effectiveness of theophylline on 
the rate of hospitalizations and disease exacerbations by examining routine 
data from the ambulatory disease management program for COPD in the 
 German state of Bavaria. 

Methods: Data sets from a total of 30 330 patients were examined. Logistic 
 regression models were used to calculate propensity scores that controlled for 
baseline characteristics. These propensity scores, in turn, were used to create 
comparable patient groups, which were observed for a median follow-up time 
of 9 quarters (the theophylline group) and 10 quarters (the control group). 

Results: 1496 patients with first prescription of theophylline were matched 
with 1496 patients with no record of theophylline treatment. 1. The probability 
of suffering an exacerbation during the period of observation, was 33.5% for 
the control group and 43.4% for the theophylline group [hazard ratio (HR) 1.41; 
95% confidence interval (CI) 1.24 to 1.60], yielding a number needed to harm 
(NNH) of 11 (95% CI 7.7 to 20.9). The probability for hospitalization was 11.4% 
for the control group and 17.4% of the theophylline group (HR 1.61; 95% CI 
1.29 to 2.01), yielding a NNH of 17 (95%CI 11.0–34.5).

Conclusion: Treatment with theophylline is associated with an elevated inci-
dence of exacerbations and hospitalizations. The therapeutic value of this drug 
should be reconsidered and investigated in further studies.
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C hronic obstructive pulmonary disease (COPD) is 
one of the leading causes of death worldwide 

and has major economic and social impact (1). The 
prevalence of COPD at GOLD stage II or higher 
(GOLD, Global Initiative for Chronic Obstructive 
Lung Disease) is estimated at more than 10% (2). 
 Exacerbation of COPD has been demonstrated to go 
hand in hand with rapid deterioration of health (3).

The currently valid guidelines recommend beta-2 
agonists and anticholinergics for the primary treatment 
of COPD, with inhaled corticosteroids as a possibility 
for patients in later stages of the disease (4).

From the group of bronchodilatory substances, 
methylxanthines represent a further option for the treat-
ment of COPD. The most commonly used derivative is 
theophylline. Although theophylline is still relatively 
often prescribed, the most recently issued guidelines 
recommend it only as a third-line treatment. The 
 reasons given are (a) that more effective broncho -
dilators are available (4) and (b) that theophylline has a 
very narrow therapeutic spectrum but carries a high risk 
of adverse effects such as headache, nausea, general-
ized tonic–clonic seizures; and cardiac arrhythmia 
(4–6). Two reviews showed a moderately positive 
 influence of theophylline on forced expiratory volume 
in 1 second (FEV1) and forced vital capacity (FVC) (7, 
8), but these effects were accompanied by an elevated 
risk of nausea (8).

The potential interactions of theophylline with other 
active substances render it problematic in the treatment 
of patients with COPD (9). The risk is particularly great 
in the case of outpatient care, where it is far more 
 difficult to organize regular monitoring of the serum 
concentration of theophylline and treatment of any 
 adverse effects that occur. Roberts et al. showed that for 
patients with an acute exacerbation of COPD, the 
 presence of five or more medications at the time of 
 hospital admission can be viewed as a predictor of 
readmission in the future (10). However, there is little 
information on the effect of theophylline with regard to 
exacerbations and hospitalizations.
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A systematic review failed to find any positive 
 impact of theophylline in the treatment of acute exacer-
bations of COPD—no bronchodilatory effect was de-
tected, and at the same time adverse effects increased 
(11). In a large placebo-controlled study, Niewoehner et 
al. showed that initial treatment with theophylline 
 constituted a risk factor for further exacerbations (12). 
A German primary care study demonstrated that asthma 
patients who received theophylline had to be admitted 
to hospital more frequently than those who did not (13). 
However, this was a secondary outcome of a study on 
quality improvement in the treatment of asthma, so a 
random effect cannot be absolutely excluded. There-
fore, it needs to be established whether patients actually 
profit from treatment with theophylline or whether, in 
the outpatient scenario, the benefits of the drug are 
counterbalanced by the adverse effects.

