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Abstract 

Background  Medication non-adherence is a significant problem in patients with Chronic Obstructive Pulmonary 
Disease (COPD). Efforts to address this issue are receiving increased attention. Simplifying treatment by prescribing 
single-inhaler triple therapy (SITT) as an alternative to multi-inhaler triple therapy (MITT) or with smart inhalers are 
often considered potential solutions. However, the actual impact of these innovations on adherence and clinical 
outcomes is unclear.

Methods  To address this knowledge gap we first conducted a literature review focusing on two research questions: 
1) the difference in adherence between SITT and MITT users in COPD, and 2) the effect of smart inhalers on adherence 
in COPD. Separate searches were conducted in PubMed and two authors independently assessed the articles. In addi-
tion, we present a protocol for a study to acquire knowledge for the gaps identified.

Results  To address the first research question, 8 trials were selected for further review. All trials were observational, 
i.e. randomized controlled trials were lacking. Seven of these trials showed higher adherence and/or persistence 
in patients on SITT compared with patients on MITT. In addition, four studies showed a positive effect of SITT on vari-
ous clinical outcomes. For the second research question, 11 trials were selected for review. While most of the studies 
showed a positive effect of smart inhalers on adherence, there was considerable variation in the results regard-
ing their effect on other clinical outcomes.

The TRICOLON (TRIple therapy COnvenience by the use of one or multipLe Inhalers and digital support in ChrONic 
Obstructive Pulmonary Disease) trial aims to improve understanding regarding the effectiveness of SITT and smart 
inhalers in enhancing adherence. This open-label, randomized, multi-center study will enroll COPD patients requir-
ing triple therapy at ten participating hospitals. In total, 300 patients will be randomized into three groups: 1) MITT; 
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2) SITT; 3) SITT with digital support through a smart inhaler and an e-health platform. The follow-up period will be 
one year, during which three methods of measuring adherence will be used: smart inhaler data, self-reported data 
using the Test of Adherence to Inhalers (TAI) questionnaire, and drug analysis in scalp hair samples. Finally, differences 
in clinical outcomes between the study groups will be compared.

Discussion  Our review suggests promising results concerning the effect of SITT, as opposed to MITT, and smart 
inhalers on adherence. However, the quality of evidence is limited due to the absence of randomized controlled trials 
and/or the short duration of follow-up in many studies. Moreover, its impact on clinical outcomes shows considerable 
variation. The TRICOLON trial aims to provide solid data on these frequently mentioned solutions to non-adherence 
in COPD. Collecting data in a well-designed randomized controlled trial is challenging, but the design of this trial 
addresses both the usefulness of SITT and smart inhalers while ensuring minimal interference in participants’ daily 
lives.

Trial registration  NCT05495698 (Clinicaltrials.gov), registered at 08–08-2022. Protocol version: version 5, date 
27–02-2023.

Keywords  COPD, Adherence, Triple therapy, Single inhaler, Smart inhaler, Telemonitoring, eHealth, Digital adherence 
technology

Introduction
Background
Chronic obstructive pulmonary disease (COPD) is 
characterized by chronic respiratory symptoms due to 
abnormalities in the airways and/or alveoli, resulting in 
persistent and often progressive airflow obstruction. 
Inhalation medication is the primary medical treatment, 
with three types of inhalation medication available as 
maintenance therapy: 1) long-acting β2-agonist (LABA), 
2) long-acting muscarinic antagonist (LAMA), and 3) 
inhaled corticosteroids (ICS). Triple therapy is defined as 
treatment with LABA, LAMA and ICS [1]. Large rand-
omized controlled trials have shown that triple therapy 
provides clinical benefits compared to dual therapy in 
patients with moderate-to-severe COPD and a history 
of exacerbations, particularly when eosinophilia is pre-
sent [2–6]. Furthermore, two trials suggest that triple 
therapy reduces mortality in this specific population [7, 
8]. Triple therapy can be administered through multiple 
devices, known as multi-inhaler-triple therapy (MITT), 
or combined in one inhaler, known as single-inhaler-
triple therapy (SITT). Assessment of adherence to inha-
lation therapy is a crucial element in managing COPD 
patients according to the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) [1]. Previous stud-
ies have shown that medication adherence is poor in 
patients with COPD. A systematic review showed that 
non-adherence rates ranged from 22 to 93%, depend-
ing on the study population and method of measure-
ment [9]. Non-adherence is associated with poor clinical 
and economic outcomes [10, 11]. Simplifying treatment 
with smart-inhalers and prescribing single-inhaler triple 
therapy (SITT) as an alternative to multi-inhaler triple 
therapy (MITT) can be considered as potential solutions. 

