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ABSTRACT: Patient compliance with an inhaled corticosteroid may be greater if
it is combined with a beta-agonist. This study compared compliance with an inhaled
corticosteroid (budesonide), and a short-acting inhaled beta-agonist (terbutaline sulphate), and a Turbuhaler inhaler containing a combination of the two drugs.
In an open, multicentre, parallel group study 102 asthmatic patients were randomly divided into two groups, either receiving the two drugs in separate Turbuhalers or combined into one Turbuhaler. A twice daily regimen was prescribed
and a preweighed metered-dose inhaler (MDI) of salbutamol was provided for rescue use. Compliance was measured using the Turbuhaler Inhalation Computer
(TIC), which recorded the time and date of each inhalation over a 12 week period.
Forced expiratory volume in one second (FEV1) and forced vital capacity (FVC)
measurements were carried out at week 0, 6 and 12.
Results from 72 patients were analysed. The average compliance was 60–70%.
Treatment was taken as prescribed on 30–40% of the study days, and over-usage
occurred on less than 10% of days. Only 15% of patients took the drugs as prescribed for more than 80% of the days.
Compliance was no greater in patients using the combined inhalers. Other ways
of improving patient self-management need further investigation.
Eur Respir J., 1994, 7, 504–509.

One of the components of the management of chronic
disease is the presciption of long-term regular medication. Studies of patients on long-term treatment have
shown that at least half take less than 80% of the prescribed medication, i.e. are "noncompliant" [1]. Longterm regular inhaled medication is often prescribed in
the management of asthma, and noncompliance with
these regimes is a significant problem among asthmatics [2], and has been shown to be related to morbidity
[3]. The British Thoracic Association has also cited
patient noncompliance as a significant factor in asthma
deaths [4].
There is a widely held belief that many patients neglect
to use inhaled steroids because they do not offer the
immediate relief afforded by beta-agonists or because of
fear of side-effects [5–7]. MAWHINNEY et al. [8] measured compliance with an inhaled anti-inflammatory
and an inhaled corticosteroid within a clinical trial using
the Nebulizer Chronologue. They found disappointingly low levels of compliance with a four times daily
regimen. Compliance with a bronchodilator was measured in the study by RAND et al. [9], also using the
Nebulizer Chronologue. On a three times daily regimen,
compliance levels were slightly better than those reported by MAWHINNEY et al. [8]. DOMPELING et al. [10]
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compared compliance with an inhaled corticosteroid and
a bronchodilator using capsule count. They found that
although compliance with the steroid was significantly
less than with the bronchodilator, the two were highly
correlated, and they suggest that compliance is patientdependent rather than drug-dependent. As is always the
case with pill count methods, their compliance levels
were probably overestimated and no record of pattern
of use can be obtained.
The aim of this study was to measure concurrent compliance both with inhaled steroids and beta-agonists,
and to compare the patterns of use for each drug within
as normal a clinical setting as possible. Combining the
two drugs into a single inhaler may be expected to improve overall compliance by simplifying the regimen
[11] and by ensuring that the steroid was inhaled regularly along with the beta-agonist, therefore the effect of
a combined preparation on compliance was also examined.
The Study Objectives were: 1) to obtain an accurate
measurement of compliance with inhaled beta-agonist
and steroids within usual clinical practice; 2) to identify drug-taking patterns, in particular comparing betaagonist with corticosteroid; and 3) to assess whether
combining the two drugs into a single inhaler is associated with better compliance.
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Patients and methods

Table 1. – Patient details (n=72)
Sex

Patients
Patients were recruited from four general practices and
a hospital out-patient clinic. All patients were asthmatics, aged 18–70 yrs, who required treatment with regular inhaled steroids and beta-agonists (as assessed by their
own doctor) and were approached by letter.

