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A B S T R A C T

Background

Chronic obstructive pulmonary disease (COPD) is a chronic lung condition characterised by persistent respiratory symptoms and
limited lung airflow, dyspnoea and recurrent exacerbations. Suboptimal therapy or non-adherence may result in limited eIectiveness of
pharmacological treatments and subsequently poor health outcomes.

Objectives

To determine the eIicacy and safety of interventions intended to improve adherence to single or combined pharmacological treatments
compared with usual care or interventions that are not intended to improve adherence in people with COPD.

Search methods

We identified randomised controlled trials (RCTs) from the Cochrane Airways Trials Register, CENTRAL, MEDLINE and Embase (search date
1 May 2020). We also searched web-based clinical trial registers.

Selection criteria

RCTs included adults with COPD diagnosed by established criteria (e.g. Global Initiative for Obstructive Lung Disease). Interventions
included change to pharmacological treatment regimens, adherence aids, education, behavioural or psychological interventions (e.g.
cognitive behavioural therapy), communication or follow-up by a health professional (e.g. telephone, text message or face-to-face), multi-
component interventions, and interventions to improve inhaler technique.

Data collection and analysis

We used standard Cochrane methodological procedures. Working in pairs, four review authors independently selected trials for inclusion,
extracted data and assessed risk of bias. We assessed confidence in the evidence for each primary outcome using GRADE. Primary outcomes
were adherence, quality of life and hospital service utilisation. Adherence measures included the Adherence among Patients with Chronic
Disease questionnaire (APCD). Quality of life measures included the St George's Respiratory Questionnaire (SGRQ), COPD Assessment Test
(CAT) and Clinical COPD Questionnaire (CCQ).
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Main results

We included 14 trials (2191 participants) in the analysis with follow-up ranging from six to 52 weeks. Age ranged from 54 to 75 years, and
COPD severity ranged from mild to very severe. Trials were conducted in the USA, Spain, Germany, Japan, Jordan, Northern Ireland, Iran,
South Korea, China and Belgium. Risk of bias was high due to lack of blinding. Evidence certainty was downgraded due to imprecision and
small participant numbers.

Single component interventions

Six studies (55 to 212 participants) reported single component interventions including changes to pharmacological treatment (diIerent
roflumilast doses or diIerent inhaler types), adherence aids (Bluetooth inhaler reminder device), educational (comprehensive verbal
instruction), behavioural or psychological (motivational interview).

Change in dose of roflumilast may result in little to no diIerence in adherence (odds ratio (OR) 0.67, 95% confidence interval (CI) 0.22 to
1.99; studies = 1, participants = 55; low certainty). A Bluetooth inhaler reminder device did not improve adherence, but comprehensive
verbal instruction from a health professional did improve mean adherence (prescription refills) (mean diIerence (MD) 1.00, 95% CI 0.46 to
1.54). Motivational interview improved mean adherence scores on the APCD scale (MD 22.22, 95% CI 8.42 to 36.02).

Use of a single inhaler compared to two separate inhalers may have little to no impact on quality of life (SGRQ; MD 0.80, 95% CI –3.12 to
4.72; very low certainty). A Bluetooth inhaler monitoring device may provide a small improvement in quality of life on the CCQ (MD 0.40,
95% CI 0.07 to 0.73; very low certainty).

Single inhaler use may have little to no impact on the number of people admitted to hospital compared to two separate inhalers (OR
1.47, 95% CI 0.75 to 2.90; very low certainty). Single component interventions may have little to no impact on the number of people
expereincing adverse events (very low certainty evidence from studies of a change in pharmacotherapy or use of adherence aids). A change
in pharmacotherapy may have little to no impact on exacerbations or deaths (very low certainty).

Multi-component interventions

Eight studies (30 to 734 participants) reported multi-component interventions including tailored care package that included adherence
support as a key component or included inhaler technique as a component.

A multi-component intervention may result in more people adhering to pharmacotherapy compared to control at 40.5 weeks (risk ratio

(RR) 1.37, 95% CI 1.18 to 1.59; studies = 4, participants = 446; I2 = 0%; low certainty).

There may be little to no impact on quality of life (SGRQ, Chronic Respiratory Disease Questionnaire, CAT) (studies = 3; low to very low
certainty).

Multi-component interventions may help to reduce the number of people admitted to hospital for any cause (OR 0.37, 95% CI 0.22 to 0.63;
studies = 2, participants = 877; low certainty), or COPD-related hospitalisations (OR 0.15, 95% CI 0.07 to 0.34; studies = 2, participants = 220;
moderate certainty). There may be a small benefit on people experiencing severe exacerbations.

There may be little to no eIect on adverse events, serious adverse events or deaths, but events were infrequently reported and were rare
(low to very low certainty).

Authors' conclusions

Single component interventions (e.g. education or motivational interviewing provided by a health professional) can help to improve
adherence to pharmacotherapy (low to very low certainty). There were slight improvements in quality of life with a Bluetooth inhaler device,
but evidence is from one study and very low certainty. Change to pharmacotherapy (e.g. single inhaler instead of two, or diIerent doses
of roflumilast) has little impact on hospitalisations or exacerbations (very low certainty). There is no diIerence in people experiencing
adverse events (all-cause or COPD-related), or deaths (very low certainty).

Multi-component interventions may improve adherence with education, motivational or behavioural components delivered by health
professionals (low certainty). There is little to no impact on quality of life (low to very low certainty). They may help reduce the number
of people admitted to hospital overall (specifically pharmacist-led approaches) (low certainty), and fewer people may have COPD-related
hospital admissions (moderately certainty). There may be a small reduction in people experiencing severe exacerbations, but evidence
is from one study (low certainty). Limited evidence found no diIerence in people experiencing adverse events, serious adverse events or
deaths (low to very low certainty).

The evidence presented should be interpreted with caution. Larger studies with more intervention types, especially single interventions,
are needed. It is unclear which specific COPD subgroups would benefit, therefore discussions between health professionals and patients
may help to determine whether they will help to improve health outcomes.
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P L A I N   L A N G U A G E   S U M M A R Y

Which approaches help people with COPD to maintain taking medication as prescribed?

Review question

Which approaches help people maintain taking prescribed medication(s), improve quality of life and reduce hospital admissions in people
with chronic obstructive pulmonary disease (COPD)?

Background

COPD is a lung condition that can cause long-term breathing problems and includes symptoms such as shortness of breath. Medications do
exist that can help but sometimes people do not take them as prescribed. DiIerent approaches could help people to take their medication
as prescribed and help improve symptoms or quality of life and reduce hospital admissions.

We wanted to find out if any approaches could help people with COPD take their medication(s) as prescribed.

Studies identified and selected

We searched databases to find the studies. Four people working in pairs looked at the lists of studies separately and agreed on which ones
were included. The latest search for studies was conducted in May 2020.

Study characteristics

We included studies comparing simple ways to help improve medication use (e.g. diIerent medication doses or single inhalers instead of
two separate inhalers) to usual COPD care. We also included studies that tested combination approaches (e.g. information or training from
nurses or pharmacists and monitoring medication use).

What were the key results?

We included 14 studies (2191 people) in our analysis. No studies were masked (people knew whether they were receiving an approach to
help them with adherence or the alternative). Six studies used simple approaches (e.g. change to medication dosage, change to type of
inhaler, or a Bluetooth inhaler reminder device), and eight studies used combined approaches (e.g. nurses or pharmacists giving advice
or information about how to improve medication use).

We were uncertain about the eIects of a diIerent medication dose on people adhering to medication because it was no diIerent to usual
care (one study). Two separate studies found that a Bluetooth inhaler reminder device or a change in oral medication dose did not help to
improve adherence. Health professionals involved in giving information may help to improve adherence (one study). This was measured
by prescription refills. Motivating people to change their behaviour could help to improve adherence their medication (one study). This
was measured by people completing a questionnaire about adherence to their medication.

One study found that a Bluetooth inhaler device might help to improve quality of life. There may be little to no diIerence between those
using single inhalers in the number of people admitted to hospital compared to those using two separate inhalers (one study). We found
no diIerence between single approaches and usual care on the number of people who had side eIects.

Combined approaches may help to improve the number of people taking their medication, but we were not confident of this finding (four
studies). They may have little to no impact on quality of life (three studies). Combined approaches could be beneficial in reducing the
number of people with COPD admitted to hospital for any reason or because of COPD symptoms (two studies).

There was no diIerence between combined approaches and in the number of people who had adverse events.

Take home message

We could not say for certain that simple approaches are useful to help people with COPD to improve medication use because of very
limited information. Combined approaches may help people to take their medication(s) as prescribed and can help to reduce the number
of people admitted to hospital, however, more information is needed to help answer this question with confidence.
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Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

3



In
te

rv
e

n
tio

n
s to

 im
p

ro
v

e
 a

d
h

e
re

n
ce

 to
 p

h
a

rm
a

co
lo

g
ica

l th
e

ra
p

y
 fo

r ch
ro

n
ic o

b
stru

ctiv
e

 p
u

lm
o

n
a

ry
 d

ise
a

se
 (C

O
P

D
) (R

e
v

ie
w

)

C
o

p
yrig

h
t ©

 2021 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

4

S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Single component intervention compared to control for chronic obstructive pulmonary disease (COPD)

Single component intervention compared to control for chronic obstructive pulmonary disease (COPD)

Patient or population: COPD
Setting: multi-centre, outpatient pulmonary clinic, medical centre
Intervention: single component intervention (change to pharmacotherapy, adherence aids)
Comparison: control

Anticipated absolute effects* (95%
CI)

Outcomes

Risk with con-
trol

Risk with single
component inter-
vention

Relative ef-
fect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Adherence to
pharmacothera-
py:

number of people
completing treat-
ment

Change to pharmacotherapy

16 weeks' follow-up

429 people per
1000

334 people per
1000
(142 to 599)

OR 0.67
(0.22 to 1.99)

55
(1 RCT)

⊕⊕⊝⊝

Low a,b

—

Change to pharmacotherapy

SGRQ total score:

52 weeks' follow-up

Scale 0–100 lower scores represent
better outcome

The mean
change in the
SGRQ total
score was –2.6

MD 0.80 higher
(3.12 lower to 4.72
higher)

— 212
(1 RCT)

⊕⊝⊝⊝

Very low c,d

MID was 4
points change
(Jones 2005;
Welling 2015)

Quality of life:

SGRQ total or CCQ

Adherence aids

CCQ total:

26 weeks' follow-up

Scale 0–7, lower scores represent
better outcome

The mean
change in the
CCQ total score
was –0.2

MD 0.4 higher
(0.07 higher to 0.73
higher)

— 137

(1 RCT)

⊕⊝⊝⊝

Very low e,f

MID was 0.4
(Kocks 2006)

Hospital service
utilisation:

Change to 171 people per
1000

233 people per
1000

OR 1.47
(0.75 to 2.90)

212
(1 RCT)

⊕⊝⊝⊝

Very low b,c

—
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number of people
admitted to hospi-
tal (all cause)

pharmacotherapy

52 weeks' follow-up

(134 to 375)

Exacerbations:

number of people
experiencing exac-
erbations

Change to

pharmacotherapy

Mean 43.7 weeks' follow-up**

338 people per
1000

308 people per
1000
(207 to 434)

OR 0.87
(0.51 to 1.50)

267
(2 RCTs)

⊕⊝⊝⊝

Very low b,c

—

Change to pharmacotherapy or

adherence aids

Adverse events (all-cause)

Mean 37.6 weeks' follow-upg

433 people per
1000

410 people per
1000
(311 to 517)

OR 0.92
(0.60 to 1.41)

404
(3 RCTs)

⊕⊝⊝⊝

Very low c,h,i

—

Change to

pharmacotherapy

Adverse events (COPD-related)

52 weeks' follow-up

314 people per
1000

306 people per
1000
(198 to 441)

OR 0.96
(0.54 to 1.72)

213
(1 RCT)

⊕⊝⊝⊝

Very low c,i

—

Change to

pharmacotherapy or adherence
aids

Serious adverse events

Mean 41.6 weeks follow-upg

120 people per
1000

176 people per
1000
(105 to 281)

OR 1.57
(0.86 to 2.87)

350
(2 RCTs)

⊕⊝⊝⊝

Very low b,c

—

Adverse events:

number of people
experiencing ad-
verse events (all
cause or COPD-re-
lated), serious ad-
verse events, mor-
tality

Change to

pharmacotherapy

Mortality

52 weeks' follow-up

19 people per
1000

9 people per 1000
(1 to 96)

OR 0.49
(0.04 to 5.44)

212
(1 RCT)

⊕⊝⊝⊝

Very low c,i

—

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval;CCQ: Clinical COPD Questionnaire; COPD: chronic obstructive pulmonary disease; MD: mean difference; MID: minimal important difference; OR:
odds ratio; RCT: randomised controlled trial; SGRQ: St George's Respiratory Questionnaire.
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GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level for limitations in risk of bias performance, detection and selective reporting bias.
bDowngraded one level for imprecision due to confidence interval crossing the line of no eIect.
cDowngraded two levels for limitations due to performance, detection, attrition and selective reporting bias.
dDowngraded two levels for imprecision due to very wide confidence intervals.
eDowngraded two levels for limitations in risk of bias due to performance and detection, selective reporting, and unclear risk for allocation concealment and attrition.
fDowngraded one level for imprecision due to optimal information size less than 200 participants.
gWeighted mean duration (weeks).
hDowngraded one level for indirectness due to one trial that compared roflumilast at diIerent dosages, whereas the other two trials compared diIerent inhaler types.
iDowngraded two levels for imprecision due to very wide confidence intervals.
 
 

Summary of findings 2.   Multi-component intervention compared to control for chronic obstructive pulmonary disease (COPD)

Multi-component intervention compared to control for chronic obstructive pulmonary disease (COPD)

Patient or population: COPD
Setting: pulmonary clinic, outpatient COPD clinic, health centre, community pharmacies, primary care clinics, telephone
Intervention: multi-component intervention
Comparison: control

Anticipated absolute effects* (95%
CI)

Outcomes

Risk with con-
trol

Risk with mul-
ti-component in-
tervention

Relative ef-
fect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Adherence to phar-
macotherapy:

number of people
achieving adherence
to medication

Mean 40.5 weeks' follow-upa 502 people per
1000

688 per 1000
(593 to 799)

RR 1.37
(1.18 to 1.59)

446
(4 RCTs)

⊕⊕⊝⊝

Low b
Data convert-
ed to RR to
allow incor-
poration of a
study report-
ing RR and
95% CI.

Quality of life: SGRQ total: The mean SGRQ
total score

MD 2.96 lower — 374
(3 RCTs)

⊕⊕⊝⊝ —
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Mean 35.9 weeks follow-upa

Scale 0–100, lower scores repre-
sent better outcome

range was 52.2
to 65.3

(6.36 lower to 0.44
higher)

Low c,d

CAT total:

17.5 weeks' follow-upa

Scale 0–40, lower scores repre-
sent better outcome

The mean CAT
total score was
20.2

MD 0.22 lower
(1.26 lower to 0.81
higher)

— 879

(3 RCTs)

⊕⊝⊝⊝

Very low d,e

MCID was 2
points. Con-
trol group da-
ta taken from
Thom 2018.

SGRQ total, SF CRDQ
total, CAT total

SF CRDQ total:

39 weeks' follow-up

Scale 0–7, higher scores repre-
sent better outcomes

The mean SF
CRDQ total
score was 4.43

MD 0.15 higher
(0.24 lower to 0.54
higher)

— 158
(1 RCT)

⊕⊕⊝⊝

Low d,e

MCID was 0.5
points (Wijk-
stra 1994),

< 200 partici-
pants

All-cause:

Mean 19.4 weeks weeks' fol-
low-up

129 people per
1000

52 per 1000
(31 to 85)

OR 0.37
(0.22 to 0.63)

877
(2 RCTs)

⊕⊕⊝⊝

Low b
—Hospital service utili-

sation:

number of people ad-
mitted to hospital (all-
cause or COPD-relat-
ed)

COPD-related:

Mean 36 weeks' follow-upa

438 people per
1000

104 per 1000
(52 to 214)

OR 0.15
(0.07 to 0.34)

220
(2 RCTs)

⊕⊕⊕⊝

Moderate c
—

Moderate exacerbations:

13 weeks' follow-up

344 people per
1000

338 per 1000
(272 to 408)

OR 0.97
(0.71 to 1.31)

734
(1 RCT)

⊕⊝⊝⊝

Very low d,e

—Exacerbations:

number of people ex-
periencing moderate
or severe exacerba-
tions

Severe exacerbations:

13 weeks' follow-up

91 people per
1000

51 per 1000
(29 to 88)

OR 0.54
(0.30 to 0.97)

734
(1 RCT)

⊕⊕⊝⊝

Low e
—

Adverse events:

39 weeks' follow-up

467 per 1000 480 per 1000 (345
to 619)

OR 1.05 (0.60
to 1.85)

192

(1 RCT)

⊕⊕⊝⊝

Low d,f

—

Serious adverse events:

39 weeks' follow-up

272 per 1000 230 per 1000 (135
to 365)

OR 0.80 (0.42
to 1.54)

192

(1 RCT)

⊕⊕⊝⊝

Low d,f

—

Adverse events:

number of people ex-
periencing adverse
events (all cause or
COPD-related), serious
adverse events, mor-
tality

Mortality:

Mean 41 weeks' follow-upa

40 people per
1000

30 per 1000
(12 to 77)

OR 0.79
(0.28 to 2.26)

462
(3 RCTs)

⊕⊝⊝⊝

Very low d,g
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*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CAT: COPD Assessment Test; CI: confidence interval; COPD: chronic obstructive pulmonary disease; CRDQ: Chronic Respiratory Disease Questionnaire; MCID: minimal clin-
ically important difference; MD: mean difference; OR: odds ratio; RCT: randomised controlled trial; RR: risk ratio; SF: Short Form; SGRQ: St George's Respiratory Question-
naire.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aWeighted mean duration.
bDowngraded two levels for limitations in risk of bias due to allocation, performance and detection bias.
cDowngraded one level for limitations in risk of bias due to performance bias and other unclear domains.
dDowngraded one level for imprecision due to upper confidence interval crossed the line of no eIect.
eDowngraded two level s for limitations in risk of bias due to performance bias, attrition and selective reporting bias.
fDowngraded one level for limitations in risk of bias due to performance bias.
gDowngraded two levels for limitations in risk of bias due to allocation, performance, detection and attrition.
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B A C K G R O U N D

Description of the condition

The Global Burden of Disease study has shown that chronic
obstructive pulmonary disease (COPD) causes an estimated three
million deaths annually (GBD 2015 Incidence and Prevalence
Collaborators), and aIects an estimated 174 million people
worldwide (GBD 2015 Chronic Respiratory Disease Collaborators;
GBD 2015 Incidence and Prevalence Collaborators). COPD
represents 2.6% of the entire global burden of disease (GBD 2015
Incidence and Prevalence Collaborators); it is also increasing,
with more people suIering due to under-recognition, under-
diagnosis, under-treatment (Quaderi 2018), and non-adherence
(Humenberger 2018).

COPD is a progressive, chronic lung disease characterised by
persistent respiratory symptoms and limited airflow due to airway
or alveolar abnormalities (or both), resulting from significant
exposure to noxious particles or gases. Causes include tobacco
smoking and environmental factors such as exposure to biomass
fuel and air pollution (WHO 2017; COPD Foundation 2018).
COPD diagnosis is based on symptoms including dyspnoea
(shortness of breath), cough or sputum production (or both) and
is confirmed using spirometry demonstrating persistent airflow
limitation, that is presence of postbronchodilator forced expiratory
volume in the first second (FEV1)/forced vital capacity (FVC)
less than 70% (GOLD 2021). Disease severity is associated with
frequency of exacerbations or 'flare ups', and the presence of other
comorbidities, such as cardiovascular disease, musculoskeletal
impairment or diabetes (Vestbo 2013; GOLD 2021).

It has been estimated that only 50% of people in high-
income countries with chronic disease adhere to treatment
recommendations (WHO 2003). Studies have shown that adherence
rates in people with COPD range from 70% to 90%; however, this
is unlikely to be reflected in clinical practice (Wiśniewski 2014).
One study showed that only 34% of people with COPD completely
adhered to medication (Brandstetter 2017).

Despite optimisation of treatments, some people with COPD
continue to experience debilitating symptoms (e.g. increased
exacerbations) that can impact on their functional status and
quality of life, leading to hospitalisations and risk of mortality.
Adherence to medication is one of the most important factors
that enables successful treatment of COPD (Duncan 2015). Benefits
to clinical outcomes are oUen limited due to people not taking
medication as prescribed, which can also be costly and wasteful for
health services (WHO 2003; Van Boven 2014; Chen 2017; Sulaiman
2017).

Description of the intervention

Pharmacological management of COPD oUen involves regular use
of long-acting bronchodilators: long-acting beta2-adrenoceptor

agonists (LABAs) or long-acting muscarinic receptor antagonists
(LAMAs) or both, and for some people inhaled corticosteroids
(ICS) will be added. These maintenance inhalers are intended
to improve lung function, reduce the risk of exacerbations and
improve quality of life. Most people will also be prescribed a short-
acting bronchodilator, such as a short-acting beta2-adrenoceptor

agonist (SABA) or short-acting muscarinic receptor antagonist
(SAMA), to manage acute symptoms such as breathlessness

(Ejiofor 2013; Vogelmeier 2017). Maintenance inhalers can be
given as monotherapy, which can be 'stepped up' to dual or
triple therapy if needed (e.g. ICS plus LABA, or ICS plus LABA
plus LAMA) (Vogelmeier 2017). Other pharmacological treatments
— such as oral glucocorticosteroids, phosphodiesterase-4 (PDE4)
inhibitors, mucolytic agents and prophylactic antibiotics — may
also be prescribed for specific indications. Oral glucocorticoids, for
example, may be used in the short term for acute exacerbations,
while prophylactic antibiotics and mucolytics may have a benefit
in preventing flare-ups in people who experience frequent
exacerbations (Walters 2014; Herath 2018; Poole 2019).

People's knowledge and understanding about medications as well
as their physical and cognitive capabilities can aIect medication
adherence, that is the likelihood of medication being taken at the
prescribed dose and frequency, and using the correct technique.
Moreover, people's beliefs about medication can also influence
their behaviours and, in turn, adherence. A report published by the
World Health Organization (WHO) outlines three types of behaviour
that can lead to non-adherence to ICS therapy, as follows (WHO
2003).

1. Erratic non-adherence: missing doses because of forgetting,
changing schedules or busy lifestyles. People understand their
prescribed regimen but compliance is diIicult, or they have not
prioritised treatment management.

2. Unwitting non-adherence: non-adherence due to not
understanding the prescribed regimen, for example
misunderstanding how many times an inhaler should be taken
(leading to under-use or over-use), correct inhaler technique,
how the treatment works or the importance of adhering to
treatment.

3. Intelligent non-adherence: people may alter or stop taking
treatment deliberately because they feel better or that they no
longer need to take their medication. They may stop taking
medication because of short-term (e.g. believing that they do
not need to take their treatment) or long-term eIects, bad taste,
complexity and interference in their daily routine, or thinking
that there is more harm than benefit of continuing medication.

A range of interventions exist that can help people adhere to
medication, for example, changes to medication (e.g. simplified
drug regimens), and implementation of behavioural (e.g. cognitive
behavioural therapy (CBT)) or educational interventions (e.g.
discussion with a health professional or written information)
(Bryant 2013; Blackstock 2016). Adherence aids such as Dosette
boxes or multi-compartment medication compliance aids (MCAs)
could help those who have complex medication regimens
(Furmedge 2018). Electronic inhaler monitoring devices or 'smart'
inhalers may provide automated medication reminders for people
at risk of forgetting to take their inhaler, or provide adherence
feedback to the patient and healthcare professionals around which
adherence discussions could take place. Other digital technologies
aimed at aiding medication adherence are in development, such as
mobile phone applications (Blakey 2018).

How the intervention might work

For an intervention to improve adherence to pharmacological
treatment, its success is likely to be dependent on the type
of intervention available, and type of non-adherence that it is
intended to target. A simple intervention, for example, could
remind people to use their inhaler(s), while a complex intervention

Interventions to improve adherence to pharmacological therapy for chronic obstructive pulmonary disease (COPD) (Review)
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could provide education and support from a health professional to
help change a person's behaviour towards their medication(s).

Adherence to medication for medical disorders has been
investigated in a previous Cochrane Review (Nieuwlaat 2014). Of
the 182 randomised controlled trials (RCTs) included, overall, the
authors reported that eIects of interventions and measures of
adherence were varied from study to study. Only a few RCTs
on integrated, tailored or multi-component interventions that
involved an individualised care plan, educational sessions about
self-management, visits by a health professional or team of
health professionals, and regular telephone consultations (from a
specialist case manager nurse, for example) showed improvement
in adherence and clinical outcomes, but even these interventions
would be diIicult to apply in a usual practice setting (Nieuwlaat
2014).

Reasons for poor medication adherence in COPD are not well
understood. Potentially these might include complex medication
regimens which can lead to confusion and forgetting to take
medication, or a busy, unpredictable lifestyle could lead to
deviation in prescribed regimen (WHO 2003; Bryant 2013).
Other contributing factors can include inadequate education or
knowledge about the disease process or comorbidities, adverse
eIects of treatment, patient acceptability and preference, cost of
medication, and belief that there are more disadvantages of taking
treatment than advantages (Restrepo 2008; Normansell 2017).
Poor medication adherence may be explained by the 'Ascertaining
Barriers to Compliance (ABC)' taxonomy, which gives a description
of the steps taken towards achieving medication adherence as
prescribed (Vrijens 2016). The taxonomy is divided into three
stages.

1. Initiation (when a person takes the first dose as prescribed).

2. Implementation (the extent to which a person's actual dosing
corresponds to the prescribed regimen, from initiation until the
last dose is taken).

3. Persistence (time elapsed from initiation to eventual treatment
discontinuation).

Some reasons for poor adherence may act at several stages in
the taxonomy and others predominantly aIect a single stage.
For example, not taking inhaled therapy (e.g. LABA, LAMA or ICS,
combination of LABA and ICS as prescribed (under-use or over-
use of inhalers)), or not using the correct inhaler technique may
aIect implementation with little impact on initiation or persistence
(Vestbo 2009; Van Boven 2014). Poor adherence could also result
from clinicians not giving the correct initiation instructions (BMJ
2012).

