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Abstract: It has been shown that the better outcomes of chronic obstructive pulmonary disease (COPD)
are closely associated with adherence to drug therapy, independent of the treatment administered.
The clinical trial Towards a Revolution in COPD Health (TORCH) study clearly showed in a three
year follow up that patients with good adherence to their inhaler treatment presented a longer time
before the first exacerbation, a lower susceptibility to exacerbation and lower all-cause mortality.
The Latin American Study of 24-h Symptoms in Chronic Obstructive Pulmonary Disease (LASSYC),
a real-life study, evaluated the self-reported inhaler adherence in COPD patients in seven countries in
a cross-sectional non-interventional study and found that approximately 50% of the patients had
good adherence, 30% moderate adherence and 20% poor adherence. Adherence to inhaler may be
evaluated by the specific inhaler adherence questionnaire, the Test of Adherence to Inhalers (TAI).
Several factors may predict the incorrect use of inhalers or adherence in COPD outpatient, including
the number of devices and the daily dosing frequency. Ideally, patient education, simplicity of the
device operation, the use of just one device for multiple medications and the best adaptation of the
patient to the inhaler should guide the physician in prescribing the device.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by chronic respiratory symptoms
such as cough, phlegm production and dyspnea that have a great impact on the patient due to physical
limitation and reduction of the quality of life [1]. In addition, patients with COPD may experience
episodes of exacerbation, characterized by worsening of symptoms in relation to their daily variation,
which result in additional treatment and may result in hospitalizations and disease progression.
Therefore, the exacerbation must be treated as soon as itis diagnosed to reduce the negative impact. The
COPD exacerbation treatment is based on systemic corticosteroids, antibiotics (if necessary) and inhaled
short action bronchodilators (beta-2 agonist and/or muscarinic antagonist). The Global Initiative
for Chronic Obstructive Lung Disease (GOLD) document recommends that maintenance therapy
with inhaled long-acting bronchodilators should be prescribed as early as possible, even during the
hospitalization and before the discharge. So, the inhaled therapy is very important to treat the acute
exacerbation and to prevent the next one [1].

Medication delivery to the lungs is always preferable over systemic administration due to several
advantages such as faster action onset, high therapeutic effect and lower systemic adverse events [2,3].
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However, there are several factors that influence the optimal treatment of the patient such as patient
characteristics (age, conscience, breathing pattern, airway diameter, disease severity, inspiratory
flow), aerosol characteristics (inhaler device and inhaled drug characteristics), pharmacokinetics and
pharmacodynamics [4]. Patients must be instructed about the device use and how to inhale the
medicines properly. However, not all patients will perform in the correct way due to either cognitive
or physical reasons, or both. When an inhaler device is not used properly, it affects lung deposition,
and thus results in lower efficacy and possibly increased chances of side effects. To improve treatment
efficacy and efficiency, it is very important to individualize the inhaler device to specific patient
populations and choose the most friendly inhaler for each patient. This review aimed to provide
an overview of the current COPD adherence landscape and highlight the importance of medication
adherence and the negative impact of non-adherence in COPD patients.