Nowadays, the GOLD report (version 2024) acknowl-
edges that a single inhaler may be more convenient com-
pared to multi-inhaler therapy. [1]. The actual impact of 
these innovations on adherence is unclear. Therefore, we 
conducted a literature review to examine the current evi-
dence on these two potential solutions. Should the evi-
dence prove to be insufficient, we wanted to present a 
protocol for a study to fill this gap.

Methods for measuring adherence
Adherence is defined as the process by which patients 
take their medication as prescribed, while persistence 
refers to the duration from initiation to discontinuation 
of the treatment. Adherence and persistence are com-
plex constructs, as previously described by Vrijens et al. 
[12, 13]. Various methods can be used to assess medi-
cation adherence. Healthcare professionals commonly 
inquire directly about their patients’ adherence. While 
this approach is straightforward, research has demon-
strated its unreliability in comparison to more objective 
measurement methods. Unstructured self-reports often 
lead to an overestimation of adherence [14]. Patients can 
structurally self-report their adherence using question-
naires, such as the Test of Adherence to Inhalers (TAI). 
The TAI is developed specifically to measure adher-
ence to inhalation medication in patients with COPD or 
asthma [15]. Furthermore, pharmacy data are often used 
to determine patient’s access to medication over time by 
calculating the Proportion of Days Covered (PDC). This 
method may be less reliable due to missing or inaccessi-
ble data (e.g. when multiple pharmacies are used) and the 
uncertainty about whether the patient actually used the 
medication [16, 17]. Smart inhalers offer a more objec-
tive method for measuring adherence. These electronic 
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sensors (e-devices) are attached to or integrated into 
inhalers. Devices range from simple dose counters to 
advanced devices that provide reminders, feedback, and/
or analyse inhalation technique [18]. Smart inhalers are 
often integrated with other e-health interventions, such 
as telemonitoring, personalised feedback with apps, 
counselling, and training [19–21]. Finally, hair analysis 
can provide a bioanalytical assessment of average long-
term drug exposure in the human body. This method 
could potentially provide an objective measure of adher-
ence over the last few months. However, external factors 
can impact measurement, and only small part of medica-
tion that has been present in the systemic blood circula-
tion is built into hair [22].

Methods
First, we present a review of the literature on two strate-
gies to improve adherence. Second, we describe the study 
protocol of the TRICOLON trial (TRIple therapy COn-
venience by the use of one or multipLe Inhalers and digi-
tal support in ChrONic Obstructive Pulmonary Disease).

Search strategy literature review
Separate searches were conducted in PubMed based 
on two research questions: 1) What is the difference in 
adherence between SITT and MITT users in COPD?, 
and 2) What is the effect of smart inhalers on adherence 
in COPD? The selection of articles from the second Pub-
Med search was supplemented by four papers known to 
the authors or found by snowballing. Two authors inde-
pendently assessed these articles to determine whether 
they should be included in this review (LC and JiV). In 
cases of disagreement, the opinion of a third author was 
sought (HK). Only original English-language studies were 
included. Details of the PubMed search and selection 
process can be found in the Appendix, Suppl.1.

Assessment of the evidence
The primary outcome was the adherence and/or persis-
tence to triple therapy. Secondary outcomes were clini-
cal outcomes, such as exacerbations, COPD Assessment 
Test (CAT) score, and FEV1. Each study underwent an 
evaluation across multiple criteria to assess the evidence 
supporting the research question. The strength of the 
study design was rated with stars: one star for retrospec-
tive studies, two stars for prospective observational stud-
ies or intervention studies without randomization (e.g. 
before-and-after designs), and three stars for randomised 
controlled trials. A green smiley indicates statistically sig-
nificant superior results in the intervention group (either 
SITT or smart-inhaler group, depending on the research 
question) compared to the control group; a yellow neutral 
smiley signifies no difference between the groups, while 

a red sad smiley denotes statistically significant inferior 
results in the intervention group compared to the con-
trol group. Additionally, a thumbs-up signifies that other 
clinical outcomes were measured in that study, whereas a 
thumbs-down indicates the absence of measurements for 
other clinical outcomes, Tables 1 and 2.