Sources of clinical diversity are variations of medical problems,
treatment regimens and type of adherence intervention. There is
currently no published evidence to determine which intervention
would specifically help people with COPD to adhere to treatment
(e.g. change in regimen, CBT or information from a health
professional). The most appropriate type of intervention and its
eIectiveness will likely depend on the reason for a person's non-
adherence.

Why it is important to do this review

As part of a programme of work funded to look at issues
important to people with COPD, Cochrane Airways has discussed

medication adherence with a COPD patient advisory group. The
group highlighted what helps them to take medication (e.g.
correct information about how to use their inhaler, or alarms
to remind them to take their tablets) or what prevents them
from taking medications (e.g. health professionals not giving
the correct information about how to use an inhaler, diIiculty
in taking tablets, adverse eIects of inhalers, diIiculty in taking
too many medications or forgetting to take their medication).
Some people in the patient advisory group said that they had
become used to taking multiple medications, whereas some people
said that they only took medication, such as a nebuliser, in
an emergency. It was evident from the discussion that if one
method of adherence worked for one person, it may not work
for another person. We intend to investigate what helps people
with COPD to adhere to pharmacological treatments and whether
adherence improves other health outcomes (e.g. quality of life).
We focused on investigating interventions to improve adherence
to pharmacological treatments such as changes in treatment
regimen, education or CBT. Interventions intended to help people
to adhere to non-pharmacological treatments for COPD such as
smoking cessation, pulmonary rehabilitation, oxygen therapy and
vaccinations were excluded from this review.

O B J E C T I V E S

To determine the eIicacy and safety of interventions intended
to improve adherence to single or combined pharmacological
treatments compared with usual care or interventions that are not
intended to improve adherence in people with COPD.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included RCTs only (parallel, cluster-randomised or cross-over
designs). We included studies reported in full text, those published
as an abstract only and unpublished data. We included studies from
community and hospital settings.

Types of participants

We included adults aged 35 years or over (NICE 2018) with a
diagnosis of COPD according to established criteria, for example
Global Initiative for Obstructive Lung Disease (GOLD) staging (GOLD
2021), European Respiratory Society (ERS), or American Thoracic
Society (ATS) criteria (Qaseem 2011). We included adults with any
comorbidities (e.g. diabetes), provided that the intervention was
aimed at improving adherence to pharmacological treatment for
COPD using at least one of the Types of interventions outlined
below.

We excluded participants whose primary diagnosis was another
respiratory condition such as asthma, bronchiectasis and cystic
fibrosis. We included studies that included participants with
'asthma-COPD overlap (ACO)' but we aimed to analyse outcomes in
these participants separately if disaggregated data were available.

We also planned to include trials targeting health professionals,
who then delivered the intervention to people with COPD.

Interventions to improve adherence to pharmacological therapy for chronic obstructive pulmonary disease (COPD) (Review)
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Where trials included only a subset of participants (at least 50%)
with a diagnosis of COPD, we included these participants, provided
we were able to obtain disaggregated data from the trial authors.

Types of interventions

We included trials in which the aim of the intervention was
primarily to help improve adherence to pharmacological therapy.
We also planned to include studies in which the primary aim of the
intervention was to improve inhaler technique, and reported this
as a separate comparison.

We included the following intervention categories.

1. Changes to the pharmacological treatment itself, such as
diIerent medication formulations (e.g. using a combination
inhaler or the same type of inhaler for all treatments rather than
multiple diIerent inhaler types, using tablets instead of inhalers
or simplified drug regimens).

2. Adherence aids (e.g. Dosette box, alarm, reminder, keeping a list
of all current medication).

3. Education (e.g. discussion with health professional, written
information or pamphlets, access to health education
information on the Internet, pictorial or audiovisual material).

4. Behavioural or psychological interventions (e.g. CBT,
counselling).

5. Communication or follow-up by health professional (e.g. by
telephone, email, face-to-face, text-messaging).

6. Multi-component or tailored care package (provided that
adherence was a key component of care or was one of the
objectives of providing multi-component intervention to the
participant).

7. Interventions that aimed to improve inhaler technique (e.g.
educational interventions, training tools; e.g. measured using a
checklist).

We compared the above interventions separately with any
intervention that was not intended to improve either adherence or
inhaler technique (e.g. usual care, active control, placebo or sham
intervention).

Types of outcome measures

Primary outcomes

1. Adherence to pharmacotherapya,b (all measures, as reported
by trialists. We considered the following order of preference of
measures: electronic monitors, canister weights, prescription
refills, self-report).

2. Quality of life (measured using a validated scale such as
the St George's Respiratory Questionnaire (SGRQ) or COPD
Assessment Test (CAT)).

3. Hospital service utilisation (e.g. hospital admissions going
beyond the emergency department). Depending on the data
available, we extracted the number of participants who required
hospitalisation or the hospitalisation utilisation rate, or both (as
defined by trialists).

Secondary outcomes

1. Exacerbationsc (e.g. number of people with one or more
exacerbation).

2. Self-eIicacy (as a proxy for adherence, as reported by trialists).

3. All adverse events (AEs) (e.g. number of people with one or more
AE).

4. Patient acceptability of intervention (as reported by trialists).

5. Inhaler technique (as reported by trialists, preferably using
a validated scale or a validated videotaped scoring method
(Rootmensen 2010)).

aOur understanding was that an observed improvement in
adherence was likely to result in improved clinical outcomes. The
National Heart, Lung, and Blood Institute states that attempts
to improve adherence should be judged by their clinical benefits
(NHLBI 1982), and that only measuring adherence does not
determine whether patient outcomes are improved or not. Equally,
measuring patient outcomes does not determine whether the
eIects are observed as a result of adherence. Therefore, we
included adherence as our primary outcome, as well as quality
of life and hospital service utilisation, since our aim was to
assess whether improved adherence in turn improves clinical
outcomes such as quality of life and hospital service utilisation. We
also considered exacerbations, self-eIicacy and AEs as important
outcomes.

bThe adherence process consists of three phases: initiation
(starting medication), implementation (taking medication daily)
and persistence (duration of taking medication) (Vrijens 2016; De
Geest 2018). It was expected that studies would measure diIerent
stages in the adherence taxonomy. While we included all adherence
intervention studies, we anticipated the majority would measure
the implementation stage.

cModerate exacerbations are defined as worsening of respiratory
status, requiring treatment with antibiotics or systemic
corticosteroids (or both); severe exacerbations are defined as
requiring hospitalisation.

We extracted data at all reported time points and for studies that
reported outcomes at multiple time points we planned to analyse
data in the following groupings by time from baseline: less than
three months; three months or greater but less than six months;
six months or greater but less than 12 months and 12 months or
greater.

Reporting one or more of the outcomes listed here in the study was
not an inclusion criterion for the review.

Search methods for identification of studies

Electronic searches

We identified studies from searches of the following databases and
trial registries:

1. Cochrane Airways Trials Register (Cochrane Airways 2019), via
the Cochrane Register of Studies, all years to 1 May 2020;

2. Cochrane Central Register of Controlled Trials (CENTRAL), via
the Cochrane Register of Studies, 2020, Issue 4;

3. MEDLINE (OvidSP) all, 1946 to 1 May 2020;

4. Embase (OvidSP), 1974 to 1 May 2020;

5. US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov), all years to 1 May
2020;

Interventions to improve adherence to pharmacological therapy for chronic obstructive pulmonary disease (COPD) (Review)
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6. WHO International Clinical Trials Registry Platform
(apps.who.int/trialsearch), all years to 19 June 2019.

The database search strategies are listed in Appendix 1. The
search strategies were developed by the Cochrane Airways
Information Specialist, in collaboration with the review authors.
The information specialist conducted the searches.

All databases and trials registries were searched from their
inception with no restriction on language or type of publication.
Handsearched conference abstracts and grey literature were
identified through the Cochrane Airways Trials Register and the
CENTRAL database.

Searching other resources

We checked the reference lists of all primary studies and
review articles for additional references. We searched relevant
manufacturers' websites for study information.

We searched PubMed for errata or retractions from included studies
published in full text on 11 May 2021.

Data collection and analysis

Selection of studies

We used Cochrane's Screen4Me workflow to help assess the search
results. Screen4Me comprises three components:

1. known assessments, a service that matches records in the
search results to records that have already been screened in
Cochrane Crowd (Cochrane's citizen science platform where
the Crowd help to identify and describe health evidence,
crowd.cochrane.org) and labelled as 'RCT' or 'not an RCT';

2. the RCT classifier, a machine-learning model that distinguishes
RCTs from non-RCTs and

3. Cochrane Crowd, if appropriate.

More detailed information about the Screen4Me components can
be found in the following publications: McDonald 2017; Thomas
2017; Marshall 2018; Noel-Storr 2018.

Following this initial assessment, four review authors (SJ, KP,
RC, RF) independently, working in pairs, screened the titles and
abstracts of the remaining search results independently and code
them as 'retrieve' (eligible or potentially eligible/unclear) or 'do not
retrieve'. We retrieved the full-text study reports of all potentially
eligible studies and four review authors (SJ, KP, RC, RF), working
in pairs, independently screened them for inclusion, recording
the reasons for exclusion of ineligible studies. We resolved any
disagreements through discussion (SJ, KP, RC, RF). We identified
and excluded duplicates and collated multiple reports of the
same study so that each study, rather than each report, was
the unit of interest in the review. We recorded the selection
process in suIicient detail to complete a PRISMA flow diagram and
Characteristics of excluded studies table (Moher 2009).

Data extraction and management

We used an Excel data collection form for study characteristics and
outcome data, which was piloted on at least one study in the review.
Four review authors (SJ, KP, RC, MB), working in pairs, extracted the
following study characteristics from included studies.

1. Methods: study design, total duration of study, details of any
'run-in' period, number of study centres and location, study
setting, withdrawals and date of study, aim of the study (i.e. the
primarily objective of the study was to improve adherence to
pharmacotherapy).

2. Participants: number, mean age, age range, gender, severity of
condition, diagnostic criteria, baseline lung function, smoking
history, inclusion criteria and exclusion criteria.

3. Interventions: intervention (we used the classification list
outlined in the Types of interventions section overall
grouping of interventions. For multi-component interventions,
we extracted all information on components of the
intervention), comparison, concomitant medications and
excluded medications, duration of intervention, method of
delivery and aim of the intervention (e.g. appropriate use of
inhaler or to improve regularity of use).

4. Outcomes: primary and secondary outcomes specified and
collected, and time points reported. For adherence, we recorded
the type of non-adherence that is being targeted in studies.

5. Notes: funding for studies and notable conflicts of interest of trial
authors.

Four review authors (SJ, KP, RC, MB), working in pairs,
independently extracted outcome data from included studies. We
noted in the Characteristics of included studies table if outcome
data were not reported in a usable way. We resolved disagreements
by discussion (SJ, KP, RC, MB). One review author (SJ) transferred
data into Review Manager 5 (Review Manager 2014). We double-
checked that data were entered correctly by comparing the data
presented in the systematic review with the study reports. One
review author extracted study characteristics (MB), which was spot-
checked by a second review author (SJ) against the study report.

Assessment of risk of bias in included studies

Four review authors (SJ, KP, RC, MB) independently assessed risk
of bias for each study using the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2019).
We resolved any disagreements by discussion (SJ, KP, RC, MB). We
assessed the risk of bias according to the following domains:

1. random sequence generation;

2. allocation concealment;

3. blinding of participants and personnel;

4. blinding of outcome assessment;

5. incomplete outcome data;

6. selective outcome reporting;

7. other bias.

We judged each potential source of bias as high, low or unclear, and
provided a quote from the study report together with a justification
for our judgement in the risk of bias table. We summarised the
risk of bias judgements across diIerent studies for each of the
domains listed. We considered blinding separately for diIerent
key outcomes where necessary (e.g. for unblinded outcome
assessment, risk of bias for all-cause mortality may be very diIerent
than for a participant-reported pain scale). Where information on
risk of bias related to unpublished data or correspondence with a
trialist, we noted this in the risk of bias table.
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When considering treatment eIects, we considered the risk of bias
for the studies that contributed to that outcome.

Measures of treatment e:ect

We analysed dichotomous data (e.g. people having an event or
not having an event) as odds ratios (ORs) and continuous data as
the mean diIerence (MD), where studies used the same scales, or
standardised mean diIerence (SMD), where studies used diIerent
scales, with the 95% confidence intervals (CI). In a change to our
protocol, we analysed one outcome as a risk ratio (RR) to allow
incorporation of a study reporting RR and 95% CIs, rather than
numbers of participants with an event. If rate ratios had been
reported in a study, we planned to analyse them on this basis.
If data from rating scales were combined in a meta-analysis, we
ensured they were entered with a consistent direction of eIect (e.g.
lower scores always indicated improvement).

We undertook meta-analyses only where this was meaningful;
that is, if the treatments, participants, outcomes (e.g. measure
of adherence) and the underlying clinical question were similar
enough for pooling to make sense. We described skewed data
narratively (e.g. as medians and interquartile ranges for each
group).

Where a study reported multiple trial arms, we included only the
relevant arms. If two comparisons (e.g. treatment A versus placebo
and treatment B versus placebo) were combined in the same meta-
analysis, we either combined the active arms or halved the control
group to avoid double-counting.

If adjusted analyses were available (analysis of variance (ANOVA)
or analysis of covariance (ANCOVA)) we used these as a preference
in our meta-analyses. If both change-from-baseline and endpoint
scores were available for continuous data, we used change-from-
baseline unless there was low correlation between measurements
in participants. If a study reported outcomes at multiple time
points, we used the latest time point. Minimal important
diIerences (MIDs) were reported where possible for continuous
scales (e.g. SGRQ = 4 point change (Jones 2005); CCQ = 0.4 point
change (Kocks 2006).

We did not include multi-component or tailored care package
interventions in meta-analyses due to diIiculty in determining the
eIects of a specific intervention on adherence to pharmacotherapy.

We used intention-to-treat (ITT) or 'full analysis set' analyses where
they were reported (i.e. those where data had been imputed for
participants who were randomly assigned but did not complete the
study) instead of completer or per-protocol analyses.

Unit of analysis issues

For dichotomous outcomes, we used participants, rather than
events, as the unit of analysis (i.e. number of people admitted
to hospital, rather than number of admissions per person). We
planned to meta-analyse adjusted data from cluster-RCTs to
account for clustering, however, we found no trials of this design.
For cross-over RCTs, we planned to include data from the first part
of the study in the meta-analysis to exclude carryover eIects.

Dealing with missing data

We contacted investigators or study sponsors in order to verify
key study characteristics and obtained missing numerical outcome

data where possible (e.g. when a study was identified as an abstract
only). Where this was not possible, and the missing data were
thought to introduce serious bias, we took this into consideration
in the GRADE rating for aIected outcomes.

Assessment of heterogeneity

We used the I2 statistic to measure heterogeneity among the studies
in each analysis using the following criteria:

1. 0% to 40%: might not be important;

2. 30% to 60%: may represent moderate heterogeneity;

3. 50% to 90%: may represent substantial heterogeneity;

4. 75% to 100%: considerable heterogeneity.

If we identified substantial heterogeneity, we reported it and
explored the possible causes using prespecified subgroup analysis.
If we found considerably high unexplained heterogeneity, we did
not pool the data, but we reported them narratively.

Assessment of reporting biases

We were unable to create funnel plots to explore possible small-
study and publication biases due to the limited number of studies
included in meta-analyses.

Data synthesis

We used a random-eIects model and performed a sensitivity
analysis with a fixed-eIect model where required.

Subgroup analysis and investigation of heterogeneity

We planned to carry out the following subgroup analyses where
there was significant heterogeneity:

1. COPD severity (moderate or severe);

2. cognitive impairment (cognitive impairment versus no cognitive
impairment);

3. duration of intervention (less than 12 months versus 12 months
or longer);

4. who the intervention was delivered to (participant or carer
versus health professional); and

5. treatment comparison (e.g. usual care, active control, placebo
or sham intervention).

We planned to include the following outcomes in subgroup
analyses:

1. adherence;

2. health-related quality of life;

3. hospital service utilisation; and

4. all AEs.

We performed the formal test for subgroup interactions in Review
Manager 5 (Review Manager 2014).

Sensitivity analysis

We planned to carry out sensitivity analyses, removing the
following from the primary outcome analyses:

1. subjective measures for adherence to therapy (e.g. self-report);

2. trials that did not show improvement of adherence;
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3. studies that recruited only people, or a subset of people, with
ACO; and

4. studies at high risk of selection bias.

We also compared the results from a random-eIects model with
those using a fixed-eIect model.

Summary of findings and assessment of the certainty of the
evidence

We created separate summary of findings tables, one for each
of the comparisons, using the following outcomes: adherence
to pharmacotherapy, quality of life, hospital service utilisation,
exacerbations and AEs. We used the five GRADE considerations
(risk of bias, consistency of eIect, imprecision, indirectness and
publication bias) to assess the certainty of a body of evidence as
it related to the studies that contributed data for the prespecified
outcomes. We used the methods and recommendations described
in Section 8.5 and Chapter 12 of the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2019), using GRADEpro
GDT soUware. We justified all decisions to downgrade the certainty
of the evidence using footnotes and we made comments to aid the
reader's understanding of the review where necessary.

R E S U L T S

Description of studies

Results of the search

We conducted database searches in 2019 and 2020 (Figure 1,
study flow diagram (Moher 2009)). From the searches, we retrieved
7405 records. AUer removing duplicates, 4896 records were further
assessed, with 124 records being removed by Cochrane Crowd
assessments and 1209 records removed by the RCT classifier. This
leU 3563 records for manual screening of titles and abstracts, aUer
which we excluded 3454 records. We selected 109 articles for full-
text assessment. Of these, we excluded 43 trials plus 14 additional
references with reasons. We included 52 articles aUer full-text
assessment. This included 16 trials plus an additional 11 references,
23 trials including mixed populations that we placed in Studies
awaiting classification and two Ongoing studies. We did not include
two studies in the analysis; Grandos-Santiago 2020 reported data
from baseline to discharge from hospital and NCT03379233 was
terminated early due to devices malfunctioning. Therefore, we
included 14 studies in the analysis.
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Figure 1.   Study flow diagram.
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Figure 1.   (Continued)

 
Included studies

Details of the 16 included studies are described in the
Characteristics of included studies table. NCT03379233 was
terminated early due to devices malfunctioning and reported no
results but its details are included below.

Setting, design, duration and funding

Nine studies were single-centre (De Tullio 1987; Khdour 2009;
Jarab 2012; Margolis 2013; Mochizuki 2013; Wei 2014; Naderloo
2018; Park 2019; To 2020), and seven studies were multi-centre
(Leiva-Fernandez 2014; Hagedorn 2013; Tommelein 2014; Criner
2018; Grandos-Santiago 2020; Thom 2018; NCT03379233) parallel-
assigned randomised trials.

Four single-centre trials recruited participants from outpatient
pulmonary or COPD clinics (De Tullio 1987; Khdour 2009; Jarab
2012; To 2020), a telephone-based setting (Margolis 2013), medical
centre (Park 2019), or regional hospital (Wei 2014). Multi-centre
trials recruited from regional hospitals (Grandos-Santiago 2020),
health centres (Leiva-Fernandez 2014), community pharmacies
(Tommelein 2014), or urban, county-operated primary care
clinics (Thom 2018). Setting was unclear in Mochizuki 2013 and
NCT03379233.

Trials were conducted in the USA (De Tullio 1987; Margolis 2013;
Criner 2018; Thom 2018), Spain (Leiva-Fernandez 2014; Grandos-
Santiago 2020), Germany (Hagedorn 2013), Japan (Mochizuki
2013), Jordan (Jarab 2012), Northern Ireland (Khdour 2009), Iran
(Naderloo 2018), South Korea (Park 2019), China (Wei 2014;
To 2020), and Belgium (Tommelein 2014). NCT03379233 was
conducted in Germany and the Netherlands.

Duration of studies ranged from six to 52 weeks.

Five trials did not report funding (De Tullio 1987; Khdour 2009; Wei
2014; Naderloo 2018; To 2020). Pharmaceutical companies funded
Hagedorn 2013, Criner 2018, and NCT03379233 (AstraZeneca,
GlaxoSmithKline and Novartis). Grandos-Santiago 2020 received
funding from Fundación Progreso y Salud (FPS), Boehringer
Ingelheim España S.A. and Oximesa, Praxair; Alzaytoonah
University of Jordan funded Jarab 2012; Carlos III Institute of
Health (Instituto de Salud Carlos III), Health Research Fund Ministry
of Science and Innovation funded Leiva-Fernandez 2014; ASHP
Research and Education Foundation Fostering Young Investigators
Federal Services Junior Investigator Research Grant funded
Margolis 2013; Asian Institute for Life Sciences and Asian Medical
Centre funded Park 2019; Ghent University, Liège University and
GlaxoSmithKline funded Tommelein 2014; and Patient-Centered
Outcomes Research Institute, NIH/NCRR Colorado CTSI funded
Thom 2018. Mochizuki 2013 reported that they receive no funding.

Baseline participant characteristics

Baseline characteristics for each study are presented in the
Characteristics of included studies table and Table 1. The mean age
of participants across studies ranged from 54 to 75 years and COPD
was diagnosed according to ATS or ERS guidelines, spirometry
or by a hospital consultant. Six studies did not report how they
diagnosed COPD (De Tullio 1987; Margolis 2013; Mochizuki 2013;
Tommelein 2014; Wei 2014; Grandos-Santiago 2020). Proportion of
males across studies ranged from 39% (Jarab 2012) to 100% (To
2020).

COPD severity ranged from mild to very severe across studies,
and although at baseline some studies presented the diIerent
COPD severity groups, the outcome measures were reported for
combined COPD severity groups.

The number and combinations of concomitant medications varied
across studies, however, the types of medication included ICS,
LABA, LAMA, long-acting anticholinergic (LAAC), SABA, short-acting
anticholinergic (SAAC), carbocisteine, theophylline and xanthine.
Six studies did not report concomitant medications (De Tullio 1987;
Margolis 2013; Mochizuki 2013; Naderloo 2018; Grandos-Santiago
2020; NCT03379233).

Only two studies reported exacerbations prior to study initiation
(Leiva-Fernandez 2014; Tommelein 2014). Leiva-Fernandez 2014
reported slightly higher exacerbations per year in the intervention
group (MD 0.92, 95% CI 0.67 to 1.17) compared to the control
group (MD 0.82, 95% CI 0.59 to 1.05). Tommelein 2014 reported
54% of study participants in both intervention and control groups
experiencing one or more exacerbation in the previous year.

Three studies reported hospitalisations (Khdour 2009; Jarab 2012;
Hagedorn 2013). Most participants in Hagedorn 2013 had no
hospitalisations in the previous year. Jarab 2012 reported hospital
admissions in the last six months but there was no diIerence
between treatment groups. Khdour 2009 reported a similar number
of hospitalisations in both treatment groups in the previous year.

Description of interventions

All descriptions of interventions are presented in Table 2. Duration
of trials ranged from six to 52 weeks.

We categorised studies according to how many intervention
components there were. Any interventions with one component
were grouped as single component interventions. Any
interventions with two or more components were categorised
as multi-component interventions. Seven studies investigated
single component interventions (De Tullio 1987; Hagedorn
2013; Mochizuki 2013; Criner 2018; Naderloo 2018; Park 2019;
NCT03379233), and nine studies investigated multi-component
interventions (Leiva-Fernandez 2014; Khdour 2009; Jarab 2012;
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Margolis 2013; Tommelein 2014; Wei 2014; Grandos-Santiago 2020;
To 2020; Thom 2018).

Single component interventions

Seven studies compared a single component intervention to usual
care, conventional treatment or a control group (De Tullio 1987;
Hagedorn 2013; Mochizuki 2013; Criner 2018; Naderloo 2018; Park
2019; NCT03379233).

Criner 2018 investigated the use of a 'BreatheMe' Bluetooth
inhaler monitoring device with reminders, and linked to a
mobile application, compared to current care, medication usage
monitoring device without any reminders at 26 weeks.

De Tullio 1987 included a pharmacist-led educational intervention
consisting of verbal instruction on importance of medication
adherence (and theophylline adherence to maintain blood levels
for achieving therapeutic eIects) lasting for three to five minutes.
The control group did not receive a pharmacist-led session but
were asked by the pharmacist if they had any questions about their
medication. The study duration was 26 weeks.

Hagedorn 2013 compared a single Diskus inhaler (containing
salmeterol xinafoate 50 µg and fluticasone propionate 500 µg
inhalation powder at dosage of one inhalation twice daily plus
existing therapy) to salmeterol xinafoate 50 µg and fluticasone
propionate 500 µg inhalation powder at dosage of one inhalation
twice daily via two separate Diskus inhalers plus existing therapy.
The study duration was 52 weeks.

Mochizuki 2013 compared a tulobuterol patch 2 mg once daily to
inhaled salmeterol 50 µg twice daily for 12 weeks. Participants
received individualised instructions on inhaler technique and how
to apply the patch by trained health professionals at the start of the
trial. Inhalation technique was reinforced aUer four weeks of use of
salmeterol inhaler.

Naderloo 2018 consisted of a motivational interview intervention
based on five one-to-one sessions over two consecutive days.
Sessions focused on participants' feelings and helping towards
motivation for change; resolving uncertainties; creating a desire to
change; and identifying, clarifying and acknowledging participants'
values. Two further sessions covered information on medication,
lifestyle and respiratory chest physiotherapy that the control group
received. The study duration was 8.6 weeks.

NCT03379233 included a fixed combination containing indacaterol
maleate 110 μg and glycopyrronium bromide 50 μg capsule added
to a Concept 2 inhaler with an additional application used for
monitoring for 24 weeks. This was compared to the same inhaler
without the additional monitoring application.

Park 2019 was a dose-escalation study comparing roflumilast 250
µg once daily for four weeks followed by a dose of 500 µg for 12
weeks. This was compared to the conventional dose of 500 µg for 12
weeks. The study compared adherence rates to roflumilast as dose-
escalation to a conventional dose strategy.

Multi-component interventions

Nine studies compared a multi-component intervention to usual
care, or a control group with no further information (Khdour 2009;
Jarab 2012; Margolis 2013; Leiva-Fernandez 2014; Tommelein 2014;
Wei 2014; Grandos-Santiago 2020; To 2020; Thom 2018).