Using data from a group of COPD patients 
 registered in a Bavarian disease management program 
(DMP) who were treated on an outpatient basis, we 
 investigated the connection between theophylline and 
the risk of exacerbations and emergency hospital treat-
ment. According to a recently published expert report 
from the Institute for Quality and Efficiency in Health 

Care (IQWiG), the recommendations of the current 
 international guidelines essentially conform to the 
requirements of the DMP for COPD (14).

Methods
Study population and design
We analyzed anonymous patient data that had been 
 collected in the framework of the DMP for COPD 
under the aegis of the National Association of Statutory 
Health Insurance Physicians of Bavaria. A precondition 
for registration of a patient in the COPD DMP was 
 establishment and documentation of the diagnosis 
 according to standardized criteria. Figure 1 shows the 
study design. The potential study population comprised 
30 330 patients who were registered in the DMP for 
COPD between July 2006 and the beginning of the ob-
servation period (from January 2009). Two separate 
groups of patients were formed retrospectively: a 
 theophylline group and a control group. For inclusion 
in the theophylline group, the first prescription of 
 theophylline had to follow a period of at least 6 months 
during which no treatment with theophylline was docu-
mented. A total of 1690 patients fulfilled this criterion. 
The potential control group consisted of all patients 

FIGURE 1Study design. 
FEV1, forced 

 expiratory volume 
in 1 second; DMP, 
disease manage-

ment program; 
COPD, chronic 

 obstructive 
 pulmonary disease

Theophylline group 
n = 1496

30 330 registered COPD DMP patients 
with uniform baseline assessment

1690 patients  
with commencement of 
theophylline treatment

1496 patients  
with plausible FEV1  
in% of target value

28 640 patients without 
theophylline treatment

23 354 patients with plausible 
FEV1 in% of target value

Control group  
n = 1496

Propensity score 
matching

FIGURE 2

Timeline of the study
* Observation only possible from January 2009, to ensure uniform and complete baseline assessment

Original documentation Modified documentation

June 2006 July 2008 June 2011 December 2011

Baseline assessment January 2009* Observation period

Beginning of observation period: 
– Theophylline group: time of first theophylline prescription 
– Control group: matched patients without theophylline

Last possible time for first 
 theophylline prescription
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TABLE

Baseline characteristics before and after matching 

*1 COPD-typical history and FEV1 < 80%; *2 FEV1/VC ≤ 70% and increase in FEV1 < 15% and/or < 200 mL; *3 if FEV1/VC > 70%
COPD, chronic obstructive pulmonary disease; SD, standard deviation; absolute STD, absolute standardized differences; FEV1, forced expiratory volume in 1 second; VC, vital capacity 

Number of patients (n)

Sex: male (%)

Age (mean and SD)

BMI (mean and SD)

FEV1 in % of target value (mean and SD)

Smokers (%)

Coordinating pulmonologist (%)

Emergency inpatient treatment in preceding 9 months (%)

Exacerbations in preceding 9 months (%)

Medication

  Short-acting bronchodilators (%)

  Long-acting beta-2 sympathomimetics (%)

  Long-acting anticholinergics (%)

  Inhaled corticosteroids (%)

Other COPD-specific medication (%)

Oral corticosteroids

Other comorbidity causing dyspnea

Bronchial asthma (%)

Other lung diseases (%)

Cardiac disease (%)

Structured training of COPD patients (%) 

Long-term oxygen therapy (%)

Home ventilation (%) 

Time to diagnosis in years (SD)

Diagnostic test 

  Reversibility with beta-2 sympathomimetics or anticholinergics*1, *2 (%)

  Reversibility with glucocorticoids*1, *2 (%)

  Elevated airway resistance *1, *3 (%)

  Lung hyperinflation *1, *3 (%)

  Gas exchange disorder *1, *3 (%)