2. Definition and Measurement of Adherence

2.1. Definition of Adherence

It is not an easy task to define adherence to treatment. In the simplest way, adherence should
be defined as how patients follow the medical prescription. However, numerous variables influence
medication use, such as the route of administration, frequency of use, taste, response to therapy and
adverse events. For example, a single oral medication could be easier to adhere to than treatment
with three pills used at different frequency. In addition, inhaled medications have one more variable:
the correct use of the device. In addition, there are other variables related to patient’s behaviors and
beliefs, and the patient-physician relationship that directly influence adherence. The World Health
Organization (WHO) document adopted the definition of adherence to long-term therapy as “the extent
to which a person’s behaviour—taking medication, following a diet, and/or executing lifestyle changes,
corresponds with agreed recommendations from a health care provider” [5]. The European Society for
Patient Adherence, Compliance and Persistence (ESPACOMP) wrote a report that was undertaken
within the ABC (Ascertaining Barriers to Compliance) project and it defined adherence to medications
as “the process by which patients take their medications as prescribed” [6]. According to the authors,
adherence has three components: initiation, implementation and persistence [6,7]. Treatment initiation
is when the patient takes the first dose of the medication prescribed by a health care provider (HCP).
The therapy implementation is “the extent to which a patient’s actual dosing corresponds to the
prescribed dosing regimen, from initiation until the last dose” [7]. This is a longitudinal description of
patient behavior over time, that is, his or her dosing history, and this includes the inhaler technique.
Persistence “is the length of time between initiation and the last dose, which immediately precedes
discontinuation” of the prescribed medication [7]. Therefore, if the patient delays the medication
initiation, does not do the correct inhaler technique and/or interrupts his/her treatment early, there is
inadequate adherence, non-adherence or poor adherence to therapy. The World Health Organization
(WHO) described three forms of non-adherence: erratic non-adherence, unwitting non-adherence and
intelligent non-adherence [5]. Erratic non-adherence is unintentional and related to a patient’s inability
to adjust treatment to their daily routine (troubled routine or busy schedules) and/or associated to
forgetfulness [3]. Unwitting non-adherence is also an unintentional non-adherence due to lack of
understanding about the therapy and/or importance of the adherence [5]. Intelligent non-adherence
is when the patient, intentionally, alters the treatment course, i.e., does not initiate the treatment
or discontinues it. Patients who feel better may decide that they no longer need to take prescribed
medications. Fear of perceived short- or long-term side-effects of inhaled corticosteroids (ICS) may
cause some patients to reduce or discontinue dosing. Patients may abandon the therapy due to fear of
side effects, the improvement of their symptoms, bad tasting medication and complex prescriptions.
Poor adherence to inhaled drug therapy in individuals with COPD may be associated with suboptimal
therapeutic outcomes.
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2.2. Methods to Measure Adherence

Numerous studies have suggested that patients adhere to inhaled drug therapy less than to orally
administered therapies [8,9]. Poor adherence to asthma treatment may be associated with suboptimal
outcomes and disease exacerbation [10], and evidence shows that adherence to inhaled therapy for
asthma and COPD has the potential to reduce the risk of exacerbations, through increased symptom
control, improving outcomes for patients, and reducing healthcare resource utilization [9–11].

In this point of view, the poorer outcome could be used to evaluate or to diagnose the non-adherence.
However, the poor outcome may be due to the disease characteristics rather than the patient adherence.
Thus, it is very important to have methods to measure adherence.

There are a lot of methods to monitor adherence that include subjective methods (self-reporting and
clinician judgement) and objectives methods (pharmacy register, checking the device number of dose
used/canister weight, biochemical measurement, and the use of electronic monitoring devices) [12–14].

Subjective methods may be evaluated by patient self-reporting (such as medication diaries or
retrospective questionnaires) or by the HCP evaluation. The patient self-report methods to measure
adherence are simple and low cost but they depend on patient’s memory (inaccurate) and they
significantly over-estimate adherence. Within the patient self-report methods, questionnaires are
better, once they are standardized, validated and can provide detailed information about patterns of
medication use, patient’s perceptions and barriers to medication use [13,15]. The most common and
specific questionnaire that evaluates inhaler non-adherence is the Test of Adherence to Inhalers (TAI).
This test includes 12 items and the first five items were designed to identify erratic non-adherence
behavior (forgetfulness to take medication) and items from 6 to 10 identify deliberate or intentional
non-adherence behavior (the patient decides not to take medications). These first 10 items are
self-administered and scored from 1 to 5 (where 1 = worst possible score and 5 = best possible score).
The final two items are completed by the HCP and scored as 1 or 2 (where 1 = bad and 2 = good) and
they were designed to identify unwitting non-adherent behavior (failure in understanding medication
use, dosage or inhalation technique). The total score ranges between 12 and 54 for the 12-item TAI and
the higher score is the best adherence [15]. The HCP judgement can be integrated into any clinical
interaction, is also simple and low cost and it is capable of assessing adherence and competence.
However, it is more time consuming to make a detailed competence assessment and it is equally
inaccurate and tends to over-estimate adherence [12].