Grandos-Santiago 2020 consisted of an individualised shared
decision-making and patient engagement intervention that
included pharmacological management, symptom control and
healthy lifestyle promotion in addition to standard treatment. The
control group received standard treatment that included medical
and pharmacological care, review of systemic steroids, antibiotics,
inhaled bronchodilators and oxygen therapy. The duration was
from discharge from hospital to 13 weeks' follow-up.

Five studies consisted of a pharmacist-led intervention (Khdour
2009; Jarab 2012; Margolis 2013; Tommelein 2014; Wei 2014).
Jarab 2012 included patient education, management of symptoms
and medication management (delivered by a clinical pharmacist).
An information booklet was also provided, and the pharmacist
used motivational interviewing to help participants adhere to
their prescribed medication. Similarly, Khdour 2009 also included
these components, with additional education and demonstration
of pursed lip breathing and expectoration techniques followed by
asking participants to perform the techniques. The pharmacist
also provided motivational interviewing to help to increase self-
eIicacy, and advice on smoking cessation. Individual action plans
were developed for each participant and the pharmacist reinforced
COPD education via clinic visits and telephone calls. Margolis 2013
consisted of a tele-pharmacy intervention focusing on improving
inhaler technique. The pharmacist asked participants about their
knowledge of medication, inhaler technique and any barriers
to adherence. Participants were given education as reminder
techniques through motivational interviewing. Pharmacists made
follow-up telephone calls twice aUer the intervention phase
ended. Tommelein 2014 and Wei 2014 provided all components
as described in the other pharmacist-led interventions but did not
include motivational interviewing. The durations of studies ranged
from 13 to 52 weeks.

Leiva-Fernandez 2014 was a 52-week study that consisted of
group and individual sessions to help improve adherence through
motivational interviewing. They provided information on COPD,
daily treatments, and training and skills on inhaler technique.

To 2020 included an information, motivation, behavioural-based
intervention consisting of three sessions: an individual face-to-
face session, and two telephone follow-up sessions at two weeks
apart over four weeks of the intervention. The sessions focused
on providing information, motivational enhancement, inhaler
technique training and behaviour skills training. The control group
received routine care; however, they were oIered the intervention
aUer the intervention group completed the programme.

Thom 2018 was a 39-week study focusing on a Health Coaching
intervention that included training for health coaches to enable
them to address barriers to medication adherence, inhaler
technique with teach-back methods (closing the loop) once every
three weeks. Participants received telephone calls between face-to-
face visits. The control group received standard care.

Excluded studies

We excluded 44 trials from the review. Details are presented in the
Characteristics of excluded studies table.
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Risk of bias in included studies

An overview of the risk of bias assessments across individual
studies is presented in Figure 2. Support for judgements are
presented in the Characteristics of included studies table.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Criner 2018 + ? - - ? - +
De Tullio 1987 + ? - ? ? ? +

Grandos-Santiago 2020 + ? - + + + +
Hagedorn 2013 ? ? - - - - +

Jarab 2012 + ? ? ? ? ? +
Khdour 2009 + ? - - + ? +

Leiva-Fernandez 2014 + ? - - - ? +
Margolis 2013 + ? - - + ? +

Mochizuki 2013 + ? - - - ? +
Naderloo 2018 ? ? - - + + +
NCT03379233 + + - + ? ? +

Park 2019 + ? - + - - +
Thom 2018 + + - + - - ?

To 2020 + + - + ? ? +
Tommelein 2014 + + - - + + +

Wei 2014 + ? - ? + ? +
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Allocation

Of the 16 included studies, 14 were at low risk of bias for random
sequence generation, with two studies unclear for this domain
due to limited information about how the randomisation process
was performed (Hagedorn 2013; Naderloo 2018). Only four studies
reported allocation concealment methods (Tommelein 2014; To
2020; Thom 2018; NCT03379233), and 12 studies were unclear for
this domain as there was no further information.

Blinding

FiUeen studies were not blinded, that is, participants were aware
of the treatment they received, and personnel were aware of the
treatment they were providing (performance bias). One study was
unclear for blinding of participants or personnel (Jarab 2012).
Blinding of outcome assessors (detection bias) varied across
studies, with five studies at low risk (Park 2019; Grandos-Santiago
2020; To 2020; Thom 2018; NCT03379233), and eight studies at high
risk (Khdour 2009; Hagedorn 2013; Margolis 2013; Mochizuki 2013;
Leiva-Fernandez 2014; Tommelein 2014; Criner 2018; Naderloo
2018). We judged three studies unclear for this domain due to
insuIicient information (De Tullio 1987; Jarab 2012; Wei 2014).

Incomplete outcome data

Six studies were at low risk of bias with low rates of attrition
(Khdour 2009; Margolis 2013; Tommelein 2014; Wei 2014; Naderloo
2018; Grandos-Santiago 2020), whereas five were at high risk of
bias due to higher rates of attrition in the intervention group
(Hagedorn 2013; Mochizuki 2013; Leiva-Fernandez 2014; Park 2019;
Thom 2018). Possible reasons for the attrition rates observed
could have included diIerences in COPD severity (i.e. very severe
COPD subgroups) as seen in Hagedorn 2013, or diIerences in
progression of illness demonstrated by further decline in FEV1
and FVC from baseline to end of study visit (Leiva-Fernandez
2014). Mochizuki 2013 reported discontinuation due to acute
exacerbations of COPD, loss to follow-up and participant desire.
Participants were also excluded from the analysis for the six-minute
walk distance because of complaints of severe knee joint pain
with or without back pain (Mochizuki 2013). Park 2019 reported
high discontinuation rates that could not be explained by dose-
escalation of roflumilast alone. Thom 2018 reported high attrition
in the intervention group but did not give reasons. Baseline
characteristics were similar across both treatment groups (Thom
2018). Five studies were at unclear risk of attrition (De Tullio 1987;
Jarab 2012; Criner 2018; To 2020; NCT03379233).

Selective reporting

Only three studies were at low risk of bias of selective reporting
as we identified a prospective trial registration and all outcomes
were reported as planned (Tommelein 2014; Naderloo 2018;
Grandos-Santiago 2020). Nine studies were unclear due to lack of
information about their protocols and it was unclear if outcomes
were reported as planned. Four studies were at high risk of bias
due to lack of reporting of outcomes in the publication or protocol
(Hagedorn 2013; Criner 2018; Park 2019; Thom 2018).

Other potential sources of bias

There were no other potential sources of bias except for one study in
which participants received financial incentives at baseline and at
the end of the study as acknowledgement for participation (Thom
2018).

E:ects of interventions

See: Summary of findings 1 Single component intervention
compared to control for chronic obstructive pulmonary disease
(COPD); Summary of findings 2 Multi-component intervention
compared to control for chronic obstructive pulmonary disease
(COPD)

We included 16 studies in this review but only 14 studies
contributed to the meta-analyses. Two trials did not contribute to
the main analyses (Grandos-Santiago 2020; NCT03379233).

Of the 14 analysed trials, six reported single component
interventions (De Tullio 1987; Hagedorn 2013; Mochizuki 2013;
Criner 2018; Naderloo 2018; Park 2019), and eight reported multi-
component interventions (Khdour 2009; Jarab 2012; Margolis 2013;
Leiva-Fernandez 2014; Tommelein 2014; Wei 2014; To 2020; Thom
2018). We described the studies and their interventions with overall
direction of eIect of interventions in Table 2 and Table 3.

1. Single component interventions

Primary outcome: adherence to pharmacotherapy

Based on one study, a change in dose (roflumilast 250/500 mg
versus roflumilast 500 mg) may make little to no diIerence to the
number of people completing treatment at 12 weeks (OR 0.67, 95%
CI 0.22 to 1.99; studies = 1, participants = 55; Analysis 1.1; Summary
of findings 1) (Park 2019). The evidence is uncertain.

Two studies measured adherence using prescription refills (De
Tullio 1987; Criner 2018). We did not pool the data from these
studies due to variation of interventions. One study had a duration
of 21.6 weeks (De Tullio 1987), and the other study had a duration
of 26 weeks (Criner 2018). Criner 2018 compared a Bluetooth
inhaler monitoring device plus a mobile application for support.
De Tullio 1987 compared a pharmacist counselling session with
no counselling session. There may be little to no diIerence on
adherence with an adherence aid (Bluetooth monitoring device),
but an educational intervention (pharmacist counselling session)
did improve adherence (mean prescription refill) (Analysis 1.2).

One study used motivational interviewing as an intervention to
improve adherence (Naderloo 2018). Adherence was measured
using the Adherence among Patients with Chronic Disease
questionnaire (APCD). On a scale of 0 to 100, higher scores
represented better treatment adherence. Motivational interviewing
improved mean adherence scores on the APCD scale at eight weeks
compared to control at eight weeks (Analysis 1.3).

We analysed Mochizuki 2013 separately as it was a cross-over
study without a washout period. Authors stated that the lack of a
washout period was unlikely to aIect outcome measures because
the carryover eIects of treatments would only last for a few days.
We were uncertain about these eIects. Adherence was measured at
the end of the second phase using a diIerent calculation (counting
the number of unused doses of medication as a mean percentage
of doses used as prescribed). At 12 weeks, adherence improved in
people in the transdermal patch tulobuterol condition compared to
the inhaled salmeterol condition (Analysis 1.4).

Other measures of adherence

Criner 2018 reported adherence by measuring the mean number
of adherent sets of budesonide/formoterol puIs per day for each
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group over 26 weeks. Adherent set of puIs was defined as two
sets of budesonide/formoterol puIs per day, and the set must
have been taken within one hour of each other. A mean of 2
equated to 100% adherence. The mean set of adherent puIs in the
intervention group was 1.6 (standard deviation (SD) 0.39) among 67
participants, and 1.3 (SD 0.51) among 70 participants in the control
group (P < 0.001).

Primary outcome: quality of life

One study reported the SGRQ total score (Hagedorn 2013). The
SGRQ scale is from 0 to 100 with lower scores indicating better
quality of life. Very low-certainty evidence showed little to no
diIerence in quality of life with a single component intervention
(single Diskus inhaler plus individual existing therapy) compared
to standard therapy (two separate Diskus inhalers plus individual
existing therapy). There was no clear diIerence between a single
component intervention and control at 52 weeks (MD 0.80, 95% CI
–3.12 to 4.72; studies = 1, participants = 212; Analysis 1.5; Summary
of findings 1).

One study reported the eIect of a Bluetooth inhaler monitoring
device plus mobile application on quality of life measured by the
CCQ (a scale from 0 to 7 with lower scores indicating better quality
of life) (Criner 2018). At 26 weeks there may be slight improvement
in quality of life, however, the evidence was uncertain (Analysis 1.5;
Summary of findings 1).

Primary outcome: hospital service utilisation

One study reported the number of participants admitted to hospital
(Hagedorn 2013). Very uncertain evidence suggests that there is
little to no diIerence in eIect of single inhaler compared to two
separate inhalers at 52 weeks (OR 1.47, 95% CI 0.75 to 2.90; studies
= 1, participants = 212; Analysis 1.6; Summary of findings 1).

Studies not included in the main analysis

One study showed that there may be little to no diIerence in eIect
of a single inhaler plus individual existing therapy on mean length
of stay (days) in hospital at 52 weeks (Table 4) (Hagedorn 2013).

Secondary outcome: exacerbations

Very uncertain evidence from two studies reported the number
of people who experienced exacerbations (Hagedorn 2013; Park
2019). There may be little to no diIerence in the number of people
experiencing exacerbations with a change in dose of roflumilast or
single inhaler compared to conventional roflumilast dose or two
separate inhalers at mean 43.7 weeks (OR 0.87, 95% CI 0.51 to 1.50;

studies = 2, participants = 267; I2 = 0%; Analysis 1.7; Summary of
findings 1), and the result was not influenced by duration of the
studies.

Secondary outcome: self-e�icacy

There were no studies that reported self-eIicacy.

Secondary outcome: adverse events: number of people
experiencing adverse events (all-cause)

Three studies reported all-cause non-serious AEs (Hagedorn 2013;
Criner 2018; Park 2019). There may be little to no eIect of single
interventions (adherence aids or changes to pharmacotherapy)
compared to control treatment (current care, active control or a
conventional dose) at mean 37.6 weeks (OR 0.92, 95% CI 0.60

to 1.41; studies = 3, participants = 4045; I2 = 0%; Analysis 1.8;
Summary of findings 1). The evidence is very low certainty and the
interventions were clinically heterogeneous.

Secondary outcome: adverse events: number of people adverse
events (COPD-related)

There was very uncertain evidence from one study for the number
of people experiencing COPD-related AEs as there may be little to
no diIerence between single or two separate inhalers at 52 weeks
(OR 0.96, 95% CI 0.54 to 1.72; studies = 1, participants = 213; Analysis
1.9; Summary of findings 1) (Hagedorn 2013).

Secondary outcome: adverse events: number of people
experiencing a serious adverse event

Based on two studies, very low certainty evidence from two
clinically heterogeneous trials suggests there may be little to no
diIerence between a single component intervention (adherence
aids or changes to pharmacotherapy) compared with control
treatment on the number of people experiencing a serious adverse
event (SAE) at mean 41.6 weeks (OR 1.57, 95% CI 0.86 to 2.87;

studies = 2, participants = 350; I2 = 0%; Analysis 1.10; Summary of
findings 1).

Secondary outcome: mortality

One study reported mortality (Hagedorn 2013). At 52 weeks
evidence suggests there is no diIerence in deaths between a single
component intervention (single Diskus inhaler plus individual
existing therapy) compared to standard therapy (two separate
Diskus inhalers plus individual existing therapy) (Peto OR 0.490,
95% CI 0.04 to 5.44; studies = 1, participants = 212; Analysis 1.11).
We presented the analysis as Peto OR because the rate of mortality
was lower than 1% in the multi-component group.

Secondary outcome: patient acceptability of intervention

There were no studies identified that reported patient acceptability
of intervention.

Secondary outcome: inhaler technique

There were no studies identified that reported inhaler technique.

2. Multi-component interventions

Primary outcome: adherence to pharmacotherapy

Four studies contributed to the analysis (Khdour 2009; Jarab 2012;
Leiva-Fernandez 2014; To 2020). We used RR to analyse the data
to allow incorporation of a study reporting RR and 95% CI, rather
than the number of participants who were adherent. There may
be an increase in the number of people adhering to medication in
the multi-component group compared with a control intervention,
regardless of duration of treatment (RR 1.37, 95% CI 1.18 to 1.59;

studies = 4, participants = 446; I2 = 0%; Analysis 2.1; Summary of
findings 2). The evidence was low certainty.

Studies not included in the main analysis

Tommelein 2014 measured mean adherence to maintenance
therapy using the Medication Refill Adherence scale (MRA). We did
not analyse the data as we preferred using the number of people
adhering to medication rather than mean adherence. The study
authors calculated MRA by dividing the total days' supply by the
number of days the participant was in the study. The number of
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study participation days represented the number of days between
the inclusion date and the date of the second follow-up visit aUer
13 weeks (90 days). At 13 weeks, there was an improvement in the
MRA in the pharmacist care group compared to control treatment
(Table 4).

Grandos-Santiago 2020 reported the mean Test of the Adherence to
Inhalers (TAI) score as change from baseline to hospital discharge.
At hospital discharge there was little to no diIerence in the mean
TAI score between multi-component and control treatment (Table
4).

Primary outcome: quality of life

Three studies reported SGRQ total scores (Khdour 2009; Jarab 2012;
Wei 2014). The SGRQ scale is from 0 to 100 with lower scores
indicating better quality of life. Low-certainty evidence suggested
there may be little to no diIerence between multi-component and
control interventions in improving quality of life on the SGRQ total
score at 26 to 52 weeks (MD –2.96, 95% CI –6.36 to 0.44; studies = 3,

participants = 374; I2 = 0%; Analysis 2.2; Summary of findings 2).

One multi-component intervention study reported Chronic
Respiratory Disease Questionnaire (CRDQ) score and three reported
CAT scores. The CRDQ is measured on a seven-point scale with
higher scores indicating better quality of life. The CAT is measured
on a scale from 0 to 40 with lower scores indicating better quality of
life. Multi-component interventions may result in little to no eIect
on CRDQ score at 39 weeks (MD 0.15, 95% CI –0.24 to 0.54; studies =
1, participants = 158; Analysis 2.3; Summary of findings 2) or CAT at
39 weeks (MD –0.22, 95% CI –1.26 to 0.81; studies = 3, participants

= 879; I2 = 0%; Analysis 2.4; Summary of findings 2). Evidence was
of low to very low certainty.

Primary outcome: hospital service utilisation

Two studies reported hospital service utilisation (Khdour 2009;
Tommelein 2014). Uncertain evidence suggests multi-component
interventions likely reduce the number of people experiencing all-
cause hospital admissions (OR 0.37, 95% CI 0.22 to 0.63; studies

= 2, participants = 877; I2 = 0%; Analysis 2.5; Summary of findings
2). Multi-component interventions also likely result in a reduction
of the number of people experiencing COPD-related hospital
admissions (OR 0.15, 95% CI 0.07 to 0.34; studies = 2, participants

= 220; I2 = 0%; Analysis 2.6; Summary of findings 2; moderate-
certainty evidence).

Studies not included in the main analysis

We identified numerous diIerent measures for hospital service
utilisation that we did not include in the main analyses, but
we reported the data in Table 4. There was no diIerence in
mean hospital admissions (all-cause or COPD-related) (Thom
2018) or mean length of stay per participant (Wei 2014). There
was no diIerence in the number of people admitted to an
emergency department (Jarab 2012; Tommelein 2014), and there
was no diIerence in mean all-cause and COPD-related emergency
department visits (Thom 2018). The rate of emergency department
visits per participant per year in the multi-component intervention
arm was no diIerent from control treatment (Tommelein 2014).
Tommelein 2014 reported the rate of hospital days per year.
There was a lower rate of hospital days in the multi-component
intervention arm (Table 4).

Secondary outcome: exacerbations

Based on one study (Tommelein 2014), very uncertain evidence
suggests there may be little to no impact of a multi-component
intervention on the number of people experiencing moderate
exacerbations compared with control at 13 weeks' duration (OR
0.97, 95% CI 0.71 to 1.31; studies = 1, participants = 734; Analysis
2.7; Summary of findings 2). However, uncertain evidence suggests
that a multi-component intervention may result in a reduction in
the number of people experiencing severe exacerbations compared
to control at 13 weeks (OR 0.54, 95% CI 0.30 to 0.97; studies = 1,
participants = 734; Analysis 2.7; Summary of findings 2).

Studies not included in the main analysis

There may be little to no diIerence in mean exacerbations per year
(Thom 2018); however, multi-component interventions may be of
benefit in reducing the rate of severe exacerbations per person per
year (Tommelein 2014; Table 4).

Secondary outcome: self-e�icacy

One study (Thom 2018) measured self-eIicacy using the validated
Stanford Self-EIicacy for Managing Chronic Disease Scale (Lorig
2001). At 39 weeks, uncertain evidence suggests there may be little
to no diIerence between multi-component intervention or control
on improving self-eIicacy (MD 0.30, 95% CI –0.33 to 0.93; Analysis
2.8).

Secondary outcome: adverse events: number of people
experiencing adverse events (all-cause)

One study reported the number of people experiencing all-
cause AEs (Thom 2018). There may be little or no diIerence
between multi-component interventions or control at 39 weeks
and evidence is uncertain (OR 1.05, 95% CI 0.60 to 1.85; Analysis 2.9;
Summary of findings 2).

Secondary outcome: adverse events: number of people
experiencing a serious adverse event

One study reported the number of people experiencing an SAE
(Thom 2018). There may be little or no diIerence between a multi-
component intervention or control at 39 weeks and evidence is
uncertain (OR 0.80, 95% CI 0.42 to 1.54; Analysis 2.10; Summary of
findings 2).

Secondary outcome: mortality

Three studies reported mortality (Khdour 2009; Margolis 2013;
Thom 2018). Very uncertain evidence shows there may be little to
no diIerence between a multi-component intervention or control
treatment on deaths at mean 41 weeks (OR 0.79, 95% CI 0.28 to 2.26;

studies = 3, participants = 462; I2 = 0%; Analysis 2.11; Summary of
findings 2).

Secondary outcome: patient acceptability of intervention

There were no studies identified that reported patient acceptability
of intervention.

Secondary outcome: inhaler technique

Three studies reported inhaler technique (Margolis 2013;
Tommelein 2014; Thom 2018). Multi-component interventions may
improve inhaler technique but the evidence is very uncertain (OR
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3.00, 95% CI 1.35 to 6.64; studies = 3, participants = 927; I2 = 74%;
Analysis 2.12).

We investigated reasons for the high heterogeneity in the analysis
further. Removal of the unpublished Margolis 2013 study in a
sensitivity analysis reduced overall heterogeneity to 0%, tightened
the CIs and increased the eIect estimate from 3.00 to 4.45 (Analysis
2.13).

By grouping studies that were published or unpublished (Analysis
2.14), we found that there was an improvement in inhaler technique
in two studies that were published (Tommelein 2014; Thom
2018), but one unpublished study (Margolis 2013) showed little
to no diIerence in inhaler technique between a multi-component
intervention and control.

D I S C U S S I O N

Summary of main results

This systematic review evaluated RCTs that assessed eIectiveness
of interventions aimed to improve adherence to COPD
pharmacotherapy and other outcomes including quality of life and
hospitalisations.

We included 16 studies in this review but only 14 studies
contributed to the meta-analyses.

Single component interventions

Of the six studies identified, reporting of adherence as well as
types of interventions to promote adherence were varied. Three
studies reporting adherence showed little to no diIerence between
the intervention and control treatment (De Tullio 1987; Criner
2018; Park 2019). Park 2019 showed that there was little to no
diIerence in between dose escalation or standard dosage of
roflumilast regimens on the number of people completing their
treatment. A Bluetooth inhaler monitoring device linked to a mobile
application providing reminders (beeps and flashes) was no better
than a monitoring device without these reminders in promoting
compliance (Criner 2018). A counselling session provided by a
pharmacist did improve compliance to medication as measured
by prescription refills, as did a transdermal tulobuterol patch
compared to the inhaled salmeterol; both results are based on
single studies (De Tullio 1987; Mochizuki 2013).

Evidence for quality of life measures was very uncertain for the
SGRQ total score and CCQ. There was little to no benefit of a
single Diskus inhaler compared to two separate inhalers (standard
therapy) (Hagedorn 2013). A Bluetooth inhaler monitoring device
may have some benefit in improving quality of life when measured
by the CCQ, however, we were uncertain about this result as it was
based on one small study (Criner 2018).

We found little to no benefit of single versus two separate inhalers
on the number of people with hospital admissions due to high
uncertainty of the evidence. Similarly, there was no benefit of
change to regimen of pharmacotherapy (whether that be single
versus separate inhalers (Hagedorn 2013) or roflumilast dose
escalation (Park 2019) on the number of people experiencing
exacerbations.

There was little to no benefit in change of pharmacotherapy or
adherence aids on AEs (all-cause and COPD related), SAEs and
mortality.

Multi-component interventions

Eight studies investigated multi-component interventions and
were included in our main analyses. From a pooled result of four
studies, adherence improved with multi-component interventions
compared to a control treatment (Analysis 2.2).

Multi-component interventions were no better than control
treatments in improving quality of life as measured by SGRQ total,
CRDQ and CAT (Analysis 2.2; Analysis 2.3; Analysis 2.4). There was
a reduced number of people with hospital admissions (all cause)
as a result of a multi-component intervention at 13 and 52 weeks.
The number of people admitted to hospital due to COPD was also
reduced at 26 and 52 weeks (Analysis 2.5; Analysis 2.6).

Multi-component interventions were not of benefit in reducing the
number of people experiencing moderate exacerbations, however,
there may be a small benefit for people experiencing severe
exacerbations at 13 weeks based on one study (Analysis 2.7).

There were no diIerences in AEs, SAE, and mortality between
multi-component interventions and control treatment at short- or
long-term durations (three studies), although events were rare for
mortality. A multi-component intervention had little or no impact
on self-eIicacy as reported by one study (Thom 2018).

There was no evidence for patient acceptability of the intervention.

Three studies reported inhaler technique. There was a benefit
with a multi-component intervention on the number of people
achieving the correct inhaler technique (Analysis 2.12). Margolis
2013 was the only unpublished study in the analysis that showed
little to no diIerence in the outcome, and in the sensitivity analysis
it was clear that this study was the outlier (Analysis 2.14).

Overall completeness and applicability of evidence

We identified seven studies that investigated single component
interventions, and nine studies for multi-component interventions
but there were significant gaps in the evidence (Table 3). We
were not clear about eIects of single component interventions on
adherence, quality of life or hospital admissions due to limited
evidence and variation of interventions. In addition, the tools used
to measure adherence were diIerent, making it diIicult to pool
data. We could not determine which of the single component
interventions would be of benefit and were safe to use. Equally,
we could not determine any harms. An educational session given
by a pharmacist on adherence (measured by prescription refill)
was found to be of benefit but based on 60 participants with mild-
to-severe COPD, we could not be certain that this eIect would
be observed in the wider COPD population. As the data were
not segregated by COPD severity, we could not determine which
COPD severity population would benefit from the intervention.
Similarly, a change in regimen (transdermal patch versus inhaled
salmeterol) was eIective in improving adherence, but this was
based on one study including 44 people with moderate-to-severe
COPD. Improvements in adherence measured by prescription refills
were not seen with a Bluetooth inhaler monitor in one study,
but did show a small improvement in quality of life (Criner 2018;
Analysis 1.2; Analysis 1.5). The study did show improvement in
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adherence when the set number of inhaler puIs were measured but
we did not analyse the data further and were uncertain about the
intervention as the results were based on one study. We could not
determine adverse eIects that may result from these interventions
(non-serious, serious or fatal) due to the limited number of studies
reporting them.

There was marginally more evidence for multi-component
interventions, for example, more people with COPD adhered
to pharmacotherapy (pooled result of four studies with 446
participants). However, there was uncertainty in the evidence
because of risk of bias across the studies. As COPD severity among
three of the studies included participants with moderate-to-severe
COPD and one with mild-to-moderate severity, multi-component
interventions could possibly help people with mild-to-severe
COPD. Education-based, or health professional-led interventions
could benefit, but we acknowledge that more trials are needed to
determine whether eIects are robust and can be applied to most
COPD severity groups. We could not determine which individual
component of the intervention may have been the driver of eIects
observed.

