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Purpose: Numerous systematic reviews have examined the outcomes in patients with chronic
obstructive pulmonary disease managed with different therapeutic strategies. However, no such
studies have specifically focused on the effect of inhalation devices.

Methods: A standard PubMed search was carried out in which we identified all randomized
placebo-controlled trials conducted in patients with moderate-to-severe or severe chronic
obstructive pulmonary disease. The clinical end points were exacerbations rate, incidence of
pneumonia, and mortality. Meta-regression was employed to assess the effect of the device. For
the incidence of exacerbations, an equivalence analysis was also carried out.

Results: A total of 37 studies were analyzed. Four different devices were used across these trials
(Respimat®, HandiHaler®, Diskus, and Turbuhaler®). Our meta-regression analysis failed to show
any significant difference between devices with regard to exacerbation rate. Equivalence was shown
for some comparisons (HandiHaler® vs Respimat®), but not for others. In analyzing mortality,
Respimat® was shown to worsen this end point in comparison with Turbuhaler® and HandiHaler®.
Moreover, Turbuhaler® showed a protective effect over Diskus in the incidence of pneumonia.
Conclusion: The results of our analysis represent the first attempt to explore the effect of the
type of device on long-term outcomes. One important limitation was that most drugs were
associated with one particular device, and so the effects of drugs and devices could not be
reliably differentiated from one another.
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Introduction

Chronic obstructive pulmonary disease (COPD) is the fourth leading cause of death in
most industrialized countries and affects about three million people worldwide. COPD
is not one single disease, but represents different chronic lung diseases that cause lung
airflow limitations. The most common symptoms are breathlessness, excessive sputum
production, and a chronic cough.'

Several therapeutic strategies are available for treating COPD and the effectiveness
of the different approaches has been investigated by a large number of trials and
numerous systematic reviews.>® On the other hand, different types of inhalers have
been developed for the delivery of these agents (eg, Diskus/Accuhaler, Turbuhaler®,
HandiHaler®, and Respimat®), but their role has not yet been fully investigated.

Despite the wide literature on this topic, no analysis has been specifically focused
on whether the different devices can influence the clinical outcomes observed in these
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patients (eg, exacerbation rates or incidence of pneumonia).
Some papers in this area have only investigated patients’
preferences or manageability,”!! or the causal relationship
between a single device (Respimat®) and mortality.'>!?
However, further studies are clearly needed.

The goal of the present analysis is to summarize the
overall evidence available on the therapeutic strategies used
in COPD and to investigate the role of the different devices
on hard outcomes. In particular, the primary objective of the
analysis was to test whether or not the inhalation devices
currently in use to deliver topical agents differ from one
another in terms of clinical outcomes. Three end points were
evaluated (exacerbation rates, mortality, and incidence of
pneumonia). The following topical agents were examined:
1) long-acting muscarinic agonists (LAMAS) (tiotropium);
2) long acting beta antagonist (LABA) inhaled corticosteroids
(ICS). The secondary objective of our study was to carry out
a formal statistical test of equivalence (proof of no differ-
ence) between the different devices with regard to the end
point of exacerbations.

Methods
Criteria of study eligibility for inclusion

in meta-analyses and meta-regressions
Eligible studies included all placebo-controlled randomized
controlled trials (RCTs) indexed in PubMed that evaluated
topical pharmacological treatments in patients with moderate-
to-severe or severe COPD.

Literature search

Our initial search on PubMed was conducted by combining
the first index term focused on the disease condition (COPD
OR chronic obstructive pulmonary disease) with the second
index term focused on the pharmacological treatments
(LABA OR long-acting beta agonist) OR (LAMA OR long-
acting antimuscarinic) OR (ICS OR inhaled corticosteroid)
along with a PubMed filter restricting the extraction to
“systematic reviews” and/or “randomized controlled tri-
als”. These searches were repeated using variants of these
terms and supplemented by the analysis of the Cochrane
Library.

Study selection and data extraction

Studies potentially suitable for our analysis were identified
from the abstract and, when necessary, from full texts.
Information on the end points was extracted in duplicate by
VF and DM; differences were resolved by consensus.