Study design
This was an open multicentre parallel group study.
Patients were randomly divided into two groups: the control group (n=51) were given two Turbuhaler inhalers,
one containing terbutaline (250 µg·dose-1) and one containing budesonide (100 µg·dose-1); the treatment group
(n=51) were given one Turbuhaler inhaler containing a
fixed combination of the same drugs (equivalent dosages).
Patient compliance with the Turbuhalers was measured
over a 12 week period and compared.
Methods
In total, 102 patients were recruited (62 females). They
were randomly divided into treatment and control groups
as given above (n=5l in each group) and asked to take
2 (400 µg budesonide and 500 µg terbutaline) or 4 (800
µg budesonide and 1,000 µg terbutaline) inhalations
daily from each inhaler, according to the severity of
their asthma as assessed by their own clinician. Fifty
two patients were in the lower dose group of 2 inhalations daily (seven patients were later increased to 4 inhalations, and one decreased to 2 inhalations because of
palpitations). Pre-weighed salbutamol aerosol inhalers
were also provided, for rescue use only.
Patients were asked to attend the clinic at 6 and 12
weeks. It was intended that the study period should differ as little as possible from normal; therefore, peak
flow monitoring and diary cards were not used (as this
was not normal practice for the general practices in
the management of long-standing asthmatics).
Simple respiratory function tests forced expiratory volume in one second (FEV1) and forced vital capacity
(FVC) were carried out at week 0, 6 and 12 using the
micro-spirometer [12]. Replacement Turbuhalers were
provided at week 6.
By the end of the study, 72 patients were evaluable.
Demographic and other details are given in table 1.
Nineteen patients were lost to follow-up during the
study. The reasons for the withdrawal of a further 11
patients were: lack of efficacy (3); erroneous inclusion
(1); adverse event (4); Turbuhaler damaged (1); Turbuhaler
Inhalation Computer malfunction 1; and other (1).
Patients who were withdrawn had a younger mean±SD
age (39±14 yrs) than those who remained (45±15 yrs;
p=0.03) but did not differ in any other way.

M/F

28/44

Age* yrs

44 (20–69)

Duration of illness* yrs

13.9 (0.25–54)

Study Time* days

89 (41–133)

Treatment Group
Separate inhalers n
Combined inhaler n

36
36

Dose Group (budesonide)
200 µg n
400 µg n

34
38

*: data presented as mean and range in parenthesis. M: male;
F: female.

Measurement of compliance
Each Turbuhaler contained a Turbuhaler Inhalation
Computer (TIC) concealed within its base. This device
contains a microphone and a real-time recorder. When
a patient uses the inhaler, they turn the grip clockwise,
then anti-clockwise until a "click" is heard. The dose is
then loaded and the patient inhales deeply from the
Turbuhaler. The microphone identifies the "click" and
the noise characteristics of the inhalation when a flow
of 24–30 l·min-1 is achieved and maintained for 0.7 s.
Both the click and the airflow must occur for the inhalation to be recorded as valid. The date and time of the
valid inhalation is recorded in a memory chip using a
16-bit format and power is obtained using a long operating time battery. Information from the device is
directly downloaded to a programmed IBM computer.
The only outward difference to the Turbuhaler is that
it is slighter longer (33 mm) and heavier than usual
[13].
Each Turbuhaler contains 200 doses measured mechanically by the number of times the grip is turned.
An additional indirect measure of compliance was,
therefore, obtained by counting the number of grip
turns remaining.
The calculation of compliance levels was approached
in two ways. Firstly, overall percentage compliance was
calculated for the whole period as:
% compliance = number of doses taken × 100
number of doses prescribed
Secondly, day-by-day use of Turbuhalers was examined, so that the percentage of days when the correct
number of doses was taken at the right time (morning
and evening) was calculated. The day ended at 0200 to
account for patients who regularly keep late hours.
The percentage of days when the Turbuhalers were not
used, or used too much, or when only half (or less) of
the prescribed dose was taken was also calculated.
TIC malfunction
For the 72 patients who completed the study, 215 TlCs
were returned. Of these, 12 malfunctioned recording
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Rescue beta-agonist use. The salbutamol aerosols were
weighed at the start and end of the study to assess additional beta-agonist use.

dates at random, and were excluded from the analysis.
(As each patient had at least two inhalers, one TIC is
not the equivalent of one patient). Another 47 had recorded inhalations over an initial period and then apparently no more inhalations were made. It was unclear in
these cases whether patients had ceased to use the inhalers
or the battery had failed. A zero reading was displayed
by 17 TICs, due either to total battery failure or total
noncompliance. Unfortunately, by the time the TICs
returned to base, where the last test dose was taken, many
had expired batteries and so the exact time of battery
failure remained unknown. Although 65% of the TICs
give accurate compliance readings, these technical
problems lead to some difficulty in interpreting the recorded data of 64 (30%) of the TICs. Excluding all of
them would exclude some patients with low levels of
compliance and result in artificially high overall compliance, and including them at face value may well
result in underestimation. Compliance levels have,
therefore, been calculated by interpreting the data from
the 64 suspect TICs using several alternative methods.

Patient consent
In order to obtain as accurate a picture of "normal"
behaviour as possible, patients were not told that the
Turbuhalers contained TICs or that their compliance was
being monitored. They were aware that each Turbuhaler
could count the number of doses given, as the appearance of the red marker on Turbuhaler indicates that there
are few doses left. Patients were given full information
on the nature of the combined preparation. Approval
was granted by the local Ethics Committee.
Statistical analysis
The compliance levels with each type of inhaler were
not normally distributed and were compared using the
Mann-Whitney test.