Two studies that were pooled in the analysis found positive eIects
on the number of people hospitalised for any cause over 13 to
52 weeks. The multi-component interventions were pharmacist-
led but there were limitations due to risk of bias mainly due to
blinding of participants, personnel and those assessing outcome
measures in both studies, which led to the evidence being rated
as low certainty. One study reported that the population had
moderate-to-severe COPD whereas the second study did not report
severity status, therefore, we are unclear which COPD subgroup
would benefit from the intervention and more segregated data are
needed. Regardless of the issues of blinding (which may be unlikely
to be resolved due to the nature of these complex interventions),
there is likely to be a potential for health professional-led
individualised input to help people with COPD to self-manage
their medication. Further research is required to confirm these
findings. The evidence for COPD-related hospitalisations was more
certain, showing that a multi-component intervention can help
to reduce the number of people admitted to hospital despite
limitations due to lack of participant or personnel blinding to
the interventions (structured education or pharmacist-led care).
Populations were of either mild-to-severe or moderate-to-severe
COPD, which suggests that the interventions could help across
most COPD severity groups. We could not find any diIerence of
eIect on AEs (non-serious, serious or fatal) based on three studies.

Most studies were conducted in high-income settings, which may
limit the applicability of the findings to lower- and middle-income
counties. As the majority of the global burden of disease from
COPD, including 90% of deaths, occurs in lower- and middle-
income countries, this is an important limitation of the evidence
(WHO 2017).

We could not determine the influence of personal behaviours
towards interventions as we did not plan to investigate this in the
review, but it is likely that behaviours do play a role in uptake of the
intervention whether that is a simple change to pharmacotherapy,
or provision of a multi-component intervention.

Quality of the evidence

Studies that contributed to evidence for key outcomes including
adherence, quality of life, hospital service utilisation and AEs were
of high risk of bias due to lack of blinding (performance bias).
This judgement was included in the GRADE assessment of key
outcomes, which ranged from low to very low certainty for single
component interventions, and moderate to very low certainty for
multi-component interventions. Reasons for downgrading mainly
included risk of bias, imprecision (including wide or very wide CIs,
and small participant numbers), and high heterogeneity in some
analyses. The only evidence that was of moderate certainty was the
number of people with a COPD-related hospital admission as there
were no issues with imprecision, inconsistency or indirectness
(Summary of findings 2). We prespecified that we would use the
random eIects model for our analyses and that we would perform
subgroup analyses if we found high levels of heterogeneity. We
were unable to perform subgroup analyses due to limited numbers
of studies. Publication bias could not be investigated because of the
small number of studies in analyses.

High discontinuation rates due to AEs were not dissimilar to other
studies that included Asian participants. In comparison, dose-
escalation studies that did not include Asian participants were
more eIective in improving adherence rates. One study suggested
that dose-escalation may not be eIective in Asian populations
(Park 2019).

Potential biases in the review process

This review is based on a published protocol (Janjua 2019). Any
deviations from the published protocol were noted in DiIerences
between protocol and review, and we provided reasons for the
changes made.

We planned to contact authors of trials with mixed populations
to request disaggregated data for the participants with COPD, but
we did not do this due to time restrictions. Therefore, we only
included studies in which the population had a diagnosis of COPD
only. Most of the interventions in the mixed population studies
that we identified were pharmacist-led interventions focusing on
inhaler technique or counselling. Our analysis of data showed
that pharmacist-led interventions helped to reduce the number of
people admitted to hospital (all-cause or COPD-related) (Analysis
2.5; Analysis 2.6) and those experiencing exacerbations (Analysis
2.7). While the direction of eIect on these outcomes may not
change, addition of disaggregated COPD data from the mixed
population studies may make the CIs tighter around the eIect
estimates. It is unclear what additional eIects these interventions
may have on other outcomes.

We categorised interventions into those that were single
component or multi-component (two or more components) based
on Jordan 2015 classifications for ease of management of studies.
We did not include all outcome measures in the main analyses
because they were unlikely to provide meaningful conclusions
as they were based on single studies (e.g. hospitalisations)
but we did provide the data in an additional table. We gave
preference to the number of people experiencing an outcome
rather than the mean number per outcome, due to likely skew
in these outcomes, especially hospitalisations. Studies measured
adherence in diIerent ways, which made it diIicult to compare
eIects of interventions across studies, and the lack of a gold
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standard to measure adherence prompted to report the number of
people adhering to pharmacotherapy.

We did not include data from studies in the main review that only
included information on the intervention group, or if authors did
not provide outcome data on request.

Agreements and disagreements with other studies or
reviews

Nearly half of medications may be missed because of non-
adherence or poor adherence in high-income countries and even
lower rates in lower- and middle-income countries (Sabaté 2003).
Poor adherence may result in loss of benefit of pharmacotherapy to
the individual, cost implications for healthcare services and those
funding healthcare systems. The WHO report outlines guidance
for improving adherence to treatment for people with long-term
chronic conditions. This includes constant review of methods to
measure adherence, support for individuals, identifying social and
economic factors, the health care system itself, severity of the
condition and any comorbidities that an individual may have
(Sabaté 2003).

Clinical practice guidelines recommend a multi-component
approach for managing COPD, which could include approaches
for adherence using pharmacological and non-pharmacological
techniques (Qaseem 2011).

Our review of the evidence found that multi-component
interventions (individualised or tailored) had some benefit in
more people adhering to medication mid to long term (Analysis
2.1) Two of the studies were pharmacist-led interventions and
two studies were multi-factorial behavioural interventions in
people with moderate-to-severe COPD, and included face-to-face
education on COPD, medication management, management of
symptoms, written information, motivational interview technique
to increase self-eIicacy, development of an individualised action
plan and demonstration of the pursed-lip technique as part of the
intervention. Pharmacist-led multi-component interventions were
also found to be eIective in helping people with COPD to adherence
as reported by Bryant 2013.

We found that multi-component interventions, specifically
pharmacist-led interventions that included education programmes
and disease management protocols, helped to reduce all-cause
and COPD-related hospital admissions (Analysis 2.5; Analysis 2.6).
Our findings are in line with another systematic review that
showed reduced hospital admissions as a result of pharmacist-led
interventions (Zhong 2014).

We found no diIerences of eIect of interventions on quality of
life as measured by SGRQ, CRDQ or CAT. This somewhat reflects
findings from other studies in which a clear association between
medication adherence and eIects on quality of life was not
established (Agh 2015).

We found improvements in inhaler technique with multi-
component intervention that had included education on inhaler
technique as part of the intervention. However, the evidence was
limited to three studies of short to medium duration of follow-up,
and considerable variation that led to uncertainty in the results.
Similar results have been reported in another systematic review
(Klijn 2017).

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

Implications for practice

Single component interventions such as provision of education
or motivational interviewing by a health professional can help
to improve adherence to pharmacotherapy. Similarly, single
component interventions may also help to improve quality of life,
but evidence is uncertain to very uncertain. There is no diIerence
in people experiencing exacerbations, adverse events, serious
adverse events or deaths. However, these findings are based on
very uncertain, limited evidence.

Multi-component interventions that include structured education,
motivational or behavioural components provided by a health
professional may help to improve medication adherence in
people who have mild-to-severe chronic obstructive pulmonary
disease (COPD) for medium- to long-term duration, but evidence
is uncertain. Low- to moderate-certainty evidence shows that
pharmacist-led approaches may be beneficial in reducing number
of people admitted to hospital (for any reason or COPD-related).
A reduced number of people experienced severe exacerbations,
but evidence is uncertain and based on one study. There is
some uncertainty about adverse events, serious adverse events
or deaths, because the evidence is based on a limited number of
studies.

The evidence presented in this review should be interpreted
with caution as larger studies are needed to demonstrate eIects
of single and multi-component interventions, in diIerent COPD
populations and optimal intervention durations. Discussions
between health professionals and patients may be important
to consider which of these approaches may be beneficial to
individuals.

Implications for research

Future trials should include:

1. larger well-characterised trial populations, with data
subgrouped by COPD severity and longer follow-up durations;

2. single and multi-component interventions with a primary aim
to investigate adherence but should also consider the knock-on
eIects on outcomes such as quality of life and hospital service
utilisation as a consequence of adherence;

3. outcomes measuring behaviour change where behavioural
interventions are being investigated;

4. information on adverse events and self-eIicacy.

Future trial methods should include:

1. standardised approaches for measuring adherence and quality
of life applicable to the COPD population as well as validated
scales to measure patient acceptability;

2. robust methods in randomised trials which should be reported
with transparency;

3. an active comparator in trials, as blinding was an issue across
most studies;

4. a component network meta-analysis may help to provide
more information about which component of multi-component
interventions are drivers for eIects on outcomes.
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Study characteristics

Methods Design: RCT (unpublished data)

Duration: 26 weeks

Location: USA

Setting: 8 research sites (multi-centre)

Participants Population: 138 participants with COPD randomly assigned to BreatheMate device and application (n =
68) or BreatheMate device without application (n = 70)

Baseline characteristics:

COPD severity: moderate to severe

Age (mean): BreatheMate device and application 66.7 (SD 8.72) years; BreatheMate device 66.6 (SD
8.21) years

% male: BreatheMate device and application 59.7%; BreatheMate device 52.9%

Inclusion criteria: outpatient adults aged ≥ 40 years, COPD diagnosis by postbronchodilator FEV1/
FVC < 0.70 in the last 3 years, moderate-to-severe COPD, taking ICS/LABA combination therapy for ≥ 3
months prior to screening, current or previous smoker, willing to discontinue all medications contain-
ing both LABA and ICS and to begin Symbicort 160/4.5 μg, 2 inhalations twice daily, life expectancy > 12
months, compliance with protocol

Exclusion criteria: asthma, drug or alcohol abuse, AECOPDs 28 days before visit 1, a COPD exacer-
bation during run-in period, hospital admissions (ischaemic heart disease or heart failure) within 3
months of study enrolment, significant disease/disorder, lung or upper airway cancer and other malig-
nancy not in remission for ≥ 5 years, except for people who have had basal cell carcinoma, or in situ car-
cinoma of the cervix, systemic corticosteroids as a maintenance treatment, planned hospitalisation or
surgical procedure, pregnancy, breastfeeding or planned pregnancy, fertile women not using accept-
able contraceptive measures, any clinically relevant abnormal findings that puts the patient at risk,
hypersensitivity to Symbicort, unable or unwilling to use mobile communication devices with cellular
connectivity, thoracic surgery within 6 months of visit 1, lung transplant or on lung transplant waiting
list.
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1. BreatheMate device and application: BreatheMate Bluetooth device that attaches to Symbicort
(budesonide/formoterol) pMDI and mobile phone with application that sends medication and refill
reminders and reminders to complete a COPD questionnaire. All participants took budesonide/for-
moterol 160/4.5 μg × 2 actuations twice daily, for oral inhalation from day 1 (baseline) of the treatment
phase

2. BreatheMate device without application: BreatheMate Bluetooth device that attaches to Symbicort
pMDI and mobile phone without any reminders or alerts. All participants took budesonide/formoterol,
160/4.5 μg × 2 actuations twice daily, for oral inhalation from day 1 (baseline) of the treatment phase.

Allowed co-medications: not reported

Outcomes Primary outcome: mean number of adherent sets of budesonide/formoterol puIs per day over the 26-
week study period

Secondary outcomes: mean CCQ scores at baseline, EOT, and mean change in score over the 26-week
study period, mean total and domain weekly CCQ scores over each 2-month study interval for the inter-
vention group

Notes Funding: AstraZeneca

Identifiers: DOI: 10.1183/13993003.congress-2018.PA1988 (ERS International Congress abstract);
NCT02864342

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "A randomisation schedule consisting of 250 blocks with block size of
four was created and implemented by a third party vendor."

Allocation concealment
(selection bias)

Unclear risk Not reported.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Unblinded trial.

Blinding of outcome as-
sessment (detection bias)
all outcomes

High risk Unblinded trial.

Incomplete outcome data
(attrition bias)
all outcomes

Unclear risk Attrition rates were similar in both groups (21% with BreatheMate device and
application vs 28% with BreatheMate device without application ), however,
the study was terminated early due to "smart phone syncing issues," and it
was unclear how this affected outcomes as the "resulting impact on statisti-
cal power due to reduced sample size was likely to impose limits on the inter-
pretability of this study."

Selective reporting (re-
porting bias)

High risk The trial was registered on the website, and outcomes were reported as
planned. However, early termination of the study may have impacted on the
interpretation of findings. Also, there was an agreement between the principal
investigators and the sponsor that restricted the principal investigator's rights
to discuss or publish trial results after the trial was completed.

Other bias Low risk None identified.

Criner 2018  (Continued)
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Study characteristics

Methods Design: RCT

Duration: 26 weeks

Location: USA

Setting: 1 outpatient pulmonary clinic at VA medical centre

Participants Population: 60 participants with COPD randomly assigned to counselling (n = 30) or control (n = 30)

Baseline characteristics

COPD severity: mild to severe

Age (mean): counselling 62.1 (SD 9.3) years; control 63.2 (SD 6.7) years

% male: 100%

Pulmonary disease severity (1 = mild, 5 = severe) (mean): counselling 2.1 (SD 1.3); control 2.0 (SD 1.0)

Inclusion criteria: adult men with COPD; theophylline established 1 month prior to entering; dosing
stabilise for at least 1 week; able to take medications unassisted

Exclusion criteria: none stated but only uncomplicated CHF in study

Interventions Treatment arms

1. Comprehensive counselling session: verbal instructions stressing on importance of medication, how
it works, importance of maintaining blood levels and any questions in 1 session, 3−5 minutes

2. Control: asked if any questions about drug therapy

Allowed co-medications: number of other medications (mean): counselling 6.0 (SD 2.9), control 4.9
(SD 2.3)

Outcomes Primary outcomes: adherence (ratio of actual to predicted serum levels; number of refills in 155 days)

Secondary outcomes: not reported

Notes Funding: not reported

Identifiers: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomly assigned to intervention or control group, based
on social security numbers.

Allocation concealment
(selection bias)

Unclear risk Not reported.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Not reported although due to the nature of the intervention blinding would be
an issue.

Blinding of outcome as-
sessment (detection bias)

Unclear risk Not reported.

De Tullio 1987 
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all outcomes

Incomplete outcome data
(attrition bias)
all outcomes

Unclear risk The number of participants not completing prescription refills was similar:
30% in the intervention arm and 23% in the control arm.

Selective reporting (re-
porting bias)

Unclear risk Trial protocol was not found, unclear if outcomes were reported as planned.

Other bias Low risk None identified.

De Tullio 1987  (Continued)

 
 

Study characteristics

Methods Design: RCT

Duration (mean): hospitalised duration: SDM-PE 8.53 (SD 2.29) days; standard 9.17 (3.93) days; 13-
week follow-up

Location: Spain

Setting: Pulmonology Service of Virgen de las Nieves and San Cecilio hospitals

Participants Population: 42 hospitalised people with AECOPD randomised into individualised SDM-PE or standard
care

Baseline characteristics

COPD severity: moderate to severe

Age (mean): SDM-PE 69.33 (SD 9.89) years; standard care 74.20 (SD 9.25) years

Pulmonary disease: FEV1 %, SDM-PE 33.24 (SD 12.88); standard care 37.15 (SD 16.33)

Overall health status: EQ-5D, SDM-PE 44.55 (SD 20.67); standard care 46.50 (SD 21.30)

Inclusion criteria: people hospitalised due to AECOPD

Exclusion criteria: inability to provide informed consent, the presence of psychiatric or cognitive dis-
orders, progressive neurological disorders, organ failure, cancer or inability to co-operate and people
who had experienced another exacerbation of COPD in the previous month

Interventions Treatment arms

1. Individualised SDM-PE program added to the standard treatment

2. Standard treatment (i.e. medical and pharmacological care)

Allowed co-medications: systemic steroids, antibiotics, inhaled bronchodilators, oxygen therapy, di-
uretics, anticoagulants and cardiovascular agents

Outcomes Primary outcome: perceived health status (EQ-5D)

Secondary outcomes: knowledge of the disease, pharmacological management, general functionality,
and healthy lifestyle

Notes Funding: Fundación Progreso y Salud (FPS), Boehringer Ingelheim España, S.A. (project code:
PI-0370-2014), and Oximesa, Praxair.
Identifiers: doi.org/10.1016/j.pec.2019.12.004

Grandos-Santiago 2020 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "randomisation sequence was prepared by a statistician using comput-
er-generated random numbers."

Allocation concealment
(selection bias)

Unclear risk Sequentially numbered, sealed envelopes were used to conceal allocation of
participants, the researcher opened the envelopes to determine participant al-
location to either the intervention arm or control group.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Trial was single blind, only the outcome assessor was blind to treatment allo-
cation.

Blinding of outcome as-
sessment (detection bias)
all outcomes

Low risk Outcome assessor was blind at all time points of outcome assessments.

Incomplete outcome data
(attrition bias)
all outcomes

Low risk No participants were lost to follow-up.

Selective reporting (re-
porting bias)

Low risk Trial was registered on website and outcomes were reported as planned. Du-
ration of baseline to discharge was not reported for outcomes (contacted au-
thors).

Other bias Low risk None identified.

Grandos-Santiago 2020  (Continued)

 
 

Study characteristics

Methods Design: RCT (unblinded)

Duration: 52 weeks

Location: Germany

Setting: multi-centre

Participants Population: 212 adults with COPD

Baseline characteristics

COPD severity: severe to very severe (GOLD stages III and IV)

Age (mean): SFC 65.5 (SD 8.3) years; sal/FP 64.2 (SD 8.9) years

% male: SFC 69.2%; sal/FP 72.4%

Duration of COPD (mean): SFC 12.4 (SD 7.3) years; sal/FP 13.3 (SD 8.3) years

Pack-years: SFC 39.2 (SD 16.6); sal/FP 40.4 (SD 24.1)

Exacerbations in last 12 months: SFC 2.2 (0.5); sal/FP 2.3 (0.6)

COPD hospitalisations in last 12 months: SFC 84; sal/FP 87

Hagedorn 2013 
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Inclusion criteria: aged ≥ 40 years, COPD diagnosis (ATS, ERS) GOLD stage III or IV, postbronchodilator
< 50% predicted, FEV1/FVC ratio < 70%, ≥ 2 moderate or severe exacerbations leading to medical con-
sultation, stable COPD 4 weeks prior to study start, ≥ 10 pack-years

Exclusion criteria: other respiratory conditions, significant inflammatory condition other than COPD,
chronic or prophylactic antibiotic use, moderate or severe COPD exacerbation, lower tract infection 4
weeks before randomisation

Maintenance systemic steroids were not allowed at start of study

Interventions Treatment arms

1. Salmeterol xinafoate 50 µg and fluticasone propionate 500 µg inhalation powder; dosage of 1 inhala-
tion twice daily via single Diskus inhaler (SFC)

2. Salmeterol xinafoate 50 µg and fluticasone propionate 500 µg inhalation powder; dosage of 1 inhala-
tion twice daily via 2 separate Diskus inhalers (sal/FP)

Allowed co-medications: individual existing therapy

Outcomes Primary outcome: compliance to inhalers

Notes Funding: GlaxoSmithKline

Identifiers: NCT00527826

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Reported as randomised, but no further information.

Allocation concealment
(selection bias)

Unclear risk No further information.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Unblinded trial.

Blinding of outcome as-
sessment (detection bias)
all outcomes

High risk Unblinded trial.

Incomplete outcome data
(attrition bias)
all outcomes

High risk Higher rate of attrition in the treatment group (24%) vs control (19.4%).

Selective reporting (re-
porting bias)

High risk Trial was registered on website; however, some outcomes were not reported
in the publication, but were reported on the trial website. Mortality was not re-
ported on the trial website but was reported in the publication.

Other bias Low risk None identified.

Hagedorn 2013  (Continued)
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Methods Design: RCT

Duration: 26 weeks

Location: Jordan

Setting: 1 outpatient COPD Clinic at the Royal Medical Services Hospital

Participants Population: 133 participants with COPD randomly assigned to structured patient education (n = 66) or
a control group (n = 67)

Baseline characteristics

COPD severity: moderate to severe

Age (median): structured patient education 61 (IQR 14) years; control 64 (IQR 15) years

% male: structured patient education 39.4%; control 41.8%

FEV1 (mean) each group 1.1 (SD 0.5) L

Inclusion criteria: people attending the outpatient COPD clinic at the Royal Medical Services, con-
firmed diagnosis of COPD by the hospital consultant for ≥ 1 year, aged > 35 years, FEV1 30–80% of the
predicted normal value and hospital consultant agreement that the person was suitable for entering
the trial

Exclusion criteria: moderate-to-severe learning difficulties, mobility problems, confusion, disorienta-
tion or terminal illness, congestive heart failure or if patients attended a pulmonary rehabilitation pro-
gramme or had consulted a pulmonary nurse or clinical pharmacist in the last 6 months

Interventions Treatment arms

1. Structured patient education: COPD and management of its symptoms, delivered by the clinical phar-
macist; completed a medication table to discuss medication; booklet on the importance of simple
exercises, symptoms control and the technique for expectoration; MI technique (for adherence) and
referral to a special smoking cessation programme

2. Control: no further details

Allowed co-medications: median 8 (IQR 5) in each group

Outcomes Primary outcome: HRQoL improvement (SGRQ)

Secondary outcomes: healthcare utilisation, COPD knowledge, medication adherence (self-report)

Notes Funding: Alzaytoonah University of Jordan

Identifiers: DOI: 10.1007/s11096-011-9585-z

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Participants were randomly assigned to intervention and control
groups via minimisation technique using MINIM software."

Allocation concealment
(selection bias)

Unclear risk Not reported.

Blinding of participants
and personnel (perfor-
mance bias)

Unclear risk Not reported.

Jarab 2012  (Continued)
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all outcomes

Blinding of outcome as-
sessment (detection bias)
all outcomes

Unclear risk Not reported.

Incomplete outcome data
(attrition bias)
all outcomes

Unclear risk Attrition rate similar in both groups; however, there was no explanation of the
people who withdrew, and the analysis was not ITT.

Selective reporting (re-
porting bias)

Unclear risk Trial protocol was not found, unclear if outcomes were reported as planned.

Other bias Low risk None identified.

Jarab 2012  (Continued)

 
 

Study characteristics

Methods Design: RCT

Duration: 52 weeks

Location: Northern Ireland

Setting: outpatient COPD clinic, Mater Hospital, Belfast

Participants Population: 173 people with COPD (86 intervention; 87 control) recruited from the outpatient clinic

Baseline characteristics

COPD severity: moderate to severe

Age (mean): intervention 65.63 (SD 10.1) years; control 67.3 (SD 9.2) years

% females: intervention 55.8%; control 56.3%

FEV1: intervention 0.95 (SD 0.48); control 1.1 (SD 0.50)

Inclusion criteria: confirmed diagnosis of COPD for ≥ 1 year, FEV1 30–80% predicted normal value,
aged > 45 years

Exclusion criteria: congestive heart failure, moderate-to-severe learning difficulties, attended a pul-
monary rehabilitation programme in the last 6 months, severe mobility problems or terminal illness

Interventions Treatment arms

1. Intervention: pharmacy-led management (education, medications, breathing techniques, cus-
tomised action plan)

2. Control: usual hospital outpatient care

Allowed co-medications: SABA, LABA, LAAC, ICS, oral steroids

Outcomes Primary outcomes: hospital admissions, HRQoL (SGRQ)

Secondary outcomes: COPD Knowledge and Morisky Adherence Questionnaires

Notes Funding: not reported

Khdour 2009 
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Identifiers: DOI:10.1111/j.1365-2125.2009.03493.x

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation carried out using the minimisation method by Gore 1981, and
a software program was used in the minimisation process.

Allocation concealment
(selection bias)

Unclear risk No further information.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Unblinded trial.

Blinding of outcome as-
sessment (detection bias)
all outcomes

High risk Unblinded trial.

Incomplete outcome data
(attrition bias)
all outcomes

Low risk Similar rates of attrition at 1-year follow-up: 17.4% in the intervention group,
17.2% in the control group.

Selective reporting (re-
porting bias)

Unclear risk Trial protocol was not found, unclear if outcomes were reported as planned.

Other bias Low risk None identified.

Khdour 2009  (Continued)

 
 

Study characteristics

Methods Design: RCT

Duration: 52 weeks

Location: Spain

Setting: multi-centre

Participants Population: 146 people with COPD block randomised into intervention (n = 72) or control (n = 74)
groups

Baseline characteristics

Age (mean): intervention 69.57 years; control 68.59 years

% males: intervention 91.7%; control 91.9%

COPD severity: mild: intervention 40.6%; control 34.8%; moderate: intervention 43.5%; control 43.5%;
severe: intervention. 15.9%; control 21.7%

Inclusion criteria: confirmed COPD diagnosis registered in the patient's clinical record, clinical assis-
tance at primary care centres in the Malaga area, prescription of scheduled inhalation therapy and writ-
ten informed consent

Leiva-Fernandez 2014 
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Exclusion criteria: respiratory conditions that are not included in the COPD definition (bronchiectasis,
asthma or cystic fibrosis) or cognitive impairment

Interventions Treatment arms

1. Intervention: multi-factorial educational strategy (cognitive, motivational and skill development)

2. Control group

Allowed co-medications: anticholinergic, β2-adrenergic, ICS, xanthine

Outcomes Primary outcome: treatment adherence (evaluated using dose or tablet recount)

Secondary outcomes: functional status (spirometry), quality of life (Spanish version of SGRQ, and the
specifically developed SeguiEPOC Questionnaire)

Notes Funding: Carlos III Institute of Health (Instituto de Salud Carlos III) (Spain) Health Research Fund Min-
istry of Science and Innovation.

Identifiers: ISRCTN18841601

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation achieved by applying the block randomisation method using a
spreadsheet to create a sequence of random numbers in blocks of 4.

Allocation concealment
(selection bias)

Unclear risk Researcher allocating participants had an "open-list" of randomisation.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Not reported, but unlikely to be blinded due to nature of intervention.

Blinding of outcome as-
sessment (detection bias)
all outcomes

High risk Not reported, but unlikely to be blinded due to nature of intervention.

Incomplete outcome data
(attrition bias)
all outcomes

High risk Higher attrition in the intervention group (34%) compared to control group
(22%), there were differences in spirometry, % FEV1, FVC and severity of COPD.

Selective reporting (re-
porting bias)

Unclear risk Outcomes were reported as planned in the published protocol, but not ade-
quately reported in the publication.

Other bias Low risk None identified.