Quality assessment

Two reviewers (VF and DM) assessed the risk of bias
in included studies by determining the Jadad score.™
This method addresses three domains (randomization, blind-
ing of participants and personnel, and incomplete outcome
data) and generates a score on a scale from 0 to 5.

Data analysis

Our analyses were separately carried out on each of the clini-
cal end points under examination. Each of these analyses was
divided into two steps: 1) traditional pair-wise meta-analysis,
in which treated patients were compared with controls given
placebo according to the design of the original RCTs, and
of the clinical end point concerned, and 2) meta-regression,
in which we tested whether the type of device, handled as a
covariate, had any influence on the clinical end points. Three
clinical end points were analyzed: exacerbation rate, mortal-
ity, and incidence of pneumonia; all of these end points were
dichotomous.

Step |

Our pair-wise meta-analyses were stratified according to the
type of device and were therefore performed in the form of
subgroup meta-analyses. The model was a random-effect model
implemented according to the Mantel-Haenszel method. All
comparisons were expressed as relative risk (RR) along with
the respective 95% confidence intervals (Cls). Heterogeneity
was quantified using the P statistic test. The statistical computer
program used for this purpose was the Open Meta-Analyst
(OMA) software (version 4.16.12; Tufts University, Medford,
MA, USA.

Step 2

For each of the three clinical end points, a meta-regression
analysis was carried out to investigate whether or not the
specific devices had any influence on the end point under
examination. Standard techniques of meta-regression'® were
used. Also in this case, the OMA software was employed for
all statistical calculations. The devices used for drug delivery
in the various RCTs were handled as a covariate for the
meta-regression analysis. Each of these meta-regressions was
preceded by a standard pair-wise meta-analysis in which the
pooled indexes of outcome, along with their 95% Cls, were
separately estimated for the patient subgroups corresponding
to the devices examined. All meta-regressions were performed
by handling the type of device as a categorical covariate;
in particular, in keeping with the design of our analysis, a
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single device was identified as a common comparator, in each
meta-regression, for the remaining devices.

Finally, the data on exacerbation rates were incorporated
into an analysis of equivalence that was aimed at testing
whether the proof of no difference could be demonstrated for
the pair-wise comparisons between specific devices. These
equivalence tests were based on a well-known approach
that, in a Forest plot, combines the traditional horizontal bars
(indicating the 95% CI for individual RRs) with an equiva-
lence interval that is between the lower and the upper mar-
gins of equivalence (see Ahn et al'® for further details). The
margins employed for these analyses were directly obtained
from the statistical power sections reported in the original
RCTs. In this framework, the superiority of two-sided margins
employed in the randomized trials were assumed to represent,
at the same time, the margins of therapeutic equivalence.

Results

Literature search and study selection

Our initial search on PubMed retrieved 868 studies (including
RCTs and systematic reviews). Among these publications,
we identified 37 placebo-controlled RCTs that met all the
criteria required for inclusion in our analysis. In the selection
process that led us to identify the above 37 RCTs, some trials
(N=28) were not included because no details were reported

Total references identified
(n=868)

References rejected based
on:
Title not relevant (n=710)

Reference pertinent with the
research question

(n=158) References rejected based on:
Publication different than
RCTs (n=61)
Different comparator than
placebo (n=13)

RCT
studied
(n=84)

References rejected based on:
Branded name of the device
absent (n=28)

Different end point (n=19)

Studies included in the
meta-analysis
(n=37)

Figure | Flow chart of the identification of placebo-controlled RCTs indexed
in PubMed that evaluated topical pharmacological treatments in patients with
moderate-to-severe or severe COPD.

Abbreviations: RCT, randomized controlled trial; COPD, chronic obstructive
pulmonary disease.

on the specific type of device; others (N=19) were excluded
because the end points differed from those examined in our
analysis (Figure 1). In regard of the assessment of method-
ological quality, the great majority of included studies (33
out of 37) were scored 4.

Four different devices were used in these RCTs, namely,
Diskus/Accuhaler (eight trials), Turbuhaler® (ten trials),
Respimat® (three trials), and HandiHaler® (16 trials). The
devices Diskus/Accuhaler and Turbuhaler® were used to
deliver fluticasone/salmeterol (eight trials) and budesonide/
formoterol (ten trials), respectively; tiotropium (19 trials)
was delivered using either Respimat® (three trials) or Han-
diHaler® (17 trials).

