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A B S T R A C T

Background

Oral theophylline has, for many years, been used as a bronchodilator in patients with COPD. Despite the introduction of new drugs, and
its narrow therapeutic index, theophylline is still recommended for COPD treatment.

Objectives

To determine the eHectiveness of oral theophylline when compared to placebo in patients with stable COPD.

Search methods

We searched the Cochrane Airways Group trial register and Cochrane Central Register of Controlled Trials Cochrane Controlled Clinical
Registers were searched.

Selection criteria

All studies were randomised controlled trials (RCTs).

Data collection and analysis

Two reviewers independently abstracted data and asessed the methodological quality.

Main results

Twenty RCTs met the inclusion criteria. Concomitant therapy varied from none to any other bronchodilator plus corticosteroid (oral and
inhaled). The following outcomes were significantly diHerent when compared to placebo.

Forced expiratory volume in one second (FEV1) improved with treatment: Weighted Mean DiHerence (WMD) 100 ml; 95% Confidence
Interval (CI) 40 to 160 ml. Similarly for forced vital capacity (FVC): WMD 210 ml 95%CI 100 to 320. Two studies reported an improvement in
maximum oxygen consumption (VO2 max); WMD 195 ml/min, 95%CI 113 to 278. At rest, arterial oxygen tension at rest (PaO2) and arterial
carbon dioxide tension at rest (PaCO2) both improved with treatment (WMD 3.2 mm Hg; 95%CI 1.2 to 5.1, and WMD -2.4 mm Hg; 95%CI
-3.5 to -1.2, respectively). Walking distance tests did not improve (four studies, Standardised Mean DiHerence 0.30, 95%CI -0.01 to 0.62),
neither did Visual Analogue Score for breathlessness in two small studies (WMD 3.6, 95%CI -4.6 to 11.8). The Relative Risk (RR) of nausea
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was greater with theophylline (RR 7.7; 95%CI 1.5 to 39.9). However, patients' preference for theophylline was greater than that for placebo
(RR 2.27; 95%CI 1.26 to 4.11). Very few participants withdrew from these studies for any reason.

Authors' conclusions

Theophylline has a modest eHect on FEV1 and FVC and slightly improves arterial blood gas tensions in moderate to severe COPD. These
benefits were seen in participants receiving a variety of diHerent concomitant therapies. Improvement in exercise performance depended
on the method of testing. There was a very low dropout rate in the studies that could be included in this review, which suggests that
recruited participants may have been known by the investigators to be theophylline tolerant . This may limit the generalisability of these
studies.

P L A I N   L A N G U A G E   S U M M A R Y

Oral theophylline compared to placebo for people with chronic obstructive pulmonary disease (COPD)

Theophylline treatment is commonly used in people with chronic obstructive pulmonary disease (COPD). This systematic review shows
that orally administered theophylline improves lung function and levels of oxygen and carbon dioxide in the blood. However, there is
limited data on its eHect on symptoms, exercise capacity or quality of life. Despite being associated with increased side eHects, particularly
nausea, participants preferred theophylline over placebo.
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B A C K G R O U N D

Chronic obstructive pulmonary disease (COPD), by definition, is
characterised by limited reversibility with bronchodilator therapy
(Folgering 1994; ATS 1995). Patients oWen have major limitations
of physical activity, especially breathlessness during exercise. Oral
theophylline is a bronchodilator that has been used for many years
although sympathomimetic and inhaled anticholinergic agents
are now used more oWen (Mulloy 1993). Despite this change in
prescribing patterns, there is still a perception that theophylline
confers additional benefit over that produced by the newer
agents (Raguso 1996). Traditional methods of assessing clinical
benefit with theophylline have been based upon physiological
measurements of airways function, but some studies have shown
improvement in exercise performance, breathlessness and health
status (quality of life) with minimal change in lung function (Vereen
1986).

The major therapeutic benefit of theophylline has been attributed
to its phosphodiesterase inhibitor activity, which inhibits the
degradation of cyclic adenosine monophosphate (cAMP). Other
mechanisms of action proposed for the action of theophylline
include: inhibition of bronchoconstrictors (prostaglandins) as a
result of the increased levels of cellular cAMP (Horrobin 1977);
increased cellular calcium uptake and distribution involved in
smooth muscle contraction (Aubier 1985); increases in endogenous
secretion of cortisol; stimulation of release of endogenous
catecholamines (Atuk 1967; Higbee 1982); positive inotropic eHect
on the heart (Matthay 1986) and theophylline is also known to be a
mild diuretic (Johannesson 1985). Increased release of endogenous
cortisol and catecholamines by theophylline may have a similar
eHect to that of the administration of corticosteroids (Mendella
1982).

Theophylline is known to have a central eHect on respiration. In
COPD, xanthine derivatives can bring about acute and long-term
enhancement of the hypoxemic ventilatory response (Aubier 1983)
by increasing inspiratory muscle drive, resulting in tidal volume
increases (Spinelli 1991).

The role of theophylline in the management of COPD has not been
fully defined. Studies have not consistently shown theophylline
to be beneficial in the management of stable COPD (Alexander
1980; Eaton 1980; Murciano 1989). The BTS 1997 guidelines on
management of COPD recommends use of xanthine derivatives as
a last resort and only aWer all other treatments have failed to show
a response. The ATS guidelines on COPD (ATS 1995) makes stronger
recommendations for the use of theophylline in both stable and
acute management of COPD but due to its narrow therapeutic
index (Woodcock 1983) it also recommends cautious use. Due to
the increasing numbers of guidelines on COPD management and
the lack of evidence-based documentation, the US National Heart
Lung and Blood Institute and the World Health Organisation have
jointly developed evidence-based guidelines for the management
of COPD (Pauwels 2000; Gomez 2002). This project known as the
Global Initiative for Chronic Obstructive Lung Disease (GOLD) aims
to produce guidelines that are applicable globally and are based
on well-controlled clinical studies (where available) and not on
consensus. However, the latter would be used where there was
insuHicient evidence. The current GOLD guideline recommends
the use of theophylline as second line option since many studies

have shown its bronchodilator eHectiveness in COPD (web address:
http://www.goldcopd.com).

A major disadvantage with this class of drugs is the incidence of
adverse eHects, particularly those involving the gastro-intestinal
tract, even when the plasma level is within the therapeutic range.
The evaluation of eHicacy and the assessment of adverse eHects are
important factors to consider when dose titrating with theophylline
preparations (Persson 1986).

Most studies have been performed on small number of patients
with short duration. To our knowledge, there is no systematic
review regarding theophylline in stable COPD. Owing to the
diHering recommendations from various COPD guidelines and
to the diHerent conclusions from the many clinical studies this
systematic review of the literature was performed to assess the
eHect of theophylline in patients with stable COPD.

O B J E C T I V E S

To determine the eHicacy of oral theophylline compared to placebo
in patients with stable COPD.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All studies were randomised controlled trials which involved
treatment with theophylline or placebo in patients with COPD.
Studies of any duration were considered for inclusion but single
dose studies were excluded.

Types of participants

Studies in patients with COPD were considered for inclusion. COPD
was defined by internationally accepted criteria (e.g. ATS 1995; ERS
1995; BTS 1997) or defined objectively as a disorder characterised
by reduced expiratory flow and slow forced emptying of the lungs
and features which do not change markedly over several months
(ERS 1995).

Types of interventions

The use of oral theophylline compared to placebo in a randomised
fashion.

Types of outcome measures

PRIMARY OUTCOMES MEASURES
(1) Exercise capacity: timed walking tests, endurance tests and
incremental exercise tests on a treadmill or cycle ergometer.

(2) Lung function measurements (e.g. forced expiratory volume in
one second (FEV1), forced vital capacity (FVC)).

(3) Health status (quality of life) scores: These include the
Chronic Respiratory Disease Questionnaire (CRQ) or the St George's
Respiratory Questionnaire (SGRQ).

SECONDARY OUTCOME MEASURES
(1) Arterial blood gas tensions (partial pressure oxygen (PaO2),
partial pressure carbon dioxide (PaCO2)) and oxygen saturation
(SaO2) on exercise and rest.
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(2) Dyspnoea: measured directly at rest or during exercise,
or indirectly by self report on symptom diaries (e.g. visual
analogue scale, Borg scale or Likert scale or any other validated
measurement).

(3) Participant preference for treatment

(4) Adverse eHects: frequency of gastric eHects (nausea, diarrhoea,
mild abdominal discomfort), insomnia, and arrhythmia's (atrial
fibrillation, tachycardia, ventricular extrasystole).

(5) Acute exacerbations

(6) Mortality: proportion of deaths

(7) Dropout rate: number of participants dropping out of the study.

Search methods for identification of studies

We carried out a search of the Cochrane Airways Group trial register
and the Cochrane Central Register of Controlled Trials using the
following search strategy: obstructive OR bronchitis OR pulmonary
emphysema OR bronchial hyperreactivity OR COPD OR COLD OR
emphysema AND aminophylline OR theophylline OR theo* OR
uniphyl OR nuelin. We also conducted separate and additional
searches using MEDLINE (1966 to Feb 2002), EMBASE (1982 to Feb
2002), CINAHL (Feb 2002), and LILACS (1982 to Feb 2002) databases.
We considered atudies of any duration or in any language. We
identified other potential studies by writing to key authors, and
examining the bibliographies of included studies and relevant
review articles.

Data collection and analysis

LOCATING AND SELECTING STUDIES
Two reviewers (FR, SC) independently assessed the titles
and abstracts of all reports of trials identified by electronic
searching. The full text copies of all potential trials were obtained.
Disagreements between reviewers were resolved with discussion.

STUDY QUALITY
Two reviewers independently assessed the methodological
quality. We assessed all included studies using two study quality
scales. The Cochrane assessment of allocation concealment was
used, Grade A: Adequate concealment, Grade B: Uncertain about
the method of allocation concealment, Grade C: Clearly inadequate
allocation concealment & Grade D: Allocation concealment not
used.

In addition, we also graded studies using the five point Jadad 1996
study quality score:

Was the study described as randomised? Yes = 1; No = 0
Was the study described as double blind? Yes = 1; No = 0
Was there a description of the withdrawals and dropouts? Yes = 1;
No = 0
Was the method of randomisation well described and appropriate?
Yes = 1; No = 0
Was the method of double blinding well described and
appropriate? Yes = 1; No = 0
Deduct one point if methods for randomisation or blinding were
inappropriate.

STATISTICAL ANALYSIS

Where possible, we pooled trial outcome data. As planned in
the protocol, for continuous variables, we calculated the results
of individual studies as fixed eHect weighted mean diHerence
(WMD) or standardised mean diHerence (SMD) including the 95%
confidence interval (CI) for each outcome. Where results were
expressed as dichotomous variables, we calculated odds ratio (OR)
or relative risks (RR) with 95% CI for individual outcomes.

The intention was to analyse separately trials employing a
crossover design from those using a parallel-group design. If first-
arm data from crossover trials was reported or if we had been able
to obtain this data from the authors, then this would have been
combined with data from parallel design trials. In the event, all
trials were crossover in design, therefore aggregate means (from
both study arms) were entered into RevMan and pooled.

SENSITIVITY ANALYSIS
For pooled eHects, we carried out a test for heterogeneity; p <
0.05 was considered statistically significant. If there was significant
heterogeneity, we would have performed sensitivity tests using
study quality, duration of study, dose and type of theophylline
preparation and level of concomitant medication usage. When data
were missing (in the case of SDs) these were calculated using the
average of other trial SDs for that outcome. If range values were
reported, SD was computed from the range using the following
[SD = (UR - LR) / (2 x 1.96), 1.96 is for 95% range but changes
to 1.64 and 2.58 for 90% and 99% reference ranges]. If only p
values were reported, a pooled estimate of SD was computed by
converting the p value to a Student's t-value; thereaWer calculating
SD using the following [SD = (square-root {n1 x n2} / {n1 + n2}) x
(diHerence in means / t-value)]. Wherever these estimates of SDs
were necessary, we conducted a sensitivity analysis of the overall
result, excluding the calculated SDs, to test if the treatment eHect
diHered significantly.

R E S U L T S

Description of studies

Please refer to the table "Characteristics of included studies" for
detailed descriptions of each included study. A brief summary is
provided below.

SEARCH FOR STUDIES
From 310 abstracts, we retrieved 86 full text papers for
closer assessment. We selected twenty-four studies for inclusion.
Four studies were multiple publications of the same cohort of
participants. Alexander 1980 had one follow-up publication, Guyatt
1987 had two additional publications and the Iversen 1992 study
had one duplicate publication. Therefore, there were 20 included
studies (excluding four duplicate publications). The 62 excluded
studies with their reasons for exclusion are listed in the table
"Characteristics of excluded studies".

LOCATION OF STUDIES
Six studies were conducted in USA (Schmidt 1979; Alexander 1980,
Marvin 1983; Mahler 1985; Dullinger 1986; Kongragunta 1988), three
in Canada (Guyatt 1987; Rivington 1988; Thomas 1992), two each in
the UK (Anderson 1982; Chrystyn 1988), Israel (Fink 1994; Newman
1994), Ireland (Power 1992; Mulloy 1993) and Japan (Nishimura
1993; Nishimura 1995) and one each in Denmark (Iversen 1992),
France (Murciano 1989) and Germany (Machraoui 1994).
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TYPES OF PARTICIPANTS
All studies included adult participants with COPD defined using
objective criteria of less than 15% in FEV1 reversibility aWer
inhaling a bronchodilator in six studies (Schmidt 1979; Mahler 1985;
Chrystyn 1988; Murciano 1989; Power 1992; Mulloy 1993) or 25%
in two studies (Dullinger 1986; Guyatt 1987). The MRC definition
of COPD was used in two studies (Anderson 1982; Chrystyn 1988)
and the ATS definition in one (Nishimura 1995). One study (Thomas
1992) did not include participants who had a greater than 20%
change in either FEV1 or FVC over the previous two years. Most of
the studies also used a pre-defined criterion based on predicted
FEV1 or FEV1/FVC ratio for including participants in their study,
typical values for FEV1 were less than 60 to 70% and for FEV1/FVC
ratio it was less than 0.6 to 0.7. One study (Nishimura 1995) included
participants with a post-bronchodilator FEV1/FVC ratio of less than
70%. All of the studies included participants who were either ex
or current smokers and excluded participants who had asthma.
Baseline mean FEV1 for the participants in the 20 studies ranged
from 0.96 to 1.15 L. Mean age ranged from 58 to 69 years.