Leiva-Fernandez 2014  (Continued)

 
 

Study characteristics

Methods Design: prospective, randomised, single-blinded intervention study (unpublished)

Duration: 26 weeks

Location: USA

Margolis 2013 
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Setting: counselling by telephone

Participants Population: 97 adult veterans with COPD, randomised into a counselling intervention (n = 49) or con-
trol group (n = 48)

Baseline characteristics

COPD severity: unclear

Age (mean): intervention 71.6 years; control 70.9 years

% males: 97.9% of sample

Oxygen use (%): intervention 26.5%; control 26.7%

Inclusion criteria: aged ≥ 60 years were identified by pharmacy EMR for tiotropium or LABA (or both)
with or without an ICS, low adherence by refilling ≥ 1 daily inhaler < 80% of the time over the previous 6
months

Exclusion criteria: age < 60 years, cognitive disorder, severe hearing impairment, < 4 months from ini-
tial prescription date, activated healthcare power of attorney

Interventions Treatment arms

1. Counselling intervention: telephone-based

2. Control group

Allowed co-medications: tiotropium or LABA (or both) with or without ICS as part of inclusion. No oth-
er medications reported

Outcomes Primary outcomes: incorrect inhaler directions, LABA directions, ICS directions, MDI directions, hold-
ing breath, exhaling, LABA breath, MDI inhalation, MDI: wait between puIs, ICS breath, ICS: rinse and
spit

Secondary outcomes: not reported

Notes Funding: ASHP Research and Education Foundation Fostering Young Investigators Federal Services Ju-
nior Investigator Research Grant

Identifiers: DOI 10.2146/ajhp120241 (1 letter, 2 posters)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomised using a computer-generated random number
sequence.

Allocation concealment
(selection bias)

Unclear risk Not reported.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Not possible to blind participants or personnel due to nature of intervention.

Blinding of outcome as-
sessment (detection bias)
all outcomes

High risk Not reported, but unlikely to be blinded due to nature of intervention.

Margolis 2013  (Continued)
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Incomplete outcome data
(attrition bias)
all outcomes

Low risk No dropouts or deaths in the intervention group, 2 deaths and 1 dropout in the
control group, but overall low (6%).

Selective reporting (re-
porting bias)

Unclear risk Trial was registered on trial registry website; however, results were reported in
a conference poster and a published letter only with no further publication.

Other bias Low risk None identified.

Margolis 2013  (Continued)

 
 

Study characteristics

Methods Design: randomised cross-over study

Duration: 12 weeks

Location: Japan

Setting: single centre

Participants Population: 44 adults with moderate-to-severe COPD

Baseline characteristics

COPD severity: moderate to severe

Age (mean): 75.9 (SE 0.9) years

Male 72%

Smoking history (mean): Hokunalin tape 59.1 (SE 7.0) pack-years; salmeterol 51.0 (SE 5.8) pack-years

FEV1: Hokunalin tape 1.14% (SE 0.09%); salmeterol 1.34% (SE 0.11%)

Inclusion criteria: aged ≥ 65 years, moderate-to-severe COPD, spirometry postbronchodilator
FEV1:FVC ratio < 0.70, FEV1 30–80%

Exclusion criteria: aged < 65 years, no airway limitation, dementia, previous inhaled medication (β2
agonist, anticholinergics, corticosteroids, patched β2 agonists, skin disorders, severe heart disease, un-
stable hypertension, other conditions in which patch or treatment with β2 agonists used

Interventions Treatment arms

1. Intervention: Hokunalin tape 2 mg once daily

2. Control: Salmeterol 50 µg twice daily

Allowed co-medications: previous inhaled medications not allowed

Outcomes Primary outcomes: adherence (duration for which a participant took a given medication as pre-
scribed), quality of life (SGRQ)

Secondary outcomes: 6MWT, adverse events

Notes Funding: none

Identifiers: UMIN000001503

Risk of bias

Mochizuki 2013 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was achieved using a random sequence generator.

Allocation concealment
(selection bias)

Unclear risk No further information.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Unblinded study design.

Blinding of outcome as-
sessment (detection bias)
all outcomes

High risk Unblinded study design.

Incomplete outcome data
(attrition bias)
all outcomes

High risk Attrition was higher in the control group compared to the intervention (22% vs
9%).

Selective reporting (re-
porting bias)

Unclear risk Unable to find a protocol for the trial, so unclear if outcomes were reported as
planned. Authors reported that outcome measures were conducted at the end
of the second phase as it was (quote) "unlikely that they would be affected by
the absence of a washout period."

Other bias Low risk None identified.

Mochizuki 2013  (Continued)

 
 

Study characteristics

Methods Design: RCT, 2-group repeated measures design

Duration: 2 months after final session

Location: Iran

Setting: Masih-Daneshvari Hospital

Participants Population: 60 hospitalised patients with COPD block randomised into an intervention group (n = 27)
and a control group (n = 27) (6 dropped out)

Baseline characteristics

COPD severity: mild to very severe

Age (mean): intervention 53.07 (SD 10.06) years; control 55.04 (SD 7.8) years

% males: intervention 51.9%; control 63%

Inclusion criteria: positive diagnosis of COPD by a pulmonologist, aged < 65 years, no comorbid
serious health condition, ability to speak and understand Persian, no history of mental disorder or
Alzheimer’s disease, and basic literacy skills

Exclusion criteria: not reported

Interventions Treatment arms

Naderloo 2018 
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1. Intervention: MI and lifestyle-related educations

2. Control: lifestyle-related educations

Allowed co-medications: not reported

Outcomes Primary outcomes: only demographic questionnaire and the APCD questionnaire reported

Secondary outcomes: not reported

Notes Funding: not reported

Identifiers: IRCT201604128650N7

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomisation carried out using block randomisation method; however, there
was no further information provided.

Allocation concealment
(selection bias)

Unclear risk Not reported.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Unblinded trial.

Blinding of outcome as-
sessment (detection bias)
all outcomes

High risk Unblinded trial.

Incomplete outcome data
(attrition bias)
all outcomes

Low risk There were similar drop-outs in each group (10%).

Selective reporting (re-
porting bias)

Low risk Trial was registered on website and outcomes were reported as planned.

Other bias Low risk None identified.

Naderloo 2018  (Continued)

 
 

Study characteristics

Methods Design: RCT

Duration: 24 weeks

Location: Germany and the Netherlands

Setting: unclear

Participants Population: 7 participants with COPD randomly assigned to Concept2 inhaler and application (1 par-
ticipant) or Concept2 inhaler without application (6 participants)

Baseline characteristics

NCT03379233 
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COPD severity: NR

Number of people aged 18–65 years: telehealth 1; usual care 2

Number of people aged ≥ 65 years: telehealth 0; usual care 4

% male: 57%

Inclusion criteria: consent to participate in the trial, > 10% and < 70% adherence during screening
process, COPD diagnosis, using Ultbro Breezehaler for ≥ 12 weeks before first visit, been in screening
process for > 35 days

Exclusion criteria: hypersensitivity or reactions to study drugs or to other ingredients in the study
drugs, other co-existing conditions, COPD exacerbation 6 weeks before first visit or randomisation, us-
ing other experimental drugs at the time of study, not able or being willing to use digital system

Interventions Treatment arms

1. Concept2 inhaler with telehealth application for adherence

2. Concept 2 inhaler without telehealth application

Outcomes Primary outcomes: change in participant's on-time adherence, change in participant's total adher-
ence

Secondary outcomes: change from participant's 6 week on-time adherence to participant's on-time
adherence over the last 4 weeks of the intervention: percentage days on which inhaler was taken on
time

Notes Funding: Novartis

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A randomisation method was described in the protocol: a randomisation list
was generated by interactive response technology and a validated automated
system was used to assign participants.

Allocation concealment
(selection bias)

Low risk The randomisation numbers were concealed from participants and staI, as
described in the protocol.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Participants and personnel were blinded to the randomisation list, but were
allowed to be unblinded at the individual level. Only the drug supply randomi-
sation office was blinded to safety events, but participants were unblinded on
an individual basis.

Blinding of outcome as-
sessment (detection bias)
all outcomes

Low risk All staI were blinded to adherence data (inhaler use).

Incomplete outcome data
(attrition bias)
all outcomes

Unclear risk The trial was terminated early, only 7 participants were in the trial.

Selective reporting (re-
porting bias)

Unclear risk All outcomes were reported on the ClinicalTrials.gov website but no data were
available as the trial was terminated early.

Other bias Low risk None identified.

NCT03379233  (Continued)
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Study characteristics

Methods Design: RCT

Duration: 12 weeks

Location: South Korea

Setting: 1 Asian medical centre

Participants Population: 55 participants with COPD randomly assigned to dose-escalation strategy (n = 27) or con-
ventional dose strategy (n = 28)

Baseline characteristics

COPD severity: severe to very severe

Age (mean): dose-escalation strategy 70.5 (SD 5.9) years; conventional dose strategy 69.8 (SD 7.6) years

% male: dose-escalation strategy 96.3%; conventional dose strategy 96.4%

FEV1 (mean): 1 (SD 0.3) L each group

Inclusion criteria: aged ≥ 40 years, clinical diagnosis of severe or very severe COPD (postbronchodila-
tor FEV1/FVC ratio, 70% and postbronchodilator FEV1, 50% of the predicted value) ≥ 4 weeks prior
to the study; smoking history ≥ 10 pack-years, ≥ 1 episode of exacerbation (visits to outpatient clin-
ic or emergency department (or both) or hospitalisation due to purulent sputum, increase in sputum
amount, or worsened dyspnoea) in the previous year, chronic bronchitis (cough and sputum produc-
tion for ≥ 3 months within 2 years), ability to provide written informed consent

Exclusion criteria: COPD exacerbation or respiratory infection 4 weeks prior to baseline visit, known
α1-antitrypsin deficiency, long-term oxygen therapy, moderate-to-severe liver impairment (Child-Pugh
B or C), severe immunological diseases (e.g. HIV infection, multiple sclerosis, lupus erythematosus), se-
vere acute infectious diseases, cancers, immunosuppressive medicinal treatment (i.e. methotrexate,
azathioprine, infliximab, etanercept or oral corticosteroids to be taken long-term) except for short-term
systemic corticosteroids, latent infections (e.g. tuberculosis), viral hepatitis, herpes viral infection, her-
pes zoster, congestive heart failure, history of depression associated with suicidal ideation or behav-
iour, clinically meaningful bronchiectasis, pregnancy or breastfeeding, or women of childbearing po-
tential unwilling to use effective contraception, hypersensitivity to roflumilast or rescue medication
and their ingredients, previous roflumilast therapy within past 3 months, rare hereditary problems of
galactose intolerance, Lapp lactase deficiency or glucose-galactose malabsorption

Interventions Treatment arms

1. Dose-escalation strategy: roflumilast 250 μg once daily for 4 weeks and then 500 μg

2. Conventional dose strategy: roflumilast 500 μg once daily

Allowed co-medications: medications for COPD, including LAMA, LABA, or combinations of LAMA and
LABA, LABA and ICS, LAMA, LABA and ICS were continued. Systemic corticosteroids were not allowed
except for the treatment of acute exacerbations

Outcomes Primary outcomes: proportion of participants who prematurely discontinued roflumilast due to ad-
verse events during the entire study period

Secondary outcomes: proportion of people prematurely discontinuing roflumilast due to adverse
events during the first 8 weeks, time to discontinuation due to adverse events during the study period,
and changes in pre- and postbronchodilator FEV1 from visit 1 (baseline) to visits 4 (week 4) and 6 (week
12)

Notes Funding: supported by grants (2018-7043 and 20180352) from the Asan Institute for Life Sciences, Asian
Medical Center, Seoul, Korea

Park 2019 
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Identifiers: NCT02018432

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Participants were randomised into two groups (1:1), using a randomi-
sation table generated by SAS software."

Allocation concealment
(selection bias)

Unclear risk Not reported.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Unblinded trial.

Blinding of outcome as-
sessment (detection bias)
all outcomes

Low risk The outcome assessor was blinded (as reported on registry website).

Incomplete outcome data
(attrition bias)
all outcomes

High risk The attrition rate was higher in the dose-escalation group compared to con-
ventional treatment (59.3% with dose-escalation vs 46.6% with conventional
treatment). Due to the high attrition rate (adverse events), authors stated that
the study was terminated early. Instead of recruiting 84 participants, the end
number of participants randomised was 55.

Selective reporting (re-
porting bias)

High risk Trial was registered on website; however, not all outcomes were reported in
the publication, such as quality of life and other outcomes such as laborato-
ry tests. The authors aimed to measure adherence, which was reported as dis-
continuation rates of roflumilast.

Other bias Low risk None identified.

Park 2019  (Continued)

 
 

Study characteristics

Methods Design: single blind RCT

Duration: 39 weeks

Location: USA

Setting: 7 urban, county-operated primary care clinics, including 2 academic residency teaching prac-
tices, that primarily serve a low-income, publicly insured patient population

Participants Population: 192 adults with COPD randomised to receive 39 weeks of health coaching (n = 100) or usu-
al care (n = 92)

Baseline characteristics

COPD severity: moderate to severe

Age (mean): intervention 60.7 (SD 8.0) years; control 61.9 (SD 7.2) years

% males: intervention 67%; control 64.1%

Thom 2018 
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FEV1 % predicted (mean): intervention 55% (SD 19%); control 60% (SD 20%)

High COPD symptom score: CAT ≥ 10: intervention 90.9%; control 94.6%

Inclusion criteria: moderate-to-severe COPD, confirmed by a postbronchodilator FEV1:FVC ratio < 0.70
or by review by a pulmonologist

Exclusion criteria: unable to participate in the study due to mental or physical impairment, severe or
terminal illness that precludes focus on COPD, no telephone (from protocol)

Interventions Treatment arms

1. Health coaching intervention

2. Usual care (any standard care provided by clinic, which were included but not limited to visits with
the primary care clinician, pulmonary clinician or both, COPD education, pulmonary rehabilitation,
smoking cessation resources)

Allowed co-medications: SABA, SAAC, LABA, LAMA, ICS

Outcomes Primary outcomes: COPD-related quality of life on the CRDQ- SF scale: total and dyspnoe domain

Secondary outcomes: rate of COPD exacerbations per year, excercise capacity (6MWT), Self-efficacy to
Manage Chronic Disease Scale

Additional outcomes: SF PACIC, CAT, FEV1 (% predicted), percentage of participants reporting current
cigarette use, COPD-related function (bed days due to respiratory problems), percentage of people
demonstrating adequate inhaler use (as a measure of adherence); self-reported adherence to inhaled
controller medications in the past 7 days and observed technique, percentage of people with correct
answer to knowledge questions 1 to 4, rates of outpatient visits, ED visits and hospitalisations (non-
COPD and COPD-related)

Notes Funding: Patient-Centered Outcomes Research Institute (PCORI AD-1306-03900) and supported by the
NIH/NCRR Colorado CTSI (grant number UL1 RR025780)

Identifiers: NCT02234284

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random binary sequence created by the project manager and stratified by
site.

Allocation concealment
(selection bias)

Low risk Sequentially numbered envelopes were used to mask allocation.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Single blind; participants were aware of assignment and reported adherence.

Blinding of outcome as-
sessment (detection bias)
all outcomes

Low risk Quote: "Study investigators and data safety monitoring board were blinded to
assignment until analyses were finalised."

Incomplete outcome data
(attrition bias)
all outcomes

High risk Higher attrition in the intervention group (29%) vs usual care (14%); ITT was
implemented; however, adherence outcome was based on number of 98 in-
stead of 138. It is unclear if imputation is based on such low sample sizes/in-
formation.

Thom 2018  (Continued)
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Selective reporting (re-
porting bias)

High risk The trial was registered on website; however, there were some inconsisten-
cies of reporting of outcomes between the protocol and the publication. For
example, number of days (of the last 7) participants reported taking medica-
tions as prescribed (measured by % adherence), which was not mentioned in
the protocol but was reported in the publication. Morisky Adherence Scale was
planned in the protocol but was deleted from the findings because of licence
issues.

Other bias Unclear risk Participants received up to USD 30 at baseline and USD 60 at 9 months for ac-
knowledgement of participation.

Thom 2018  (Continued)

 
 

Study characteristics

Methods Design: single-blind RCT

Duration: 4-week programme; data collected at 6 weeks

Location: Hong Kong

Setting: outpatient clinic of a government-funded regional hospital

Participants Population: 30 outpatients with COPD randomly assigned to 15 IMB model group and 15 usual care

Baseline characteristics

COPD severity: moderate to very severe

Age: IMB 75.6 (SD 5.0) years; usual care 75.9 (SD 4.7) years

% males: IMB 14% (93.3%); usual care 15% (100.0%)

FEV1 % predicted: IMB 43.7 (SD 10.6); usual care 43.4 (SD 13.3)

Inclusion criteria: confirmed diagnosis of COPD by spirometry, with bronchodilator FEV1/FVC < 0.7
(70% predicted) and presence of airflow limitation, aged ≥ 18 years, currently prescribed regular self-
administered inhaled medication and able to communicate in Cantonese

Exclusion criteria: clinical record of cognitive impairment, psychiatric problems, too frail to participate
and already attending a disease management programme for COPD

Interventions Treatment arms

1. IMB model

2. Usual care

Allowed co-medications: LABA, LAAC, ICS, combined LABA and ICS (1 inhaler)

Outcomes Primary outcomes: adherence to inhalation therapy and inhalation techniques

Secondary outcomes: symptom severity and quality of life

Notes Funding: not reported

Identifiers: 10.1111/ijn.12799

Risk of bias

To 2020 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random sequence of codes was used for randomisation
process, prepared by (quote) "an independent statistician to determine group
allocation for each participant."

Allocation concealment
(selection bias)

Low risk Allocation of sequence was concealed in opaque sealed envelopes.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk This was a single-blind RCT, it was not possible to blind participants or person-
nel due to the nature of the intervention.

Blinding of outcome as-
sessment (detection bias)
all outcomes

Low risk Quote: "Another research nurse who did not have any information about the
assignment collected the outcome data."

Incomplete outcome data
(attrition bias)
all outcomes

Unclear risk 30 participants completed the study, although the attrition rate was 14.3%.
This percentage referred to those participants who completed consent forms
and agreed to participate, but then withdrew before baseline data collection.
It was unclear why these participants were not included in the ITT analysis if
they had been randomised in the study.

Selective reporting (re-
porting bias)

Unclear risk Trial protocol was not found, unclear if outcomes were reported as planned.

Other bias Low risk None identified.

To 2020  (Continued)

 
 

Study characteristics

Methods Design: single-blind, parallel-group RCT

Duration: 13 weeks

Location: Belgium

Setting: 170 community pharmacies

Participants Population: 734 participants with COPD randomised into an intervention group (n = 371), receiving
protocol-defined pharmacist care or a control group (n = 363), receiving usual pharmacist care

Baseline characteristics

COPD severity: unclear

Age (mean): intervention 68.4 (SD 9.6) years; control 68.9 (SD 9.7) years

% males: intervention 64%; control 69%

CAT score (mean): intervention 16.7 (SD 7.8); control 16.4 (SD 7.6)

Inclusion criteria: prescription for daily COPD maintenance medication; aged ≥ 50 years, smoking his-
tory ≥ 10 pack-years, regular visitor to the pharmacy, and providing written informed consent

Exclusion criteria: current asthma, inability to read and write

Tommelein 2014 
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Interventions Treatment arms

1. Protocol-defined pharmacist care

2. Usual care

Allowed co-medications: theophylline, oral corticosteroids, ICS, LAAC, LABAs, SAAC, SABA, SAAC+SA-
BA, ICS+LABA, triple therapy (LAAC+LABA+ICS)

Outcomes Primary outcomes: inhalation technique and medication adherence

Secondary outcomes: exacerbation rate, dyspnoea, COPD-specific and generic health status and
smoking behaviour

Notes Funding: Ghent University, Liège University and GlaxoSmithKline

Identifiers: DOI:10.1111/bcp.12242

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was performed by pharmacists through a central web-based
randomisation system, created by an independent investigator.

Allocation concealment
(selection bias)

Low risk Quote: "to conceal assignments, pharmacists performed allocation through a
central web-based randomisation system, created by an independent investi-
gator."

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Unblinded trial.

Blinding of outcome as-
sessment (detection bias)
all outcomes

High risk Unblinded trial.

Incomplete outcome data
(attrition bias)
all outcomes

Low risk Attrition rates were similar in both groups (6% protocol-defined pharmacist
care vs 4% usual care ), ITT was used for analyses

Selective reporting (re-
porting bias)

Low risk Trial was registered on website. All outcomes were reported as planned.

Other bias Low risk None identified.

Tommelein 2014  (Continued)

 
 

Study characteristics

Methods Design: RCT

Duration: 52 weeks

Location: China

Setting: The First Affiliated Hospital of Guangzhou Medical University, Guangzhou, China

Wei 2014 
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Participants Population: 117 people with COPD randomly assigned to pharmaceutical care (n = 58) or usual care (n
= 59)

Baseline characteristics

COPD severity: mild to severe

Age (mean): pharmaceutical care 65.2 (SD 8.1) years; usual care 63.9 (SD 6.2) years

% male: pharmaceutical care 65.5%; usual care 65%

FEV1 (mean): pharmaceutical care 1.07 (SD 0.41) L; usual care 1.15 (SD 0.47) L

Number of medications (mean): pharmaceutical care 6.2 (SD 4.3); usual care 6.6 (SD 5.0)

Inclusion criteria: stable COPD (respiratory symptoms and medication unchanged for ≥ 4 weeks be-
fore enrolment); postbronchodilator FEV1:FVC ratio < 0.70 and FEV1 25–79% predicted value); ≥ 2 con-
secutive visits to our hospital for the treatment of COPD; no participation in a respiratory rehabilitation
in the past year; no previous diagnosis of asthma, dementia, uncontrolled psychiatric disease, and se-
vere heart, liver and kidney disease

Exclusion criteria: adherence patients (taken > 80% of the daily dose prescribed), refusal to partici-
pate the study

Interventions Treatment arms

1. Pharmaceutical care: individualised education and a series of telephone counselling for 6 months pro-
vided by clinical pharmacists. 20–30 minutes per session, 5–6 sessions, calls: generally telephone call
(4–5 sessions) at the midpoint between 2 clinic visits; frequency of a 10-minute telephone

2. Usual care: general counselling but no individualised education and follow-up telephone counselling

Allowed co-medications: anticholinergic agents, LABA, ICS, xanthines, carbocisteine

Outcomes Primary outcome: medication adherence which was measured by tablet counts + direct interview

Secondary outcomes: severe exacerbation rate and HRQoL (SGRQ)

Notes Funding: not reported

Identifiers: none

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomisation codes were computer-generated."

Allocation concealment
(selection bias)

Unclear risk Allocation was concealed using sealed envelopes labelled with consecutive
numbers. Envelopes were opened and patients were allocated to treatment
group.

Blinding of participants
and personnel (perfor-
mance bias)
all outcomes

High risk Participants were aware of which group they were allocated to; however, phar-
macists were blinded to the randomisation codes.

Blinding of outcome as-
sessment (detection bias)
all outcomes

Unclear risk It was not clear if the outcome assessors were blinded.

Wei 2014  (Continued)

Interventions to improve adherence to pharmacological therapy for chronic obstructive pulmonary disease (COPD) (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

57



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Incomplete outcome data
(attrition bias)
all outcomes

Low risk Similar withdrawal numbers in each arm, 9 in the intervention group and 8 in
the control group.

Selective reporting (re-
porting bias)

Unclear risk Could not find a trial protocol, unclear of outcomes were reported as planned,
time points on the CONSORT diagram were not clear.

Other bias Low risk None identified.

Wei 2014  (Continued)

6MWT: six-minute walk test; AECOPD: acute exacerbation of COPD; APCD: Adherence among Patients with Chronic Disease; ATS: American
Thoracic Society; CAT: COPD Assessment Test; CCQ: Clinical COPD Questionnaire; CHF: chronic heart failure; COPD: chronic obstructive
pulmonary disease; EMR: electronic medical record; EOT: end of treatment; ERS: European Respiratory Society; EQ-5D: EuroQol 5
dimension; FEV1: forced expiratory volume in one second; FVC: forced vital capacity; GOLD: Global Initiative for Chronic Obstructive
Lung Disease; HRQoL: health-related quality of life; ICS: inhaled corticosteroid; IMB: information-motivation-behavioural-based model;
IQR: interquartile range; ITT: intention-to-treat; LAAC: long-acting anticholinergic; LABA: long-acting beta2-adrenoceptor agonist; LAMA:
long-acting muscarinic receptor antagonist; MDI: metered dose inhaler; MI: motivational interviewing; n: number of people; PACIC:
Patient Assessment of Quality of Care; pMDI: pressurised metered dose inhaler; RCT: randomised controlled trial; SAAC: short-acting
anticholinergic; SABA: short-acting beta2-adrenoceptor agonist; sal/FP: salmeterol/fluticasone propionate; SD: standard deviation; SDM-
PE: shared decision-making and patient engagement programme; SE: standard error; SF: short form; SFC: salmeterol–fluticasone
combination; SGRQ: St George's Respiratory Questionnaire; VA: Veterans AIairs.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Alexopoulos 2016 Wrong study design (aimed at depressive symptoms).

Anonymous 2007 Wrong study design.

Berbecaru-Iovan 2015 Wrong intervention (not aimed at adherence).

Bock 2012 Wrong intervention (not aimed at adherence).

Boland 2016 Wrong intervention (not aimed at adherence).

Botvinikova 2003 Wrong population (asthma).

Buist 1997 Wrong intervention (smoking cessation).

Bunnag 2007 Wrong intervention (patient perception).

Cabedo Garcia 2010 Wrong intervention (not aimed at adherence).

Chrystyn 2014 Wrong intervention (patient preference and satisfaction).

Collier 2017 Wrong study design (adherence reported as a post hoc outcome).

Dahl 2003 Wrong intervention (aimed at patient perception).

EUCTR2013-001788-21-SK Wrong study design.

Evans 2019 Wrong intervention (aimed at re-admissions to hospital).

Fischer 2000 Wrong study design (not an RCT).
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Study Reason for exclusion

Gallefoss 1999 Wrong population (< 50% of the study population was COPD).

Garcia-Aymerich 2007 Wrong study design (not aimed at adherence).

Hernandez 2001 Wrong study design (not an RCT).

Holzer 1988 Wrong study design (not an RCT).

Kirby 2016 Wrong intervention (not aimed at adherence).