Meta-regression analysis

There were three meta-regression analyses that were investi-
gated, namely, exacerbations, mortality, and pneumonia. In each
analysis, a single device was identified as a common comparator
for the remaining devices; whenever possible, Respimat® was
the reference device; however, in a single analysis in which
Respimat® was absent, Turbuhaler® was selected.

Exacerbations
A total of 24 studies were analyzed.'* Three therapeutic
strategies vs placebo were compared: 1) fluticasone plus
salmeterol; 2) budesonide plus formoterol; and 3) tiotropium.
More importantly, four devices were used in these 24 RCTs.
The results of the subgroup meta-analysis focused on
the different devices (Figure 2) showed the superiority of
the agents delivered through the Respimat® and Handi-
Haler® devices. In contrast, the treatments delivered through
the Diskus or the Turbuhaler® devices failed to show any
significant difference in comparison with placebo. In the
traditional meta-analysis, the pooled rate of exacerbations
calculated across the whole series of 24 trials generated a
RR of 0.86 (95% CI: 0.80-0.92). The heterogeneity among
the studies was at ’=65%. The results of our meta-regression
found no significant differences in exacerbations across differ-
ent devices. However, these results might be biased by the high
degree of heterogeneity found among the included studies.

Mortality

A total of 33 pairs of patient arms (included in 29
studies)!72%317343648 were studied for each comparison; the
number of paired groups exceeded the number of trials
included in our analysis because, as shown in Figure 3,
some studies contributed four or more patient arms to this
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Studies Estimate  (95% CI) Ev/Trt Ev/Ctrl
Bateman et al'” 0.819 (0.756, 0.887) 685/1,989 842/2,002 i
Bateman et al'® 0.839 (0.751,0.938) 495/1,337 288/653 ——
Voshaar et al®' 0.692 (0.505, 0.947) 51/267 74/268 —_——
Subgroup A: Respimat® (F=0%, P=0.522) 0.820 (0.770, 0.873) 1,231/3,593  1,204/2,923
Beeh et al™ 0.734 (0.578,0.931) 180/1,236 80/403 —
Brusasco et al*' 0.823 (0.682, 0.993) 129/402 156/400 —
Casaburi et al® 0.856 (0.727, 1.008) 198/550 156/371 —a—
Chan et al* 1.076 (0.915, 1.264) 268/608 125/305 e
Cooper et al® 1.094 (0.890, 1.344) 112/260 102/259
Covelli et al*® 0.720 (0.318, 1.631) 9/100 12/96
Dusser et al*” 0.799 (0.701, 0.910) 213/500 272/510 —
Freeman et al*® 0.529 (0.314, 0.893) 19/200 35/195 _—
Johansson et al* 0.547  (0.102, 2.925) 2107 4117
Magnussen et al*' 0.535 (0.282, 1.016) 13/228 26/244 -
Moita et al*? 1.116 (0.368, 3.383) 6/147 6/164
Niewoehner et al** 0.862 (0.750, 0.992) 255/914 296/915 ——
Powrie et al* 0.675 (0.491, 0.929) 30/69 47173 —_——
Tashkin et al*’ 0.983 (0.949, 1.018) 2,001/2,987  2,049/3,006 - |
Tonnel et al*® 0.841 (0.689, 1.027) 101/266 130/288
Trooster et al* 0.422 (0.212,0.841) 11/238 24/219 _—
Verkinde et al* 1.467 (0.632, 3.407) 10/46 8/54
Subgroup HandiHaler® (P=65%, P=0.000) 0.856 (0.782, 0.936) 3,557/8,858  3,528/7,619 =
Bogdan et al*® 0.492 (0.217, 1.114) 8/199 17/208
Campbell et al?* 1.039 (0.674, 1.601) 35/215 34/217
Subgroup Z: Turbuhaler® (P=60%, P=0.113) 0.777 (0.381, 1.588) 43/414 51/425
Mahleret et al*® 0.959 (0.817, 1.126) 100/160 118/181 .
Rennard et al*® 0.961 (0.814,1.134) 177/495 179/481 —_—
Subgroup V: Diskus (P=0%, P=0.985) 0.960 (0.855, 1.077) 277/655 297/662 =
Overall (P=65%, P=0.000) 0.861 (0.805, 0.921) 5,108/13,520 5,080/11,629
r T T + T l
01 02 05 086 1 2 341
RR (log scale)

Figure 2 Subgroup meta-analysis: incidence of exacerbations in patients treated with budesonide/formoterol delivered through Turbuhaler® device, tiotropium delivered
through Respimat or HandiHaler® device, and fluticasone/formoterol delivered through Diskus device, compared to placebo.