Results
Literature review
Adherence to single versus multi inhaler triple therapy
The first search yielded eighteen articles, Suppl. Figure 1. 
After the selection process, eight articles were included 
for further evaluation, Table 1. None had a randomized 
controlled design. Four studies compared SITT with 
MITT in a prospective setting [23, 27, 28, 30] and four 
in a retrospective analysis [24–26, 29]. The retrospec-
tive studies used either anonymized data from electronic 
health records of patients in primary or secondary care 
[24, 26], or databases of health insurance claims [25, 
29]. Seven of these studies showed that adherence and/
or persistence to SITT was significantly higher com-
pared to MITT in COPD patients [23–25, 27–30]. Deslee 
et al. presented contrasting findings, showing that while 
persistence was higher in the SITT group (median 181 
versus 135 days), adherence levels were similar in SITT 
and MITT (85.7% versus 86.1%) [26]. The seven trials 
that showed a positive effect of SITT on adherence were 
heterogeneous in terms of study design, and methods of 
measurement, type of inhaler, and molecules. Although 
most studies directly compared SITT with MITT, two 
of the prospective studies assessed adherence to SITT 
after switching from either dual therapy or MITT [27, 
28]. Brusselle et  al. reported separate results for former 
MITT users: 71.9% at baseline, 74.7% three months after 
switching to SITT, and 83.8% at six months [28]. In con-
trast, Gessner et al. did not report separate results for the 
different treatments at baseline. Therefore, this difference 
between SITT and the control group should be inter-
preted with caution [27].

Clinical outcomes in single vs multi inhaler triple therapy
Five trials investigated the effect of SITT compared to 
MITT on clinical outcomes. Four of these trials showed 
a beneficial effect of SITT on clinical outcomes, Table 1. 
SITT users had a lower risk of exacerbations compared to 
MITT users in two studies [23, 28]; three studies showed 
lower CAT-scores and higher FEV1 in SITT users [27, 28, 
30]; and one study showed a reduced all-cause mortality 
risk in SITT users [HR: 0.475 (0.237–0.952), p = 0.036] 
[23]. In contrast to these studies with positive effects of 
SITT, Bogart et al. showed different results in two differ-
ent groups of patients. In patients enrolled in Medicare 
Advantage with Part D (MAPD) insurance, a significant 
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reduction in exacerbations and healthcare utilisation was 
seen in the SITT group. However, these differences were 
not statistically significant in the commercially insured 
patients [29].

The effect of smart inhalers on adherence
The second part of our literature review investigated the 
effect of smart inhalers on adherence in patients with 
COPD and resulted in 78 articles, from which 11 studies 

Table 1  Overview of trials investigating adherence to single-inhaler triple therapy vs multi-inhaler triple therapy in COPD patients

Evaluation of the evidence. Strength of the study design:  = retrospective,  = prospective observational or intervention study without randomization, 
and  = randomised controlled trial. Effect SITT on outcome (vs MITT):  = statistically significant better result in SITT compared to MITT,  = no statistically 
significant difference between SITT and MITT, and  = statistically significant worse result in SITT compared to MITT. Other clinical outcomes measured:  = yes,   = 
no
a PDC Proportion of days covered. PDC > 80% defines good adherence
b TAI Test of Adherence to Inhalers. TAI = 50 defines good adherence
c  Results are presented separately for patients enrolled in either Medicare Advantage with Part D (MAPD) or commercial insurance [29]
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Table 2  Overview of trials investigating the effect of smart-inhalers on adherence in COPD patients
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were selected, Table 2. These studies were heterogenetic 
in terms of number of patients, study design, and type of 
intervention and/or smart inhaler. Additionally, length 
of follow-up ranged from 1 to 12 months, with the vast 
majority (90.9%) having a follow-up period of ≤ 6 months. 
Seven studies prospectively compared COPD patients 
who used a smart-inhalers with a control group; four of 
those had a randomized controlled open-label design. Six 
of these seven studies showed a statistically better adher-
ence in the intervention group [19, 31, 32, 37, 38, 40]; 
one prospective study showed no difference in adherence 
between smart inhaler users and controls [33]. Four other 
observational studies showed variable average adherence 
rates in smart-inhaler users from 44–77%; however, it 
should be noted that these trials did not include a control 
group without smart-inhaler [34–36, 39].