COMMITTANT MEDICATION
Four of the studies did not allow use of bronchodilators during the
study period (Alexander 1980; Guyatt 1987; Murciano 1989; Thomas
1992). Twelve studies permitted use of regular bronchodilators and
inhaled corticosteroids for the duration of the study (Anderson
1982; Marvin 1983; Mahler 1985; Chrystyn 1988; Kongragunta 1988;
Rivington 1988; Mulloy 1993; Nishimura 1993; Fink 1994; Machraoui
1994; Newman 1994; Nishimura 1995). Four studies did not describe
concomitant medication use (Schmidt 1979; Dullinger 1986; Iversen
1992; Power 1992).

TYPES OF INTERVENTION
All 20 included studies were of crossover design and used dosing
schedules to obtain plasma theophylline levels in the therapeutic
range (10 to 20 mg/ml). Five studies used short acting or immediate
release theophylline preparations (Schmidt 1979; Alexander 1980;
Marvin 1983; Guyatt 1987; Machraoui 1994) while the remaining
15 studies used long acting or sustained release theophylline
preparations. Where studies have reported both pre and post-
bronchodilator (e.g. salbutamol, terbutaline, ipratropium bromide)
study measurements, only the pre-bronchodilator measurements
were used (for the meta-analysis) as the purpose of this review was
to observe the eHects of oral theophylline administration and not
to estimate the eHects of immediate post-bronchodilator therapy.

The duration of the studies ranged from 7 to 90 days. The duration
of each study was entered into RevMan (as days) under user defined
category, in order to observe any influence of study duration on
eHect size.

Nine of the studies reported adequate washout periods between
their crossover arms ranging from three days to two weeks
(Anderson 1982; Mahler 1985; Guyatt 1987; Kongragunta 1988;
Murciano 1989; Mulloy 1993; Fink 1994; Newman 1994; Machraoui
1994). The remaining 11 studies did not report any washout
period. This, however, may not mean that no washout period was
employed by these 11 studies. To date we have not received any
correspondence from the authors to verify this information.

DROPOUT AND WITHDRAWALS
Only one study (Iversen 1992) failed to report dropouts. In the
others, with the exception of Guyatt 1987 (eight withdrawals from
27 recruited) the dropout out rate was generally very low. Nine

studies reported no dropouts (Marvin 1983; Mahler 1985; Dullinger
1986; Rivington 1988; Murciano 1989; Power 1992; Nishimura 1993;
Fink 1994; Newman 1994).

Risk of bias in included studies

There was total agreement between two reviewers on the inclusion
of studies and for the quality scores. Four studies were graded
as Cochrane 'A' (adequate allocation concealment) (Schmidt 1979;
Marvin 1983; Rivington 1988; Mulloy 1993), and the remaining 16
studies scored a 'B' grade (unclear allocation concealment). The
mean (SD) score for Jadad study quality was 2.8 (0.81) and the
range was 1 to 5. Most of the included studies (12) received a Jadad
score of three, five studies received a score of two, and three studies
each received a score of one, four and five. Overall the studies
were of adequate quality as none of the studies scored 'C' with
the Cochrane grading and the mean Jadad score was 2.8, which is
considered of adequate-to-good quality.

E:ects of interventions

OUTCOMES REPORTED IN TWO OR MORE INCLUDED STUDIES:
STATISTICALLY SIGNIFICANT EFFECT
FEV1 - L [Comparison 01:01:01]
Thirteen studies with 244 patients contributed data towards this
outcome which showed a significant improvement of 100 ml with
treatment (WMD 100 ml; 95%CI 40 to 160). One of the thirteen
studies did not report any SD for FEV1 (Dullinger 1986) so it was
estimated from the values reported for range. A sensitivity analysis
without the Dullinger 1986 study did not alter the mean overall
result (WMD 110 ml; 95%CI 40 to 170) compared to when all 13
studies were included. There was no evidence of heterogeneity in
this eHect size across the studies.

FVC - L [Comparisons 01:02:01& 01:02:02]
Eleven studies with 196 patients contributed data towards this
outcome which showed significant improvement of 210 ml with
treatment (WMD 210 ml; 95%CI 100 to 320). Two of the 11 studies
did not report any SD's for FVC (Schmidt 1979; Dullinger 1986)
so they were estimated from the reported range and p values,
respectively. A sensitivity analysis without the Dullinger 1986 and
Schmidt 1979 studies did not alter the mean overall result (WMD
200 ml; 95%CI 70 to 320) compared to when all 11 studies were
included. FVC reported as percent predicted by three studies was
also significant (WMD 3.93; 95%CI 0.22 to 7.65).

VO2 max - ml/min [Comparison 01:09]
Two studies with 32 patients reported this outcome (Fink
1994; Newman 1994) which showed significant improvement with
treatment (WMD 195 ml/min; 95%CI 113 to 278).

PaO2 - mm Hg at rest [Comparison 01:10]
Six studies with 156 patients reported this outcome (Alexander
1980; Mahler 1985; Murciano 1989; Mulloy 1993; Fink 1994; Newman
1994) which showed significant improvement with treatment (WMD
3.18 mm Hg; 95%CI 1.23 to 5.13).

PaCO2 - mm Hg at rest [Comparison 01:11]
Six studies with 156 patients reported this outcome (Alexander
1980; Murciano 1989, Mahler 1985, Mulloy 1993; Fink 1994; Newman
1994) which showed significant decrease with treatment (WMD
-2.36 mm Hg; 95%CI -3.52 to -1.21).

Patient preference for theophylline or placebo [Comparison 01:21]
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Two studies with a total of 50 (cross over) subjects (Alexander 1980;
Mulloy 1993) reported that participants preferred theophylline to
placebo (RR 2.27; 95%CI 1.26 to 4.11).

Nausea [Comparison 01:23]
Three studies reported data on nausea (Alexander 1980; Mulloy
1993; Newman 1994). The risk of experiencing nausea when on
treatment with theophylline was significantly increased (RR 7.67;
95%CI 1.47 to 39.94).

There did not appear to be any influence of study duration on
outcome eHect size (using user-defined category in Forest plots).

OUTCOMES REPORTED IN TWO OR MORE STUDIES: NO
STATISTICALLY SIGNIFICANT EFFECT

Distance walked (m) [Comparison 01:23]
Two studies (58 patients) reported distance walked in six minutes
(Guyatt 1987; Chrystyn 1988) and two (22 patients) the distance
walked in 12 minutes (Mahler 1985; Dullinger 1986). In neither
group of studies was the eHect significant and when all four studies
were combined using an SMD the eHect was still not significant
(SMD 0.30; 95%CI -0.01 to 0.62). The mean diHerence in the six-
minute walk studies was 33 m which is not at the threshold of
clinical significance.

Visual Analogue Scale (VAS) for breathlessness [Comparison 01:14]
Two studies (32 patients) reported this (Dullinger 1986; Chrystyn
1988), there was no eHect.

Symptoms of wheeze and dyspnea [Comparison 01:18]
Two studies (21 patients) reported these (Dullinger 1986; Chrystyn
1988), there was no eHect.

Exacerbations [Comparison 01:20]
Two studies (45 patients) reported these (Rivington 1988;
Nishimura 1995), there was no eHect.

Drop outs
It was possible to compare drop out rates between treatment arms
in only three studies totaling 74 patients (Anderson 1982; Fink 1994;
Newman 1994). There was no diHerence.

No data were available for health status and mortality.

D I S C U S S I O N

This review has shown that administering oral theophylline for
at least seven days, to partients with moderate to severe COPD
improves lung function, ventilatory capacity and arterial blood
gas tensions in patients with stable COPD. Participants preference
for theophylline was greater than that for placebo. However, the
number of adverse eHects (nausea) was greater with theophylline
treatment.

The magnitudes of the lung function changes are relatively small,
but similar to those reported in another Cochrane review of long-
acting beta2-agonists (Appleton 2002). Meaningful symptomatic
responses from bronchodilators in the presence of only trivial
changes in FEV1 and FVC have been reported (Mahler 1985; Wolkove
1989; Hay 1992). Unfortunately, there were very small numbers of
studies reporting symptoms in this review. The included studies
that attempted to measure improvements in symptoms (e.g.
dyspnoea, quality of life, wheeze) all showed improvements, but,

owing to minimal reporting and the use of diHerent methodologies
the data could not be collated meaningfully. Individual studies did,
however, report benefits. Alexander 1980 used a six point scale
which measured dyspnoea, wheezing, cough, sputum, walking and
feelings that showed improvements in all categories with the use
of theophylline. The study by Guyatt 1987 reported significant
improvements in dyspnoea and quality of life scores measures
by CRQ. Chrystyn 1988 and Dullinger 1986 reported a modest
improvement in dyspnoea with theophylline treatment. Iversen
1992 reported significant improvements in dyspnoea scores during
theophylline treatment. Marvin 1983 and Thomas 1992 reported
improvements in both wheezing and shortness of breath with
theophylline.

Other mechanisms have been proposed to explain how
theophylline could improve symptoms or reduce breathlessness in
partients with COPD. The Chrystyn 1988 study measured the eHects
of theophylline on 33 participants with stable COPD. In their study a
dose of theophylline that resulted in serum concentrations of 15-20
mg/L, only led to an increase in FEV1 of 13% (130 mls) but there was
a significant 64% decrease in trapped gas volume (1.84 L to 0.67 L ).
Unfortunately, this was the only study to report data on trapped gas
volume in this review.

Other workers have shown that inhaled beta 2-agonists and
ipratropium bromide reduce exertional breathlessness in subjects
with stable COPD and this correlates strongly with decreases in
thoracic gas entrapment (Chrystyn 1988; Webb 1990) and dynamic
hyperinflation (Belman 1996; O'Donnell 1999). The improvements
in lung function seen with theophylline in this review may be due
to dilatation of the small airways with a consequent reduction in
gas trapping. A fall in trapped gas volume (and thus FRC) is likely
to improve the mechanical advantage of the diaphragm and chest
wall muscles and may well explain many of the reported eHects of
theophylline on the respiratory muscles (Murciano 1984).

Theophylline has also been demonstrated to increase the pressure
generated by respiratory muscles (Umut 1992) and increase
diaphragmatic strength (Kongragunta 1988). Its eHect has been
shown to be greater in fatigued diaphragm (Murciano 1984) as
has been shown in severe COPD. In one study, theophylline
increased trans-diaphragmatic pressure by 16% and this increase
persisted even aWer 30 days of treatment with theophylline
(Murciano 1984). In therapeutic doses theophylline is also known to
increase respiratory drive independent of its eHect on lung function
(Ashutosh 1997). It is also known to increase respiratory muscle
function in normal participants (Sherman 1996) and in COPD
(Umut 1992) as measured by increases in maximal inspiratory and
expiratory pressures. It has also been suggested that theophylline
reduces breathlessness by improving diaphragmatic contractility.
The Murciano 1989 trial demonstrated an improvement in
respiratory muscle performance as indicated by a decline in the
ratio of inspiratory pleural pressure during quiet breathing to the
maximal pleural pressure (data not reported in this review as an
outcome).

Another interpretation is that the improvement in respiratory
muscle function is due not to an increase in diaphragmatic
contractility but to an improvement in the length-tension
relationship of the diaphragm. This is because there is a reduction
in gas trapping and a recent study by Hatipoglu 1999 supports
this interpretation. It is possible and likely that these eHects of
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theophylline had a role in slightly but significantly improving lung
function as has been shown by this review.

There were small but statistically significant improvements in
arterial blood gas tensions in patients treated with theophylline. In
severe cases of COPD, respiratory rate is increased, and this may
be combined with shallow breathing that is pronounced by carbon
dioxide retention. It is known that theophylline improves minute
ventilation in humans (Darnall-Jr 1985) and animals (Javaheri
1989) and also alters the ventilatory response in COPD seen as
improved ventilatory capacity measured as increased VO2 max.
This ventilatory response results in an increase in tidal volume,
which may be responsible for the improvement seen in blood gas
tensions. Both these changes (increase in VO2 max and improved
blood gas tensions) could be related to either a direct positive
inotropic eHect of theophylline on the respiratory muscles (Okubo
1987; Kongragunta 1988; Landsberg 1990; Marsh 1993) or due to
its action via a central stimulatory pathway (Cooper 1987; Javaheri
1990) or both. It is known that theophylline is capable of stimulating
the medullary respiratory center (Ritchie 1975).

Although only two studies provided data for VO2 max, this is an
important significant finding as greater exercise performance is
implied by increases in VO2 max. Unfortunately there were not
enough studies providing data on exercise performance (distance
walked, cycle endurance or progressive cycle ergometry) to permit
us to relate the increase in VO2 max to exercise performance. The
eHect size in the two studies that reported it was approximately 30
metres for a six minute walk which is not clinically significant.

Theophylline has a narrow therapeutic index and adverse
eHects are common even when the serum concentrations
are in the 'therapeutic range' of 10 to 20 mg/L. In this
review, nausea was reported by significantly more participants
treated with theophylline compared with placebo. Another more
serious adverse eHect of theophylline in patients with COPD,
is supraventricular arrhythmias (Levine 1985; Varriale 1993),
however, this was not reported in this review. Nevertheless, the
benefits of theophylline in stable COPD have to be weighed against
the risk of adverse eHects. All of the included studies in this review
aimed for theophylline concentrations within the therapeutic
range. In patients with asthma theophylline exerts beneficial eHects
at serum concentrations lower than the traditional therapeutic
range of 10 to 20 mg/L (Mitenko 1973; Evans 1997). Lower
concentrations of theophylline have the advantage that they
are associated with fewer adverse eHects. In future studies of
theophylline for stable COPD it may be appropriate to have a
lower target concentration of theophylline. An alternative approach
would be to study specific inhibitors of type IV phosphodiesterases
such as Airflo® that are reported to be eHective in the treatment
of asthma but which have fewer adverse eHects compared to
theophylline (Compton 2000; Barnette 2000; Giembycz 2000).