Theophylline 
group

1 496

58

68 (10.6)

28 (5.6)

65 (28.3)

24.5

11.9

11.7

69.7

68.9

71.1

50.8

44.1

5.0

18.4

11.0

13.4

30.3

19.7

7.6

3.4

10.2 (6.9)

71.6

13.3

29.4

21.2

8.7

(Potential) control group

After 
 matching 

1 496

59

68 (10.5)

28 (5.5)

65 (25.7)

25.7

11.6

11.9

69.3

69.8

70.5

49.3

44.8

5.5

18.2

10.9

13.7

28.3

19.3

7.5

3.8

10.3 (7.1)

7 1.3

12.8

30.5

22.0

7.9

Absolute STD 
(%)

–

1.6

0.1

0.7

0.3

0.1

0.8

0.6

0.9

2.0

1.2

2.9

1.3

2.4

0.5

0.4

1.0

4.4

0.8

0.3

2.2

1.3

0.6

1.4

2.9

1.9

2.9

Before 
 matching 

23 354

54

67 (11.5)

28 (5.3)

74 (27.0)

24.5

5.8

3.7

56.9

55.1

53.9

33.0

36.9

3.8

5.9

9.6

9.9

28.8

14.5

3.2

1.6

9.1 (6.6)

69.7

10.7

28.1

18.9

6.9

Absolute STD 
(%)

–

8.8

12.0

3.8

35.2

1.2

21.6

30.6

26.6

28.5

36.0

36.6

14.7

6.1

39.0

4.8

10.8

3.2

13.7

19.2

11.9

15.9

4.1

7.9

2.4

5.7

6.7
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who received no theophylline at any time during their 
participation in the DMP. Thus 28 640 patients were 
identified who could be considered as potential control 
group participants. Because theophylline is used most 
frequently in severe COPD, FEV1 (in% of target value, 
[15]) is rated the most important confounding factor, 
affecting the propensity score as well as the occurrence 
of exacerbations and hospitalization.

Patients with absent or implausible data on height, 
age, sex, and FEV1 were excluded from analysis. 
 Following data cleansing, 1496 patients were assigned 
to the theophylline group and 23 354 patients to the 
 potential control group. The timeline of the study is 
shown in Figure 2.

Matching
We assume that the severity of the disease has a causal 
effect both on the endpoints and on the prescription of 
theophylline. Failure to take account of this depen -

dency would lead to spurious associations. We there-
fore used Rosenbaum and Rubin’s propensity score 
method to enable meaningful conclusions regarding the 
action of theophylline.

In this scenario, the propensity score expresses the 
probability that a patient has received treatment with 
theophylline, in light of all relevant variables (16). 
Under perfect conditions such a quasi-experiment can 
be considered equivalent to a randomized controlled 
trial (RCT). In practice, however, such equivalence 
with observational data can only be approximated. 
Nevertheless, the danger of a distorted result is greatly 
reduced by targeted modeling and verification of the 
causal assumptions. For this reason the propensity 
score method is being used increasingly often in 
 medicine and other fields of science (17).

The propensity scores are calculated by performing 
logistic regression on the baseline variables from the 
assessment phase. The following variables were  included:

FIGURE 3

Absolute standardized differences of all covariables before and after matching between the theophylline and control groups.  
FEV1, forced expiratory volume in 1 second; COPD, chronic obstructive pulmonary disease

before matching after matching

Systemic glucocorticosteroids

Long-acting anticholinergics

Long-acting beta-2 sympathomimetics

FEV1 (%)

Emergency inpatient treatment

Short-acting bronchodilators

Exacerbation

Coordinating pulmonologists

Long-term oxygen therapy

Years since first diagnosis

Inhaled glucocorticosteroids

Patient training

Age at commencement of follow-up

Home ventilation

Comorbidity: other lung disease

Sex

Diagnostic test: reversibility (glucocorticosteroids)