The effect of smart inhalers on clinical outcomes
Nine studies also investigated the effect of smart inhal-
ers on clinical outcomes [19, 31–33, 35–39]. These stud-
ies showed mixed results, Table  2. A significant better 
inhalation technique was seen in two studies [31, 33]. 
The impact of smart inhalers on other clinical outcomes, 
including exacerbations, disease burden, quality of life 
assessments, rescue medication usage, hospitalizations, 
and healthcare utilization, varied across different studies 
[19, 32, 33, 35–39].

Conclusion of literature review
This review suggests promising results concerning the 
effect of SITT, as opposed to MITT, and smart inhalers 
on adherence. However, the quality of evidence is lim-
ited due to the absence of randomized controlled trials 
and/or the short duration of follow-up in many studies. 
Moreover, there is considerable variation in the findings 
of these studies regarding diverse clinical outcomes. Con-
sequently, there is a clear need for comprehensive ran-
domised controlled trials to evaluate the benefits of SITT 
versus MITT in COPD, as well as the individual and 
combined effects of smart inhalers, both on adherence 
and clinical outcomes.

Study protocol for an RCT: the TRICOLON study
The TRICOLON study was initiated to provide evidence on 
two previously mentioned potential solutions for the non-
adherence issue in COPD patients. The primary objective 

is to investigate whether the adherence to SITT is superior 
to the adherence to MITT over 12 months of treatment and 
to investigate whether the adherence of SITT users with a 
smart inhaler and digital support is superior to the adher-
ence of MITT and SITT users without the smart inhaler and 
digital support. As a secondary objective, three methods of 
measuring adherence will be compared: smart inhaler data, 
self-reported data using the Test of Adherence to Inhalers 
(TAI) questionnaire [15], and drug analysis of formoterol in 
scalp hair samples [41]. Finally, differences in clinical out-
comes between the study groups will be examined.

Study design
The TRICOLON study is an investigator-initiated, pro-
spective, open-label, randomised, real-world, multicen-
tre study. The study will be conducted at ten hospitals in 
the Netherlands, Supplement 2. Patients will be recruited 
from the pulmonary wards or outpatient clinics of 
the participating hospitals. Informed consent will be 
obtained by a member of the research team. Participants 
are randomly assigned in a 1:1:1 ratio to one of three 
groups: 1) multi-inhaler triple therapy (Bevespi® and 
Qvar®), 2) single-inhaler triple therapy (Trimbow®), 3) 
single-inhaler triple therapy (Trimbow®) with digital sup-
port, Fig. 1. The follow-up period will be one year, during 
which we aim to minimise disruption to their usual care, 
thus creating a (close to) real-world situation. The study 
outline is presented in Fig.  2. Ethical approval for this 
study was granted by the United Medical Research Ethics 
Committees (NL79938.100.22). The trial is registered on 
clinicaltrials.gov (NCT05495698).

Study participants
A total of 300 patients will be enrolled. Patients with a 
diagnosis of COPD and an indication for triple therapy 
according to their physician following the GOLD report 
are eligible to participate. Patients are excluded if asthma 
is the dominant diagnosis (asthma in the past or as a 
comorbidity is allowed), if patients use nebulizers or if 
they already use an e-health application for their COPD. 
The inclusion and exclusion criteria are displayed in 
Table 3.

Interventions
The study groups have uniform doses, identical mol-
ecules and doses (beclomethasone 100µg, formoterol 

Evaluation of the evidence. Strength of the study design:  = retrospective,  = prospective observational or intervention studies without randomization, 
and  = randomised controlled trial. Effect smart inhaler on adherence (vs control group without smart inhaler):  = statistically significant better result in 
intervention group compared to controls,  = no statistically significant difference between intervention group compared to controls, and  = statistically significant 
worse result in intervention group compared to controls. Other clinical outcomes measured:  yes,  no
a measured using smart inhaler unless specified otherwise [19, 31–40]

Table 2  (continued)
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6µg, and glycopyrronium 10µg), and the same device type 
(pressurised metered dose inhaler). Therefore, the only 
differentiating factors are the number of devices used 
and the use of digital support. Digital support comprises 
the Findair® smart-inhaler, an electronic device that 
is attached to the inhaler and measures the frequency 
and time of the actuations, and the Curavista® platform 
(Gezondheidsmeter PGO), a digital platform that pro-
motes patient self-management by displaying their medi-
cation use and providing medication intake reminders 
[31, 32]. Each patient is provided with smart inhalers that 
are attached to all their inhalers, including the poten-
tial rescue medication. This enables the measurement of 
actuation frequency and timing. The smart-inhalers are 
linked to the digital platform for data collection. How-
ever, it is important to note that only group 3 has access 
to an overview of the actuations with feedback in the app 
and reminders, along with full access to the digital plat-
form. Groups 1 and 2 will not receive any reminders and 
cannot access the digital platform. Their e-health applica-
tions are solely used for data collection purposes, ensur-
ing "silent monitoring" that should not influence their 
adherence.