A possible pitfall of crossover studies, such as those included in this
review, is the presence of carry-over eHects of the first treatment
into the second treatment period, leading to an underestimation
of the real diHerence among treatments (Cleophas 1993). Nine
of the studies reported adequate washout periods between their
crossover arms ranging from three days to two weeks. The
remaining 11 studies did not either have a washout period or failed
to report any washout period. To date we have not received any
correspondence from the authors to verify this information.

A second possible pitfall associated with crossover designs, is that
the soWware we used (RevMan) forces us to analyse crossover
studies as if they were parallel studies. It is known (Cleophas 1996)
that the two methods give identical results if the response to the
two treatments, in the same individual, is completely unrelated.
However, parallel analysis may lead to decreased statistical power
when compared to paired analysis, if the response to the two
treatments is positively correlated (i.e. if patients improving during
bronchodilator are also more likely to improve somewhat during
placebo). This possibility cannot be discounted in our review. The
results of the statistical analysis from two-period crossover trials
make two main assumptions, no period eHect and no treatment-
period interaction. But none of the authors reported these findings
(correlation between the responses to the two treatments) from
their studies and the presentation of the data did not permit
these types of analysis. Therefore, we cannot exclude that our
analysis underestimated the statistical significance of the observed
diHerences, as compared to a paired analysis.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Theophyllines produce a small improvement in FEV1 that is
similar in size to that reported for long acting beta2-agonists in
COPD patients, with and without adjuvant bronchodilator therapy.
There also appears to be a small mean improvement in arterial
blood gas tensions. The evidence for symptomatic benefit or
improved exercise performance is less consistent. There is an
increased incidence of nausea, but on average, the patients in
the studies reviewed here preferred theophylline. The tolerance of
theophylline in the patients recruited to these studies (as reflected
by the absence of an increased drop out rate) is a little surprising
since clinical experience suggests that a significant number of
patients cannot tolerate the gastro-intestinal side-eHects. We
conclude that, with close monitoring of individual patients and
their serum theophylline levels, it appears that beneficial eHects
may be obtained in those who remain symptomatic from COPD
despite first-line bronchodilator therapy.

Implications for research

Larger parallel randomised controlled trials with explicit clinical
and diagnostic criteria, suHicient duration of follow-up and
description of all relevant clinical outcome measures appear
warranted. Many previously conducted studies have relied heavily
on the readily available physiological tests (e.g. FEV1, FVC, PEFR).
As these are not particularly sensitive measures of change in this
group of patients (Wolkove 1989; Celli 2000) we suggest that other
relevant outcome measures should be used (e.g. symptoms, health
status, adverse eHects, exercise capacity & endurance, length of
hospital stay, incidence of exacerbations, health care utilisation
and cost eHectiveness). Future studies should also endeavour to
define which 'types' of patients are most likely to respond to
treatment with theophylline. Studies also need to examine the
role of theophylline in comparison, and in conjunction, with newer
agents such as long acting bronchodilators. Further investigation
of the eHect of theophylline on ventilatory mechanics would be
helpful to delineate the non-bronchodilator eHects of theophylline,
which appear important. Because of a lower incidence of adverse
eHects, it will be interesting to observe the eHicacy of specific
inhibitors of type IV phosphodiesterases in people with COPD.
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Characteristics of included studies [ordered by study ID]

 

Methods 1) Randomisation: not described. 
2) Allocation concealment: not described.
3) Masking: double blind, identical looking placebo theophylline tablets were used.
4) Withdraws / drop-outs: 13 drop-outs. 5 placebo group and 4 theophylline group did not finish both
study periods and are not included in the data analysis. 2 from each drug regimen dropped out as a re-
sult of acute respiratory distress that was attributed to pulmonary infection.
5) Duration of intervention: 4 weeks.
6) Design: crossover groups.
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7) Jadad quality score: 3
8) Location: Iowa, USA

Participants 1) Inclusion criteria: Outpatients with moderate to severe COPD, stable, FEV1 less than 60 % of predict-
ed, all had smoking histories of greater than 20 pack-years.
2) Definition of COPD: FEV1 at least less than 60% of predicted and a chronic, steadily declinig FEV1
and forced expiratory flow during the middle half of the forced vital capacity (FEF 25% to 75%).
3)Type of exercise test: None.
4) Definition of stable COPD: not described.
5) Age: Mean = 59.3. 
6) FEV1: not described.
7) Number of patients: 53 men. Drop-out: 13. Final number of patients: 40. 
8) Baseline therapy: Bronchodilators and corticosteroids were not allowed during the study, but other
maintence medications were continued.
9) Exclusion criteria: Non-compliant patients (identified by pill counts and by observing serum theo-
phylline concentration during the dose titration period, history of asthma, sputum and peripheral
blood eosinophilia or another known cause for pulmonary insufficiency, fluctuation results in pul-
monary function tests during a period of several years.

Interventions THEOPHYLLINE GROUP (n = 40, completed the study)
1) Drug: Theophylline. 
2) Short or long action: Short-action
3) Dose: 100 mg four times daily
4) Washout period: not mentioned.
5) Theophylline blood level: during titration period to establish steady-state (10 to 20 ug/ml) theo-
phylline serum levels (1.5 to 2.0 hours after the second dose of the day) and on the day of entry into the
trial, and on the final day of each treatment period. Mean serum theophylline level during active thera-
py was 15.1 (SD 4.22) ug/ml.

PLACEBO GROUP ( n = 40, completed the study ).

Outcomes 1) Pulmonary function tests (FVC (L), FVC (% pred), FEV1 (L), FEV1 (% Pred). 
2) Resting arterial blood gases
3) Maximal voluntary ventilation. MVV (maximum voluntary ventilation (L), MVV (% pred).
4) Diary questionnaire, about pulmonary symptoms.

Notes 1) Intention-to-treat analyses: No
2) Sample size and statistical power: not reported.
3) Representativity: not described.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Alexander 1980  (Continued)

 
 

Methods 1) Randomisation: not described. 
2) Allocation concealment: not described.
3) Masking: Double blind, placebo was used and had the same appearance as theophylline tablets.
4) Withdraw / Drop-out: 4 withdraws, (one because of a confusional state attributed to alcohol with-
drawal and 3 because of side effects - nightmares in one, headache in one and nausea and headache in
one. (4/17 = 23%). 
5) Duration of intervention: 3 periods of 8 days each, with one week washout.
6) Design: Cross-over groups.

Anderson 1982 
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7) Jadad quality Score: 3
8) Location: Newport, UK

Participants 1) Inclusion criteria: patients that fulfilled the Medical Research Council criteria for chronic bronchitis,
all patients were ex-smokers.
2) Definition of COPD: The Medical Research Council criteria for chronic bronchitis (MRC, 1965).
3)Type of exercise test: none.
4) Definition of stable COPD: not described.
5) Age: Mean = 58, (range 34 to 70 years).
6) FEV1: Mean = 1.34, SD 0.122 (L).
7) Number of patients: 21 (17 men and 4 women). 
8) Baseline therapy: corticosteroids were not allowed, but other maintence medications were permit-
ted including inhaled bronchodilators.
9) Exclusion criteria: bronchial asthma.

Interventions THEOPHYLLINE GROUP ( n = 21, completed the study ).
1) Drug: Theophylline (Nuelin SA)
2) Short or long action: Long-action (Nuelin SA)
3) Dose: 350 mg daily theophylline for 4 days followed by 700 mg daily for four days with matching
placebo for 8 days with one week washout period between crossover.
4) Washout period: 1 week.
5) Theophylline blood level: measured on the last day of each study period. The mean daily dose of
theophylline for the whole group was 9.2 mg/Kg range 6-13.2 mg/Kg.

PLACEBO GROUP: n = 21 completed the study.

Outcomes 1) Pulmonary function tests PEFR, (FVC (L), FVC (% pred), FEV1 (L), FEV1 (% Pred). 
2) Symptom scores
3) Side effects: 6 patients had nausea or headache in theophylline group. One patient had insomnia
during the placebo week.

Notes 1) Intention-to-treat analyses: No.
2) Sample size and statistical power: not reported. 
3) Representativity: not described.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Anderson 1982  (Continued)

 
 

Methods 1) Randomisation: patients were randomly allocated to the order of treatment by four identical Latin
squares. 
2) Allocation concealment: Not described. 
3) Masking: The dose changes were effected in a single blind manner with matching placebo tablets.
4) Withdraw/Drop-out: 5 drop-out /38 (13,16%).
5) Duration of intervention: 2 months. 4 consecutive two month treatment periods (total = 8 months).
Four periods: placebo, low, medium and high theophylline serum concentrations.
6) Design: Crossover groups.
7) Jadad uality score: 2
8) Location: West Yorkshire, UK

Participants 1) Inclusion criteria:COPD, moderate to severe obstruction of airflow. 
2) Definition of COPD: Medical Research Council definition. 

Chrystyn 1988 
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3)Type of exercise test: Six min waking test
4) Definition of stable COPD: not defined. But no patients were recruited who had an acute exacerba-
tion in the previous 2 weeks.
5) Age: Mean = 61.2, SD 5.71 years (range 53 to 73)
6) FEV1: Mean = 29.1, SD 12.4 (% predc) 
7) Initial total number of patients: 38. Drop-out: 5. Final patients number: 33 ( 30 men and 3 women). 
8) Baseline therapy: Inhalation and oral corticosteroids and other bronchodilators were continued.
9) Exclusion criteria:Asthma or allergy, > = 15% improvement in FEV1 20 min after inhaling 500 ug
terbutaline sulphate, known sensitivity to methylxanthine, severe cardiac disease or other disease that
might interfere with exercise testing.

Interventions THEOPHYLLINE 3 GROUP- low dose ( n = 19), medium dose (n = 12), high dose (n = 10), completed the
study. 
1) Drug: Theophylline
2) Short or long action: Long-action
3) Dose: 3 doses used; low (5 to 10 mg/l), medium (10 to 15 mg/l) and high (15 to 20 mg/l). Used the
medium dose only for the review as it is clinically the most relevant dose resulting in therapeutic plas-
ma levels. 
4) Washout period: not mentioned.
5) Theophylline blood level: measured at the end of each two month period.

PLACEBO GROUP ( n = 22 )

Outcomes 1) Pulmonary function tests (FEV1), (FVC), (SVC) (L), TLC measured by helium dilution (L), FRC measured
by helium dilution (L), TLC measured by whole body plesthymography (L), FRC measured by whole
body plesthymography (L) and trapped gas volume (L).
2) Exercise testing : six minute walking test
3) Visual analogue scale for dyspnoea (10 cm)
4) Peak expiratory flow (L/min.)
5) Side effects: nausea, insomnia, dyspepsia, headache, cramp, tremor (theophylline group)

Notes 1) Intention-to-treat analyses: Yes
2) Sample size and statistical power: not reported.
3) Representativity: not specified

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Chrystyn 1988  (Continued)

 
 

Methods 1) Randomisation: not described (block design). 
2) Allocation concealment: not described.
3) Masking: Double blind, placebo tables were identical in appearance to theophylline tablets.
4) Withdraw/Drop-out: none.
5) Duration of intervention: 1 x 4 week as 4 different combinations of treatments were tested. 
6) Design: Cross-over group
7) Jadad quality score: 3
8) Location: Minneapolis, USA

Participants 1) Inclusion criteria: COPD, outpatients.
2) Definition of COPD: FEV1 less than 1.5 L and FEV1/FVC of less than 60%.
3)Type of exercise test: 12 minute walk test
4) Definition of stable COPD: not described.

Dullinger 1986 
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5) Age: Mean = 61 years ( range 53 to 72 years).
6) FEV1: Mean = 2.63 L (range 1.69 to 3.74)
7) Number of patients: 10 men. withdraw: 0
8) Baseline therapy: Not described.
9) Exclusion criteria: presence of significant chest abnormalities on x-ray, asthma, history of atopy, spu-
tum or blood eosinophilia, absence of long-term smoking, frequent episodic attacks of wheeziness,
regular use of corticosteroids, FEV1 response to an inhaled beta-agonist greater than 25% of baseline
or co-existing disease which might interfere with exercise testing.

Interventions THEOPHYLLINE GROUP VERSUS PLACEBO ( n = 10, completed the study)
1) Drug: Theophylline (Theo-Dur, Key Pharmaceuticals)
2) Short or long action: Long-action
3) Dose: twice daily in amounts to provide average plasma concentrations of 10 to 15 ug/ml.
4) Washout period: not mentioned.
5) Theophylline blood level: measured on the first day of the initial baseline study and at day 6 of each
period.

Outcomes 1) Pulmonary function tests: FVC (L), FEV1 (L). 
2) Exercise testing (12 minute walking test and Incremental cycle ergometry test)
3) Dyspnea (oxygen cost diagram - OCD and breathlessness rating - BR) 
4) Side effects: No reports of adverse effects from any of the treatments.

Notes 1) Intention-to-treat analyses: Yes
2) Sample size and statistical power: not reported.
3) Representativity: not described.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Dullinger 1986  (Continued)

 
 

Methods 1) Randomisation: not described. 
2) Allocation concealment: not described.
3) Masking: Double blind, using identical placebo tablets to active treatment. 
4) Withdraw/Drop-out: none.
5) Duration of intervention: 1 month.
6) Design: Cross-over groups
7) Jadad quality Score: 2
8) Location: Tel Aviv, Israel

Participants 1) Inclusion criteria:COPD, severe, stable, smokers or former smokers.
2) Definition of COPD: FEV1 less than 50% of predicted.
3)Type of exercise test: Incremental cycle-ergometer. 
4) Definition of stable COPD: not described.
5) Age: Mean = 68.5, SD 3.3 years
6) FEV1: Mean = 38.3, SD 8.6 (% pred) and Mean = 1.06, SD 2.8 (L)
7) Number of patients: 22 ( 17 men and 5 women), withdraw: 0
8) Baseline therapy: Inhalation corticosteroids and other bronchodilators.
9) Exclusion criteria: known cardiac disease or cardiac disorders shown on the baseline incremental
exercise test.

Interventions THEOPHYLLINE GROUP (n = 22, completed the study)
1) Drug: Theophylline (Theotrim, Trima Lab., Israel)

Fink 1994 
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2) Short or long action: Long-action
3) Dose: 300 mg theophylline (twice daily). Patients weighing less than 60 Kg took 200 mg twice per
day. 
4) Washout period: 2 weeks.
5) Theophylline blood level: measured on the day of the initial baseline study and after the first week
of treatment. The dose was adjusted if the level was below 55.5umol/l. This adjustment was repeated
until all patients had a blood level above 55.5umol/l.