Notes: The Forest plot shows the difference in the event rates stratified according to the four devices. Symbols: B = point estimate of the RR, horizontal bars =95% Cls of the
RR, big diamond (in yellow) and vertical dotted line (in red) = pooled index calculated across all RCTs, and small diamond (in yellow) = pooled estimate for the specific device.
All data refer to the comparison of active agents vs placebo. [* is a measure of heterogeneity.

Abbreviations: Cl, confidence interval; Ev/Trt, treatment; Ev/Ctrl, control; RCTs, randomized controlled trials; RR, relative risk.

Studies Estimate (95% CI) Ev/Trt Ev/Ctrl

Bateman et al'” 1.377 (0.911, 2.083) 52/1,989 38/2,002 —-—
Bateman 2 et al'® 1.661 (0.826, 3.340) 34/1,337 10/653 T
Voshaar et al' 2.521 (0.122, 52.229) 2/360 0/181

Subgroup Respimat® (P=0%, P=0.847) 1.457 (1.023, 2.075) 88/3,686 48/2,836 —_

Beeh et al'® 0.326 (0.046, 2.307) 2/1,236 2/403 _—
Brusasco et al’! 0.199 (0.023, 1.696) 1/402 5/400

Casaburi et al® 0.675  (0.239, 1.907) 7/550 71371 —_——
Chan et al* 3.261 (0.741, 14.357) 13/608 2/305 -
Cooper et al*® 0.996 (0.326, 3.048) 6/260 6/259 Em—

Covelli et al?® 0.960 (0.019, 47.920) 0/100 0/96

Dusser et al*” 0.893 (0.326, 2.443) 7/500 8/510 —_—
Freeman et al® 0.244 (0.027, 2.161) 1/200 4/195

Johansson et al*® 0.364 (0.015, 8.845) 0/107 1117

Magnussen et al’! 0.214 (0.010, 4.433) 0/228 2/244

Moita et al® 5.574 (0.270, 115.164) 2147 0/164

Niewoehner et al* 1.159 (0.632, 2.127) 22/914 19/915 ——
Powrie et al* 0.529 (0.049, 5.703) 1/69 2/73

Tashkin et al*"** 0.933 (0.819, 1.062) 381/2,987  411/3,006 | |

Tonnel et al*®® 0.541 (0.137, 2.143) 3/266 6/288 —_—
Trooster et al*® 0.921 (0.018, 46.189) 0/238 0/219

Verkinde et al* 1.170 (0.024, 57.839) 0/46 0/54

Subgroup HandiHaler® (P=0%, P=0.772) 0.927 (0.820, 1.047) 446/8,858  475/7,619

Bogdan et al*® 1.045 (0.021, 52.409) 0/199 0/208

Calverley et al*? 1.195 (0.369, 3.867) 6/257 5/256 e
TORCH et al*® 0.885 (0.744, 1.054) 205/1,521  232/1,524 g 3

TRISTAN et al*! 0.416 (0.108, 1.596) 3/372 7/361 —
Campbell et al? 5.046 (0.244, 104.494) 2/215 0/217

Pauwels et al*! 0.811 (0.322, 2.042) 8/634 10/643 —_—
Szafranski et al*® 0.575 (0.196, 1.686) 5/198 9/205 —_——r
Szafranski b et al*® 0.680 (0.247, 1.875) 6/201 9/205 —_——
Tashkin et al'” 1.056 (0.066 16.807) 1/284 1/300

Vestbo et al*” 0.800 (0.219, 2.919) 4/145 5/145 —_—

Subgroup Turbuhaler® (P=0%, P=0.934) 0.868 (0.738, 1.020) 240/4,026  278/4,064 <3