We aim for all participants to complete the study using 
the original study medication. However, given the real-
world nature of the study, it is possible that patients 
require a change in medication due to clinical reasons 
such as side effects or lack of effectiveness. To prevent 
the loss of these patients from the study, changes in 
medication are permitted only when absolutely neces-
sary. Data collection will persist via the electronic devices 
and with the same settings of the app (silent monitoring 
or full access). Patients who no longer use a pressurized 
metered dose inhaler will be excluded, as the electronic 
devices are specifically tailored for this type of inhaler.

Outcomes
The primary outcome is the average adherence to ICS 
therapy (measured as the number of actuations registered 
by the smart-inhaler divided by the total number of doses 
prescribed, in %) over 12 months of treatment. As a sec-
ondary outcome, the average adherence to LABA/LAMA 
in study group 1 will be compared with adherence to ICS 
in group 1, and with adherence to LABA/LAMA/ICS in 
groups 2 and 3. Additional secondary outcomes include 
the percentage of patients with good adherence, defined 
as an average ICS adherence of more than 80% and less 
than 110% actuations measured by the smart inhaler; the 
Test of Adherence to Inhalers (TAI) scores; and drug lev-
els of formoterol in scalp hair. The hair samples will be 
collected, stored, and prepared according to the guide-
lines of the Society of Hair Testing [42]. Additionally, the 
study will measure changes in Patient Reported Outcome 
Measures (PROMs), use of rescue medication, number of 
exacerbations and hospitalizations, healthcare consump-
tion, and spirometry (FEV1). The PROMs are displayed in 
Supplement 3.

Statistical analysis
The statistical software G*Power version 3.1.9.6 was used 
to calculate the sample size. The study aims to compare 
three groups: group 1 vs group 2, group 2 vs group 3, and 
group 1 vs group 3. The sample size calculation is based 
on the comparison of the average adherence in group 1 vs 
group 2 (so MITT vs SITT without e-health). Based on a 
previous study [19], we expect a 15% difference between 
the groups, with a standard deviation of 30%. The signifi-
cance level of the test was set at (alpha) 0.0167 using the 
Holm-Bonferroni method to adjust for multiple testing, 
as we are comparing three groups (alpha 0.05/3 = 0.0167), 
with a power of 80%. We calculated n = 84 for each group 

Fig. 1  Study design. Patients are randomly assigned in a 1:1:1 ratio to one of three groups: 1) multi-inhaler triple therapy (Bevespi® and Qvar®), 2) 
single-inhaler triple therapy (Trimbow®), 3) single-inhaler triple therapy (Trimbow®) with e-health. The follow-up period is one year
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using a two-sided T-test, and plan to include 100 patients 
in each group of the study, considering a potential drop-
out rate of 15%. The patients will be randomized using 
the program Castor EDC. To prevent inequality in the 
study groups, at randomization patients will be stratified 
for their treatment before the study (dual therapy, MITT 
or SITT) and for inclusion during an exacerbation or dur-
ing stable disease. The data will be analyzed using both 

the intention-to-treat (primary analysis) and per-pro-
tocol methods. The Kruskal–Wallis test or ANOVA, as 
appropriate, will be used to compare the average adher-
ence between the three study groups. Post-hoc compari-
sons will be performed using Mann–Whitney U tests or 
Tukey’s HSD, as appropriate. The average baseline scores 
of the PROMs and baseline clinical status (FEV1, number 
of exacerbations, hospitalizations and rescue medication 
use) will be presented descriptively. These scores and 
outcomes are all continuous, unpaired data and will be 
compared between more than two groups. Therefore, we 
will use the Kruskal–Wallis or ANOVA, as appropriate, 
to investigate the differences between the three groups. 
The Net Promoter score is a binary variable, so we will 
use the Chi-square test. Questionnaire data will be ana-
lysed by both the difference in mean scores between 
groups and the percentage of patients achieving the mini-
mally clinical important difference (MCID) when avail-
able. Furthermore, a mixed model repeated measurement 
analysis will be performed to assess the differences in the 
previously mentioned outcomes over time. The analysis 
will be conducted on normally distributed data, with or 
without transformations. The main parameter of interest 
is the group * time interaction. Between-group compar-
isons will be adjusted using the method of Sidak. If the 
data cannot be normalized, difference scores will be cal-
culated (follow-up – baseline). These differences will be 
analysed using either the Kruskal–Wallis test or ANOVA, 
where appropriate. Post-hoc comparisons will be con-
ducted using Mann–Whitney U tests or Tukey’s HSD, 
where appropriate.