PLACEBO GROUP ( n = 22, completed the study )

Outcomes 1) Pulmonary function tests FVC (L), FVC (% pred), FEV1 (L), FEV1 (% pred). 
2) Exercise testing (incremental exercise cycle ergometer test - WR, VO2max, HR, respiratory rate and
ventilation, VO2max/HR (maximum oxygen pulse), VEmax/MVV (dyspnoea index), anaerobic threshold
(VE/VO2slope).
3) Resting arterial blood gases
4) Maximal voluntary ventilation (MVV) (L), MVV (% pred).
5) Side effects: not described.

Notes 1) Intention-to-treat analyses: Yes
2) Sample size and statistical power: not reported.
3) Representativity: not described.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Fink 1994  (Continued)

 
 

Methods 1) Randomisation: not described. 
2) Allocation concealment not described.
3) Masking: Double blind, placebo tablets were identical in appearance to active treatment.
4) Withdraw/Drop-out: 8 drop-outs.
5) Duration of follow up: 4 treatment periods, each of 2 week duration, during which they received
the follwing combination: placebo-placebo, placebo-salbutamol (inhaler), placebo-theophylline, and
salbutamol (Inhaler)-theophylline. 
6) Design: Crossover group
7) Jadad quality Score: 3
8) Location: Ontario, Canada

Participants 1) Inclusion criteria: COPD.
2) Definition of COPD: FEV1 less than 70% and FEV1/FVC of less than 0.7.
3) Type of exercise test: 6 minute walk test
4) Definition of stable COPD: change in respiratory medication in the month prior to entry or hospitali-
sation in the previous 2 months.
5) Age: Mean = 65.3 years, SD 7.4.
6) FEV1: Mean = 1.02 L, SD 0.38. 7) Number of patients: 27 men. Dropout: 8 (1 angina, 1 for surgery to re-
move a lipoma, 1 found the study too inconvenient, and 1 dropped out after a respiratory tract infec-
tion (during salbutamol period). Final number of patients: 19.
8) Baseline therapy: Patients were instructed not to use their own medication under any circum-
stances and to contact a physician, who was available full-time. If patients deteriorated, they were
seen immediately, all outcome measures were obtained, and the patient was started on the next peri-
od's medication without the code being broken.
9) Exclusion criteria: a) inability to tolarate a theophylline level of greater than 12 ug/ml, b) a docu-
mented improvement in FEV1 of 25% or more in response to a trial of orally administered steroids, c) a

Guyatt 1987 

Oral theophylline for chronic obstructive pulmonary disease (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

20



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

documented improvement in FEV1 of 25% or more after inhaling 200 umg of salbutamol, d) asthma, e)
clinical instability, f) use of orally administered or inhaled anticholonergic preparations.

Interventions THEOPHYLLINE GROUP (n = 19, completed the study)
1) Drug: Theophylline
2) Short or long action: Short-action
3) Dose: Patients were given a previously titrated dose of theophylline to achieve a level of at least 65,
and, if possible, close to 100 mmol/L. 
4) Washout period: There was no washout period, but data from the first 3 days of each period was ex-
cluded.
5) Theophylline blood level: measured before the start of the study. In each treatment periods (the
mean theophylline level during periods of active drug was 12.3 +- 2.9 ug/ml.

PLACEBO GROUP (n = 19, completed the study)

Outcomes 1) Pulmonary function tests (FEV1 and FVC and Peak flow)
2) Exercise testing (6 minute walking test)
3) Dyspnoea (visual analogue scale)
4) Quality of life questionaire 
4) Side effects: 3 shortness of breath, 1 gastrointestinal upset (periods had to be terminated before).

Notes 1) Intention-to-treat analyses: Yes
2) Sample size and statistical power: not reported.
3) Representativity: Yes. Patients were recruited of more than 1,000 patients with CAL including all
such patients seen in 10 secondary care respirology practices in a metropolitan area of approximately
500,000 people in the previous 2 years.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Guyatt 1987  (Continued)

 
 

Methods 1) Randomisation: not described. 
2) Allocation concealment: not described.
3) Masking: double blind, identical looking placebo theophylline tablets were used.
4) Withdraws / drop-outs: not mentioned.
5) Duration of intervention:4 weeks.
6) Design: crossover groups.
7) Jadad quality score: 2
8) Location: Hillerod, Denmark

Participants 1) Inclusion criteria: severe COPD. 
2) Definition of COPD: FEV1 was mean 0.99 SD 0.45 L, FVC mean 2.2 SD 0.68 L. 
3)Type of exercise test: None. 
4) Definition of stable COPD: not described.
5) Age: not reported as abstract only published. 
6) FEV1: not described.
7) Number of patients:48 patients. Drop-out: not reported. 8) Baseline therapy: not reported in ab-
stract. 
9) Exclusion criteria: not reported in abstract.

Interventions THEOPHYLLINE GROUP (n = 48)
1) Drug: Theophylline. 

Iversen 1992 
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2) Short or long action: Long action, sustained release Theo-Dur
3) Dose: 300 mg twice daily
4) Washout period: not mentioned.
5) Theophylline blood level: mena 7.1 SD 3.6 mg/l.

PLACEBO GROUP ( n = 48)

Outcomes 1) Pulmonary function tests. 
2) Arterial blood gases
3) Dyspnoea scores 
4) Patients 'sense of well-being'
5) Daily beta-agonists usage

Notes As this study was reported as an abstract it was devoid of many details.
1) Intention-to-treat analyses: No
2) Sample size and statistical power: not reported.
3) Representativity: not described.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Iversen 1992  (Continued)

 
 

Methods 1) Randomisation: not described. 
2) Allocation concealment: not described.
3) Masking: Double blind, identical placebo used. 
4) Withdraw/Drop-out: 0 withdraw and 2 drop-outs (1 in cycle exercise runs and 1 in duration of resis-
tive breathing). 
5) Duration of intervention: 3 days of treatment with theophylline (or placebo) to reach therapeutic
plasma level than study measurements done. 
6) Design: Cross-over
7) Jadad quality Score: 3
8) Location: Chicago, USA

Participants 1) Inclusion criteria:moderately severe COPD (mean FEV1 1.08), none hypercapnic.
2) Definition of COPD: not described.
3)Type of exercise test: Incremental cycle-ergometer exercise testing. 
4) Definition of stable COPD: not described.
5) Age: not reported.
6) FEV1: Mean = 1.10 (L), SD (0.30) and Mean = 36.1 (% pred), SD (12.9)
7) Number of patients: 8. withdraw: 0
8) Baseline therapy: All medications were given in their regular dose, no patients were on corticos-
teroids at the time of the study. 
9) Exclusion criteria: not described.

Interventions THEOPHYLLINE GROUP ( n = 8, completed the study )
1) Drug: Theophylline. 
2) Short or long action: Long-action
3) Dose: not reported but therapeutic levels reach after third dose, mean 12.8 SD 4.4 ug/ml. 
4) Washout period: 3 days. 
5) Theophylline blood level: mean 12.8 SD 4.4 ug/ml.

PLACEBO GROUP ( n=8, completed the study )

Kongragunta 1988 

Oral theophylline for chronic obstructive pulmonary disease (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

22



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Outcomes 1) Maximal transdiaphragmatic pressures(Pdimax)
2) Exercise testing (Endurance)
3) Electromyograms of the quadriceps femoris
4) Inspiratory resistive breathing
5) Duration of resistive breathing runs
6) Changes in respiratory rate and duty cycle
7) Side effects: not described.

Notes 1) Intention-to-treat analyses: yes.
2) Sample size and statistical power: not reported.
3) Representativity: not described.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Kongragunta 1988  (Continued)

 
 

Methods 1) Randomisation: not described. 
2) Allocation concealment: not described.
3) Masking: double blind, placebo tablets were used.
4) Withdraws / drop-outs: not mentioned.
5) Duration of intervention:4 days.
6) Design: crossover groups.
7) Jadad quality score: 3
8) Location: Germany

Participants 1) Inclusion criteria: COPD
2) Definition of COPD: 
3)Type of exercise test: None.
4) Definition of stable COPD: not described.
5) Age: 
6) FEV1:
7) Number of patients: 25 (18M). Drop-out: not reported. Final number of patients: not reported. 
8) Baseline therapy: all concomitant therapy continued for the duration of the study. 
9) Exclusion criteria: LeW ventricular disease excluded with history, clinical diagnosis and chest x-ray.
No electrolyte imbalances, dysproteinaemia or liver and kidney dysfunction or acidosis allowed.

Interventions THEOPHYLLINE GROUP (n = 25)
1) Drug: Theophylline. 
2) Short or long action: Short-action
3) Dose: 400 mg bd for 4 days.
4) Washout period: 3 days
5) Theophylline blood level: done on the 4th and 11 days of the study.

PLACEBO GROUP ( n = 25)

Outcomes 1) Arterial blood gases
2) ECG
3) Heart rate

Notes 1) Intention-to-treat analyses: No
2) Sample size and statistical power: not reported.

Machraoui 1994 
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3) Representativity: not described.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Machraoui 1994  (Continued)

 
 

Methods 1) Randomisation: not described. 
2) Allocation concealment: not described.
3) Masking: Double blind, with placebo identical in appearance to theophylline tablets.
4) Withdraw/Drop-out: none.
5) Duration of intervention: 2 x 4 weeks 
6) Design: Cross-over groups
7) Jadad quality score: 3
8) Location: West Haven, Connecticut, USA

Participants 1) Inclusion criteria:COPD, stable, outpatients, at least moderate air-flow obstruction, less than 65 % of
predicted, ability to exercise on an upright bicycle ergometer, and willingness to discontinue all med-
ications for the period of the study.
2) Definition of COPD: FEV1 at least less than 65% of predict, with nonreversible airway obstruction, de-
fined as less than 15% improvement in FEV1 after an inhaled bronchodilator.
3)Type of exercise test: 12 min walking test and submaximal steady state as well as progressive, incre-
mental exercise on the bicycle ergometer.
4) Definition of stable COPD: not described.
5) Age: Mean = 60, SD 7 years
6) FEV1: Mean = 40 (% pred) and Mean= 1.36, SD 0.67 (L)
7) Number of patients: 12 men. withdraw: 0
8) Baseline therapy: Patients were instructed to use only an inhaled bronchodilator for respiratory
symptoms.
9) Exclusion criteria: History of asthma or electrocardiographic evidence of coronary artery disease,
valvular heart disease, hypertension, or primary myocardial disease.

Interventions THEOPHYLLINE GROUP (n = 12, completed the study)
1) Drug: Theophylline (Theo-Dur, Key Pharmaceutical, Inc., Miami, FL)
2) Short or long action: Long-action
3) Dose: Initial 13 mg/Kg/day in 2 divided doses based on lean body weight.
4) Washout: 2 weeks
5) Theophylline blood level: measured on the fourth day of the study, theophylline blood level mea-
sured using HPLC in patients receiving theophylline as well as placebo. If the level was less than 10
um/ml, then the dosage was increased by 200 to 400 mg/day; in those receiving placebo, the dosage
was randomly changed on the fourth day in some patients. In all patients who had a change in initial
dosage of medication, theophylline level was remeasured on the seventh day. All patients receiving
theophylline had a therapeutic blood level (10 to 20 ug/ml).

PLACEBO GROUP ( n = 12, completed the study ).

Outcomes 1) Pulmonary function tests (FVC (L), TLC (by body plethysmography), DLCO (ml/min/mmHg), FEV1 (L),
FEV1 (% Pred). 
2) Exercise testing: 12 min walking test (incremental and endurance exercise cycle ergometer test - WR,
VO2max, HR, respiratory rate and ventilation, VO2max/HR, VEmax/MVV, anaerobic threshold (VE/VO2s-
lope).
3) Resting arterial blood gases
4) Dyspnea index

Mahler 1985 
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5) Side effects: none occured. All patients tolerated the theophylline and placebo medications without
adverse effects.

Notes 1) Intention-to-treat analyses: Yes
2) Sample size and statistical power: not reported.
3) Representativity: yes. 20 patients with COPD were selected from outpatient clinics. After specific
tests 12 patients were selected for the study.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Mahler 1985  (Continued)

 
 

Methods 1) Randomisation: not described
2) Allocation concealment: coded in the pharmacy.
3) Masking: Double blind, placebo controlled. The code was not broken under any circumstances until
completion of the entire study.
4) Withdraw/Drop-out: none.
5) Duration of intervention: 10 days (four arms tothe study therefore 10 days x 4). 
6) Design: Cross-over
7) Jadad quality score: 3
8) Location: Little Rock, USA

Participants 1) Inclusion criteria:COPD severe outpatients, clinically stable, smoking history of greater than 20 pack-
years.
2) Definition of COPD: FEV1 less than 50% of predicted.
3) Type of exercise test: Incremental cycleergometer and steady-state exercise testing
4) Definition of stable COPD: not refered.
5) Age: Mean = (?) range 50 to 69 years
6) FEV1: Mean = 1.03, SD 0.34 (L)
7) Number of patients: 15 men. withdraw: 0
8) Baseline therapy: All medications with cardiopulmonary effect were discontinued for 72 hours.
9) Exclusion criteria: Asthma, presence of greater than 5% eosinophils on peripheral blood smear, pri-
mary cardiovascular disease (angina, systemic hypertension, ventricular arrhythmia), evidence of leW
ventricular decompensation, other complicating systemic illness.

Interventions THEOPHYLLINE GROUP (n = 15, completed the study)
1) Drug: Theophylline (Elixophylline)
2) Short or long action: Short-action
3) Dose: 200 mg theophylline (four times daily) for 10 days. 
4) Washout: not reported. 
5) Theophylline blood level: measured before and after 10 days of theophylline treatment. The dose
was not adjusted.