Diagnostic test: gas exchange disorder

Other COPD-specific medication

Diagnostic test: lung hyperinflation

Comorbidity: asthma

Diagnostic test: reversibility (beta-2 sympathomimetics/anticholinergics)

Body mass index

Comorbidity: cardiac disease

Diagnostic test: elevated airway resistance

Smoking status

0 10 20 30 40 50

Absolute standardized difference (%)
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● Sex
● Age
● Body mass index
● FEV1
● Smoking
● Medication
 − Short-acting beta-2 agonists or anticholinergics
 − Long-acting beta-2 agonists
 − Long-acting anticholinergics
 − Inhaled corticosteroids
 − Systemic corticosteroids
 − Other COPD-specific medications.
Furthermore, the status of the coordinating physician 

(primary care physician or pulmonologist) was 
 considered.

The endpoint variables (numbers of hospitalizations 
and exacerbations) documented during the 9-month 
 assessment phase were also taken into account during 
matching. Differences between the groups were 
 analyzed on the basis of the respective absolute stan-
dardized differences. A difference of less than 10% was 
considered inconsequential (18–20). The methods and 
the underlying quality of observation are described in 
detail in the eBox.

Follow-up of theophylline and control groups
The participants in the theophylline and control groups 
were retrospectively observed until June 2012. The in-
dividual observation time varied, because the begin-
ning of the observation period was determined by the 
first prescription of theophylline (theophylline group) 
or a corresponding selected time point (control group) 
to match the groups.

The documentation of the participants over the 
whole observation period was checked for regularity 
and completeness. The time to the first exacerbation 
of COPD or the first COPD-related hospital 
 admission was ascertained. The generated data 
were analyzed for both endpoints by means of 
 Kaplan–Meier curves (21) and Cox regression 
 models (22). The Kaplan–Meier curves provide a 
nonparametric visual summary of the results, while 
the regression models yield the hazard ratio (HR) for 
the effect of theophylline, adjusted for the matching 
variables (23). The Kaplan–Meier method enables 
estimation of the proportion of participants who 
 display no events within the observation period. In 
contrast, the number needed to harm (NNH) is 
 defined as the inverse of the proportional difference 
of the groups. This value can be interpreted as the 
mean number of patients who have to be treated with 
the ophylline in order to observe a theophylline-
 induced event in the course of the observation 
 period (24). The NNH was calculated to improve 
comprehension of the meaning of the results. 
 However, the 3.5-year observation period must 
 always be borne in mind when interpreting this 
value. Statistical analysis was carried out by means 
of the statistics software R with the additional 
 packages “matching” and “survival” (25–27).

Results
Baseline characteristics
Comparable patients from the potential control group 
were matched to the 1496 patients of the theophylline 
group on the basis of their baseline characteristics. 
Table 1 and Figure 3 show the distribution of the 
matching variables in both groups before and after 
matching.

Table 1 shows that patients with a prescription of 
theophylline already tended to suffer from advanced 
COPD. Moreover, most covariables differed strikingly 
between the groups (Figure 3), the greatest differences 
being seen for the parameters medication, FEV1, 
 exacerbations, and emergency admissions.

Medication with corticosteroids was surprisingly 
high in the theophylline group, where inhaled cortico -
steroids were prescribed to 44% and oral corticoste-
roids to 18% of the patients. The average FEV1 was far 
higher in the potential control group than in the the -
ophylline group, which could indicate a higher propor-
tion of healthy patients in the control group. After 
matching, all 26 baseline characteristics were com-
parable in the two groups. The absolute standardized 
differences were reduced to less than 10%, so the 
 observed confounders can be regarded as adequately 
cleansed (18, 19).

Principal endpoints
The time to occurrence of the first exacerbation or hos-
pitalization is depicted by the Kaplan–Meier curves in 
Figure 4. These endpoints were observed over a maxi-
mal period of 3.5 years. The median observation period 
was 9 quarters in the theophylline group and 10 
quarters in the control group. For both endpoints, a sig-
nificantly higher risk was identified in the members of 
the theophylline group.