Kripalani 2007 Wrong study design (systematic review; no individual studies included COPD).

Mutterlein 1990 Wrong study design (no relevance to current management).

NCT00005717 Wrong study design (not an RCT).

NCT00462540 Wrong study design (not aimed at adherence).

NCT04052906 Wrong study design (not aimed at inhaler technique or adherence).

Nishimura 2011 Wrong study design (not an RCT).

Pongchaidecha 2005 Wrong study design (not an RCT).

Press 2016 Wrong study design (not aimed at inhaler improvement).

Riar 2016 Wrong study design (not an RCT).

Schulte 2008 Wrong study design (not an RCT).

Smith-McLallen 2015 Wrong study design (cost-effectiveness, mixed population).

Sung 1998 Unavailable.

Tack 2011 Wrong study design (not an RCT).

Tashkin 1991 Wrong intervention (main intervention was a smoking cessation programme).

Trivedi 2012 Wrong study design (not an RCT).

Van Ganse 2016 Wrong study design (not an RCT).

Van Grunsven 2000 Wrong population.

Vanhaecht 2010 Wrong intervention (not aimed at adherence).

Van Wijk 2005 Wrong study design (systematic review; no individual studies include COPD-only population).

Vestbo 2009 Wrong intervention (not aimed at adherence).

Viejo 2001 Wrong study design (not an RCT).

Weinstein 2011 Wrong study design (not an RCT).

Yildirim 2015 Wrong study design (not an RCT).
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COPD: chronic obstructive pulmonary disease; RCT: randomised controlled trial.
 

Characteristics of studies awaiting classification [ordered by study ID]

 

Methods Study design: cluster RCT

Duration: 5 months

Location: Spain

Participants Inclusion criteria: aged ≥ 18 years, able to complete questionnaires EQ-5D, Morisky 4 item scale,
ACQ, CAT, blood pressure medication classified according to Anatomical Therapeutic Chemical
classification system (C02, C03, C07, C09), asthma medication (group R03), or COPD medication
(R03)

Exclusion criteria: people collecting somebody else's medication, pregnancy, those unable to visit
the pharmacy on a regular basis, previous participation in an education programme or in a study to
improve adherence to medication, communication limits or any other impairment preventing par-
ticipation in the study

Interventions Treatment arms

1. Pharmacist-led tailored multi-component intervention (to improve, reinforce and maintain ad-
herence behaviour)

2. Usual care

Outcomes Primary outcomes: adherence to medication (self-report and proportion of days covered)

Secondary outcomes: asthma control (ACQ), CCQ, blood pressure levels, EQ-5D, cost-effective
analysis

Notes Funding: CINFA laboratory, Spain

Identifier: www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12618000410257

ACTRN12618000410257 

 
 

Methods Study design: RCT

Duration: 26 weeks

Location: USA

Participants Population: people with asthma or COPD or both

Baseline characteristics: NR

Inclusion criteria: consenting to being included in the study

Exclusion criteria: NR

Interventions Treatment arms

1. Pharmacist-led COPD management programme (face-to-face)

2. Pharmacist-led COPD management programme (video instruction)

3. Standard inhaler education

Outcomes Primary outcome: spirometry test results

Bookser 2018 
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Secondary outcomes: inhaler technique, CAT, ACQ, Morisky scale, number of exacerbations and
hospitalisations

Notes Funding: NR

Identifier: NR

Ongoing study, only the conference abstract was available

Bookser 2018  (Continued)

 
 

Methods Study design: cluster RCT (protocol)

Duration: 6 months

Location: Canada

Participants Population: NA

Baseline characteristics: NA

Inclusion criteria: aged ≥ 40 years, physician diagnosed COPD, able to answer questions in English

Exclusion criteria: severe COPD, dementia diagnosis, terminal illness, asthma diagnosis, enrolled
in another clinical trial, do not provide consent

Interventions Treatment arms

1. Pharmacist-led COPD management plan: Medication review, patient education, COPD action
plan, PR referral, smoking cessation referral

2. Usual care (COPD pamphlet)

Outcomes Primary outcomes: change in adherence to medication (Medication Possession Ratio), MMAS-8

Secondary outcomes: number of participants with a clinically significant change in adherence,
number of participants who had 'good adherence', mean MPR between groups, SGRQ, medication
inhalation technique, healthcare utilisation, antibiotic and orally administered corticosteroid use
for COPD exacerbations

Notes Identifier: ISNRCTN78138190

Davis 2016 

 
 

Methods Study design: RCT

Duration: 10 weeks

Location: UK

Participants Population: asthma/COPD (n = 117), hypertension (n = 249), T2DM (n = 95)

Baseline characteristics: mean age 59 years; male 48%, mean number of other medication 3.5

Inclusion criteria: community-dwelling, aged ≥ 14 years, able to consent to new medicine service,
study and able to provide written consent

Exclusion criteria: NR

Elliot 2016 
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Interventions Treatment arms

1. New medicine service (community pharmacist-led)

2. Current practice

Outcomes Primary outcomes: adherence, adherence score (MMAS-8; self-report), medication stopped or
changed, health status (EQ-5D-3L), BMQ, healthcare resource use

Notes Funding: Department of health policy research programme

Other identifier: NCT01635361

Elliot 2016  (Continued)

 
 

Methods Study design: cross-over randomised trial

Duration: 7 days

Location: France

Participants Population: COPD (GOLD)

Baseline characteristics: NR

Inclusion criteria: adults aged ≥ 40 years, written informed consent, COPD diagnosis (GOLD 2012),
health insurance or social security, women of childbearing age

Exclusion criteria: previous use of Breezhaler, Diskus or Respimat or similar device; QT ≥ 450 ms;
hypersensitivity to any of the study medications (tiotropium, indacatérol, salmeterol, fluticasone,
glycopyrronium); exacerbations in the last 6 months; long-term psychiatric conditions; inability to
use inhaler devices; protected adult; excluded from other study; pregnant or breastfeeding

Interventions Treatment arms

1. Seretide Diskus 500/550 μg

2. Ultibro Breezhaler 110/50 μg

3. Spiriva Respimat 2.5 μg

All groups received all 3 inhalers in cross-over format. All participants received 2 video recordings:

1. inhalation (1 puI) without any instruction of use

2. inhalation (1 puI) after reading the patient information leaflet

Outcomes Primary outcome: assessment of the presence of at least a major error in the use of the inhalation
system, from standardised checklist

Secondary outcomes: number of non-critical errors from standardised checklist, number of non-
device-dependent errors from standardised checklist, measure of time for necessary drug adminis-
tration, FEV1, adverse events

Notes Funding: University Hospital Bordeaux

Identifier: NCT02813200 or CHUBX 2014/22

Principal investigator: Dr Pierre-Olivier Girodet (pierre-olivier.girodet@chu-bordeaux.fr)

EUCTR2016-001435-13-FR 
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Methods Study design: cluster RCT (protocol)

Duration: 9 months

Location: Poland

Participants Population: NA

Baseline characteristics: NA

Inclusion criteria: people treated in the same practice at baseline (including those with COPD)

Exclusion criteria: terminal illness, cognitive impairment

Interventions Treatment arms

1. Tailored intervention programme directed at general practices

2. Usual care

Outcomes Primary outcomes: GP adherence to recommendations

Secondary outcomes: patient health outcomes (e.g. change in smoking status, number of COPD
medications prescribed, dyspnoea perception, number of exacerbations in the past and during the
study)

Notes Other identifier: NCT01893476

Godycki-Cwirko 2014 

 
 

Methods Study design: RCT

Duration: 26 weeks

Location: Switzerland

Participants Population: asthma (GINA), COPD (GOLD) or asthma-COPD overlap

Baseline characteristics: mean age 69 years, males 61%

Inclusion criteria: aged ≥ 18 years, established asthma or COPD diagnosis (GINA or GOLD criteria),
prescribed daily inhaled maintenance medication, ≥ 1 exacerbation in the last 12 months

Exclusion criteria: malignancies, severe diseases, unable to speak German sufficiently, pregnancy
or breastfeeding

Interventions Treatment arms

1. Audio-reminder generated by an application or an alarm clock via patients' smart phones with
feedback

2. Control group: did not receive reminders or additional assistance or feedback about their med-
ication adherence behaviour. Adherence data was examined at the end of the study only

Outcomes Primary outcome: time to next asthma or COPD exacerbation

Secondary outcomes: frequency of exacerbations, number of severe exacerbations leading to hos-
pitalisation, timing and taking adherence, health-related quality of life

Gregoriano 2015 
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Notes Funding: Gottfried and Julia Bangerter-Rhyner Foundation, Swiss Academy of Medical Sciences,
the Freiwillige Akademische GesellschaU (FAG), Swiss Lung League, unrestricted grants from
Boehringer Ingelheim GmbH, AstraZeneca AG, and Mundipharma AG, Switzerland

Other identifier: NCT02386722

Gregoriano 2015  (Continued)

 
 

Methods Study design: RCT

Duration: 104 weeks

Location: Netherlands

Participants Population: asthma or COPD

Baseline characteristics: NR

Inclusion criteria: aged 16–75 years, clinical diagnosis of asthma or COPD or mixed (asthma with
persisting airway obstruction), treated by GP, no other respiratory or terminal illness, current asth-
ma or COPD medication use, experienced symptoms in the last 12 months

Exclusion criteria: NR

Interventions Treatment arms

1. GP-led education

2. Usual care from GPs

Outcomes Primary outcomes: degree of dyspnoea (mMRC questionnaire), quality of life in respiratory illness
questionnaire

Secondary outcomes: Inhalation technique, self-efficacy, coping questionnaire

Notes Funding: NR

Other identifier: NR

Hesselink 2004 

 
 

Methods Study design: cluster RCT

Duration: 69 weeks

Location: community pharmacies in 3 locations of Portugal (Faro, Lisboa and Setubal)

Participants Population: adults with asthma or COPD

Baseline characteristics: NR

Inclusion criteria: aged ≥ 18 years; self-reported asthma or COPD; using Breezhaler, Ellipta, Spiro-
max, Turbohaler, pMDI or Respimat

Exclusion criteria: NR

Interventions Treatment arms

ISRCTN10844309 2019 
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1. Pharmacist-lad educational programme to improve inhaler technique

2. Usual care provided by pharmacies

Outcomes Proportion of people with asthma or COPD achieving 100% in assessment of inhaler technique, in-
haler technique score, quality of life (CAT), ACT (for asthma) and mMRC (for COPD), adverse drug
events; disease-related exacerbations, healthcare utilisation and cost

Notes Funding: Associação Nacional das Farmácias (ANF, Portuguese National Association of Pharma-
cies)

Identifier: ISRCTN10844309

ISRCTN10844309 2019  (Continued)

 
 

Methods Study design: RCT

Duration: 13 weeks

Location: GP practices in Manchester, UK

Participants Population: adults with depression, COPD, T2DM, arthritis or coronary heart disease

Baseline characteristics: NR

Inclusion criteria: people attending primary care aged ≥ 50 years, ≥ 2 of 5 common conditions, flu-
ent in written English

Exclusion criteria: unable to consent, or considered unsuitable by the primary care team

Interventions Treatment arms

1. Self-affirmation task + health message

2. Health message only control group

Outcomes Recruitment, retention, characteristics of responders vs non-responders, engagement with inter-
vention (intervention group only), number of negative comments made about the experience of
the intervention (intervention group only) and participation (both groups), number of question-
naires completed correctly

Notes Funding: NIHR Greater Manchester Primary Care Patient Safety Translational Research Centre (GM
PSTRC)

Identifiers: MINIMA; ISRCTN62025354

ISRCTN62025354 

 
 

Methods Study design: RCT

Duration: 26 weeks

Location: hospital, USA

Participants Population: 69 people with COPD or heart failure

Baseline characteristics: mean age: treatment group 64 years; control group 69 years; male %:
treatment group 46%; control group 44%; education level (graduated from high school): treatment

Kristeller 2017 
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group 74%; control group 79%; hospitalisation in the last year %: treatment group 54%; control
group 62%

Inclusion criteria: aged ≥ 18 years, hospital admission with primary or secondary diagnosis of
COPD or heart failure, agreed to take part in monthly counselling sessions (treatment group only)

Exclusion criteria: cognitive impairment, dementia, non-English, discharge to long-term care or
permanent skilled nursing facility, surgery, hospice, at end of life

Interventions Treatment arms

1. Pharmacist counselling

2. Control group (standard care)

Outcomes Primary outcome: medication adherence

Secondary outcomes: medication-related issues, patient satisfaction, hospital readmissions or ED
visits

Notes Funding: Community Pharmacy Foundation

Identifier: NCT02047448

Kristeller 2017  (Continued)

 
 

Methods Study design: RCT

Duration: 52 weeks

Location: NR

Participants Population: adults with COPD or asthma

Baseline characteristics: NR

Inclusion criteria: aged ≥ 65 years, diagnosis of COPD or asthma, taking any inhaler device (pMDI
with or without spacer, DPI or SoU Mist), regular primary care users, to diagnose asthma or COPD at
study baseline by GINA and GOLD guidelines

Exclusion criteria: severe or acute conditions (unstable cardiovascular status, unstable angina, re-
cent myocardial infarction or pulmonary embolism, unknown haemoptysis, pneumothorax, tho-
racic, abdominal or eye surgery, acute nausea/vomiting, severe respiratory distress, dementia), in-
termittent asthma or COPD with mild severity (GOLD I)

Interventions Treatment arms

1. Health professional-led Inhaler technique education

2. Usual care

Outcomes Adverse events, quality of life (CAT, mMRC), CARAT, ACT, AQLQ, SGRQ, CCQ, FEV1, FVC, PEF, MEF 25–
75, FEV1/FVC, adherence rate (BMQ), inhaler technique performance

Notes Identifier: NCT03449316

Maricoto 2019 

 
 

Methods Study design: RCT

Navarre 2007 
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Duration: NR (short-term intervention)

Location: USA

Participants Population: 34 adults with respiratory disease

Baseline characteristics: mean age: intervention 57 years; control 51.8 years; male %: intervention
33.3%; control 25%; education (college, %): intervention 61%; control 66%; mean length of respira-
tory disease: intervention 9.7 (SD 9.4) years ; control 24.5 (SD 16.2) years ; computer use: interven-
tion 69%; control 71.4%

Inclusion criteria: age ≥ 18 years, using at ≥ 1 respiratory medication daily for ≥ 6 months, receiv-
ing care from a university affiliated respiratory clinic or inhaled medication from a community
pharmacy located in the same city in the last 3 months

Exclusion criteria: requiring spacer devices to aid inhaled drug delivery

Interventions Treatment arms

1. Computer-based inhaler technique education with demonstration

2. Control group (demonstration of inhaler technique with feedback from research assistant)

Outcomes Primary outcomes: observed inhaler technique score, inhaler technique knowledge test, patient
evaluation of computer-based tutorial

Notes Funding: University of Michigan Office of Information Technology Fund for Innovations that En-
hance the Quality of Student Learning via Computer-Based Learning Grant

Identifier: none

Navarre 2007  (Continued)

 
 

Methods Study design: RCT

Duration: 10 weeks

Location: Spain

Participants Population: adults with COPD, arterial hypertension, diabetes mellitus

Baseline characteristics: NR

Inclusion criteria: diagnosis of COPD, arterial hypertension or diabetes mellitus, using anticoagu-
lants

Exclusion criteria: not fluent in Spanish, physical or mental disorder hindering participation in the
study

Interventions Treatment arms

1. Pharmaceutical communication through conversation between pharmacist and patient

2. Placebo (usual practice by community pharmacies)

Outcomes Primary outcome: adherence to treatment at 10 and 26 weeks

Secondary outcome: satisfaction with the service

Notes Funding: Andalusian School of Public Health

NCT04195191 
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Identifier: NCT04195191, 2018713122010
NCT04195191  (Continued)

 
 

Methods Study design: randomised cross-over trial

Duration: 3 days

Location: Canada (tertiary care hospital)

Participants Population: 20 adults with asthma or COPD

Baseline characteristics: hospitalised, mean age 58 years, 60% male, ≥ 1 previous MDI instruction
episodes, education level (most, vocational: 9 of total study participants)

Inclusion criteria: clinically stable asthma or COPD, using albuterol MDI for ≥ 1 month before study
start, able to read English, informed consent obtained

Exclusion criteria: NR

Interventions Treatment arms

Pharmacist-led inhaler technique instruction and assessment

1. Albuterol (Diskhaler)

2. Turbutaline (Turbuhaler)

Outcomes Primary outcomes: inhaler technique (mean performance score %, incorrect inhaler technique
demonstration assessment %, steps performed incorrectly %), % participants rating each inhaler
step as easy

Notes Funding: Astra Pharma (part-funded)

Identifier: none

Nimmo 1993 

 
 

Methods Study design: RCT

Duration: 6–8 weeks

Location: NR

Participants Population: 100 adults with asthma or COPD

Baseline characteristics: mean age 63 years, 49% male

Inclusion criteria: NR

Exclusion criteria: NR

Interventions Treatment arms

1. Visual instruction card + usual inhalation technique education

2. Usual inhalation technique education

Outcomes Primary outcomes: inhalation technique (inhaler-specific checklists), ACQ or CCQ

NTR5187 
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Notes Funding: NR

Identifier: none

NTR5187  (Continued)

 
 

Methods Study design: RCT

Duration: 26 weeks

Location: Ireland

Participants Population: 152 adults with asthma, COPD, asthma-COPD overlap or unknown

Baseline characteristics: mean age: biofeedback group 54 years; demonstration group 53 years;
control group 55 years; male %: biofeedback group 42%; demonstration group 57%; control group
50%; mean exacerbations in the last 6 months: biofeedback group 09 (SD 1.2); demonstration
group 1.0 (SD 1.5); control group 0.9 (SD 1.4); asthma diagnosis > 50% across groups; COPD diagno-
sis 30%; asthma-COPD overlap 4%

Inclusion criteria: aged ≥ 18 years, consenting and understanding study protocol, willing and able
to take inhaled medication, valid prescription of or already using a Seratide Diskus inhaler, phar-
macy attendance history demonstrating collection of 3 prescriptions for any medication in the last
6 months

Exclusion criteria: discontinuation of fluticasone/salmeterol (authorised by physician) in the last 6
months

Interventions Treatment arms

1. Feedback on participant's own inhaler use (individualised information on inhaler technique and
timing of use of inhaler, recorded on INCA device)

2. Current best practice (inhaler technique education)

3. Control (usual care in the community pharmacy setting)

Outcomes Primary outcome: rate of adherence

Secondary outcomes: inhaled medication use (rescue), antibiotic with or without steroid medica-
tion (rescue), quality of life, adherence, technique adherence

Notes Funding: Boots retail (Ireland) Limited, Beaumont Hospital, Royal College of Surgeons (Ireland)

Identifier: NCT02203266, RC004

O'Dwyer 2016 

 
 

Methods Study design: RCT

Duration: 26 weeks

Location: China

Participants Population: 100 adults with asthma or COPD

Baseline characteristics: NR

Qin 2016 
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Inclusion criteria: aged 18–75 years, diagnosis of asthma or COPD, using inhaled devices, able to
read, write and consenting to be contacted

Exclusion criteria: NR

Interventions Treatment arms

1. Pharmacist-led assessment of correct inhaler technique using 7 steps of inhalation method

2. Control (not specified)

Outcomes Primary outcomes: correct inhalation technique, drug compliance, exacerbations, adverse events

Notes Funding: NR

Identifier: none

Qin 2016  (Continued)

 
 

Methods Study design: RCT

Duration: 52 weeks

Location: Brazil

Participants Population: 75 people with COPD

Baseline characteristics: NR

Inclusion criteria: inpatients with AECOPD

Exclusion criteria: cognitive impairment, psychiatric illness, metastatic disease, severe heart dis-
ease

Interventions Treatment arms

1. Pharmacist-led care programme (modified Dader method for hospitalised people with COPD) af-
ter discharge from hospital + usual care

2. Usual care (pneumology or internal medicine services without pharmacist involvement)

Outcomes Primary outcome: rate of hospitalisation due to AECOPD

Secondary outcomes: quality of life, knowledge and techniques for inhaled medication, drug-re-
lated issue rates

Notes Funding: Hospital de Clínicas de Porto Alegre – UFRGS, Universidade Federal do Rio Grande do Sul

RBR-5bw2wt 

 
 

Methods Study design: cross-over RCT

Duration: 12 weeks

Location: 45 centres across the Netherlands

Participants Population: 77 people with asthma or COPD

SAM30001 GSK 
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Baseline characteristics: mean age: NR; male %: intervention group 49%; control group 49%; eth-
nicity (white %): intervention group 100%; control group 100%

Inclusion criteria: age ≥ 12 years with asthma or COPD as diagnosed according to European Respi-
ratory Society criteria

Exclusion criteria: NR

Interventions Treatment arms

1. Salmeterol + fluticasone (single inhaler)

2. Salmeterol (single inhaler) and fluticasone (single inhaler)

Outcomes Primary outcome: percentage compliance with use of medication

Notes Funding: GSK

Identifier: SAM30001 GSK

SAM30001 GSK  (Continued)

 
 

Methods Study design: cross-over RCT

Duration: 8 weeks

Location: Spain

Participants Population: children with asthma and adults with COPD

Baseline characteristics: NR

Inclusion criteria: children (asthma) or adults (COPD) with history of condition for > 6 months' du-
ration, only taking inhaled medication by another delivery system

Exclusion criteria: myopathy, neuropathy leading to muscle weakness, tracheostomy, laryngecto-
my, mental health issues

Interventions Treatment arms

1. Diskus/Accuhaler inhaler followed by Turbuhaler inhaler and inhaler education

2. Turbuhaler inhaler followed by Diskus/Accuhaler

Outcomes Primary outcomes: inhaler preference, percentage correct inhalation technique, percentage
achieving correct technique after education

Notes Funding: NR

Serra-Batlles 2002 

 
 

Methods Study design: RCT

Duration: 156 weeks

Location: India

Participants Population: 260 adults with COPD

Suhaj 2016 
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Baseline characteristics: mean age: intervention: 60.6 (SD 7.9) years; control: 61.1 (SD 8.4) years;
male %: intervention 96%; control 94%; FEV1%: intervention 44.4 (SD 14.5); control 41.9 (SD 14.7);
pack-years: intervention 23.2 (SD 11.4); control 21.7 (SD 12.6); COPD severity %: mild: intervention
13.8; control 12.7; moderate: intervention 20.1; control 21.9; severe: intervention 47.6; control 45.4;
very severe: intervention 18.5; control 20.0; number of medications: intervention 6.3 (SD 1.7); con-
trol 7.2 (SD 2.1); % comorbidities: intervention 69; control 74

Inclusion criteria: COPD diagnosis (GOLD), informed consent

Exclusion criteria: NR

Interventions Treatment arms

1. Clinical pharmacist training and counselling

2. Standard hospital care only

Outcomes Primary outcomes: health-related quality of life, medication adherence

Notes Funding: none

Identifiers: NR

Suhaj 2016  (Continued)

 
 

Methods Design: RCT

Duration: 52 weeks

Location: China

Setting: Tongde Hospital of Zhejiang Province, located in the Hangzhou City of the Zhejiang
Province

Participants Population: 244 participants with COPD randomly assigned to PMC (n = 122) or usual care (n = 122)

Baseline characteristics: age (mean): PMC 64.2 (SD 14.2) years; usual care 64.6 (SD 14.5) years

% male: PMC 38.6%; usual care 37.1%

FEV % predicted (mean): PMC 55.4 (SD 15.7); usual care 54.7 (SD 14.9)

Inclusion criteria: age 35 years, diagnosis of COPD, regular visit to the pharmacist, no previous di-
agnosis of uncontrolled psychiatric disease and no previous diagnosis of severe liver or kidney dis-
ease

Exclusion criteria: pregnant women or analphabetic people

Interventions Treatment arms

1. PMC group was individually educated (definition of COPD, pathophysiology, the importance of
medication adherence, smoking cessation, how to take the prescribed drugs and use the respira-
tory devices effectively, possible ADR, possible effect of drug combination, importance of a well-
balanced diet and timely follow-up by physicians and shared his telephone number, prepared
drug education materials, how to use the inhaled device

2. Usual care delivered by the doctor, but did not receive prescription services by the clinical phar-
macist.

Allowed co-medications: SABA, LABA/ICS, LABA, LAMA, oral steroids, anticholinergic agents, xan-
thines

Xin 2016 
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Outcomes Primary outcomes: patient's adherence to maintenance therapy (Medication Refill Adherence
score) and SGRQ scores

Secondary outcomes: acute exacerbation rate, hospitalisation rate due to acute exacerbation, and
smoking behaviour

Notes Funding: supported by Zhejiang Provincial Natural Science Foundation of China (LY14H280003)
and Zhejiang Pharmaceutical Association (2012ZYY11)

Identifiers: NR

Xin 2016  (Continued)

ACQ: Asthma Control Questionnaire; ACT: Asthma Control Test; ADR: adverse drug reaction; AECOPD: acute exacerbation of COPD; AQLQ:
Asthma Quality of Life Questionnaire; BMQ: Beliefs about Medications Questionnaire; CAT: COPD Assessment Test; CCQ: Clinical COPD
Questionnaire; COPD: chronic obstructive pulmonary disease; ED: emergency department; EQ-5D: EuroQoL-5 dimension; FEV1: forced
expiratory volume in one second; FVC: forced vital capacity; GINA: Global Initiative for Asthma; GOLD: Global Initiative for Chronic
Obstructive Lung Disease; GP: general practice; ICS: inhaled corticosteroid; LABA: long-acting beta2-adrenoceptor agonist; LAMA: long-
acting muscarinic receptor antagonist; MDI: metered dose inhaler; MEF 25–75: maximal expiratory flow 25–75%; MMAS-8: Morisky
Medication Adherence Scale; MPR: medication possession ratio; mMRC: modified Medical Research Council dyspnoea scale; NA: not
applicable; NR: not reported; PEF: peak expiratory flow; PMC: pharmacist-managed clinic; PR: pulmonary rehabilitation; QT: measurement
made on electrocardiogram to assess electrical properties of the heart. Calculated as time from start of the Q wave to end of the T wave
(measure of time taken from when cardiac ventricles start to contract to when they finish relaxing; RCT: randomised controlled trial; SABA:
short-acting beta2-adrenoceptor agonist; SD: standard deviation; SGRQ: St George's Respiratory Questionnaire; T2DM: type 2 diabetes
mellitus.
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name A pragmatic, cluster randomized trial evaluating the impact of an enhanced adherence package
(dual bronchodilator+add-on+app) on time to treatment failure and other clinical outcomes in ex-
acerbating COPD patients with poor adherence to mono or dual therapy over one year (MAGNIFY)