PLACEBO GROUP ( n = 15, completed the study )

Outcomes 1) Compliance with medication
2) Exercise testing (steady-state exercise (60% of the maximal work load during 6 minutes)
3) Shortness of breath: using a simple graded scale (absent = 0, mild = 1, moderate = 2, severe = 3). 
4) Wheezing: same simple scale as shortness of breath (above).
5) Side effects: 'intolerance' in theophylline group (only one patient)
6) Lung function

Marvin 1983 
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Notes 1) Intention-to-treat analyses: Yes
2) Sample size and statistical power: not reported.
3) Representativity: not described.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Low risk A - Adequate

Marvin 1983  (Continued)

 
 

Methods 1) Randomisation: not specified. 
2) Allocation concealment: The treatment packs containing medications were sealed in advance.
3) Masking: Double blind, placebo controlled.
4) Withdraw/Drop-out: 2/12 (17%).
5) Duration of intervention: 3 weeks x 2 (first week dose adjustments followed by 2 weeks of treat-
ment).
6) Design: Crossover group.
7) Jadad quality score: 3
8) Location: Dublin, Ireland

Participants 1) Inclusion criteria:COPD, clinically stable.
2) Definition of COPD: FEV1 less than 50% of predicted, with less than 15% improvement in FEV1 2O
min. after 400 ug of salbutamol via inhaler.
3)Type of exercise test: Incremental treadmill exercise testing
4) Definition of stable COPD: Yes, (none had exacerbation of the COPD for at least 6 wk before entry into
the study.
5) Age: (range 51 to 84). Mean = 4.2, SD 5.39
6) FEV1: 0.74 to 1.39 (range 20 to 47%). Mean = 0.91, SD 0.21
7) Number of patients: 12 ( 9 men and 1 woman). 2 drop-out. Final number of patients: 10.
8) Baseline therapy: Predinisone, duovent inhaler, beclomethasone inhaler, ipratropium inhaler,
salbutamol inhaler, theophylline.
9) Exclusion criteria: history of cardiac (other than cor pulmonale) or hepatic disease. Taking hyp-
notics, sedatives, or any medication known to interfere with the metabolism or absorption of theo-
phylline, smokers, asthma, blood eosinophilia.

Interventions THEOPHYLLINE GROUP (n=10, completed the study)
1) Drug: Theophylline (Napp Lab, Cambridge)
2) Short or long action: Long-action
3) Dose: 400 mg theophylline bd (10:00 AM and 10 PM). Patients weighing less than 70 kg took 300 mg
bd.
4) Washout: 1 week, when dose adjustments were made for both the active and placebo arms. 
5) Theophylline blood level: measured during the first week in baseline period and during the subse-
quent week in both active and placebo groups. The dose was adjusted in a blinded fashion in those on
active treatment. Adjustments were made until all patients had a blood level between 10 and 20 mg/l.

PLACEBO GROUP (n = 10, completed the study).

Outcomes 1) Pulmonary function tests
2) Incremental exercise testing
3) Resting arterial blood gases and oxygen saturation.
4) Sleep alterations
5) Side effects: Nausea, only one patient (this patient had not taken theophylline before as the other 9
had).

Mulloy 1993 
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Notes 1) Intention-to-treat analyses: No.
2) Sample size and statistical power: not reported.
3) Representativity: Yes. Randomised outpatients.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Low risk A - Adequate

Mulloy 1993  (Continued)

 
 

Methods 1) Randomisation: not described. 
2) Allocation concealment: not described.
3) Masking: Double blind, placebo identical to theophylline in appearance.
4) Withdraw/Drop-out: none.
5) Duration of follow up: 2 months. (two months of placebo and two months of treatment + 8-day
washout period between periods).
6) Design: Cross-over group design.
7) Jadad quality score: 3
8) Location: Clichy, France

Participants 1) Inclusion criteria:COPD, clinically stable. Smokers (15/ 60 - 25%), former smokers (43/ 60 - 72%) and
nonsmokers (2/60 - 3%).
2) Definition of COPD: a change in FEV1 of less 15% after the administration of 400ug albuterol.
3)Type of exercise test: none.
4) Definition of stable COPD: not described.
5) Age: Mean = 61, SD 8 years
6) FEV1: Mean = 31.6, SD 12.5 (% pred) 
7) Number of patients: 60. 
8) Baseline therapy: No inhalation corticosteroids or other bronchodilators. Antibiotics only when in-
fection was evidenced by an increased production of purulent sputum. Oxygen therapy (13 patients)
was maintained at an identical flow and duration throughout the study.
9) Exclusion criteria: not reported.

Interventions THEOPHYLLINE GROUP (n = 60, completed the study)
1) Drug: Theophylline (Theostat, Theoplus, Sinbio Laboratories, Paris).
2) Short or long action: Long-action
3) Dose: 10 mg per Kg of body weight per day of theophylline (twice daily). 
4) Washout: 8 days.
5) Theophylline blood level: measured after one week in each treatment period with use of HPLC, and
the results were reviewed by an independent observer. If necessary, the dose of theophylline was ad-
justed to obtain a plasma level of 10-20 mg/l.

PLACEBO GROUP (n = 60, completed the study)

Outcomes 1) Pulmonary function tests (% of predicted), FEV1(% of predicted), FRC (% of predicted), Tidal volume
(L). 
2) Minute ventilation (L/min)
3) Airway resistence (cm of H2O/L/sec), 
2) Resting arterial blood gases
3) Respiratory-Muscle Performance ( Ppl, Ppl max, Ppl/Ppl max)
4) Dyspnea (visual - analogue scale)
5) Side effects: not reported.
6) Respiratory Rate (breaths/min).

Murciano 1989 
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Notes 1) Intention-to-treat analyses: Yes
2) Sample size and statistical power: not reported.
3) Representativity: not described.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Murciano 1989  (Continued)

 
 

Methods 1) Randomisation: not described. 
2) Allocation concealment: not described.
3) Masking: Double blind, placebo controlled. 
4) Withdraw/Drop-out: none.
5) Duration of intervention: 2 x 4 weeks.
6) Design: Cross-over groups
7) Jadad quality score: 2
8) Location: Jerusalem, Israel

Participants 1) Inclusion criteria: COPD moderate to severe.
2) Definition of COPD: FEV1 25-60% of predict, PaO2 >= 55mmHg and PCO2 < = 50mmHg.
3) Type of exercise test: Incremental cycle-ergometer exercise testing
4) Definition of stable COPD: not described.
5) Age: Mean = 62.4, SD 5.6 years
6) FEV1: Mean = 43.4, SD 10.7 (% pred) and Mean = 1.15, SD 0.3 (L)
7) Number of patients: 12 (11 men and 1 women). withdraw: 0. 15 met the inclusion criteria but only 12
wanted to participate in the study.
8) Baseline therapy: Inhaled bronchodilators were allowed only to relieve symptoms, and the doses
consumed was recorded.
9) Exclusion criteria: Asthma, blood eosinophils of > 500 cell/mm3, more severe COPD or symptomatic
coronary artery or cerebrovascular disease.

Interventions THEOPHYLLINE GROUP (n = 12, completed the study)
1) Drug: Theophylline (Theotrim, Trima Lab., Israel)
2) Short or long action: Long-action
3) Dose: was titrated to achieve blood levels of 10 to 20 mg/l.
4) Washout: not reported.
5) Theophylline blood level: measured 2 to 3 h after the morning dose of 10 to 20 mg/L at 2 to 3 h after
morning dose.

PLACEBO GROUP (n = 12, completed the study)

Outcomes 1) Pulmonary function tests (FEV1 (L), FVC (L), flow volume loop). 
2) Peak flow (L/min.)
3) Exercise testing: Incremental cycle ergometer test (VO2max (ml/min.), AT=anaerobic threshold (ml
VO2/min., HR max (beats/min), VO2/HR max (ml/beat), VE max (L/min), exercise BR (L/min), R max)
4) Resting arterial blood gases
5) Maximal voluntary ventilation
6) PC20 (provocative concentration of inhalent needed to induce 20% fall in FEV1) 
7) Neuropsychological evaluation tests (memory, attention, concentration)
8) Side effects: nausea, headache, loss of recent memory.

Notes 1) Intention-to-treat analyses: Yes.
2) Sample size and statistical power: not reported.

Newman 1994 
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3) Representativity: not specified.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Newman 1994  (Continued)

 
 

Methods 1) Randomisation: not described. 
2) Allocation concealment: not described.
3) Masking: Double blind, placebo used which was identical to active treatment. 
4) Withdraw/Drop-out: none.
5) Duration of intervention: 2 x 4 weeks.
6) Design: Cross-over groups
7) Jadad quality score: 3
8) Location: Kyoto, Japan

Participants 1) Inclusion criteria: COPD moderate to severe.
2) Definition of COPD: FEV1 < 60% predicted, FEV1/FVC < 0.7, aged between 50 to 75 yrs.
3)Type of exercise test: none
4) Definition of stable COPD: no exacerbation in the preceeding 3 months, no treatment with inhaled or
systematic steroids in the preceeding 2 weeks.
5) Age: Mean = 64.3, SD 5.9 yrs
6) FEV1: Mean = 0.92, SD 0.38 (L) and Mean % predicted = 35.3, SD 14.0. 
7) Number of patients: 12 (11 men and 1 women). withdraw: 1.
8) Baseline therapy: both Inhaled salbutamol (400ug) and ipratropium bromide (40ug) were allowed
qid. 
9) Exclusion criteria: asthma, heart disease or any other illness.

Interventions THEOPHYLLINE GROUP (n = 12, completed the study)
1) Drug: Theophylline (Slow-bid, RPR, Japan)
2) Short or long action: Long-action
3) Dose: 400mg for 2 weeks, followed by 600mg for another 2 weeks.
4) Washout: not reported.
5) Theophylline blood level: ??

PLACEBO GROUP (n=12, completed the study)

Outcomes 1) Pulmonary function tests (FEV1 (L), FVC (L). 
2) Peak flow (L/min.)
3) Daily symptoms of cough, sputum, wheeze, and dyspnoea based on a smple scale of 1 to 4 (1 best, 4
worst) 
4) Side effects: nausea, gastrointestinal effects.

Notes 1) Intention-to-treat analyses: No.
2) Sample size and statistical power: not reported.
3) Representativity: not specified.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Nishimura 1993 
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Methods 1) Randomistion: not described. 
2) Allocation concealment: not described.
3) Masking: Double blind with matching placebo.
4) Withdraw/Drop-out: 7 drop-outs. One patient because he complained of urinary tract infection. Four
patients because of exacerbation due to respiratory tract infection: Two during the theophylline period
and two during the placebo period. Two in theophylline group because of gastrointestinal side effects.
One patient in the theophylline group did not have theophylline level detected, he was excluded from
the data analysis. Withdraw: 1.
5) Duration intervention: 4 weeks.
6) Design: cross-over groups
7) Jadad quality score: 2
8) Location: Kyoto, Japan

Participants 1) Inclusion criteria:COPD, stable, age older 55 years, history of cigarette smoking of more than 20 pack-
years, chest radiograph showing hyperinflation with or without a vascular deficiency pattern sugges-
tive of pulmonary emphysema, smokers, former smokers, a best postbronchodilator ratio of the FEV1
to FVC of less than 70%.
2) Definition of COPD: FEV1 of less than 80% of the predicted value, according to the American Tho-
racic Society.
3)Type of exercise test: none.
4) Definition of stable COPD: no acute exacerbation of airflow obstruction within the preceding 3
months.
5) Age: Mean = 63.3, SD 4.7 years, range 55 to 73.
6) FEV1: Mean = 36.8, SD 17 (% pred) and Mean = 0.96, SD 0.43 (L)
7) Number of patients: 32 men. Drop-out: 7. Withdraw: 1. Final number of patients: 24. 
8) Baseline therapy: salbutamol 400 ug and ipratropium bromide 80 ug qid.
9) Exclusion criteria: any history suggestive of asthma, heart disease, or any other illness. Patients
treated with inhaled or systemic steroids in the preceding 3 weeks were also excluded.

Interventions THEOPHYLLINE GROUP (n = 24, completed the study)
1) Drug: Theophylline
2) Short or long action: Long-action
3) Dose: the daily doses of theophylline were predetermined to provide average serum concentration
of more than 10 ug/ml.
4) Washout: not reported.
5) Theophylline blood level: was measured by fluorescence polarization immunoassay. The moment of
the measured during the study and adjusted dose criteria was not described.

PLACEBO GROUP (n = 24, completed the study )

Outcomes 1) Pulmonary function tests by body plethysmography (FVC (L), FVC (% pred), FEV1 (L), FEV1 (% Pred), 
2) Peak expiratory flow rate.
3) Symptoms of cough, sputum, wheezing and shortness of breath, rated on a simple scale of one to
four.
4) Side effects: 2 patents had gastrointestinal side effects in the theophylline group.

Notes 1) Intention-to-treat analyses: No
2) Sample size and statistical power: not reported.
3) Representativity: not described.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Nishimura 1995 
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Methods ABSTRACT ONLY
1) Randomisation: not described. 
2) Allocation concealment: not described.
3) Masking: Single blind, placebo controlled. 
4) Withdraw/Drop-out: not reported.
5) Duration of intervention: 2 x 4 weeks.
6) Design: Cross-over groups
7) Jadad quality score: 1
8) Location: Dublin, Ireland

Participants 1) Inclusion criteria: COPD patients who did not demonstrate a bronchodilator response 'irreversible'.
2) Definition of COPD: not reported.
3) Type of exercise test: none
4) Definition of stable COPD: not described.
5) Age: Mean = 67.4, SD 6.6 years
6) FEV1: Mean = 1.06, SD 0.53 (L), FVC 2.44, SD 0.88 (L).
7) Number of patients: 37
8) Baseline therapy: not reported.
9) Exclusion criteria: not reported.

Interventions THEOPHYLLINE GROUP (n = 37)
1) Drug: Theophylline
2) Short or long action: Long-action
3) Dose: not reported but dosing was bd.
4) Washout: not reported.
5) Theophylline blood level: not reported.

PLACEBO GROUP (n = 37)

Outcomes 1) Spirometry 
2) Peak flow (L/min.)
3) Symptom scores
4) 6 MW distance
5) Quality of life: CRDQ & Nottingham Health Profile Index).