The Cox regression models revealed a HR of 1.41 
(95% confidence interval [CI] 1.24 to 1.60) for time to 
first exacerbation and 1.61 (95% CI 1.29 to 2.01) for 
time to first hospitalization. Kaplan–Meier estimation 
showed a probability of exacerbation of 33.5% (95% 
CI 30.7 to 36.3) for the control group and 42.4% (95% 
CI 39.2 to 45.3) for the theophylline group. This 
yielded a NNH of 11 (95% CI 7.7 to 20.9) for an ex-
acerbation within the 42-month observation period. For 
hospitalization the probability was 11.4% (95% CI 9.5 
to 13.3) in the control group and 17.4% (95% CI 14.9 to 
19.8) in the theophylline group, resulting in a NNH of 
17 (95% CI 11.0 to 34.5).

Discussion
Our analysis suggests that theophylline should be re-
garded as problematic in the treatment of patients with 
COPD. Although the observed effects are moderate, the 
size of the study population renders the results robust 
and clinically significant, with NNH of 11 (HR 1.41) 
for exacerbations and 17 (HR 1.61) for hospitalizations.

The current guidelines regard theophylline as less 
 effective and less well tolerated even in comparison 
with long-acting bronchodilators. It should thus be 
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 recommended only if “other long-term treatment bron-
chodilators are unavailable or unaffordable” (4). Never-
theless, there is no clear consensus regarding the role of 
theophylline in the outpatient treatment of patients with 
COPD. Evaluating data on a large cohort of 36 492 
COPD patients from the databases of the health care 
authority of the province of Quebec in Canada, Cyr et 
al. found that over an observation period of 7 years 
 patients treated with theophylline showed a lower like-
lihood of exacerbations than patients who received 
long-acting beta-2 sympathomimetics (rate ratio 0.89, 
95% CI 0.84 to 0.95) (28). However, the findings of 
Cyr and colleagues differ considerably from those in 
the present study, in which we used a causally oriented 
method in the attempt to differentiate the effects of 
theophylline and confounders.

In a systematic review, Ram et al. reported no 
 significant difference between the placebo group and 

the theophylline group in two studies investigating the 
occurrence of acute exacerbations during treatment 
with theophylline (8). However, the total number of 
 patients (n = 244) may have been too small, or the short 
observation period of only 2 to 4 weeks may have been 
responsible for the lack of significance of the differ-
ences between the groups.

Rossi et al. showed that salmeterol was more 
 effective than theophylline in the treatment of COPD as 
assessed by FEV1. Furthermore, adverse effects were 
more frequent in patients who received theophylline 
(29). ZuWallack and colleagues also found far more ad-
verse effects with theophylline than with salmeterol 
(30). In comparison with the HR of 1.41 for exacer-
bations in the present study, Niewoehner et al., in a 
multicenter secondary analysis, found that treatment 
with theophylline represented a risk factor for exacer-
bations, with a HR of 1.26 (95% CI 1.02 to 1.57).

FIGURE 4Kaplan–Meier 
curves for 

 exacerbations and 
emergency hospital 

admissions

Proportion of patients without event (%)

100

75

50

25

0
0 1 2 3

Emergency inpatient treatment

Exacerbation

Control group 
Theophylline group

Time (years)

Number of patients at risk: Emergency inpatient treatment

Control group 
Theophylline group

Number of patients at risk: Exacerbation

Control group 
Theophylline group

1496 
1496

1107 
1214

731 
869

324 
348

1496 
1496

  876 
1037

523 
665

229 
246
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Limitations
One major limitation of our study is that the data were 
derived exclusively from standardized reports by 
 physicians. There was no systematic external control of 
diagnoses or validation of the medical documentation. 
Moreover, the data contained no details of the precise 
time of drug intake or of dosage.