Fig. 2  Study program 

*time in months

Table 3  In- and exclusion criteria

a Could be step-up from dual therapy or currently receiving triple therapy (both 
MITT and SITT)

Inclusion criteria

• Clinical diagnosis of COPD for at least 1 year before the screening visit
• Aged 40 years and older
• An indication for triple therapy according to the treating physiciana

• Owner of mobile device compatible with e-device app with access 
to internet
• Current or ex-smoker
• Willing to provide written informed consent

Exclusion criteria
• Asthma as the predominant disease according to the investigator’s 
opinion; comorbidity or a past history of asthma is allowed
• Use of e-health application for COPD in the past six months
• Use of nebulized bronchodilators
• Insufficiently skilled in the Dutch language to be able to read 
and understand the app. Help by third party (family members) is allowed
• Inability to comply with study procedures or with study treatment
• Pregnant or lactating women and all women physiologically capable 
of becoming pregnant unless they have highly effective contraceptive
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Safety
Serious adverse events (SAEs) will be monitored and 
reported in accordance with the legal requirements and 
deadlines. The Ethics committee has granted permission 
for hospital admissions resulting from a COPD exacer-
bation not to be reported as SAE. This exemption is due 
to their frequent occurrence in this specific population. 
Instead, to monitor this fragile population, a Data and 
Safety Monitoring Board (DSMB) has been established. 
The DSMB will periodically review mortality rates, seri-
ous adverse events, and premature withdrawals from 
the study every six months. The application and e-health 
platform in use have a substantial history, spanning many 
years. Over the past two decades, 26 peer-reviewed sci-
entific publications have been published. Notably, there 
have been no reported safety concerns, and assessments 
of usability, feasibility, and efficacy consistently yield pos-
itive results [43].

Discussion
Non-adherence is a significant challenge in COPD 
patients, and addressing this issue is receiving increased 
attention. The first solution we investigated was simpli-
fying the treatment by prescribing single-inhaler triple 
therapy (SITT) as an alternative to multi-inhaler triple 
therapy (MITT). The GOLD report 2023 suggested, for 
the first time, that single inhaler therapy may be more 
convenient than multi inhaler therapy [1]. However, 
although our literature review reveals some promis-
ing results regarding the effect of SITT on adherence, 
the quality of evidence is limited due to the absence of 
randomized controlled trials that specifically examined 
the difference in adherence between SITT and MITT. 
Due to the observational setting and design of all stud-
ies in the first part of this review, the SITT and MITT 
groups showed differences in their baseline character-
istics, including the number of exacerbations prior to 
enrolment, disease severity, and FEV-1. Moreover, the 
quality of the observational data was occasionally lim-
ited. For example, two studies relied on administrative 
databases using health insurance claims [25, 29]. Conse-
quently, from these trials we are unable to draw conclu-
sions on the cause-effect relationship between improved 
adherence and clinical outcomes. In contrast to the four 
studies included in our review, which all demonstrated 
slightly better clinical outcomes in SITT users, other lit-
erature, not incorporated into our review due to a lack of 
adherence as an outcome, presented contrasting results 
regarding the effect of SITT on clinical outcomes. Specif-
ically, a retrospective study in Spain and an RCT showed 
improved clinical outcomes in SITT users [44, 45]. How-
ever, three randomized controlled trials indicated that 
both SITT and MITT users exhibited similar results in 

terms of lung function, health status, exacerbation rate, 
and rescue medication usage [2, 46, 47].