TRISTAN et al*! 0.414 (0.108, 1.587) 3/374 7/361 —_—
Calverley et al? 2.610 (0.944,7.215) 13/255 5/256 ——-—
Hanania et al*® 1.045 (0.021, 52.375) 0177 0/185

Subgroup Diskus (P=57%, P=0.100) 1113 (0.265, 4.679) 16/806 12/802 T ——
Overall (P=0%, P=0.682) 0.940 (0.856, 1.032) 790/17,376  813/15,321

r T
0.01 0.02 0.05 0.1 02 05 1 2 5 10 20 50 100
RR (log scale)

Figure 3 Subgroup meta-analysis: mortality in patients treated with budesonide/formoterol delivered through Turbuhaler® device, tiotropium delivered through Respimat®
or HandiHaler® device, and fluticasone/formoterol delivered through Diskus device, compared to placebo.

Notes: The Forest plot shows the difference in the event rates stratified according to the four devices. Symbols: M = point estimate of the RR, horizontal bars =95% Cls of
the RR, big diamond (in yellow) and vertical dotted line (in red) = pooled estimate calculated across all RCTs, and small diamond (in yellow) = pooled estimate for the specific
device. All data refer to the comparison of active agents vs placebo. I? is a measure of heterogeneity.

Abbreviations: Cl, confidence interval; Ev/Trt, treatment; Ev/Ctrl, control; RCTs, randomized controlled trials; RR, relative risk.
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meta-analysis. Active treatments were the same as in the
previous analysis. According to the pair-wise meta-analysis,
no device showed a significant protective effect on mortality
in comparison to placebo. The Respimat® device showed a sig-
nificant detrimental effect for this end point. For the mortality
outcome, heterogeneity was absent (?=0%). The results of our
meta-regression showed a significant higher mortality rate of
Respimat® over Turbuhaler® (RR =1.68 [95% CI: 1.13-2.48];
P=0.009) and HandiHaler® (RR =1.57 [95% CI: 1.08-2.28];
P=0.018), but not vs Dikus. No significant difference was
found between Turbuhaler®, HandiHaler®, and Diskus.

Pneumonia

The information needed for our analysis was available
from seven studies®*#:424649 in which two devices were
investigated. In the pair-wise meta-analysis, Turbuhaler®
did not affect pneumonia (Figure 4). This end point was
instead significantly worsened in the patient groups treated
with Diskus. In the latter case, heterogeneity was at ’=43%.
Finally, our meta-regression found a significant difference
favoring Turbuhaler® as compared with Diskus (RR
=0.55; 95% CI: 0.31-0.99; P=0.049).

Equivalence analysis

The secondary objective of our analysis was to test equiva-
lence between devices according to the end point of
exacerbations. Since all comparisons were based on RR,
the lower and upper margins for equivalence were set,
respectively, at RR =0.76 and RR =1.32 in keeping with the
assumptions previously employed in the trial by Calverley
et al*® (in which budesonide/formoterol, either alone or in

Studies Estimate (95% Cl) Ev/Trt Ev/Ctrl

Calverley et al*! 4.031 (0.865, 18.800) 8/254 2/256

Calverley et al*? 0.996 (0.292, 3.399) 5/257 5/256

Vestbo*” 0.667 (0.370, 1.202) 16/145  24/145 —_—
Subgroup Turbuhaler® (P=57%, P=0.098) 1.134 (0.440, 2.923) 29/656  31/657

Barnes et al*® 3.265 (0.135, 78.786) 1/67 0/73

TORCH et al* 1.497 (1.263,1.773) 284/1,552 190/1,554 g 3
TRISTAN et al*' 2.896 (0.790, 10.610) 9/374 3/361

Mahler et al®® 5.482 (0.265,113.349)  2/165 0/181

TRISTAN et al*' 2.353 (0.613,9.027) 7/358 3/361

Zheng et al*® 3.500 (0.182,67.314) 3/297 0/148

Subgroup Diskus (P=0%, P=0.764) 1.537 (1.301, 1.815) 306/2,813 196/2,678

Overall (P=32%, P=0.161) 1.463 (0.971, 2.205) 335/3,469 227/3,335

combination, was compared to placebo). According to the
design of our meta-regression, all values of RR that were
firstly introduced in our equivalence testing relied on Respi-
mat® as common comparator for the other devices. Hence,
three values of RR (HandiHaler® vs Respimat®, Turbuhaler®
vs Respimat®, and Diskus vs Respimat®) were directly
derived from the results of meta-regression. Then, the values
of RR for the three remaining comparisons (HandiHaler® vs
Turbuhaler®, HandilHaler® vs Diskus, and Turbulaher® vs
Diskus) were determined by changing the reference device;
finally, these values were incorporated into the equivalence
analysis (Figure S1).