Methods of TIC data analysis. A) all TICs assessed at
face value; B) for those TICs which showed a sudden
stop in dose recording, the compliance level over the
period prior to possible battery failure was calculated;
C) as A but excluding TICs which gave zero reading; and D) as B but excluding TICs which gave zero
reading.

Results
Using the TIC data, the mean compliance for each
drug across all patients was 60–70% for all of the drugs
used, and although compliance was improved with the
combined preparation this did not reach significance using
the Mann-Whitney test (table 2). Figure 1 shows the
distribution of the average compliance figures per patient
for each type of drug, showing the majority of patients
taking less than 80% of the prescribed dose. If, for those
patients taking budesonide and terbutaline separately, a
mean compliance is calculated per patient, it is found
that 40–50% of patients took less than 80% of the dose

Grip turn data. The grip turn data correlated well with
the TIC data but when compared with the TICs known
to be working accurately, grip turns consistently gave
a higher level of compliance. This overestimation
may be due to patients double-clicking the Turbuhaler
before each dose, or dumping doses prior to clinic
visits [8, 9, 14].
Table 2. – Compliance results

% compliance over
total period*

Drug

Method
of
analysis

Budesonide

A
B
C
D
Grip turns

30
41
36
30
–

56
52
48
42
–

38
31
26
17
–

5
6
6
7
–

60±37
67±35
68±36
76±34
88±31

Terbutaline

A
B
C
D
Grip turns

30
36
41
–

54
33
47
49
–

34
49
25
17
–

6
27
7
8
–

63±3
770±37
72±37
76±35
88±32

A
B
C
D
Grip turns

38
42
42
45
–

46
43
42
39
–

30
24
24
18
–

5
6
6
7
–

67±30
76±28
69±28
86±27
93±33

Combined

Correct
dose

Day-by-day use
% of days
<50% of
All doses
dose+
omitted

Extra doses
taken

*: mean±SD. +: includes days when doses omitted. Methods of TIC data analysis: A) all TICs assessed at face value; B) for those TICs
which showed a sudden stop in dose recording, the compliance level over the period prior to possible battery failure was calculated; C)
as A but excluding TICs which gave zero reading; D) as B but excluding TICs which gave zero reading. TIC: Turbuhaler Inhalation
Computer; Grip: grip turn data.
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4

20

2

10
0
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90–99

80–89

70–79

60–69

50–59

40–49

30–39

20–29

10–19

0–9

Fig. 1. – The average % compliance with each type of inhaler was
calculated for each patient. The figure shows the distribution of these
compliance levels for each type of inhaler.
: budesonide n=36;
: terbutaline n=34;
: combined n=36.

prescibed. N values are 36 for the budesonide and combined groups and 34 for the terbutaline group.
Table 2 also shows the percentage of days that the correct dose was taken, and the percentage of under-use
and over-use days across all patients. The day-by-day
analysis reveals that on 30–45% of the days the correct
dose was taken at the right time (morning and evening).
Between 17–38% of days medication was omitted altogether, and less than 50% of the dose was taken on
about half of the days. Drugs were over-used on less
than 10% of days. Analysis of individual patients
showed that only 14% of patients took the medication
as prescribed (the correct dose twice daily) for more than
80% of the days (fig. 2). There is no significant difference between any of the drugs, and the beta-agonist
was not more likely to be over-used than the other drugs.
There was little use made of the "rescue" salbutamol
MDI (total mean (SD) use for the group on separate
inhalers = 66 (132) µg; total mean (SD) use for the
group on combined inhalers = 114 (156) µg); and there
was no significant difference between the groups.
There was no difference in compliance between patients prescribed two inhalations twice daily and those
prescribed one inhalation twice daily.
Table 3. – Respiratory function tests
Seperate
Visit
1
2
3

n
34
33
34

Combined

FEV1
% pred

FVC
% pred

71±22
79±23
77±24

73±22
77±20
75±24

n
34
32
31

0
0–20

Average compliance %

FEV1
% pred

FVC
% pred

76±36
78±27
76±22

80±21
80±21
90±22

Data are presented as mean±SD. FEV1: forced expiratory
volume in one second; FVC: forced vital capacity.

21–40

41–60 61–80
Days %

81–100

Fig. 2. – The percentage of days when each patient took their inhalers
as prescribed (one or two puffs twice daily) was calculated for each
type of inhaler.
: budesonide;
: terbutaline;
: combined;
: whole sample; average for each patient for all drugs.