The objective methods for monitoring adherence are more precise. The direct biochemical
measurements, which may be performed in blood, urine or hair are precise and objective. However,
they are invasive, not available for all medications, they reflect only a snapshot in time and do not
provide information about pattern of use over time, and they are costly [12–14]. The evaluation of
the number of doses used (dry powder inhaler (DPI) medications) or canister weight (pressured
metered-dose inhaler (pMDI) medications) are simple and objective. On the other hand, they are
not able to assess competence, device error or detect medication sharing. For the canister weight,
equipment and some skill are required [12]. The pharmacy registers and prescription records are
simple, objective and cheap. It is possible to evaluate the amount of medication dispensed and returned
at the follow up. However, these are dependent on the health service infrastructure and there is limited
data about daily patterns of medication use by the patients [12,13].

Electronic monitoring (smart inhalers) record the date and time of medication use events, allowing
long term monitoring with detailed information about the daily patterns of medication use. They
are the gold standard monitoring modality, are able to distinguish adherence from competence and
may provide feedback. Although they are objective and precise, they do not confirm the correct use
of the device and they are still costly (may change in the future) and depend on technology and
infrastructure [12,13].

All methods described above evaluate one part of adherence, however, it is also very important to
evaluate device technique used by the patient at each visit.
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3. Factors Associated with Non-Adherence

Adherence is a preferred term in relation to compliance as the latter infers a lack of patient
involvement. Actually, treatment should be an agreement between the physician and the patient
involving a concordance of the patient in following the recommendations [16]. Poor adherence is
a great concern in COPD patients. Overall, WHO considers that only 50% of patients in chronic
therapy are adherent to treatment. Estimates for COPD are not too different from this figure, but it
may be higher when patients are followed up by the same healthcare team and treatment education is
constantly repeated. Despite the great evolution in COPD treatment, poor adherence remains a major
problem for these patients [17], and negatively impacts exacerbation rate, quality of life, and healthcare
resources [18]. The proportion of COPD patients with good adherence to prescribed treatment differs
greatly between clinical trials (70–90%) and clinical settings (10–40%) [19]. The reasons for the poor
adherence in the clinical settings are multifactorial and may be related to [19,20]:

• Patient characteristics (patients’ beliefs, psychological condition, cognitive status, self-efficacy
and co-morbidities);

• Social factors (patient-prescriber relationship, access to medication, social support and device
training and follow-up);

• Pharmacological treatment (method of administration, inhaler device, dosing regimen,
polypharmacy, and side effects).

Despite the classification described above, these factors intersect themselves very frequently,
mainly patients and social factors. COPD affects people over 40 years old, however the disease is
underdiagnosed in younger patients, with less symptoms and better lung function [21]. The disease
progression comes with ageing and the treatment may start in the elderly, when the patients have
worse cognitive status and higher prevalence of anxiety and depression. In addition, patients may
present other co-morbidities and polypharmacy is very frequent. In a prospective study that evaluated
adherence to salmeterol/fluticasone after the patient’s discharge due to an acute COPD exacerbation,
it was demonstrated that only 6% of the patients had an actual adherence greater than 80%. The
adherence was evaluated by an electronic device that could also study the inhaler technique errors.
The major determinants of poor adherence were the presence of cognitive impairment, which affected
the patient’s ability to remember to take the medication, and severe hyperinflation, which affected
the ability of the individual to generate sufficient inhalation flow and as a consequence resulted in
impaired drug delivery [22]. Another study showed that the improvement obtained with the treatment
is one factor that leads to non-adherence; about 31% of COPD patients consciously decided not to use
their medication if they were better [23].