With regard to the spirometric parameters, only a 
 pathologic Tiffeneau ratio and the FEV1 in liters were 
recorded. This permits calculation of FEV1 as % of the 
predicted value for sex and age.

These limitations mean that the data quality of the 
DMP documentation is not comparable with a clinical 
trial carried out under optimal circumstances.

The data from the DMP for COPD, though standard-
ized, were not generated exclusively for medical 
 research purposes. This has advantages and disadvan-
tages. However, our analysis confirms that the reality of 
primary care is reflected more accurately than would be 
possible in a specific survey of relevant details for 
study purposes.

Some patients were registered in the DMP despite 
FEV1 ratings of more than 80%. This cannot be fully 
explained by the additional examinations or other data 
recorded—such as total airway resistance, hyper -
inflation of the lungs (determined by whole-body 
 plethysmography) or reduced gas exchange. It is there-
fore possible that despite their inclusion in the DMP for 
COPD, some of these patients could have suffered from 
bronchial asthma. However, FEV1 was one of the 
 parameters taken into account in propensity score 
matching.

There was a tendency for mainly patients with 
 advanced disease to be compared (Table). The causal 
interpretation of routine data from observational 
studies is limited by the lack of randomization and 
clinical trial planning. As a consequence, even when a 
regression model takes all potential confounders into 

account, the effect one wants to measure cannot be 
identified with sufficient confidence (31–35). The use 
of propensity score matching is thus an important 
strength of our study in that it yields reliable separation 
of the effects. Despite the known weaknesses, we view 
the regularly collected data as a sufficiently solid basis 
for the longitudinal study described here.

Summary
While analysis of large data sets permits generalization 
to broad primary care, the underlying pharmacothera-
peutic effects cannot be clarified conclusively on the 
basis of the available data and results. To this end, 
further studies are required to investigate the role of 
theophylline in primary management, especially with 
regard to the amount of drug prescribed and consumed.

The true effectiveness of theophylline and its poten-
tial adverse effects in comparison with other drugs 
could only be conclusively assessed in RCTs. It is hard 
to imagine, however, that ethics committees would ap-
prove such studies. Therefore, further broad-based 
studies of routine data are needed, e.g., the databases of 
individual health insurance providers, the German 
 Central Institute for Outpatient Care Provision, or 
national associations of statutory health insurance 
physicians from other federal states of Germany.
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eBOX

Detailed description of method and follow-up quality

Methods
Study population and design
We analyzed anonymized patient data that had been collected in the framework of the disease management program (DMP) for COPD of the 
 National Association of Statutory Health Insurance Physicians of Bavaria. The DMP for COPD encourages participating patients to visit their family 
physician (pulmonologist ) every 3 months (6 months) so that their disease status can be better monitored and an individualized treatment plan drawn 
up and modified if necessary. At each of these consultations the physician completes a standardized documentation sheet that records disease-
 specific medications, relevant events such as exacerbations or emergency inpatient treatment, patient training, FEV1, and other disease- and 
 treatment related details. These data were originally collected for purposes of quality assurance and evaluation of the participating physicians. The 
participating physicians receive financial compensation for every documentation sheet handed in. However, collection of the data is not coupled with 
a pay-for-performance system, so no sanctions are implied in the case of poor treatment or documentation quality. The standardized documentation 
sheet was revised in 2008, resulting in a certain discontinuity of particular variables. The study design therefore had to be selected such that the 
 study questions rested on a uniform basis. For a patient to be registered in the DMP, the diagnosis has to be confirmed and documented according to 
the following criteria: apart from a typical COPD history and FEV1 less than 80% of the target value, at least one of the following three criteria must 
be met (German National Care Guideline for COPD, long version, version 1.9 January 2012; www.copd.versorgungsleitlinien.de):
● Demonstration of obstruction and reversibility with beta-2 agonists or anticholinergics and demonstration of FEV1/VC ≤ 70% and an increase in 

FEV1 of less than 15% and/or less than 200 mL
● Demonstration of obstruction and reversibility with glucocorticosteroids (oral 14 days, inhaled 28 days) in a stable phase of disease and 

 demonstration of FEV1/VC ≤ 70% and an increase in FEV1 of less than 15% and/or less than 200 mL
● If FEV1/VC < 70% with radiologic exclusion of other disease: diagnosis confirmed by elevated airway resistance or lung hyperinflation or gas 

 exchange disorder. 
These diagnostic criteria were recently assessed by the Institute for Quality and Efficiency in Health Care (IQWiG) as essentially concordant with the 
recommendations of currently valid international guidelines (14).