The TIC data revealed each patient's individual pattern of drug use, each of which probably have different
clinical effects. Some patients stop and start their use
of inhalers; this may be an appropriate response to symptom pattern but without symptom records no firm conclusion may be reached. Others show low and erratic
use, potentially more worrying as it may reflect an inadequate response to symptoms and persistent undertreatment. Clinic visits were not preceded by multiple
activations of the inhalers. In a few instances they were
followed by an increase in inhaler use. This effect was
not great and was not sustained.
Respiratory function tests were similar in both drug
groups and did not change throughout the study (table
3).
Withdrawals
As indicated above, there were 30 patients not included in the final compliance analysis. The largest group
consisted of those patients who were lost to follow-up
despite active efforts to draw them back into the study.
This reflects normal clinical experience and is another
form of noncompliance.
Discussion
The compliance levels found are similar to those reported for other chronic diseases [1], with only 50–60%
of patients taking >80% of the prescribed treatment
over the whole treatment period. This confirms that
patients with asthma are not any more likely to follow
prescriptions, despite the distressing nature of their
symptoms. It should be borne in mind that the patients
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studied are those who agreed to take part in a study,
and that the most non-compliant patients are unlikely to
be included in such a study (or tend to drop out). Therefore, the compliance figures may be an overestimate of
the true level in the whole population.
When the day-by-day use is examined (by each method of analysis) it is revealed that only 14% of patients
are compliant (that is, take the correct dose morning and
evening, for more than 80% of the days) and there was
no significant difference between the compliance with
the corticosteroid and the bronchodilator. The daily compliance levels are very similar to the findings of RAND
et al. [9], whose patients were asked to take a bronchodilator, ipatropium bromide, three times daily. They
found that 15% of patients used their inhaler on average
2.5 or more times per day. In the study by MAWHINNEY
et al. [8], only 1 patient out of 34 (3%) took the medication (an anti-inflammatory) as prescribed for more
than 75% of the days, with patients taking the drugs as
prescribed on a mean of 37% of the days. In the study
by MANN et al. [15], which measured compliance with
an inhaled corticosteroid using the Nebulizer Chronologue,
underuse (taking less than the number of doses prescribed) was found on 69% of the days. The four times
daily regimen used in the studies by MAWHINNEY et al.
[8] and MANN et al. [15] may account for the lower levels of compliance in these studies. CRAMER et al. [16]
found that compliance decreased from 81% on a twice
daily regimen to 39% on a four times daily regimen.
Patients had some awareness of compliance monitoring
both in the study by MAWHINNEY et al. [8] and RAND et
al. [9] and this may well have affected behaviour. In
both, some patients were noted to have made multiple
activations of the inhalers prior to follow-up visits.
Awareness of monitoring was also shown to affect behaviour in the study by YEUNG et al. [17] using a mechanical counter on MDIs containing a beta-agonist and a
steroid.
Since the present study was designed the safety of regular short-acting beta-agonists has been questioned [18],
and their regular prescription is no longer recommended
as part of the standard treatment for asthma [19]. However, it is still common for them to be used regularly in
the morning and evening, the former because of morning wheeze and the latter to try to reduce nocturnal
waking.
Combining the drugs was expected to be associated
with higher compliance for two reasons: by reducing the
number of inhalers used and thereby simplifying the
regimen, and by allowing the steroid to be taken along
with the beta-agonist, thought to be the preferred drug.
The TIC data with the detailed day-by-day information
have revealed evidence that the patterns of beta-agonist
and steroid use are very similar. If patients do prefer
short-acting beta-agonists over steroids (and there is little evidence that this is the case) then this preference
was not reflected in the drug-taking behaviour. Betaagonist was also available from the salbutamol MDI
rescue inhaler, but these were little used by the patients
and do not seem to substantially alter the beta-agonist
pattern of use.

Whatever drives a patient into choosing whether or not
to use their inhalers, the specific nature of the drug is
less important than expected. These findings support the
view of DOMPELING et al. [10] that compliance is a patientdependent and not a drug-dependent issue. MANN et al.
[15] also found that compliance with the corticosteroid
did not change with asthma severity, so compliance is
not a symptom driven behaviour. In view of low overall compliance levels, and the possible consequences
in morbidity and mortality, it is important that the factors which affect patient compliance are identified and
explored. Different forms of compliance can be identified using technology now available. Research aiming
to identify the factors important in compliance and its
improvement may be more effective if these different
forms of behaviour are examined separately, rather than
lumping a heterogeneous group together under the blanket heading of "noncompliance". MELLINS et al. [20]
point out that the concept of compliance should include
issues such as open communication between doctor and
patient, shared responsibility, mutual agreement, and
patient self-regulation. Noncompliance may be a reflection of problems in any of these areas, resulting in patients' inability to respond to their own health needs and
circumstances. This area requires further research to
examine the causes of these problems and to evaluate
possible interventions. The effective management of
asthma depends upon finding ways to enable patients to
fully participate in their own treatment.
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