In general, the pharmacological treatment factors that may increase non-adherence are related
to more complex inhaler devices that lead to incorrect inhaler use, higher frequency of daily doses,
polypharmacy and side effects. Several factors may predict the incorrect use of inhalers in ambulatory
COPD patients, including the number of devices. It has been shown that the mean numbers of errors
using just one device is lower than when using three inhalers [24]. A matched cohort study with more
than 16,000 COPD patients compared the COPD exacerbations rate incidence and reliever medication
use between two cohorts that were formed by one “similar-device cohort” and another “mixed-device
cohort”. It was shown that similar-device patients had an 18% reduction in COPD exacerbation rate
incidence compared to mixed-device patients and 46% less use of reliever medication [25]. So, the
inhaler simplicity may also lead patients to increase adherence and improve outcomes. The daily
dosing frequency may also be a barrier to high adherence. A large retrospective study with over
50,000 COPD patients followed up by the proportion of days covered for one year after the initial
COPD diagnosis, showed an inverse correlation between the number of inhaled daily doses and
adherence: for once a day (QD), twice a day (BID), three times a day (TID) and four times a day
(QID), the proportion of days covered were 43.3, 37.0%, 30.2% and 23%, respectively [26]. In addition,
there are studies reinforcing the reduction of COPD exacerbations when comparing QD versus BID
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medications. The QD fluticasone furoate/vilanterol were more effective in reducing exacerbations
when compared to other BID inhaled corticosteroid/long acting beta-2 agonist associations in the
Salford Lung Study (8.2% additional reduction in exacerbation rate) and once-daily triple therapy
(fluticasone furoate/umeclidinium/vilanterol) in the Lung Function and Quality of Life Assessment
in COPD with Closed Triple Therapy (FULFIL) trial (35% reduction in exacerbation rate versus
BID budesonide/formoterol) [27,28]. In the Effect of Indacaterol Glycopyronium vs Fluticasone
Salmeterol on COPD Exacerbations (FLAME) study, the indacaterol/glycopyrronium association
reduced the exacerbation rate by 16% when compared to salmeterol/fluticasone [29]. Also, QD triple
therapy combination of fluticasone furoate/umeclidinium/vilanterol had more efficacy and reduced the
exacerbation rate by 15% when compared to fluticasone furoate/vilanterol and 25% when compared to
fluticasone umeclidinium/vilanterol in a sample of high-risk COPD patients [28].

4. The Impact of Non-Adherence on Exacerbations, Hospitalizations and Resource Use

It has been shown that better outcomes with treatment are closely associated to adherence to drug
therapy, independent of the treatment administered [30]. Usually it is assumed that COPD patients
may present better adherence to treatment as they perceive an immediate symptomatic relief [31]. It is
also believed that more severe patients tend to be more adherent to treatment [32]. A recent systematic
review that evaluated the clinical and economic impact of non-adherence in COPD showed a clear
association between non-adherence and increase in hospitalizations and mortality, worse in quality of
life and loss of productivity [33]. In addition, the authors related the negative clinical and economic
consequences to non-adherent asthmatic and COPD patients [34].

The Study Towards a Revolution in COPD Health (TORCH) evaluated over six thousand patients
for three years and investigated the mortality in groups receiving four different regimens of treatment
delivered by inhalers. This also allowed the opportunity to study the effect of adherence on severe
exacerbations needing hospitalization [35,36]. Overall, approximately 80% of the patients were adherent
to all four regimens and in the same proportion in the moderate, severe and very severe stages of the
disease. Patients with poorer adherence at baseline were more dyspneic and presented higher airflow
limitation. The group with good adherence to treatment had a 44% lower rate of severe exacerbations
(around 0.15 to 0.25 per patient per year, respectively) with a rate ratio of 0.56 (95% confidence
interval (CI) 0.48–0.65, p < 0.001), independent of study treatment and after adjustment for region, sex,
age, smoking status, body mass index, prior exacerbation and airflow limitation. In the same way,
patients with good adherence showed a longer time for the first exacerbation, demonstrating a lower
susceptibility to exacerbation. These results clearly show how adherence to treatment is important to
achieve a better outcome. In addition, better adherence was also reflected in the mortality rate: the
good adherence group had a lower all-cause mortality rate with a relative risk reduction of 21.2%
compared to 6.6% in the poorer adherent group, comparing the groups with salmeterol-propionate
fluticasone versus placebo [36]. It is possible that the high adherence rate seen in TORCH is because
patients in clinical trials are usually closely supervised and tend to have a higher adherence than in
the real life. This may be true, as patients in TORCH allocated to placebo also had a high adherence
rate, which raised the term “the healthy adherer effect” that may reflect a surrogate marker to overall
healthy behavior, according to the authors [36]. A recent study showed that the group of patients
with irregular medication use and with frequent critical technique errors had an increase in mortality
compared to patients with regular medication use and without critical technique error (adjusted hazard
ratio 8.69 (95% CI 1.82–40.83; p = 0.007)) [37].