The use of smart inhalers was the second potential 
solution to non-adherence that we investigated. Our 
review showed that while the effect on adherence was 
mostly positive, no consistent differences in clinical out-
comes were observed. The strength of studies showing 
improved adherence in the absence of improved clinical 
outcomes is limited. These findings are consistent with 
other recent reviews in both COPD and asthma [18, 20, 
21]. Demonstrating the connection between adherence 
and clinical outcomes has proven to be challenging. 
Given that COPD entails irreversible lung damage and 
the medication aims to stabilize rather than cure the dis-
ease, an extensive follow-up period is essential to dem-
onstrate its impact on clinical outcomes. However, the 
current studies have limitations regarding the duration of 
follow-up. The smart inhalers used, as well as the supple-
mentary interventions, and the extent of monitoring and/
or interference varied significantly among the studies. 
The majority of smart inhalers used in current literature 
can only record the time and location of actuation. They 
are unable to measure whether inhalation is performed 
correctly. Other techniques, such as smart inhalers 
capable of measuring airflow or hair analysis of inhaled 
drugs, can assist in addressing this limitation. Further 
research is needed to gain a deeper understanding of the 
contributions of the different electronic modalities, the 
underlying mechanisms, clinical outcomes, and opti-
mal implementation of these devices in clinical practice. 
Several challenges must be addressed before integrating 
smart inhalers into daily practice, including technical 
complexities, limited evidence concerning clinical out-
comes, uncertainties about cost-effectiveness, and the 
issue of funding for the devices [18]. The TRICOLON 
study aims to offer additional evidence, potentially bring-
ing us closer to their use in daily practice.

To the best of our knowledge, the TRICOLON trial is 
the first that aims to investigate whether single inhaler 
usage in COPD patients receiving triple therapy can 
improve adherence in a large-scale, randomized, con-
trolled, real-world setting. Moreover, unlike the major-
ity of existing studies focusing on the impact of smart 
inhalers, the TRICOLON trial distinguishes itself with 
a prolonged follow-up period of one year. We acknowl-
edge that patients’ adherence may be influenced by their 
awareness of participating in a study. To minimize this 
interference, we have limited the number of study vis-
its to closely resemble real-world settings. Additionally, 
patients are informed that the focus of this study is on 
the convenience of various treatment options, and adher-
ence is not specifically mentioned in the information 
provided by the researchers or in the patient information 
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letter. This has been approved by the Medical Ethical 
Review Board. The Tricolon study not only investigates 
the impacts of a single inhaler and the use of a smart 
inhaler on adherence but also evaluates various clinical 
outcomes, including exacerbation rates, hospitalizations, 
and disease burden. Nevertheless, the study is powered 
on the primary outcome adherence to inhalation therapy. 
Therefore, although not powered for the clinical out-
comes or for the correlation between adherence and clin-
ical outcomes, valuable information on these outcomes 
will be collected to inform possible follow-up studies.

The implementation of an e-health application may pre-
sent challenges, whether due to technical issues or the 
potential unfamiliarity among patients and healthcare pro-
fessionals [48]. To proactively address these concerns, we 
dedicated time to thoroughly test the application before 
the start of the study. This involved multiple stakeholders, 
including the researchers, the app producer, and patients. 
Moreover, the application’s design is intentionally kept 
simple and clear, ensuring that individuals of all ages, edu-
cational backgrounds, and health literacy levels can easily 
comprehend and use it. This was confirmed in a previous 
study where an older, and thus more digitally challenged, 
population of patients with Idiopathic Pulmonary Fibrosis 
(IPF) used this app for daily spirometry. The study found 
that 80% of the participants found the app easy to use, and 
90% did not perceive it as burdensome [49].

Beyond addressing the primary research questions, this 
TRICOLON study creates an opportunity for a direct 
comparison between three methods to measure adher-
ence: digital data from the smart inhaler, self-reported 
data collected through the TAI questionnaire, and drug 
deposition data in hair. The use of this final technique 
is relatively uncommon in studies concerning inhala-
tion medication, although it has been used in previ-
ous research related to cortisol and in forensic studies 
[22, 50]. In a specific study involving asthma and COPD 
patients, the measurement of inhalation medication 
demonstrated a clear dose–response relationship among 
those using formoterol [41].

Our identification of a lack of high-quality data on the 
improvement of adherence of SITT over MITT therapy 
in COPD and limited data for smart inhalers highlights 
the need for further research. The multi-centre, rand-
omized controlled, three-arm, real-world TRICOLON 
trial aims to increase insight in the value of SITT and the 
added value of electronic adherence monitoring.
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