Notes 1) Intention-to-treat analyses: not reported.
2) Sample size and statistical power: not reported.
3) Representativity: not specified.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Power 1992 

 
 

Methods 1) Randomisation: not described. 
2) Allocation concealment: randomly generated sequence.
3) Masking: Double blind, placebo controlled, 3 way crossover.
4) Withdraw/Drop-out: None but seven of the 12 who completed the active phase of the study were re-
moved from the placebo phase because of increasing symptom severity.
5) Duration of intervention: 2 weeks x 3. Three arms in study but we will only use one active arm and
the placebo arm as to avoid double counting the placebo group. 

Rivington 1988 
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6) Design: Crossover groups
7) Jadad quality score: 3
8) Location: Ontario, Canada

Participants 1) Inclusion criteria: Stable COPD, not have asthma, aged 50 yrs and over and require chronic bron-
chodilator therapy.
2) Definition of COPD: FEV1:FVC ratio of < 60% predicted and documented chronic airflow limitation.
3) Definition of stable COPD: not stated. 
4) Type of exercise test: none
5) FEV1 % predicted Mean 37.4 SE 4.0, PaO2 Mean 73.3 SE 2.2 mmHg, PaCO2 Mean 40.9 SE 1.0 mmHg,
Age Mean 64.7 SE 2.1. 
6) Number of patients: 12 (8 men and 4 women). Withdraw: 1 due to exacerbation in active active
phase. Initial number of patients: 13 patients.
7) Baseline therapy: During the trial patients were encouraged not to use bronchodilators other than
their usual salbutamol inhaler and their usual inhaled or oral steroids. 
8) Exclusion criteria: patients with clinically significant cardiac, renal, hepatic or metabolic disease, pa-
tients known to have taken drugs known to interfer with theophylline metabolism, and patients need-
ing supplemental oxygen or were experiencing chronic respiratory failure = PaCO2 > 55mmHg).

Interventions THEOPHYLLINE GROUP (n = 12, completed the study)
1) Drug: Uniphyl or Theo-Dur (we usedthe results from the Uniphyl vs placebo comparison)
2) Short or long action: Long-action.
3) Dose: once daily.
4) Washout: one day. 
5) Theophylline blood level: measured to give a morning trough of at least 7 ug/ml.

PLACEBO GROUP (n = 12)

Outcomes 1) Peak flow rate
2) Heart rate (mean and max).
3) ECG
4) Side effects: headache, nausea, vomiting recorded on a 0 to 6 scale.
5) Symptoms: cough, dyspnoea, wheeze, chest tightness recorded on a 0 to 6 scale.
6) Use of daily inhaled beta-agonists.

Notes 1) Intention-to-treat analyses: No.
2) Sample size and statistical power: not reported.
3) Representativity: not described.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Low risk A - Adequate

Rivington 1988  (Continued)

 
 

Methods 1) Randomisation: not reported. 
2) Allocation concealment: the numbers 1 to 12 were randomly assigned to packages of six bottles con-
taining 180 capsules of 200 mg of either theophylline or placebo. Six of these packages contained three
bottles labeled months 4,5, and 6. Six packages contained drug and placebo in reverse manner.
3) Masking: Double blind. Placebo tablets had the same appearance as theophylline.
4) Withdraw/Drop-out: one dropped out after month 4 treatment. 3 patients had to be crossed over be-
cause of the treament efficacy, one after several days, one after 2 weeks, and the third after months.
5) Duration intervention: 3 months x 2 6) Design: Cross-over groups.
7) Jadad quality score: 5

Schmidt 1979 
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8) Location: Pennsylvania, USA

Participants 1) Inclusion outpatients criteria:COPD, without improve 15% response to inhaled isoproterenol.
2) Definition of COPD: FEV1 less than 70% of predicted.
3)Type of exercise test: none.
4) Definition of stable COPD: not described.
5) Age: not described (range 30 to 70)
6) FEV1: Mean = 1.05, SD not described.
7) Number of patients:12. Drop-out: 1 (11 patients completed the study).
8) Baseline therapy: not reported.
9) Exclusion criteria: not reported.

Interventions THEOPHYLLINE GROUP (n = 11, completed the study)
1) Drug: Elixophyllin 200mg capsules.
2) Short or long action: Short-action
3) Dose: 800 mg theophylline per day total (dosing was 200mg qid).
4) Washout: not reported
5) Theophylline blood level: not measured.

PLACEBO GROUP (n = 11, completed the study)

Outcomes 1) Pulmonary function tests (FVC (L), FVC (% pred), FEV1 (L), FEV1 (% pred), MMFER (L/min). Maximal
mid flow expiratory rate. 
2) Patient questionnaire pulmonary status
3) Symptom: subjective
4) Heart rate

Notes 1) Intention-to-treat analyses: no.
2) Sample size and statistical power: not reported.
3) Representativity: not described.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Low risk A - Adequate

Schmidt 1979  (Continued)

 
 

Methods 1) Randomisation: not described. 
2) Allocation concealment: not described.
2) Masking: Double blind. Placebo was indistinguishable from the active medication.
3) Withdraw/Drop-out: Two drop-out (one during the theophylline titration period for reasons unre-
lated to the study and the other during the second treatment phase due to severe dyspnoea - at which
time he was receiving theophylline.
4) Duration of intervention: 2 weeks x 4. Four arms in study but we need only use 2 (3 versus 4). 
6) Design: Crossover groups
7) Jadad quality score: 4
8) Location: Toronto, Canada

Participants 1) Inclusion criteria: Stable COPD, outpatients.
2) Definition of COPD: FEV1 less than 60 % of predicted normal and FEV1/FVC ratio less than 0.7.
3) Definition of stable COPD: not requiring additional therapeutic intervention.
5) Age: Mean= 63.1 years ( SD 4.6 years).
6) FEV1: Mean= 1.09 L (SD 0.35 and range 0.6 to 1.6 L)
7) Number of patients: 12 (6 men and 6 women). Withdraw: 2 .Initial number of patients: 14 patients.

Thomas 1992 
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8) Baseline therapy: No bronchodilators, other than the test medications or steroids were allowed dur-
ing the trial. Medications patients were taking at time of study entry were continued at stable dosages
throughout the trial.
9) Exclusion criteria: FEV1 or FVC values differed by more than 20 % in any spirometric tests performed
during the preceding two years. Evidence of severe cardiac, hepatic, or renal disease; and if taking al-
lopurinol, beta-blockers, oral corticosteroids, phenytoin, or cimetidine.

Interventions THEOPHYLLINE GROUP (n = 12, completed the study)
1) Drug: Phyllocontin, Purdue Frederick.
2) Short or long action: Long-action theophylline.
3) Dose: twice daily, at a previously determined dosage.
4) Washout: not reported. 
5) Theophylline blood level: measured on the open-label theophylline dose-titration period during
which their dosage of oral was adjusted to produce serum theophylline concentration of at least 10
mg/L, and as close as possible to 16.5 mg/L - between 4 and 6 h after dose.

PLACEBO GROUP (n=12)

Outcomes 1) Pulmonary function tests: FVC (L), FEV1 (L), FVC, IC, FRC, Raw, TLC, RV. 
2) Patient diary data.
3) Dyspnoea, cough, wheezing and sputum production: using a five-point simple scale 0 = none; 1 =
mild; 2 = moderate; 3 = severe; 4 = intolerable. 
4) Side effects: using a simple five-point scale 0 = none; 1= mild; 2 = moderate; 3 = severe; 4 = intolera-
ble.

Notes 1) Intention-to-treat analyses: No.
2) Sample size and statistical power: not reported.
3) Representativity: not described.

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment
(selection bias)

Unclear risk B - Unclear

Thomas 1992  (Continued)

6MW: Six minute walk distance
AT: Anaerobic threshold (mlVO2/min)
DLCO: DiHusing capacity of the lung for carbon monoxide (ml/min/mmHg)
FEV1: Forced expiratory volume in one second (L)
FVC: Forced Vital Capacity (L)
FRC: Functional Residual Capacity (L)
HR: Heart Rate
MMFER: Maximal mid flow expiratory rate
MVV: Maximum Voluntary Ventilation (L)
PaCO2: Arterial carbon dioxide tension (mmHg or KPa)
PaO2: Arterial oxygen tension (mmHg or KPa)
PC20: concentration of inhalent necessary to produce a 20% fall in FEV1
PEFR: Peak expiratory flow rate
RV: Residual volume (L)
SVC: Slow vital capacity (L)
TGV: Trapped gas volume (L)
TLC: Total Lung Capacity (L)
VEmax/MVV: dyspnoea index
VE/VO2slope: anaerobic threshold
VO2max/HR : maximum oxygen pulse
VO2 max: Maximum oxygen consumption
WR: Work Rate
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Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Adelroth 1998 Review article.

Arnold 1990 No placebo arm. Study compared enprofylline versus theophylline.

Ashutosh 1997 The objective of this study was to observe the effect theophylline on respiratory drive. The study
was also only of single doses of theophylline.

Bachmann 1995 All patients were taking theophylline as study was seeing the effects of cimetidine and famotidine
on theophylline.

Berry 1991 Because of the objective of this study is investigate the effect to theophylline on sleep-disordered
breathing in patients with COPD.

Beulcke 1995 No placebo arm. Study compared two derivatives of xanthine.

Bleecker 1991 Single dose study lasting 2 hours and probably not an RCT.

Blom 1985 Study did not involve the use of theophylline.

Boos 1989 No placebo arm in study.

Carvalho-Pinto 1991 No placebo arm in study.

Chapman 1990 The population studied had reversible obstructive airway disease (asthma)

Conradson 1987 The population studied have bronchial asthma (23) and/or chronic bronchitis (1).

Crimi 1995 No placebo arm in study. Comparison was between nedocromil sodium and theophylline.

Cusack 1986 No placebo arm in study.

Di Lorenzo 1998 There is no control group, only salmeterol and theophylline intervention groups.

Dini 2001 Not an RCT.

Dorow 1978 Allocation of treatment not randomised, although double-blinding was used.

Dull 1981 This study presents data for post isoproterenol nebulisation response on the final day of 4-wk
placebo and theophylline period.

Evans 1984 Single dose study. Patients were given theophylline at 2200hrs on the eve of each study day and all
patients were studies 12 hours later. Varying single doses were used (200, 400, 600 and 800 mg) on
separate days.

Fitzpatrick 1992 The subjects included in this study are healthy volunteeers

Greening 1981 The population is not COPD. They have asthma.

Harkaway 1985 No placebo arm, study comparing 2 preparations of theophylline.

Horiguchi 1999 Not COPD but study done in patients with asthma.

Hudson 1973 No placebo arm in study.

Oral theophylline for chronic obstructive pulmonary disease (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

35



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study Reason for exclusion

Javaheri 1996 The population studied in this paper have heart failure not COPD

Karpel 1994 There are four grops in this study : ipratropium + theophylline + albuterol vs theophylline + al-
buterol vs ipratropium vs placebo. But there are no theophylline only group.

Lamont 1982 Study included patients with greater than 20% reversibility in FEV1 after beta2 agonists from pMDI,
therefore COPD patients only not included in study.

Lefcoe 1982 Because of the distribution of the grous: P = placebos (2 oral, plus one aerosol), F + T = fenoterol +
teophylline, I = Ipratropium bromide + placebo + theophylline, F+ T + I = fenoterol+ theophylline +
ipratropium bromide. So, there is not a isolated theophylline study group.

Leitch 1981 Single dose study lasting 3 hours.

Leuenberger 1997 Not an RCT but a review paper.

Lunell 1983 No placebo arm in study.

Mahon 1999 This was not a conventional RCT but an N of 1 trial, therefore it was excluded as only conventional
RCT's were included. Patients in this study switched (crossover) to the "other" blinded treatment
arm if the first treatment did not appear to work.

Man 1996 No placebo arm in study.

Marlin 1978 Not COPD patients.

Martin 1992 No placebo group in study.

McHardy 1981 Study specifically looked at chronic bronchitis patients only but also included some patients who
had COPD. But the data for COPD patients is not presented separately but mentioned in text.

Melani 1994 There is no placebo group in this study.

Melillo 1989 There is no control group.

Morandini 1989 No placebo arm in study.

Oren 1997 This study is not randomised.

Poukkula 1989 Not patients with COPD.

Pulido 1989 Bamyphylline is a theophylline derivate. Our protocol includes only aminophylline and theo-
phylline not their derivates.

Sacco 1995 In this study there was no placebo group. It was doxofylline versus theophylline groups.

Shivaram 1997 Single dose study lasting 120 minutes.

Siemon 1991 Study comparing two different theophylline preparations.

Steen 1980 No placebo arm in study. Tedral versus theophylline only.

Sutton 1981 Not COPD patients.

Svedmyr 1982 Single dose study in patients with asthma. Oral theophylline used in combination with terbutaline.
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Study Reason for exclusion

Taccola 1999 No placebo arm.

Tanzj 1974 Two different theophylline preparations compared with no placebo arm in study.

Tatsis 1988 This study does not a placebo group and includes bronchial asthmatics patients

Taylor 1985 Not COPD patients, mean bronchodilator reversibility in FEV1 of > 26%.

Tsukino 1998 Single dose study.

Umut 1992 Not an RCT.

Van Andel 1999 Not a RCT.

Vereen 1986 Use of iv aminophylline preparation.

Villani 1997 Because doxophylline is a theophylline derivate. Our protocol includes only aminophylline and
theophylline.

Vyse 1989 No placebo group.

Wiessmann 1975 Allocation of treatment not randomised, although double-blinding was used.

Winter 1984 No placebo arm. Study only included a comparison between theophylline versus salbutamol.

Yang 2001 Not COPD patients but asthma.

ZuWallack 2001 Study was primarily comparing theophylline plus salmeterol as a combination treatment. Although
the study had theophylline only arm it did not have a placebo only arm so the study cannot be in-
cluded in the review.