The LASSYC study in Latin America evaluated the self-reported inhaler adherence in COPD
patients in seven countries in a cross-sectional non-interventional study according to the Morisky
Medication Adherence Scale (MMAS-8) and the TAI [38]. As in most COPD studies, most were men
(60%), aged approximately 70 years old and with moderate to severe disease (forced expiratory volume
in one second (FEV1) 50%). According to both questionnaires, approximately 50% of the patients had
good adherence, 30% had moderate adherence and 20% had poor adherence. The patients with poorer
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adherence were associated with lower smoking history and schooling and a higher COPD Assessment
Test score (CAT) exacerbation rate in the previous year. This is a lower value than the one found in
the TORCH study, however, in a clinical trial such TORCH, patients are regularly and continuously
educated and monitored about following the instructions. However, despite the difference in adherence
rates in both studies, the patients with lower adherence presented higher exacerbation rates [38].

The higher exacerbation rate is associated with lower adherence and may be a factor that
predisposes these patients to higher morbidity, hospitalizations and use of health resources. A cross
sectional study of Medicare in the United States retrospectively evaluated in over 30 thousand patients
with COPD from a large database, the association between adherence to treatment and hospitalization
and use of resources. Medications included steroids associated or not to long acting beta-adrenergic
bronchodilators, anticholinergics and xanthine. The database was examined for two years and
after adjustments for all covariates, adherence to treatment was significantly associated to lower
hospitalization (relative risk (RR) = 0.88, CI 95% 0.85–0.92) and in the same way, patients with higher
adherence significantly exhibited less care spending. The authors postulated that two mechanisms
could explain these outcomes, one is that adherence to COPD treatment may alleviate symptoms and
prevent exacerbation; these patients would also be adherent to their other medications for chronic
conditions preventing their acute outcomes. The authors named this condition “healthy behavior” [39].

A cross-sectional study evaluated the impact of medication adherence on absenteeism and
short-term disability in employees with diabetes, hypertension, dyslipidemia and asthma/COPD. They
estimated that adherent patients had between 1.7 and 7.1 fewer days absent from work and between
1.1 and 5 fewer days on short-term disability [40].

5. The Importance of Inhaler Devices and Good Inhaler Technique

After the Montreal Protocol on Substances that Deplete the Ozone Layer in 1987 [41] several
different inhaler devices have been developed for treatment of COPD patients such as DPIs (Ellipta®,
Diskus®, Turbuhaler®, Aerolizer®, Handihaler®, Breezehaler®, NEXThaler®, Pulvinal®), a pMDI
using a less toxic gas such as hydrofluoroalkane (HFA), a soft mist inhaler (Respimat®) with water
and nebulizers. Every different inhaler has been developed in the belief that it would fit better a
patient needs and would be easier for the patients to use it. All the inhaler devices have advantages
and disadvantages (Table 1) and their performance is dictated by the relationship between the drug
formulation, device and patient. Understanding these factors and how they influence the treatment
are essential for symptom relief and disease control.

The DPI may be more convenient for some patients once they are breath-actuated and do not
require coordination to dose release and to inhale as the pMDI does. However, in the devices where
a capsule must be inserted for actuation, such as the Breezehaler® and Aerolizer®, patients with
hand arthrosis may have difficultly using it appropriately and a more appropriate device should be
recommended for them. The same may occur with the soft mist inhaler.

Errors during the inhaler use that affect the dose delivery to the lungs are called critical errors
and some devices present less critical errors. Usually the number of errors considered of greatest
importance to the effectiveness of treatment a patient is greater for MDIs than for DPIs [42]. In a
recent study, COPD and asthma patients were evaluated about the correct inhale technique after
reading the patient information leaflet. The results showed that fewer COPD patients made critical
errors using Ellipta® compared to other inhalers (Turbuhaler®, pMDI, Breezehaler®, Diskus® and
Handihaler®). In addition, more asthma and COPD patients preferred Ellipta to other inhalers [43].
In addition, in another study head to head comparing the efficacy of two long-acting muscarinic
antogonists/long-acting beta2 agonists LAMA/LABA combinations, umeclidinium/vilanterol and
tiotropium/olodaterol, it was shown that the patients preferred Ellipta® over Respimat® [44].