The results of our equivalence testing are presented in the
Forest plot shown in Figure 5. According to the prespecified
margins, equivalence was demonstrated for the comparison
of HandiHaler® vs Respimat®, but not for the other five
comparisons.

Discussion

To our knowledge, the previous literature on the effect of
inhalation devices in COPD includes only a single study in
which different inhalation devices were compared using FEV|
as the outcome measure.* Brocklebank et al evaluated terbuta-
line, salbutamol, and ipratropium bromide delivered through
hand-held vs nebulizers; however, their results failed to show
any significant difference among the devices.

The first RCT, specifically designed in terms of
sample size to test the noninferiority between two devices
delivering tiotropium, was carried out by Wise et al'? in
2013 (with 17,135 patients randomized to either Respimat®
or HandiHaler®). The results of this trial, based on the risk

I
0.14 0.2 05 11462 5 10 20 50 100
RR (log scale)

Figure 4 Subgroup meta-analysis: incidence of pneumonia in patients treated with budesonide/formoterol delivered through Turbuhaler® device, tiotropium delivered
through Respimat® or HandiHaler® device, and fluticasone/formoterol delivered through Diskus device, compared to placebo.

Notes: The Forest plot shows the difference in the event rates stratified according to the four devices. Symbols: B = point estimate of the RR, horizontal bars =95% Cls of
the RR, big diamond (in yellow) and vertical dotted line (in red) = pooled estimate calculated across all RCTs, and small diamond (in yellow) = pooled estimate for the specific
device. All data refer to the comparison of active agents vs placebo. I* is a measure of heterogeneity.

Abbreviations: Cl, confidence interval; Ev/Trt, treatment; Ev/Ctrl, control; RCTs, randomized controlled trials; RR, relative risk.
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Figure 5 Equivalence testing for different devices based on the meta-analytical
values of relative risk estimated by meta-regression (end point = exacerbation rates).
Notes: The Forest plot shows the relative risks (square) with 95% Cls (horizontal
bars) for the following comparisons: [I] Diskus vs HandiHaler® (RR =0.89 [95%
{95% ClI: 0.73—1.1}]), [2] HandiHaler® vs Turbuhaler® (RR =1.00 [95% ClI: 0.44-2.29]),
[3] Diskus vs Turbuhaler® (RR =0.90 [95% Cl: 0.57-1.42]), [4] Turbuhaler® vs
Respimat® (RR =1.07 [95% Cl: 0.68—1.67]), [5] HandiHaler® vs Respimat® (RR =1.07
[95% CI: 0.9-1.26]), and [6] Diskus vs Respimat® (RR =1.19 [95% Cl: 0.94-1.51]).
Margins (vertical dashed lines) were set at RR =0.76 and RR =1.32; the solid vertical
line for RR =1 is the identity line. For each RR, the equivalence testing is considered
to be satisfied when the entire 95% Cl remains within the two vertical dashed lines.
Values of RR < favor the first device, while > I, the second device.
Abbreviations: Cl, confidence interval; RR, relative risk.

of exacerbations, confirmed the noninferiority target for
the risk of death in using Respimat® and failed to show any
superiority of Respimat® over HandiHaler®. The trial was
undertaken because some systematic reviews had shown an
increased risk of death with Respimat® in comparison with
HandiHaler®.>5233

Overall, the results of our analysis were consistent
with those reported in previous systematic reviews on this
topic.*!"""* In fact, we confirmed a significant increase in
mortality among patients using Respimat® vs those using
HandiHaler®. This conclusion is supported by the results of
our meta-regression and by the low degree of heterogeneity
found among the included studies. Regarding exacerbations,
our analysis confirmed the nonsignificant difference among
these two devices and, more importantly, provided the proof
of'their equivalence. Interestingly enough, our results showed
that the differences between HandiHaler®, Respimat®, and
Diskus failed to remain within the prespecified margins of
equivalence. Finally, since no data from RCTs were available
for Diskus and Turbuhaler® devices, our results can only be
considered a first step for further insights.