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Theophylline versus Placebo - crossover studies

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Forced Expiratory Volume in
one second

14   Mean Difference (IV, Fixed, 95% CI) Subtotals only

1.1 FEV1 (litres) 13 488 Mean Difference (IV, Fixed, 95% CI) 0.10 [0.04, 0.16]

1.2 FEV1 (% predicted) 3 212 Mean Difference (IV, Fixed, 95% CI) 3.04 [-0.09, 6.18]

2 Forced Vital Capacity 13   Mean Difference (IV, Fixed, 95% CI) Subtotals only

2.1 FVC (litres) 11 392 Mean Difference (IV, Fixed, 95% CI) 0.21 [0.10, 0.32]

2.2 FVC (% predicted) 3 212 Mean Difference (IV, Fixed, 95% CI) 3.93 [0.22, 7.65]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3 Slow Vital Capacity (liters) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

4 Functional Residual Capacity 2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

4.1 FRC - measured by helium
dilution (liters)

1 66 Mean Difference (IV, Fixed, 95% CI) 0.15 [-0.54, 0.84]

4.2 FRC - measured by whole
body plethysmography (liters)

1 66 Mean Difference (IV, Fixed, 95% CI) -0.48 [-1.25, 0.29]

4.3 FRC (% predicted) 1 120 Mean Difference (IV, Fixed, 95% CI) -4.0 [-16.54, 8.54]

5 Peak Expiratory Flow Rate
(liters/min)

5 196 Mean Difference (IV, Fixed, 95% CI) 14.82 [-9.39, 39.04]

6 Total Lung Capacity 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

6.1 TLC - measured by helium
dilution (liters)

1 66 Mean Difference (IV, Fixed, 95% CI) 0.52 [-0.25, 1.29]

6.2 TLC - measured by whole
body plethysmography (liters)

1 66 Mean Difference (IV, Fixed, 95% CI) -0.26 [-1.03, 0.51]

7 Residual Volume (litres) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

8 Trapped gas volume (liters) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

9 VO2max -maximum oxygen
consumption (ml/min)

2 64 Mean Difference (IV, Fixed, 95% CI) 195.27 [112.71,
277.83]

10 PaO2 mmHg (arterial oxy-
gen tension at rest)

6 312 Mean Difference (IV, Fixed, 95% CI) 3.18 [1.23, 5.13]

11 PaCO2 mmHg (arterial car-
bon dioxide tension at rest)

6 312 Mean Difference (IV, Fixed, 95% CI) -2.36 [-3.52, -1.21]

12 SaO2 (oxygen saturation at
rest %)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

13 Distance walked (m) 4 159 Std. Mean Difference (IV, Fixed,
95% CI)

0.30 [-0.01, 0.62]

13.1 6MWD 2 115 Std. Mean Difference (IV, Fixed,
95% CI)

0.25 [-0.11, 0.62]

13.2 12MWD 2 44 Std. Mean Difference (IV, Fixed,
95% CI)

0.43 [-0.17, 1.03]

14 VAS (mm) 0 = extremely
breathlessness, 100 = not at all
breathless

2 54 Mean Difference (IV, Fixed, 95% CI) 3.61 [-4.62, 11.84]

15 Duration of resistive breath-
ing (60% of Pimax - minutes)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

16 Exercise challenge 2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

16.1 Cycle endurane testing
(minutes)

1 14 Mean Difference (IV, Fixed, 95% CI) 1.03 [-2.77, 4.83]

16.2 Progressive Cycle Ergom-
etry (PCE) (min)

1 20 Mean Difference (IV, Fixed, 95% CI) 0.0 [-0.82, 0.82]

17 Heart rate (bpm) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

18 Symptoms 2   Mean Difference (IV, Fixed, 95% CI) Subtotals only

18.1 Wheezing (simple scales) 2 42 Mean Difference (IV, Fixed, 95% CI) -0.19 [-0.58, 0.19]

18.2 Shortness of breath (sim-
ple scales)

2 42 Mean Difference (IV, Fixed, 95% CI) -0.32 [-0.89, 0.25]

19 PC20 (mg/ml) 1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

20 Acute exacerbations 2 90 Risk Ratio (M-H, Fixed, 95% CI) 0.33 [0.10, 1.14]

21 Patient preference for theo-
phylline or placebo

2 100 Risk Ratio (M-H, Fixed, 95% CI) 2.27 [1.26, 4.11]

22 Drop-outs 3 148 Risk Ratio (M-H, Fixed, 95% CI) 0.8 [0.23, 2.76]

23 Adverse effects 4   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

23.1 Nausea 3 78 Risk Ratio (M-H, Fixed, 95% CI) 7.67 [1.47, 39.94]

23.2 Insomnia 1 34 Risk Ratio (M-H, Fixed, 95% CI) 0.33 [0.01, 7.65]

23.3 Dyspepsia 1 66 Risk Ratio (M-H, Fixed, 95% CI) 3.0 [0.33, 27.38]

23.4 Headaches 1 24 Risk Ratio (M-H, Fixed, 95% CI) 3.0 [0.13, 67.06]

 
 

Analysis 1.1.   Comparison 1 Theophylline versus Placebo - crossover
studies, Outcome 1 Forced Expiratory Volume in one second.

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.1.1 FEV1 (litres)  

Dullinger 1986 10 0.7 (0.2) 10 0.7 (0.2) 17.47% 0.08[-0.06,0.22]

Anderson 1982 17 1.5 (0.4) 17 1.3 (0.5) 3.94% 0.12[-0.18,0.42]

Marvin 1983 15 1 (0.2) 15 0.9 (0.4) 8.49% 0.08[-0.12,0.28]

Guyatt 1987 24 0.9 (0.4) 24 0.8 (0.4) 7.44% 0.13[-0.09,0.35]

Thomas 1992 12 1.1 (0.3) 12 1 (0.4) 4.66% 0.11[-0.16,0.38]

Nishimura 1993 12 1 (0.4) 12 0.9 (0.3) 4.48% 0.1[-0.18,0.38]

Nishimura 1995 24 1 (0.4) 24 0.9 (0.4) 5.96% 0.07[-0.17,0.31]

Alexander 1980 40 1.2 (0.5) 40 1 (0.5) 6.76% 0.15[-0.08,0.38]

Favours Placebo 10.5-1 -0.5 0 Favours Theophylline
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Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Newman 1994 12 1.1 (0.5) 12 1 (0.4) 3.05% 0.13[-0.21,0.47]

Mahler 1985 12 0.1 (0.2) 12 -0 (0.2) 20.96% 0.13[0,0.26]

Fink 1994 22 1.1 (0.4) 22 1.1 (0.4) 7.61% 0.05[-0.16,0.26]

Chrystyn 1988 33 1.1 (0.6) 33 1 (0.5) 5.36% 0.08[-0.17,0.33]

Schmidt 1979 11 1 (0.4) 11 0.9 (0.4) 3.81% 0.12[-0.18,0.42]

Subtotal *** 244   244   100% 0.1[0.04,0.16]

Heterogeneity: Tau2=0; Chi2=0.94, df=12(P=1); I2=0%  

Test for overall effect: Z=3.44(P=0)  

   

1.1.2 FEV1 (% predicted)  

Nishimura 1995 24 38.5 (16.9) 24 35.7 (16.9) 10.74% 2.8[-6.76,12.36]

Fink 1994 22 39.6 (8) 22 37.9 (8.7) 40.26% 1.7[-3.24,6.64]

Murciano 1989 60 35.7 (13) 60 31.5 (12) 49% 4.2[-0.28,8.68]

Subtotal *** 106   106   100% 3.04[-0.09,6.18]

Heterogeneity: Tau2=0; Chi2=0.54, df=2(P=0.76); I2=0%  

Test for overall effect: Z=1.9(P=0.06)  

Test for subgroup differences: Chi2=3.38, df=1 (P=0.07), I2=70.42%  

Favours Placebo 10.5-1 -0.5 0 Favours Theophylline

 
 

Analysis 1.2.   Comparison 1 Theophylline versus Placebo - crossover studies, Outcome 2 Forced Vital Capacity.

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.2.1 FVC (litres)  

Dullinger 1986 10 2.8 (0.4) 10 2.6 (0.4) 10.56% 0.15[-0.19,0.49]

Anderson 1982 17 2.6 (0.5) 17 2.4 (0.6) 9.52% 0.21[-0.15,0.57]

Marvin 1983 15 2.4 (0.7) 15 2.3 (0.5) 6.35% 0.18[-0.26,0.62]

Thomas 1992 12 2.3 (0.6) 12 2.1 (0.6) 5.63% 0.23[-0.24,0.7]

Alexander 1980 40 2.9 (0.9) 40 2.6 (0.9) 8.59% 0.3[-0.08,0.68]

Nishimura 1993 12 2.6 (0.8) 12 2.4 (0.7) 3.56% 0.16[-0.43,0.75]

Newman 1994 12 2.2 (0.6) 12 1.9 (0.4) 6.88% 0.3[-0.12,0.72]

Mahler 1985 12 0.1 (0.3) 12 -0 (0.4) 19.04% 0.18[-0.07,0.43]

Fink 1994 22 2.4 (0.6) 22 2.3 (0.5) 13.75% 0.1[-0.2,0.4]

Chrystyn 1988 33 2.7 (0.7) 33 2.5 (0.8) 10.48% 0.19[-0.15,0.53]

Schmidt 1979 11 2.4 (0.6) 11 1.9 (0.6) 5.64% 0.47[0,0.94]

Subtotal *** 196   196   100% 0.21[0.1,0.32]

Heterogeneity: Tau2=0; Chi2=2.33, df=10(P=0.99); I2=0%  

Test for overall effect: Z=3.65(P=0)  

   

1.2.2 FVC (% predicted)  

Nishimura 1995 24 72.6 (18.8) 24 69.3 (21.6) 10.52% 3.3[-8.16,14.76]

Fink 1994 22 67.4 (9.6) 22 65 (9.9) 41.57% 2.4[-3.36,8.16]

Murciano 1989 60 63.2 (15) 60 57.8 (15) 47.91% 5.4[0.03,10.77]

Subtotal *** 106   106   100% 3.93[0.22,7.65]

Heterogeneity: Tau2=0; Chi2=0.57, df=2(P=0.75); I2=0%  

Test for overall effect: Z=2.07(P=0.04)  

Test for subgroup differences: Chi2=3.86, df=1 (P=0.05), I2=74.08%  

Favours Placebo 10.5-1 -0.5 0 Favours Theophylline
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Analysis 1.3.   Comparison 1 Theophylline versus Placebo - crossover studies, Outcome 3 Slow Vital Capacity (liters).

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Chrystyn 1988 33 3 (0.7) 33 2.5 (0.8) 0% 0.43[0.06,0.8]

Favours Placebo 10.5-1 -0.5 0 Favours Theophylline

 
 

Analysis 1.4.   Comparison 1 Theophylline versus Placebo -
crossover studies, Outcome 4 Functional Residual Capacity.

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.4.1 FRC - measured by helium dilution (liters)  

Chrystyn 1988 33 5 (1.5) 33 4.9 (1.4) 100% 0.15[-0.54,0.84]

Subtotal *** 33   33   100% 0.15[-0.54,0.84]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.42(P=0.67)  

   

1.4.2 FRC - measured by whole body plethysmography (liters)  

Chrystyn 1988 33 6.3 (1.6) 33 6.8 (1.6) 100% -0.48[-1.25,0.29]

Subtotal *** 33   33   100% -0.48[-1.25,0.29]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.22(P=0.22)  

   

1.4.3 FRC (% predicted)  

Murciano 1989 60 157 (33) 60 161 (37) 100% -4[-16.54,8.54]

Subtotal *** 60   60   100% -4[-16.54,8.54]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.62(P=0.53)  

Test for subgroup differences: Chi2=1.79, df=1 (P=0.41), I2=0%  

Favours Theophylline 42-4 -2 0 Favours Placebo

 
 

Analysis 1.5.   Comparison 1 Theophylline versus Placebo - crossover
studies, Outcome 5 Peak Expiratory Flow Rate (liters/min).

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Anderson 1982 17 304.1 (78.3) 17 290.6 (70.9) 23.24% 13.5[-36.73,63.73]

Nishimura 1995 24 291 (89) 24 276 (86) 23.92% 15[-34.51,64.51]

Nishimura 1993 12 262 (135) 12 252 (135) 5.02% 10[-98.02,118.02]

Newman 1994 12 253 (117.8) 12 231 (128.2) 6.04% 22[-76.49,120.49]

Chrystyn 1988 33 157 (75.3) 33 142 (80) 41.78% 15[-22.46,52.46]

   

Total *** 98   98   100% 14.82[-9.39,39.04]

Heterogeneity: Tau2=0; Chi2=0.03, df=4(P=1); I2=0%  

Test for overall effect: Z=1.2(P=0.23)  

Favours Placebo 10050-100 -50 0 Favours Theophylline

 

Oral theophylline for chronic obstructive pulmonary disease (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

41



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 

Analysis 1.6.   Comparison 1 Theophylline versus Placebo - crossover studies, Outcome 6 Total Lung Capacity.

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.6.1 TLC - measured by helium dilution (liters)  

Chrystyn 1988 33 7.3 (1.6) 33 6.8 (1.6) 100% 0.52[-0.25,1.29]

Subtotal *** 33   33   100% 0.52[-0.25,1.29]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.32(P=0.19)  

   

1.6.2 TLC - measured by whole body plethysmography (liters)  

Chrystyn 1988 33 8.3 (1.6) 33 8.6 (1.6) 100% -0.26[-1.03,0.51]

Subtotal *** 33   33   100% -0.26[-1.03,0.51]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.66(P=0.51)  

Test for subgroup differences: Chi2=1.97, df=1 (P=0.16), I2=49.31%  

Favours Placebo 42-4 -2 0 Favours Theophylline

 
 

Analysis 1.7.   Comparison 1 Theophylline versus Placebo - crossover studies, Outcome 7 Residual Volume (litres).

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Thomas 1992 12 4.3 (1.4) 12 4.7 (1.4) 0% -0.39[-1.5,0.72]

Favours Theophylline 42-4 -2 0 Favours Placebo

 
 

Analysis 1.8.   Comparison 1 Theophylline versus Placebo - crossover studies, Outcome 8 Trapped gas volume (liters).

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Chrystyn 1988 33 1.1 (0.7) 33 1.8 (0.9) 0% -0.79[-1.19,-0.39]

Favours Theophylline 42-4 -2 0 Favours Placebo

 
 

Analysis 1.9.   Comparison 1 Theophylline versus Placebo - crossover
studies, Outcome 9 VO2max -maximum oxygen consumption (ml/min).