Methods Randomly assigned participants from selected GP practices to either use the technology when tak-
ing their daily inhaler dose or usual patient care for 12 months

Participants People with COPD

Interventions Device to monitor inhalation attached to Ultibro inhaler, reminders sent via smartphone applica-
tion

Outcomes Exacerbations, medication use

Starting date 13 June 2019

Contact information rupert.jones@plymouth.ac.uk

Notes  

ISRCTN10567920 

 
 

Study name Using the internet to help individuals stay healthy and prevent further reductions in health from ex-
isting chronic diseases

ISRCTN77785397 
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Methods Participants receive a web-based self-management programme including educational information,
drug and medical visit information in addition to usual care. The control group receive usual care
only over 12 months

Participants People with COPD (men and women, age ≥ 40 years, already using or started "Living with COPD"
programme, stable COPD, access to computer and Internet, current or previous smoker (≥ 10 pack-
years), FEV1 25–70% predicted value after bronchodilator use, FVC < 70%, 2 exacerbations in the
last year

Interventions Access to COPD web-based self-management intervention in addition to usual care

Outcomes Improvement in participants' adherence to action plan on exacerbation event, action plan adher-
ence (defined as participant taking antibiotic or prednisolone within 3 days of acute exacerbation),
medication adherence, self-efficacy, health-related quality of life, adverse events

Starting date 2011

Contact information NR

Notes  

ISRCTN77785397  (Continued)

COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume in one second; GP: general practitioner; NR: not reported.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Single component intervention versus control

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

Statistical method Effect size

1.1 Adherence: number of people com-
pleting treatment (12 weeks' duration)

1   Odds Ratio (M-H, Random,
95% CI)

Totals not select-
ed

1.1.1 Change to pharmacotherapy 1   Odds Ratio (M-H, Random,
95% CI)

Totals not select-
ed

1.2 Adherence: compliance by pre-
scription refill (21.6–26 weeks' dura-
tion)

2   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.2.1 Adherence aids 1   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.2.2 Education 1   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.3 Adherence: Adherence among Pa-
tients with Chronic Disease scale (8
weeks)

1   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.4 Adherence % (change to pharma-
cotherapy) (12 weeks)

1   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.5 Quality of life: St George's Respi-
ratory Questionnaire or Clinical COPD

2   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

Questionnaire total scores (26–52
weeks)

1.5.1 Change to pharmacotherapy 1   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.5.2 Adherence aids 1   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

1.6 Hospital service utilisation: num-
ber of people admitted to hospital (all
cause) (52 weeks)

1   Odds Ratio (M-H, Random,
95% CI)

Totals not select-
ed

1.6.1 Change to pharmacotherapy 1   Odds Ratio (M-H, Random,
95% CI)

Totals not select-
ed

1.7 Exacerbations: number of people
experiencing exacerbations (16–52
weeks)

2 267 Odds Ratio (M-H, Random,
95% CI)

0.87 [0.51, 1.50]

1.7.1 Change to pharmacotherapy 2 267 Odds Ratio (M-H, Random,
95% CI)

0.87 [0.51, 1.50]

1.8 Adverse events: number of people
experiencing adverse events (16–52
weeks)

3 404 Odds Ratio (M-H, Random,
95% CI)

0.92 [0.60, 1.41]

1.8.1 Adherence aids 1 137 Odds Ratio (M-H, Random,
95% CI)

0.83 [0.38, 1.83]

1.8.2 Change to pharmacotherapy 2 267 Odds Ratio (M-H, Random,
95% CI)

1.04 [0.50, 2.17]

1.9 Adverse events: number of people
experiencing adverse events (COPD-re-
lated) (52 weeks)

1   Odds Ratio (M-H, Random,
95% CI)

Totals not select-
ed

1.9.1 Change to pharmacotherapy 1   Odds Ratio (M-H, Random,
95% CI)

Totals not select-
ed

1.10 Adverse events: number of people
experiencing a serious adverse event
(26–52 weeks)

2 350 Odds Ratio (M-H, Random,
95% CI)

1.57 [0.86, 2.87]

1.10.1 Change to pharmacotherapy 1 213 Odds Ratio (M-H, Random,
95% CI)

1.51 [0.74, 3.04]

1.10.2 Adherence aids 1 137 Odds Ratio (M-H, Random,
95% CI)

1.76 [0.55, 5.69]

1.11 Mortality (52 weeks) 1   Odds Ratio (M-H, Random,
95% CI)

Totals not select-
ed

1.11.1 Change to pharmacotherapy 1   Odds Ratio (M-H, Random,
95% CI)

Totals not select-
ed
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Analysis 1.1.   Comparison 1: Single component intervention versus control, Outcome
1: Adherence: number of people completing treatment (12 weeks' duration)

Study or Subgroup

1.1.1 Change to pharmacotherapy
Park 2019 (1)

Roflumilast 250/500 mg
Events

9

Total

27

Roflumilast 500 mg
Events

12

Total

28

Odds Ratio
M-H, Random, 95% CI

0.67 [0.22 , 1.99]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours Rof 500 mg Favours Rof 250/500 mg

Risk of Bias
A

+

B

?

C

-

D

+

E

-

F

-

G

+

Footnotes
(1) Roflumilast 250 µg and 500 µg versus 500 µg; 12 weeks' follow-up.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

 
 

Analysis 1.2.   Comparison 1: Single component intervention versus control,
Outcome 2: Adherence: compliance by prescription refill (21.6–26 weeks' duration)

Study or Subgroup

1.2.1 Adherence aids
Criner 2018 (1)

1.2.2 Education
De Tullio 1987 (2)

Intervention
Mean

5.3

4.8

SD

1.3

0.9

Total

67

30

Control
Mean

5.1

3.8

SD

1.4

1.2

Total

70

30

Mean Difference
IV, Random, 95% CI

0.20 [-0.25 , 0.65]

1.00 [0.46 , 1.54]

Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours control Favours interventionFootnotes

(1) BreatheMate Bluetooth inhaler device + mobile application; 26 weeks' follow-up
(2) Comprehensive counselling session; 21.6 weeks follow-up

 
 

Analysis 1.3.   Comparison 1: Single component intervention versus control, Outcome
3: Adherence: Adherence among Patients with Chronic Disease scale (8 weeks)

Study or Subgroup

Naderloo 2018

Motivational interview
Mean

158.48

SD

27.6

Total

27

Control
Mean

136.26

SD

24

Total

27

Mean Difference
IV, Random, 95% CI

22.22 [8.42 , 36.02]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours control Favours motivational interview
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Analysis 1.4.   Comparison 1: Single component intervention versus
control, Outcome 4: Adherence % (change to pharmacotherapy) (12 weeks)

Study or Subgroup

Mochizuki 2013 (1)

MD

14.8

SE

2.5511

Mean Difference
IV, Random, 95% CI

14.80 [9.80 , 19.80]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours salmeterol Favours patchFootnotes

(1) Transdermal patch; 12 weeks' follow-up

 
 

Analysis 1.5.   Comparison 1: Single component intervention versus control, Outcome 5: Quality of
life: St George's Respiratory Questionnaire or Clinical COPD Questionnaire total scores (26–52 weeks)

Study or Subgroup

1.5.1 Change to pharmacotherapy
Hagedorn 2013 (1)

1.5.2 Adherence aids
Criner 2018 (2)

Change or adherence aids
Mean

-1.8

0.2

SD

14.4

0.97

Total

107

67

Control
Mean

-2.6

-0.2

SD

14.7

0.99

Total

105

70

Mean Difference
IV, Random, 95% CI

0.80 [-3.12 , 4.72]

0.40 [0.07 , 0.73]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Change/adherence aids Standard treatment/controlFootnotes

(1) Single Diskus inhaler; SGRQ change score; scale 0-100, lower score = better quality of life; 52 weeks follow up
(2) BreatheMate Bluetooth inhaler device + mobile application; CCQ change score; scale 0-7, lower score = better quality of life; 26 weeks follow up

 
 

Analysis 1.6.   Comparison 1: Single component intervention versus control, Outcome 6:
Hospital service utilisation: number of people admitted to hospital (all cause) (52 weeks)

Study or Subgroup

1.6.1 Change to pharmacotherapy
Hagedorn 2013 (1)

Single inhaler
Events

25

Total

107

Two separate inhalers
Events

18

Total

105

Odds Ratio
M-H, Random, 95% CI

1.47 [0.75 , 2.90]

Odds Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours single inhaler Favours two separate inhalersFootnotes

(1) Single Diskus inhaler; 52 weeks' follow-up
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Analysis 1.7.   Comparison 1: Single component intervention versus control, Outcome
7: Exacerbations: number of people experiencing exacerbations (16–52 weeks)

Study or Subgroup

1.7.1 Change to pharmacotherapy
Hagedorn 2013 (1)
Park 2019 (2)
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.35, df = 1 (P = 0.56); I² = 0%
Test for overall effect: Z = 0.50 (P = 0.62)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.35, df = 1 (P = 0.56); I² = 0%
Test for overall effect: Z = 0.50 (P = 0.62)
Test for subgroup differences: Not applicable

Treatment change
Events

42
0

42

42

Total

107
27

134

134

Standard treatment
Events

44
1

45

45

Total

105
28

133

133

Weight

97.2%
2.8%

100.0%

100.0%

Odds Ratio
M-H, Random, 95% CI

0.90 [0.52 , 1.55]
0.33 [0.01 , 8.55]
0.87 [0.51 , 1.50]

0.87 [0.51 , 1.50]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours treatment change Favours standard treatment

Footnotes
(1) Single Diskus inhaler versus two separate Diskus inhalers; 52 weeks' follow-up
(2) Roflumilast 250 µg and 500 µg versus 500 µg; 16 weeks' follow-up

 
 

Analysis 1.8.   Comparison 1: Single component intervention versus control, Outcome
8: Adverse events: number of people experiencing adverse events (16–52 weeks)

Study or Subgroup

1.8.1 Adherence aids
Criner 2018 (1)
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.45 (P = 0.65)

1.8.2 Change to pharmacotherapy
Hagedorn 2013 (2)
Park 2019 (3)
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.10; Chi² = 1.30, df = 1 (P = 0.25); I² = 23%
Test for overall effect: Z = 0.11 (P = 0.91)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.39, df = 2 (P = 0.50); I² = 0%
Test for overall effect: Z = 0.38 (P = 0.70)
Test for subgroup differences: Chi² = 0.17, df = 1 (P = 0.68), I² = 0%

Treatment change/adherence aid
Events

15

15

45
24

69

84

Total

67
67

107
27

134

201

Standard treatment/adherene aid
Events

18

18

48
22

70

88

Total

70
70

105
28

133

203

Weight

29.7%
29.7%

62.2%
8.1%

70.3%

100.0%

Odds Ratio
M-H, Random, 95% CI

0.83 [0.38 , 1.83]
0.83 [0.38 , 1.83]

0.86 [0.50 , 1.48]
2.18 [0.49 , 9.80]
1.04 [0.50 , 2.17]

0.92 [0.60 , 1.41]

Odds Ratio
M-H, Random, 95% CI

0.02 0.1 1 10 50
Favours treatment change/adherence aid Favours standard treatment/no adherence aid

Footnotes
(1) BreatheMate Bluetooth inhaler device + mobile application+ reminders versus no reminders; 26 weeks' follow-up
(2) Single Diskus inhaler versus two separate Diskus inhalers; 52 weeks' follow-up
(3) Roflumilast 250 µg and 500 µg versus 500 µg; 16 weeks follow up

 
 

Analysis 1.9.   Comparison 1: Single component intervention versus control, Outcome 9:
Adverse events: number of people experiencing adverse events (COPD-related) (52 weeks)

Study or Subgroup

1.9.1 Change to pharmacotherapy
Hagedorn 2013 (1)

Treatment change
Events

33

Total

108

Standard treatment
Events

33

Total

105

Odds Ratio
M-H, Random, 95% CI

0.96 [0.54 , 1.72]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours treatment change Favours standard treatmentFootnotes

(1) Single Diskus inhaler versus two separate Diskus inhalers; 52 weeks' follow-up
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Analysis 1.10.   Comparison 1: Single component intervention versus control, Outcome 10:
Adverse events: number of people experiencing a serious adverse event (26–52 weeks)

Study or Subgroup

1.10.1 Change to pharmacotherapy
Hagedorn 2013 (1)
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.14 (P = 0.25)

1.10.2 Adherence aids
Criner 2018 (2)
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.95 (P = 0.34)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.05, df = 1 (P = 0.82); I² = 0%
Test for overall effect: Z = 1.46 (P = 0.14)
Test for subgroup differences: Chi² = 0.05, df = 1 (P = 0.82), I² = 0%

Treatment change/adherence aid
Events

23

23

8

8

31

Total

108
108

67
67

175

Standard treatment/no adherence aid
Events

16

16

5

5

21

Total

105
105

70
70

175

Weight

73.5%
73.5%

26.5%
26.5%

100.0%

Odds Ratio
M-H, Random, 95% CI

1.51 [0.74 , 3.04]
1.51 [0.74 , 3.04]

1.76 [0.55 , 5.69]
1.76 [0.55 , 5.69]

1.57 [0.86 , 2.87]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours treatment change/adherence aid Favours standard treatment/no adherence aid

Footnotes
(1) Single Diskus inhaler versus two separate Diskus inhalers; 52 weeks' follow-up
(2) BreatheMate Bluetooth inhaler device + mobile application + reminders versus no reminders; 26 weeks follow-up

 
 

Analysis 1.11.   Comparison 1: Single component intervention versus control, Outcome 11: Mortality (52 weeks)

Study or Subgroup

1.11.1 Change to pharmacotherapy
Hagedorn 2013 (1)

Treatment change
Events

1

Total

107

Standard treatment
Events

2

Total

105

Odds Ratio
M-H, Random, 95% CI

0.49 [0.04 , 5.44]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours treatment change Favours standard treatmentFootnotes

(1) Single Diskus inhaler versus two separate Diskus inhalers; 52 weeks' follow-up

 
 

Comparison 2.   Multi-component intervention versus control

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

Statistical method Effect size

2.1 Adherence: risk ratio and 95% CI (6-52
weeks)

4   Risk Ratio (IV, Random,
95% CI)

1.37 [1.18, 1.59]

2.2 Quality of life: St George's Respiratory
Questionnaire total scores (26–52 weeks)

3 374 Mean Difference (IV,
Random, 95% CI)

-2.96 [-6.36, 0.44]

2.3 Quality of life: Short Form Chronic Respi-
ratory Disease Questionnaire total score (39
weeks)

1   Mean Difference (IV,
Random, 95% CI)

Totals not select-
ed

2.3.1 At 6 to < 12 months 1   Mean Difference (IV,
Random, 95% CI)

Totals not select-
ed

2.4 Quality of life: COPD Assessment Test (4–
39 weeks)

3 879 Mean Difference (IV,
Random, 95% CI)

-0.22 [-1.26, 0.81]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.5 Hospital service utilisation: number of
people admitted to hospital (all-cause) (13–
52 weeks)

2 877 Odds Ratio (M-H, Ran-
dom, 95% CI)

0.37 [0.22, 0.63]

2.6 Hospital service utilisation: number of
people admitted to hospital (COPD-related)
(26–52 weeks)

2 220 Odds Ratio (M-H, Ran-
dom, 95% CI)

0.15 [0.07, 0.34]

2.7 Exacerbations: number of people experi-
encing exacerbations (moderate or severe)
(13 weeks)

1   Odds Ratio (M-H, Ran-
dom, 95% CI)

Totals not select-
ed

2.7.1 At 3 to < 6 months, moderate exacerba-
tions

1   Odds Ratio (M-H, Ran-
dom, 95% CI)

Totals not select-
ed

2.7.2 At 3 to < 6 months, severe exacerba-
tions

1   Odds Ratio (M-H, Ran-
dom, 95% CI)

Totals not select-
ed

2.8 Self-efficacy: Stanford Self-Efficacy for
Managing Chronic Disease Scale (39 weeks)

1   Mean Difference (IV,
Random, 95% CI)

Totals not select-
ed

2.8.1 At 6 to < 12 months 1   Mean Difference (IV,
Random, 95% CI)

Totals not select-
ed

2.9 Adverse events: number of people expe-
riencing adverse events (39 weeks)

1   Odds Ratio (M-H, Ran-
dom, 95% CI)

Totals not select-
ed

2.10 Serious adverse events: number of peo-
ple experiencing a serious adverse event (52
weeks)

1   Odds Ratio (M-H, Ran-
dom, 95% CI)

Totals not select-
ed

2.11 Mortality (26–52 weeks) 3 462 Odds Ratio (M-H, Ran-
dom, 95% CI)

0.79 [0.28, 2.26]

2.12 Inhaler technique: number of people
achieving correct inhaler technique (13–39
weeks)

3 927 Odds Ratio (M-H, Ran-
dom, 95% CI)

3.00 [1.35, 6.64]

2.13 Inhaler technique: number of people
achieving correct inhaler technique; sensi-
tivity analysis (13–39 weeks)

2 830 Odds Ratio (M-H, Ran-
dom, 95% CI)

4.45 [3.28, 6.05]

2.14 Inhaler technique: published versus un-
published; SGA, number of people achieving
correct inhaler technique (13–39 weeks)

3   Odds Ratio (M-H, Ran-
dom, 95% CI)

Subtotals only

2.14.1 Published 2 830 Odds Ratio (M-H, Ran-
dom, 95% CI)

4.45 [3.28, 6.05]

2.14.2 Unpublished 1 97 Odds Ratio (M-H, Ran-
dom, 95% CI)

1.34 [0.60, 2.97]
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Analysis 2.1.   Comparison 2: Multi-component intervention versus
control, Outcome 1: Adherence: risk ratio and 95% CI (6-52 weeks)

Study or Subgroup

Jarab 2012 (1)
Khdour 2009 (2)
Leiva-Fernandez 2014 (3)
To 2020 (4)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.05, df = 3 (P = 0.79); I² = 0%
Test for overall effect: Z = 4.21 (P < 0.0001)
Test for subgroup differences: Not applicable

log[RR]

0.392
0.2624

0.392
0.1823

SE

0.1422
0.1188
0.1655
0.2264

Weight

28.0%
40.2%
20.7%
11.1%

100.0%

Risk Ratio
IV, Random, 95% CI

1.48 [1.12 , 1.96]
1.30 [1.03 , 1.64]
1.48 [1.07 , 2.05]
1.20 [0.77 , 1.87]

1.37 [1.18 , 1.59]

Risk Ratio
IV, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours control Favours multi-component intervention

Footnotes
(1) Structured education versus control; 26 weeks' follow-up
(2) Pharmacist-led management versus control; 52 weeks' follow-up
(3) 52 weeks' follow-up; number needed to treat 6.37 (95% CI 3.25 to 142.8), absolute benefit increase 0.157 (95% CI 0.007 to 0.307)
(4) Information-motivation-behavioural-based (IMB) model versus control; 6 weeks' follow-up

 
 

Analysis 2.2.   Comparison 2: Multi-component intervention versus control, Outcome
2: Quality of life: St George's Respiratory Questionnaire total scores (26–52 weeks)

Study or Subgroup

Jarab 2012 (1)
Khdour 2009 (2)
Wei 2014 (3)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.35, df = 2 (P = 0.84); I² = 0%
Test for overall effect: Z = 1.71 (P = 0.09)
Test for subgroup differences: Not applicable

Multi-component
Mean

-2.9
61.8
48.8

SD

29.9
16.3
12.5

Total

63
71
51

185

Control
Mean

-2.1
65.3
52.2

SD

12.2
18.3
13.6

Total

64
72
53

189

Weight

18.2%
35.9%
45.9%

100.0%

Mean Difference
IV, Random, 95% CI

-0.80 [-8.77 , 7.17]
-3.50 [-9.18 , 2.18]
-3.40 [-8.42 , 1.62]

-2.96 [-6.36 , 0.44]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours multi-component Favours control

Footnotes
(1) Structured education versus control; 26 weeks' follow-up; change from baseline. Scale 0–100, lower scores = better quality of life
(2) Pharmacist-led management; 52 weeks' follow-up. Scale 0–100, lower scores = better quality of life
(3) Pharmacist-led care versus control; 52 weeks' follow-up. Scale 0–100, lower scores = better quality of life

 
 

Analysis 2.3.   Comparison 2: Multi-component intervention versus control, Outcome 3:
Quality of life: Short Form Chronic Respiratory Disease Questionnaire total score (39 weeks)

Study or Subgroup

2.3.1 At 6 to < 12 months
Thom 2018 (1)

Multi-component
Mean

4.58

SD

1.25

Total

75

Usual care
Mean

4.43

SD

1.28

Total

83

Mean Difference
IV, Random, 95% CI

0.15 [-0.24 , 0.54]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours usual care Favours multi-componentFootnotes

(1) Health coach intervention versus usual care; 39 weeks' follow-up. Scale 0–7, higher scores = better quality of life
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Analysis 2.4.   Comparison 2: Multi-component intervention versus
control, Outcome 4: Quality of life: COPD Assessment Test (4–39 weeks)

Study or Subgroup

Thom 2018 (1)
To 2020 (2)
Tommelein 2014 (3)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.73, df = 2 (P = 0.69); I² = 0%
Test for overall effect: Z = 0.42 (P = 0.67)
Test for subgroup differences: Not applicable

Multi-component
Mean

19.1
12

15.9

SD

8.8
5.1
7.8

Total

74
15

346

435

Control
Mean

20.2
13.2
15.9

SD

9.25
6.3
7.7

Total

83
15

346

444

Weight

13.4%
6.4%

80.2%

100.0%

Mean Difference
IV, Random, 95% CI

-1.10 [-3.92 , 1.72]
-1.20 [-5.30 , 2.90]
0.00 [-1.15 , 1.15]

-0.22 [-1.26 , 0.81]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours multi-component Favours control

Footnotes
(1) Health coach intervention versus usual care; 39 weeks' follow-up. Scale 0–40, lower scores = better quality of life
(2) Information-motivation-behavioural-based (IMB) model versus control; 6 weeks' follow-up. Scale 0–40, lower scores = better quality of life
(3) Pharmacist-led care versus control; 13 weeks' follow-up. Scale 0–40, lower scores = better quality of life

 
 

Analysis 2.5.   Comparison 2: Multi-component intervention versus control, Outcome 5:
Hospital service utilisation: number of people admitted to hospital (all-cause) (13–52 weeks)

Study or Subgroup

Khdour 2009 (1)
Tommelein 2014 (2)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.32, df = 1 (P = 0.57); I² = 0%
Test for overall effect: Z = 3.63 (P = 0.0003)
Test for subgroup differences: Not applicable

Multi-component
Events

18
8

26

Total

71
371

442

Control
Events

32
24

56

Total

72
363

435

Weight

56.9%
43.1%

100.0%

Odds Ratio
M-H, Random, 95% CI

0.42 [0.21 , 0.86]
0.31 [0.14 , 0.70]

0.37 [0.22 , 0.63]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours multi-component Favours control

Footnotes
(1) Pharmacist-led management versus control; 52 weeks' follow-up
(2) Pharmacist-led care versus control; 13 weeks' follow-up

 
 

Analysis 2.6.   Comparison 2: Multi-component intervention versus control, Outcome 6: Hospital
service utilisation: number of people admitted to hospital (COPD-related) (26–52 weeks)

Study or Subgroup

Jarab 2012 (1)
Wei 2014 (2)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.80, df = 1 (P = 0.37); I² = 0%
Test for overall effect: Z = 4.60 (P < 0.00001)
Test for subgroup differences: Not applicable

Multi-component
Events

3
16

19

Total

66
42

108

Control
Events

11
38

49

Total

67
45

112

Weight

37.1%
62.9%

100.0%

Odds Ratio
M-H, Random, 95% CI

0.24 [0.06 , 0.91]
0.11 [0.04 , 0.31]

0.15 [0.07 , 0.34]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours multi-component Favours control

Footnotes
(1) Structured pharmacist-led education versus control; 26 weeks' follow-up
(2) Pharmacist-led care versus control; 52 weeks' follow-up
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Analysis 2.7.   Comparison 2: Multi-component intervention versus control, Outcome 7:
Exacerbations: number of people experiencing exacerbations (moderate or severe) (13 weeks)

Study or Subgroup

2.7.1 At 3 to < 6 months, moderate exacerbations
Tommelein 2014 (1)

2.7.2 At 3 to < 6 months, severe exacerbations
Tommelein 2014 (2)

Multi-component
Events

125

19

Total

371

371

Control
Events

125

33

Total

363

363

Odds Ratio
M-H, Random, 95% CI

0.97 [0.71 , 1.31]

0.54 [0.30 , 0.97]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours multi-component Favours controlFootnotes

(1) Pharmacist-led care versus control; 13 weeks' follow-up
(2) Pharmacist-led care versus control; 13 weeks follow up

 
 

Analysis 2.8.   Comparison 2: Multi-component intervention versus control, Outcome
8: Self-e:icacy: Stanford Self-E:icacy for Managing Chronic Disease Scale (39 weeks)

Study or Subgroup

2.8.1 At 6 to < 12 months
Thom 2018 (1)

Multi-component
Mean

6.8

SD

2

Total

73

Usual care
Mean

6.5

SD

2

Total

83

Mean Difference
IV, Random, 95% CI

0.30 [-0.33 , 0.93]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours usual care Favours multi-componentFootnotes

(1) Health coach intervention versus usual care; 39 weeks' follow-up

 
 

Analysis 2.9.   Comparison 2: Multi-component intervention versus control, Outcome
9: Adverse events: number of people experiencing adverse events (39 weeks)

Study or Subgroup

Thom 2018 (1)

Multi-component
Events

48

Total

100

Usual care
Events

43

Total

92

Odds Ratio
M-H, Random, 95% CI

1.05 [0.60 , 1.85]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours multi-component Favours usual careFootnotes

(1) Health coach intervention versus usual care; 39 weeks' follow-up
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Analysis 2.10.   Comparison 2: Multi-component intervention versus control, Outcome 10:
Serious adverse events: number of people experiencing a serious adverse event (52 weeks)

Study or Subgroup

Thom 2018 (1)