Unfortunately, there was one important drawback limiting
the scientific value of our analysis. In fact, a great majority of

individual drugs were associated with one particular device;
therefore, an unavoidable consequence was that the effects of
drugs and devices could not be reliably differentiated from
one another. In other words, the effects of the therapeutic
interventions in our analysis were attributed to the devices,
but these should actually be attributed to the device/drug com-
binations. While this may be merely a question of wording, in
our view, the results of our analysis keep a large part of their
interest because they provided a comprehensive and updated
picture of the current therapeutic evidence.

As a clue in future perspective, to correctly quantify the
device effect, specific studies would be needed, for example,
in which tiotropium is delivered by HandiHaler®, Turbu-
haler®, or Diskus, as well as studies where a LABA is also
delivered by these three devices. At present, no such trials are
available, and so the effects of devices cannot be separated
from those of the inhaled drugs.

Conclusion

Conclusive results on this issue will require that RCTs are
specifically designed to evaluate the causal effect of individual
devices on hard outcomes. Meanwhile, our study can be
considered a first step forward in this controversial area.
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Supplementary material

A Summary
Meta-regression
Metric: relative risk

Model results

: Covariate | Level | Studies | Coefficients | Lower bound | Upper bound SE : P-value :

: Intercept 1| | 1 -0.199 1 -0.262 | -0.135 10032 ! <0001 !

: Device | Respimat® 13 | | | 1 : :

: | HandiHaler® | 17 1 0.144 1 0.074 1 0.214 1 0.036 I <0.001 I

I | Diskus 12 1 0.158 1 0.026 1 0.289 1 0.067 I 0.019 I

I | Turbuhaler® | 2 1 0.073 1 -0.314 1 0.461 I 0.198 10711 1
B Summary

Meta-regression

Metric: relative risk

Model results

: Covariate | Level | Studies | Coefficients | Lowerbound | Upperbound | SE | P-value :

: Intercept | | | 0376 1 0.023 1 0.730 | 0.180 | 0.037 :

: Device | Respimat® | 3 | | 1 1 1 :

: | HandiHaler®| 17 1 -0.452 1 -0.827 1 -0.078 1 0.191 1 0.018 I

I 1 Turbuhaler® |1 10 1 -0.518 1 -0.907 1 -0.129 1 0.198 1 0.009 I

1 | Diskus 13 1 -0.097 1 —0.966 1 0.772 I 0.444 1 0.827 1
C summary

Meta-regression

Metric: relative risk

Model results

! Covariate | Level | Studies | Coefficients | Lower bound | Upperbound I SE | P-value :

I Intercept | 1 I -0.176 I -0.726 1 0.375 I 0.281 1 0.532 :

I Device I Respimat® 1 2 1 1 1 1 1 1

; I HandiHaler® 1 5 I 0.595 1 0.019 11170 10293 1 0.043 E

Figure S| Results of the meta-regression analysis investigating the influence of the device on the incidence of three outcomes: exacerbation rate (A), mortality (B), and
incidence of pneumonia (C).
Abbreviation: SE, standard error.

ClinicoEconomics and Outcomes Research Dove

Publish your work in this journal

ClinicoEconomics & Outcomes Research is an international, peer-  organization also constitute important areas of coverage. The manu-
reviewed open-access journal focusing on Health Technology Assess- script management system is completely online and includes a very
ment, Pharmacoeconomics and Outcomes Research in the areas of  quick and fair peer-review system, which is all easy to use. Visit
diagnosis, medical devices, and clinical, surgical and pharmacological ~ http://www.dovepress.com/testimonials.php to read real quotes from
intervention. The economic impact of health policy and health systems ~ published authors.

Submit your manuscript here: http://www.dovepress.com/clinicoeconomics-and-outcomes-research-journal

ClinicoEconomics and Outcomes Research 2016:8 submit your manuscript 95
Dove


http://www.dovepress.com/clinicoeconomics-and-outcomes-research-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