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Newman 1994 10 1713 (115) 10 1498 (99) 77.06% 215[120.95,309.05]

Fink 1994 22 1195 (334) 22 1066 (242) 22.94% 129[-43.35,301.35]

   

Total *** 32   32   100% 195.27[112.71,277.83]

Heterogeneity: Tau2=0; Chi2=0.74, df=1(P=0.39); I2=0%  

Test for overall effect: Z=4.64(P<0.0001)  

Favours Placebo 1000500-1000 -500 0 Favours Theophylline
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Analysis 1.10.   Comparison 1 Theophylline versus Placebo - crossover
studies, Outcome 10 PaO2 mmHg (arterial oxygen tension at rest).

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Mulloy 1993 10 78.9 (11.6) 10 69.8 (11) 3.86% 9.1[-0.82,19.02]

Alexander 1980 40 70 (8) 40 66.7 (10) 24.11% 3.3[-0.67,7.27]

Newman 1994 12 67 (6.9) 12 68 (6.9) 12.35% -1[-6.55,4.55]

Mahler 1985 12 3.5 (9.8) 12 0.6 (10.1) 5.99% 2.9[-5.06,10.86]

Fink 1994 22 66.8 (5.8) 22 64.4 (6) 31.33% 2.4[-1.08,5.88]

Murciano 1989 60 66 (11) 60 60.5 (12) 22.38% 5.5[1.38,9.62]

   

Total *** 156   156   100% 3.18[1.23,5.13]

Heterogeneity: Tau2=0; Chi2=4.97, df=5(P=0.42); I2=0%  

Test for overall effect: Z=3.2(P=0)  

Favours Placebo 105-10 -5 0 Favours Theophylline

 
 

Analysis 1.11.   Comparison 1 Theophylline versus Placebo - crossover
studies, Outcome 11 PaCO2 mmHg (arterial carbon dioxide tension at rest).

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Mulloy 1993 10 42.8 (4.7) 10 45.6 (3.6) 10.09% -2.8[-6.44,0.84]

Newman 1994 12 37 (3.5) 12 39 (6.9) 6.96% -2[-6.38,2.38]

Alexander 1980 40 36.3 (5.2) 40 38.7 (6.3) 20.85% -2.4[-4.93,0.13]

Mahler 1985 12 -0.9 (5.2) 12 1.2 (4.7) 8.5% -2.1[-6.07,1.87]

Fink 1994 22 40.4 (3.1) 22 41.7 (3.3) 37.55% -1.35[-3.24,0.54]

Murciano 1989 60 44 (7) 60 48.7 (9) 16.05% -4.7[-7.58,-1.82]

   

Total *** 156   156   100% -2.36[-3.52,-1.21]

Heterogeneity: Tau2=0; Chi2=3.73, df=5(P=0.59); I2=0%  

Test for overall effect: Z=4(P<0.0001)  

Favours Theophylline 105-10 -5 0 Favours Placebo

 
 

Analysis 1.12.   Comparison 1 Theophylline versus Placebo -
crossover studies, Outcome 12 SaO2 (oxygen saturation at rest %).

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Fink 1994 22 96.7 (1.9) 22 95.8 (2.1) 0% 0.9[-0.28,2.08]

Favours Placebo 42-4 -2 0 Favours Theophylline

 
 

Analysis 1.13.   Comparison 1 Theophylline versus Placebo - crossover studies, Outcome 13 Distance walked (m).

Study or subgroup Theophylline Group Placebo Group Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.13.1 6MWD  

Favours Placebo 42-4 -2 0 Favours Theophylline
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Study or subgroup Theophylline Group Placebo Group Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Guyatt 1987 24 430 (96) 25 392 (108) 30.71% 0.37[-0.2,0.93]

Chrystyn 1988 33 316 (152.8) 33 290 (146.5) 41.97% 0.17[-0.31,0.66]

Subtotal *** 57   58   72.69% 0.25[-0.11,0.62]

Heterogeneity: Tau2=0; Chi2=0.26, df=1(P=0.61); I2=0%  

Test for overall effect: Z=1.35(P=0.18)  

   

1.13.2 12MWD  

Dullinger 1986 10 798 (71.5) 10 764 (78.3) 12.4% 0.43[-0.45,1.32]

Mahler 1985 12 18.4 (55) 12 -5.5 (51.8) 14.91% 0.43[-0.38,1.24]

Subtotal *** 22   22   27.31% 0.43[-0.17,1.03]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Z=1.42(P=0.16)  

   

Total *** 79   80   100% 0.3[-0.01,0.62]

Heterogeneity: Tau2=0; Chi2=0.51, df=3(P=0.92); I2=0%  

Test for overall effect: Z=1.89(P=0.06)  

Test for subgroup differences: Chi2=0.25, df=1 (P=0.62), I2=0%  

Favours Placebo 42-4 -2 0 Favours Theophylline

 
 

Analysis 1.14.   Comparison 1 Theophylline versus Placebo - crossover studies,
Outcome 14 VAS (mm) 0 = extremely breathlessness, 100 = not at all breathless.

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Dullinger 1986 10 56.7 (10.6) 10 53.3 (11.8) 69.97% 3.4[-6.44,13.24]

Chrystyn 1988 12 54.6 (22.2) 22 50.5 (19.7) 30.03% 4.1[-10.92,19.12]

   

Total *** 22   32   100% 3.61[-4.62,11.84]

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.94); I2=0%  

Test for overall effect: Z=0.86(P=0.39)  

Favours Placebo 10050-100 -50 0 Favours Theophylline

 
 

Analysis 1.15.   Comparison 1 Theophylline versus Placebo - crossover
studies, Outcome 15 Duration of resistive breathing (60% of Pimax - minutes).

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Kongragunta 1988 8 3.5 (1.5) 7 3.1 (1.8) 0% 0.45[-1.22,2.12]

Favours Placebo 105-10 -5 0 Favours Theophylline
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Analysis 1.16.   Comparison 1 Theophylline versus Placebo - crossover studies, Outcome 16 Exercise challenge.

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.16.1 Cycle endurane testing (minutes)  

Kongragunta 1988 7 5.4 (4.2) 7 4.4 (3) 100% 1.03[-2.77,4.83]

Subtotal *** 7   7   100% 1.03[-2.77,4.83]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.53(P=0.6)  

   

1.16.2 Progressive Cycle Ergometry (PCE) (min)  

Dullinger 1986 10 4.3 (0.7) 10 4.3 (1.1) 100% 0[-0.82,0.82]

Subtotal *** 10   10   100% 0[-0.82,0.82]

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Test for subgroup differences: Chi2=0.27, df=1 (P=0.6), I2=0%  

Favours Control 105-10 -5 0 Favours Theophylline

 
 

Analysis 1.17.   Comparison 1 Theophylline versus Placebo - crossover studies, Outcome 17 Heart rate (bpm).

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Machraoui 1994 36 90.6 (13.6) 25 83.9 (12.3) 0% 6.7[0.14,13.26]

Lower with Theo 10050-100 -50 0 Lower with Placebo

 
 

Analysis 1.18.   Comparison 1 Theophylline versus Placebo - crossover studies, Outcome 18 Symptoms.

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.18.1 Wheezing (simple scales)  

Marvin 1983 9 0.4 (0.8) 9 0.5 (0.7) 32.68% -0.16[-0.84,0.52]

Thomas 1992 12 0.3 (0.4) 12 0.5 (0.7) 67.32% -0.21[-0.68,0.26]

Subtotal *** 21   21   100% -0.19[-0.58,0.19]

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.91); I2=0%  

Test for overall effect: Z=0.98(P=0.33)  

   

1.18.2 Shortness of breath (simple scales)  

Marvin 1983 9 0.7 (0.8) 9 1.1 (1) 48.01% -0.35[-1.17,0.47]

Thomas 1992 12 0.8 (0.8) 12 1.1 (1.1) 51.99% -0.3[-1.09,0.49]

Subtotal *** 21   21   100% -0.32[-0.89,0.25]

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.93); I2=0%  

Test for overall effect: Z=1.11(P=0.27)  

Test for subgroup differences: Chi2=0.14, df=1 (P=0.71), I2=0%  

Favours Theophylline 42-4 -2 0 Favours Placebo
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Analysis 1.19.   Comparison 1 Theophylline versus Placebo - crossover studies, Outcome 19 PC20 (mg/ml).

Study or subgroup Theophylline Group Placebo Group Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Newman 1994 12 0.2 (0.2) 12 0.2 (0.1) 0% 0.04[-0.09,0.17]

Favours Placebo 10.5-1 -0.5 0 Favours Theophylline

 
 

Analysis 1.20.   Comparison 1 Theophylline versus Placebo - crossover studies, Outcome 20 Acute exacerbations.

Study or subgroup Theophylline
Group

Placebo Group Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Rivington 1988 1/13 7/13 77.78% 0.14[0.02,1]

Nishimura 1995 2/32 2/32 22.22% 1[0.15,6.67]

   

Total (95% CI) 45 45 100% 0.33[0.1,1.14]

Total events: 3 (Theophylline Group), 9 (Placebo Group)  

Heterogeneity: Tau2=0; Chi2=2.01, df=1(P=0.16); I2=50.33%  

Test for overall effect: Z=1.75(P=0.08)  

Favours Theophylline 10000.001 100.1 1 Favours Placebo

 
 

Analysis 1.21.   Comparison 1 Theophylline versus Placebo - crossover
studies, Outcome 21 Patient preference for theophylline or placebo.

Study or subgroup Prefer theo-
phylline

Prefer placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Alexander 1980 17/40 9/40 81.82% 1.89[0.96,3.72]

Mulloy 1993 8/10 2/10 18.18% 4[1.11,14.35]

   

Total (95% CI) 50 50 100% 2.27[1.26,4.11]

Total events: 25 (Prefer theophylline), 11 (Prefer placebo)  

Heterogeneity: Tau2=0; Chi2=1.04, df=1(P=0.31); I2=3.6%  

Test for overall effect: Z=2.71(P=0.01)  

Favours Placebo 1000.01 100.1 1 Favours Theophylline

 
 

Analysis 1.22.   Comparison 1 Theophylline versus Placebo - crossover studies, Outcome 22 Drop-outs.

Study or subgroup Theophylline
Group

Placebo Group Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Anderson 1982 4/40 5/40 100% 0.8[0.23,2.76]

Newman 1994 0/12 0/12   Not estimable

Fink 1994 0/22 0/22   Not estimable

   

Total (95% CI) 74 74 100% 0.8[0.23,2.76]

Total events: 4 (Theophylline Group), 5 (Placebo Group)  

Favours Theophylline 1000.01 100.1 1 Favours Placebo

Oral theophylline for chronic obstructive pulmonary disease (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

46



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup Theophylline
Group

Placebo Group Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=0.35(P=0.72)  

Favours Theophylline 1000.01 100.1 1 Favours Placebo

 
 

Analysis 1.23.   Comparison 1 Theophylline versus Placebo - crossover studies, Outcome 23 Adverse e:ects.

Study or subgroup Theophylline
Group

Placebo Group Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.23.1 Nausea  

Anderson 1982 6/17 0/17 33.33% 13[0.79,214.05]

Mulloy 1993 1/10 0/10 33.33% 3[0.14,65.9]

Newman 1994 3/12 0/12 33.33% 7[0.4,122.44]

Subtotal (95% CI) 39 39 100% 7.67[1.47,39.94]

Total events: 10 (Theophylline Group), 0 (Placebo Group)  

Heterogeneity: Tau2=0; Chi2=0.49, df=2(P=0.78); I2=0%  

Test for overall effect: Z=2.42(P=0.02)  

   

1.23.2 Insomnia  

Anderson 1982 0/17 1/17 100% 0.33[0.01,7.65]

Subtotal (95% CI) 17 17 100% 0.33[0.01,7.65]

Total events: 0 (Theophylline Group), 1 (Placebo Group)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.69(P=0.49)  

   

1.23.3 Dyspepsia  

Chrystyn 1988 3/33 1/33 100% 3[0.33,27.38]

Subtotal (95% CI) 33 33 100% 3[0.33,27.38]

Total events: 3 (Theophylline Group), 1 (Placebo Group)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.97(P=0.33)  

   

1.23.4 Headaches  

Newman 1994 1/12 0/12 100% 3[0.13,67.06]

Subtotal (95% CI) 12 12 100% 3[0.13,67.06]

Total events: 1 (Theophylline Group), 0 (Placebo Group)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.69(P=0.49)  

Favours Theophylline 10000.001 100.1 1 Favours Placebo

 

F E E D B A C K

inconsistent (?) reporting

Summary

Dear Madam or Sir,

I have encountered the diHiculty interpreting the results of the review
by Ram et al. "Oral theophylline for chronic obstructive pulmonary disease".
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1. In Results section it states: "Two studies with a total of 100
subjects (Anderson 1982, Mulloy 1993) reported that subjects preferred
theophylline..."

2. In the metaview graph we see 50 patients (cross-over): 40 in Anderson
study and 10 in Mulloy study.

3. In "Cachacteristics of the included studies" section, we read:

- Anderson 1982: Number of patients: 21 (I have confirmed that with
Medline abstract)

- Mulloy: Number of patients: 10

My problem is the final number of patients that expressed their
preference towards theophylline. Is it 100, as the authors say, 50 as
appears from the metaview graph, or 31 (10 - Mulloy and 21 - Anderson)
as one would expect from the total number of subjects in both trials?

I would appreciate your prompt response.

Sincerely,

Jan Brozek

I certify that I have no aHiliations with or involvement in any
organisation or entity with a direct financial interest in the subject
matter of my criticisms.

Reply

Dear Dr Brozek,

Thank you for your interest in our review. You are correct in pointing
out that the patient numbers do not add-up from the two studies for the
outcome "preference".

The numbers in the results and meta-view are correct as they stand but
unfortunately an incorrect reference was entered for one of the studies.
Anderson 1982 should read as Alexander 1980.

In addition, the total number of patients in the results section should
read as 50 (cross-over) not 100.

Once again thank you for your interest in our review and we apologise
for the incorrect study reference. We will correct this error for the
next issue of the Cochrane library.

Sincerely

Felix Ram

Contributors

Brozek J.

W H A T ' S   N E W

 

Date Event Description

5 June 2014 Amended PLS title amended
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H I S T O R Y

Protocol first published: Issue 3, 1997
Review first published: Issue 4, 2002

 

Date Event Description

26 September 2008 Amended Converted to new review format.

17 April 2002 New citation required and conclusions
have changed

Substantive amendment
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