Multi-component
Events

23

Total

100

Usual care
Events

25

Total

92

Odds Ratio
M-H, Random, 95% CI

0.80 [0.42 , 1.54]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours multi-component Favours usual careFootnotes

(1) Health coach intervention versus usual care; 39 weeks' follow-up

 
 

Analysis 2.11.   Comparison 2: Multi-component intervention versus control, Outcome 11: Mortality (26–52 weeks)

Study or Subgroup

Khdour 2009 (1)
Margolis 2013 (2)
Thom 2018 (3)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.97, df = 2 (P = 0.37); I² = 0%
Test for overall effect: Z = 0.43 (P = 0.67)
Test for subgroup differences: Not applicable

Multi-component
Events

3
0
4

7

Total

86
49

100

235

Control/usual care
Events

5
2
2

9

Total

87
48
92

227

Weight

51.3%
11.7%
37.0%

100.0%

Odds Ratio
M-H, Random, 95% CI

0.59 [0.14 , 2.56]
0.19 [0.01 , 4.02]

1.88 [0.34 , 10.49]

0.79 [0.28 , 2.26]

Odds Ratio
M-H, Random, 95% CI

0.005 0.1 1 10 200
Favours multi-component Favours control/usual care

Footnotes
(1) Pharmacist-led management versus control; 52 weeks' follow-up
(2) Counselling intervention; 26 weeks' follow-up
(3) Health coach intervention versus usual care; 39 weeks' follow-up

 
 

Analysis 2.12.   Comparison 2: Multi-component intervention versus control, Outcome 12:
Inhaler technique: number of people achieving correct inhaler technique (13–39 weeks)

Study or Subgroup

Margolis 2013 (1)
Thom 2018 (2)
Tommelein 2014 (3)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.35; Chi² = 7.64, df = 2 (P = 0.02); I² = 74%
Test for overall effect: Z = 2.71 (P = 0.007)
Test for subgroup differences: Not applicable

Multi-component
Events

26
16

237

279

Total

49
67

346

462

Control/usual care
Events

22
5

113

140

Total

48
71

346

465

Weight

31.6%
25.2%
43.2%

100.0%

Odds Ratio
M-H, Random, 95% CI

1.34 [0.60 , 2.97]
4.14 [1.42 , 12.06]

4.48 [3.26 , 6.17]

3.00 [1.35 , 6.64]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours control/usual care Favours multi-component

Footnotes
(1) Counselling intervention; 26 weeks' follow-up
(2) Health coach intervention versus usual care; 39 weeks' follow-up
(3) Pharmacist-led care versus control; 13 weeks' follow-up
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Analysis 2.13.   Comparison 2: Multi-component intervention versus control, Outcome 13: Inhaler
technique: number of people achieving correct inhaler technique; sensitivity analysis (13–39 weeks)

Study or Subgroup

Thom 2018 (1)
Tommelein 2014 (2)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.02, df = 1 (P = 0.89); I² = 0%
Test for overall effect: Z = 9.57 (P < 0.00001)
Test for subgroup differences: Not applicable

Multi-component
Events

16
237

253

Total

67
346

413

Control/usual care
Events

5
113

118

Total

71
346

417

Weight

8.2%
91.8%

100.0%

Odds Ratio
M-H, Random, 95% CI

4.14 [1.42 , 12.06]
4.48 [3.26 , 6.17]

4.45 [3.28 , 6.05]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours control/usual care Favours multi-component

Footnotes
(1) Health coach intervention versus usual care; 39 weeks' follow-up
(2) Pharmacist-led care; 13 weeks' follow-up

 
 

Analysis 2.14.   Comparison 2: Multi-component intervention versus control, Outcome 14: Inhaler technique:
published versus unpublished; SGA, number of people achieving correct inhaler technique (13–39 weeks)

Study or Subgroup

2.14.1 Published
Thom 2018 (1)
Tommelein 2014 (2)
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.02, df = 1 (P = 0.89); I² = 0%
Test for overall effect: Z = 9.57 (P < 0.00001)

2.14.2 Unpublished
Margolis 2013 (3)
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.71 (P = 0.48)

Multi-component
Events

16
237

253

26

26

Total

67
346
413

49
49

Control/usual care
Events

5
113

118

22

22

Total

71
346
417

48
48

Weight

8.2%
91.8%

100.0%

100.0%
100.0%

Odds Ratio
M-H, Random, 95% CI

4.14 [1.42 , 12.06]
4.48 [3.26 , 6.17]
4.45 [3.28 , 6.05]

1.34 [0.60 , 2.97]
1.34 [0.60 , 2.97]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours control/usual care Favours multi-componentFootnotes

(1) Health coach intervention versus usual care; 39 weeks' follow-up
(2) Pharmacist-led care versus control; 13 weeks' follow-up
(3) Counselling intervention; 26 weeks' follow-up

 

 

A D D I T I O N A L   T A B L E S
 

Interven-
tion group

Interven-
tion

COPD severi-
ty

Concomitant medication Exacerbations
in the last 12
months prior
to study enrol-
ment

Hospitalisations
in the last 12
months prior
to study enrol-
ment

Study ID

Sin-
gle-com-
ponent in-

Change to
pharma-
cological
treatment

GOLD stage III
to IV

Anticholinergics, LABAs, ICS,
LABA+ICS

Mean number
of exacerba-
tions: SFC: 2.2
(SD 0.5) and

Number of peo-
ple who had 1
hospitalisation:

Hagedorn
2013

Table 1.   Study baseline characteristics 
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sal/FP: mean
2.3 (SD 0.6)

SFC: 19/107; sal/
FP: 15/105

Number of peo-
ple who had 2–4
hospitalisations:
SFC: 4/107; sal/
FP: 3/105

Moderate to
severe

NR NR NR Mochizuki
2013

Severe to very
severe

LABA, LAMA, LABA+LAMA, ICS
+LABA, ICS+LABA+LAMA

NR NR Park 2019

Adherence
aids

Moderate to
severe

ICS/LABA NR NR Criner 2018

Education Mild to severe NR NR NR De Tullio
1987

Behaviour-
al/psycho-
logical

Mild to very
severe

NR NR NR Naderloo
2018

terven-
tions

Communi-
cation or
follow-up
by HCP

No studies identified

Moderate to
severe

NR NR NR Gran-
dos-Santia-
go 2020

Moderate to
severe

Median number of medica-
tions: 8 in each treatment
group

NR Mean hospi-
tal admissions
(in the last 6
months): inter-
vention: 52.0;
control: 57.0

Jarab 2012

Mild to mod-
erate

Anticholinergics, beta2-adren-
ergics, ICS, xanthine

Mean exacerba-
tions interven-
tion: 0.92; con-
trol 0.82

NR Leiva-Fer-
nandez
2014

Moderate to
severe

Mean of 8 medications at base-
line

NR — Khdour
2009

NR NR NR NR Margolis
2013

Moderate to
very severe

LABA, LAAC, ICS, ICS+LABA (1
inhaler)

NR NR To 2020

Multi-com-
ponent in-
terven-
tions

—

NR SABA, LABA, SAAC, LAAC, SAAC
+SABA, ICS, ICS+LABA, LAAC
+LABA+ICS, theophylline, oral

54% partici-
pants in each
treatment

NR Tommelein
2014

Table 1.   Study baseline characteristics  (Continued)
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corticosteroids (mean number
of COPD medications: 2.3)

group had ≥ 1
exacerbations

Mild to severe Anticholinergics, LABA, ICS,
xanthines, carbocisteine

NR NR Wei 2014

Moderate to
severe

SABA, SAAC, LABA, LAMA, ICS NR NR Thom 2018

Table 1.   Study baseline characteristics  (Continued)

COPD: chronic obstructive pulmonary disease; GOLD: Global Initiative for Chronic Obstructive Pulmonary Disease; HCP: healthcare
professional; ICS: inhaled corticosteroid; LAAC: long-acting anticholinergic; LABA: long-acting beta2-adrenoceptor agonist; LAMA: long-
acting muscarinic receptor antagonist; NR: not reported; SAAC: short-acting anticholinergic; SABA: short-acting beta2-adrenoceptor
agonist; SD: standard deviation; SFC: salmeterol–fluticasone combination; sal/FP: salmeterol/fluticasone propionate.
 
 

Study ID Intervention Intervention detail Comparator detail Duration

Change to phar-
macological
treatment

Salmeterol xinafoate 50 µg and fluticasone
propionate 500 µg inhalation powder at
dosage of 1 inhalation twice daily (morning
and evening) via single Diskus inhaler + individ-
ual existing therapy

Salmeterol xinafoate
50 µg and flutica-
sone propionate
500 µg inhalation
powder at dosage
of 1 inhalation twice
daily (morning and
evening) via 2 sepa-
rate Diskus inhalers
+ individual existing
therapy

Hagedorn 2013

52 weeks

Change to phar-
macological
treatment

Once daily transdermal tulobuterol patch (2
mg, Hokunalin tape). After 12 weeks, partici-
pants received the control treatment

Twice daily salme-
terol 50 µg. After 12
weeks, participants
received the inter-
vention

Mochizuki 2013

12 weeks

(cross-over de-
sign)

Change to phar-
macological
treatment

Dose escalation: roflumilast 250 µg once daily
for 4 weeks followed by roflumilast 500 µg for
12 weeks

Conventional dose
group: roflumilast
500 µg for 12 weeks

Park 2019

16 weeks

Adherence aids 'BreatheMe' Bluetooth device monitoring dai-
ly Symbicort inhaler use and mobile phone ap-
plication to provide support to people using
Symbicort as part of COPD management thera-
py + current care. Audio-visual daily reminders
(beeps and flashes) on device to take Symbi-
cort, and medication reminders from mobile
phone application

Current care and
medication usage
monitoring device.
Control group did
not receive any re-
minders

Criner 2018

26 weeks

Single compo-
nent interven-
tions

Education Comprehensive verbal instruction from phar-
macist on importance to taking medication
as prescribed. Discussion included how theo-
phylline works and importance of maintain-
ing blood levels to achieve therapeutic effect.
Patients could ask questions about their cur-
rent medication. Counselling session lasted 3–
5 minutes

Control group did
not receive coun-
selling session, but
were asked if they
had any questions
about their current
medication

De Tullio 1987

26 weeks

Table 2.   Description of interventions 
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Behavioural/psy-
chological inter-
vention

MI group: 5 × 1-to-1 sessions held on 2 consec-
utive days. The first session was introductory.
Session 2 focused on participants' feelings to
help towards moving from extrinsic to intrinsic
motivation for change. Session 3 was based on
identification and resolving participants' un-
certainties. Session 4 aimed to create and stim-
ulate intrinsic desire to change and identify,
clarify and acknowledge participants' values.
Session 5 aimed to identify tempting situations
and closing the programme. After the sessions,
participants were given 2 sessions on medica-
tion, lifestyle and respiratory chest physiother-
apy

Control group: 2
training sessions
on medication use,
lifestyle and respi-
ratory chest physio-
therapy; each ses-
sion was 15–45 min-
utes

Naderloo 2018

8.6 weeks

Communication
or follow-up by
health profes-
sional

No studies found

Individualised shared decision-making and
patient engagement programme + standard
treatment during hospitalisation period.
The programme included pharmacological
management, symptom control and healthy
lifestyle promotion

Control group re-
ceived standard
treatment (medical
and pharmacologi-
cal care): systemic
steroids, antibiotics,
inhaled bronchodila-
tors, oxygen therapy)

Grandos-Santia-
go 2020 (AECOPD
population)

From discharge
to 13 weeks' fol-
low-up

Pharmaceutical care included structured pa-
tient education about COPD, management of
symptoms and medication management, de-
livered by the clinical pharmacist in an out-
patient clinic. Participants were given a book-
let with information. The pharmacist used MI
techniques to help to improve adherence to
medication prescribed

Control group: no
further information

Jarab 2012

26 weeks

Clinical pharmacist-led education on COPD,
medication, importance of adherence, in-
haler technique (written information) and
COPD symptom management. The pharma-
cist demonstrated pursed lip technique, ex-
pectoration technique, and asked participants
to carry out these techniques to understand if
they fully understood how to perform them. MI
technique aimed to increase self-efficacy, and
was used to advise participants on smoking. An
individualised action plan was developed for
each participant (for acute exacerbations, ad-
vice for GPs for antibiotic prescription and oral
corticosteroid initiation. COPD education was
re-enforced by the clinical pharmacist at clinic
visits and via telephone calls

Control group: usu-
al hospital care from
medical and nursing
staI; no structured
clinical pharma-
cist-led programme
was provided

Khdour 2009

52 weeks

Multi-component interventions

Group session and individual interventions: MIs
were conducted to improve adherence (focus
groups); participants were given information
about their condition and their daily treatment

Control group: NR Leiva-Fernandez
2014

52 weeks

Table 2.   Description of interventions  (Continued)
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with an aim to improve adherence from cogni-
tive perspective; training on skills and devel-
opment on inhaler technique based on SEPAR
guidelines. Participants used placebo inhalers
to practice techniques

Tele-pharmacy intervention to improve inhaler
use: counselling intervention led by pharma-
cist who asked about participants' knowledge
about medication; inhaler technique; and de-
termining barriers to adherence through edu-
cation, reminder techniques and MI. Follow-up
phone calls were made to the patients at 4 and
8 weeks after the tele-pharmacy intervention

Control group: no
further information

Margolis 2013
(unpublished
study)

26 weeks

Initial individual face-to-face session and 2 fol-
low-up sessions at 2 weeks after the face-to-
face session. The programme consisted of in-
formation provision, motivational enhance-
ment, inhaler skills training and behavioural
skills training

Routine care offered
by the HCP that in-
cluded medication
education written in-
formation medica-
tion, medication ed-
ucation provided by
pharmacist, demon-
stration of inhaler
technique given by
nurses (on request
by doctor). After the
intervention group
completed the pro-
gramme, the con-
trol group was of-
fered the interven-
tion (wait list group)

To 2020

4 weeks' inter-
vention (results
collected at 6
weeks)

Pharmacist-led intervention: protocolised
2-session intervention (1:1 sessions) includ-
ing verbal and written structured education
about COPD, medication, inhaler technique
and demonstration, importance on mainte-
nance therapy adherence, and current barri-
ers preventing adherence, adverse effects, self-
management (lifestyle), smoking cessation

Control group: non-
protocolised usual
pharmacist care

Tommelein 2014

13 weeks

Comprehensive clinical pharmacist-led care
programme: structured individualised educa-
tion, telephone counselling on effective use
of inhalers, information about COPD, medica-
tion management, discussion of medical test
results, patient preference, barriers to medica-
tion adherence. Telephone calls by the clini-
cal pharmacist aimed to ascertain treatment
effects, address participants' misconceptions
about adverse effects, reminders for next clini-
cal appointment

Control group: gen-
eral counselling
without individu-
alised education and
telephone follow-up

Wei 2014

52 weeks

Health coaching intervention: with 100 hours
of training for COPD-specific content, health
coaches addressed barriers to medication ad-
herence and inhaler technique (teach-back)
once every 3 weeks. Health coaches accompa-

Usual care: any re-
sources provided
by clinic as part of
standard care but
were not limited to

Thom 2018

39 weeks

Table 2.   Description of interventions  (Continued)
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nied participants to their visits with primary
care clinicians, pulmonary clinicians or both,
in community or at home, and conducted tele-
phone calls between face-to-face visits

visits with the GP,
pulmonary special-
ist, COPD education
classes, PR, smoking
cessation resources

Table 2.   Description of interventions  (Continued)

COPD: chronic obstructive pulmonary disease; GP: general practitioner; HCP: healthcare professional; MI: motivational interview; NR: not
reported; PR: pulmonary rehabilitation; SEPAR: Spanish Society of Pulmonology and Thoracic Surgery.
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9
1

Study ID/outcomes Adher-
ence (n)

Quality of
life

Hospital
admis-
sions (n)

Exacerba-
tions (n)

Self-effica-
cy (validat-
ed scale)

AEs (n) Partici-
pant ac-
ceptabili-
ty

Correct
inhaler
technique
(n)

Mortality

Single component interventions  

Criner 2018 — ↑ — — — → — — —

De Tullio 1987 — — — — — — — — —

Hagedorn 2013 — → → → — → — — →

Naderloo 2018 ↑ — — — — — — — —

Park 2019 → — — → — → — — —

Multi-component interventions  

Jarab 2012 ↑ → ↓ — — — — — —

Khdour 2009 ↑ → ↓ — — — — — →

Leiva-Fernandez 2014 ↑ — — — — — — — —

Margolis 2013 — — — — — — — → →

To 2020 → — — — — — — — —

Tommelein 2014 — — ↓ →a

↓b

— — — ↑ —

Wei 2014 — → ↓ — — — — — —

Thom 2018 — → — — → — — ↑ →

↑ Effect favouring intervention; positive effect

↓ Reduction of cases, favours intervention

→ No difference between intervention or control

— Not reported

Table 3.   Direction of e:ects of single or multi-component interventions on outcomes 
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aPeople experiencing moderate exacerbations

bPeople experiencing severe exacerbations

Table 3.   Direction of e:ects of single or multi-component interventions on outcomes  (Continued)

AE: adverse event; N: number of people.
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Outcome Effect estimate and 95% CI Number of studies and
study ID

Participants (n)

Single component interventions

Adherence: APCD scale MD 22.00 (95% CI 8.40 to 36.00) 1 study (Naderloo 2018) 54

HA: length of stay (mean days) MD 3.80 (95% CI –1.77 to 9.37) 1 study (Hagedorn 2013) 212

Multi-component interventions

Adherence: mean MRA score MD 8.20 (95% CI 4.34 to 12.06) 1 study (Tommelein 2014) 692

Adherence: mean TAI score (change
from baseline to hospital discharge)

MD 1.02 (95% CI –1.21 to 3.25) 1 study (Grandos-Santiago
2020)

42

HA: non-COPD hospitalisations

HA: COPD-related hospitalisations

MD –0.05 (95% CI –0.25 to 0.15)

MD –0.25 (95% CI –0.55 to 0.05

1 study (Thom 2018) 192

HA: number of people admitted to ED MD 0.87 (95% CI 0.48 to 1.57) 2 studies (Jarab 2012;
Tommelein 2014)

825

HA: non-COPD ED visits

HA: COPD-related ED visits

MD 0.15 (95% CI –0.45 to 0.75)

MD –0.09 (95% CI –0.61 to 0.43)

1 study (Thom 2018) 192

HA: rate of ED visits per patient per year RR 0.59 (95% CI 0.27 to 1.29) 1 study (Tommelein 2014 692

HA: length of stay per participant MD –5.54 (95% CI –11.61 to 0.53) 1 study (Wei 2014) 87

HA: rate of hospital days per year RR, IV 0.27 (95% CI 0.21 to 0.35) 1 study (Tommelein 2014) 692

Exacerbations: mean exacerbations per
year

MD –0.27 (95% CI –6.01 to 5.47) 1 study (Thom 2018) 192

Exacerbations: rate of severe exacerba-
tions per participant per year

RR 0.45 (95% CI 0.25 to 0.81) 1 study (Tommelein 2014) 692

Table 4.   Single or multi-component interventions: data not included in main analyses 

APCD: Adherence among Patients with Chronic Disease; CAT: COPD Assessment Test; CI: confidence interval; COPD: chronic obstructive
pulmonary disease; ED: emergency department; HA: hospital admissions; IV: inverse variance; MD: mean diIerence; MRA: Medication Refill
Adherence scale; n: number of participants; OR: odds ratio; QoL: quality of life; RR: rate ratio; TAI: Test of Adherence to Inhalers.
 

 

A P P E N D I C E S

Appendix 1. Database search strategies

 

Database/search plat-
form/date of last
search

Search strategy Results (number of
hits)
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Airways Register (via
Cochrane Register of
Studies)
Date of most recent
search: 1 May 2020

1 MeSH DESCRIPTOR Pulmonary Disease, Chronic Obstructive Explode All AND
INREGISTER
2 MeSH DESCRIPTOR Bronchitis, Chronic AND INREGISTER
3 ((obstruct*) near3 (pulmonary or lung* or airway* or airflow* or bronch* or
respirat*)):ti,ab AND INREGISTER
4 COPD:MISC1 AND INREGISTER
5 (COPD OR COAD OR COBD OR AECOPD):TI,AB AND INREGISTER
6 #1 OR #2 OR #3 OR #4 OR #5 AND INREGISTER
7 MeSH DESCRIPTOR Patient Compliance Explode All AND INREGISTER
8 MeSH DESCRIPTOR Patient Acceptance of Health Care Explode All AND IN-
REGISTER
9 MeSH DESCRIPTOR Patient Dropouts AND INREGISTER
10 (adhere* or nonadhere* or non-adhere*):ti,ab,kw AND INREGISTER
11 (complian* or noncomplian* or non-complian*):ti,ab,kw AND INREGISTER
12 refusal or refuse*:ti,ab,kw AND INREGISTER
13 concord*:ti,ab,kw AND INREGISTER
14 conform*:ti,ab,kw AND INREGISTER
15 accept*:ti,ab,kw AND INREGISTER
16 comply*:ti,ab,kw AND INREGISTER
17 #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 AND IN-
REGISTER
18 #6 AND #17 AND INREGISTER

June 2019 (938)

May 2020 (229)

CENTRAL (via Cochrane
Register of Studies)
Date of most recent
search: 1 May 2020

1 MeSH DESCRIPTOR Pulmonary Disease, Chronic Obstructive Explode All AND
CENTRAL:TARGET
2 MeSH DESCRIPTOR Bronchitis, Chronic AND CENTRAL:TARGET
3 ((obstruct*) near3 (pulmonary or lung* or airway* or airflow* or bronch* or
respirat*)):ti,ab AND CENTRAL:TARGET
4 COPD:MISC1 AND CENTRAL:TARGET
5 (COPD OR COAD OR COBD OR AECOPD):TI,AB AND CENTRAL:TARGET
6 #1 OR #2 OR #3 OR #4 OR #5 AND CENTRAL:TARGET
7 MeSH DESCRIPTOR Patient Compliance Explode All AND CENTRAL:TARGET
8 MeSH DESCRIPTOR Patient Acceptance of Health Care Explode All AND CEN-
TRAL:TARGET
9 MeSH DESCRIPTOR Patient Dropouts AND CENTRAL:TARGET
10 (adhere* or nonadhere* or non-adhere*):ti,ab,kw AND CENTRAL:TARGET
11 (complian* or noncomplian* or non-complian*):ti,ab,kw AND CEN-
TRAL:TARGET
12 refusal or refuse*:ti,ab,kw AND CENTRAL:TARGET
13 concord*:ti,ab,kw AND CENTRAL:TARGET
14 conform*:ti,ab,kw AND CENTRAL:TARGET
15 accept*:ti,ab,kw AND CENTRAL:TARGET
16 comply*:ti,ab,kw AND CENTRAL:TARGET
17 #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 AND CEN-
TRAL:TARGET
18 #6 AND #17 AND CENTRAL:TARGET

June 2019 (1715)

May 2020 (564)

MEDLINE (Ovid) ALL
Date of most recent
search: 1 May 2020

1 exp Pulmonary Disease, Chronic Obstructive/
2 Bronchitis, Chronic/
3 (obstruct* adj3 (pulmonary or lung* or airway* or airflow* or bronch* or res-
pirat*)).ti,ab.
4 (COPD or AECB or AECOPD).ti,ab.
5 or/1-4
6 exp Patient Compliance/
7 "Patient Acceptance of Health Care"/
8 Patient Dropouts/
9 (adhere* or nonadhere* or non-adhere*).ti,ab.
10 (complian* or noncomplian* or non-complian*).ti,ab.
11 (refusal or refuse*).ti,ab.
12 concord*.ti,ab.

June 2019 (1678)

May 2020 (116)
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13 conform*.ti,ab.
14 accept*.ti,ab.
15 comply.ti,ab.
16 or/6-15
17 (treatment* or therapy or drug* or medicat* or pharmacolog*).tw.
18 16 and 17
19 5 and 18
20 (controlled clinical trial or randomized controlled trial).pt.
21 (randomized or randomised).ab,ti.
22 placebo.ab,ti.
23 dt.fs.
24 randomly.ab,ti.
25 trial.ab,ti.
26 groups.ab,ti.
27 or/20-26
28 Animals/
29 Humans/
30 28 not (28 and 29)
31 27 not 30
32 19 and 31

Embase (Ovid)
Date of most recent
search: 1 May 2020

1 chronic obstructive lung disease/
2 chronic bronchitis/
3 (obstruct* adj3 (pulmonary or lung* or airway* or airflow* or bronch* or res-
pirat*)).ti,ab.
4 (COPD or AECB or AECOPD).ti,ab.
5 or/1-4
6 exp patient compliance/
7 patient attitude/
8 patient dropout/
9 treatment refusal/
10 (adhere* or nonadhere* or non-adhere*).ti,ab.
11 (complian* or noncomplian* or non-complian*).ti,ab.
12 (refusal or refuse*).ti,ab.
13 concord*.ti,ab.
14 conform*.ti,ab.
15 accept*.ti,ab.
16 comply.ti,ab.
17 or/6-16
18 (treatment* or therapy or drug* or medicat* or pharmacolog*).tw.
19 17 and 18
20 5 and 19
21 Randomized Controlled Trial/
22 randomization/
23 controlled clinical trial/
24 Double Blind Procedure/
25 Single Blind Procedure/
26 Crossover Procedure/
27 (clinica$ adj3 trial$).tw.
28 ((singl$ or doubl$ or trebl$ or tripl$) adj3 (mask$ or blind$ or method$)).tw.
29 exp Placebo/
30 placebo$.ti,ab.
31 random$.ti,ab.
32 ((control$ or prospectiv$) adj3 (trial$ or method$ or stud$)).tw.
33 (crossover$ or cross-over$).ti,ab.
34 or/21-33
35 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/
or animal tissue/ or animal cell/ or nonhuman/
36 human/ or normal human/ or human cell/
37 35 and 36
38 35 not 37

June 2019 (2091)

May 2020 (189)
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39 34 not 38
40 20 and 39

ClinicalTrials.gov
Date of most recent
search: 1 May 2020

Study type: Interventional
Condition: COPD

Intervention: adherence OR compliance

June 2019 (53)

May 2020 (6)

WHO trials portal
Date of most recent
search: 1 May 2020

Condition: COPD

Intervention: adherence OR compliance

June 2019 (15)

May 2020 (not
searched)

  (Continued)
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