Because of the revision of the documentation sheet in July 2008, only patients registered in the DMP before July 2008 could be included in our study. 
This ensured that important covariables which were included only in the first version of the documentation sheet were available for the subsequent 
matching process. To produce a data set comparable with the theophylline group, the time between registration and the beginning of the observation 
period was established with the aid of randomized assignment according to the theophylline group.

The endpoint variables (number of hospitalizations and exacerbations) documented within the 9-month assessment phase were also taken into 
 account during matching, because the occurrence of a severe exacerbation increases the risk of a renewed exacerbation and hospitalization (3). In 
addition the following characteristics were considered, provided they were documented within the assessment phase: comorbidities that also cause 
dyspnea (bronchial asthma, other lung diseases, cardiovascular diseases), participation in training for COPD patients, oxygen therapy, and nonin -
vasive ventilation. The year of diagnosis and the method of ascertaining the diagnosis were taken from the registration documentation. The c-statistic 
of the underlying logistic regression model was 0.70; the distributions of the propensity scores before and after matching are shown in the eFigure. 
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eFIGURE

Distribution of propensity scores before and after matching
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The success of the procedure, however, was measured primarily on the basis of the standardized differences, because the aim of the modeling was 
not to optimize prediction of group affiliation (18) but to increase the comparability of the groups with regard to the endpoints. Owing to the high num-
ber of potential control patients, the matching took place without replacement (i.e., no patients were used twice in the course of the matching process) 
to find a suitable proband from the control group for each member of the theophylline group. Allowance was made for possible biases after calculation 
and comparison of the respective standardized absolute differences, with a difference of less than 10% rated as insignificant (18, 19).

Follow-up quality
One potential source of error is the uncertainty of the follow-up documentation in the framework of routine care. A central component of the DMP is 
the quarter- or half-yearly visit including standardized documentation. Reminder systems are implemented to help make sure these regular consulta -
tions take place. Participation in the program is voluntary, however, and the patients can leave the program at any time without giving reasons. It is 
therefore highly important at the outset to ensure that the quality of the data collected permits sufficiently stable and undistorted results. The eTable 
classifies the patients according to the completeness of the observed data. The observation was viewed as complete when documentation had taken 
place at least once every 6 months. Patients for whom the most recent documentation was more than 6 months before the end of the observation 
 period were defined as drop-outs. The drop-outs were right-censored and the documentation from the period before their withdrawal was included in 
the analysis. A further group of patients comprised those with gaps in documentation of more than 6 months during the observation period, e.g., 
 because of temporary withdrawal. As shown in the eTable, complete documentation was available for the majority of patients (66 to 69%). Around a 
fifth of the patients dropped out prematurely, and about 10% had documentation gaps of more than 6 months during the observation period. The 
 proportion of drop-outs was circa 2% higher in the theophylline group than in the control group. This difference turned out not to be significant, how -
ever (chi-square test, p = 0.2), and cannot explain the differences between the groups of circa 7% for emergency inpatient events and circa 10% for 
exacerbations (Figure 4).
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eTABLE

Completeness of observed cases

Complete observation

Drop-outs 

Incomplete observation

Total

Theophylline group

n

1025

  327

  144

1496

%

 68.5

 21.9

  9.6

100.0

Control group

n

  985

  355

  156

1496

%

 65.8

 23.7

 10.4

100.0