Nebulizers are not used on a daily basis for being more expensive, bulky and for taking more
time for the dose inhalation; they are more often used during an exacerbation when patients may have
trouble generating an adequate inspiratory flow.
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Table 1. Advantages and disadvantages of inhaler devices.

Device Type Advantages Disadvantages

Pressurized metered
dosing inhaler

(pMDI)

Multi-dose
Compact

Less expensive
Fast to use

Perfect hand-mouth coordination
Higher oropharyngeal deposition

No dose counter

Dry powder inhaler
(DPI)

Less coordination needed
Compact

Fast to use
Less drug deposition

After drug preparation it is needed to use
Drug preparation is different among each

DPI device
Higher inspiratory flow

Soft mist inhaler
(SMI)

Compact
Low drug flow

Difficult to prepare the device for first use
Daily dose preparation difficulty

Small dose counter numbers
Requires more coordination for inhalation

Nebulizers

Treatment with many drugs
and individualize the dose of

each drug
No coordination needed

Bulky
Need for power source
Long time to treatment

Higher dose needed due to wasting drug
and chance to more side effects

Maintenance and cleaning
Variation between the models

Expensive

Therefore, there are a great number of device characteristics that interfere with adherence and the
HCP should understand the patients’ needs, the barriers that make adherence to treatment difficult
and actively discuss better ways to improve the patient’s adherence. Inhaler device switching can
lead to new or multiple device use and patients can face new challenges and barriers to this new
treatment [11]. However, with new medications and devices being launched and multiple medication
in one device, it will be necessary to evaluate the inhaler device switching according to patients’
characteristics (symptoms, disease severity and inhaler technique) to improve the adherence and
individualize patients’ treatment. Multiple devices and mixing devices should lead patients to be less
adherent and have higher treatment discontinuation [11].

6. Interventions to Improve Adherence and Inhaler Technique

Regardless of the non-adherence type, the important steps are to identify it, discuss this problem,
reinforce the importance of the adherence and implement a better treatment adopted to the patient’s
lifestyle. It is important to have an open and non-discriminative conversation and discussion to reach
these objectives and to improve the COPD control. To improve the erratic non-adherence several
techniques and technologies could be used: reduce the medication frequency (once daily dosing),
simplification of the treatment (choose one inhaler device or prescribe as many medications as possible
for the same time), link the medication to daily life activities (keep the inhaler on the nightstand or next
to the toothbrush—check the device’s compatibility to bathroom humidity), memory aids (medication
diary and pill organizers), and use of digital health technologies (smartphones apps, websites). It has
been shown that patients frequently forget the instructions received during a clinic visit [5], and this
may result from lack of communication between HCP and patient and contribute to the non-adherence
to COPD treatments. In asthmatic patients it is common to mistake between as-needed medication
(relief medication) and daily medication (maintenance medication) [45].

One interesting change in medication was the change of MDI to HFA after the Montreal Agreement
made its use easier by patients as it allows longer puff duration, reducing the need for fine coordination
between actuation and inhalation. Another interesting step that has changed after the HFA technique
is that is not mandatory any longer to shake the canister before use. Nowadays, shaking is dependent
on the type of the drug formulation, a solution or suspension [1]. An error usually described in the
literature is the inadequate distance between the inhaler and the patient’s lips what can result in
the medication impacting the oropharynx. This was a problem to worry about during the use of
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chlorofluorocarbon (CFC) gas due to its high flow. The way to circumvent this problem was either
using a spacer or placing the inhaler at least 5 cm from a wide-open mouth. However, since the
introduction of the HFA gas inhaler, its low flow means this rule is no longer mandatory. Patient
education, simplicity of the device operation and the best adaptation of the patient to the inhaler
should guide the physician in prescribing the device [46].

Besides the factors that lead to poor adherence, we should work to improve the adherence and
inhaler technique. Poor inhaler technique is associated with poor control of respiratory diseases and
consequent poor treatment adherence. The problems with the device use by the patients have been
noted following the launch of the MDI. A recent systematic review about the errors on device technique
demonstrated that these errors are frequent in both MDI and DPI use [47]. The overall rate of correct
technique was 31%. The most frequent errors in MDI use were coordination (45%), inspiratory flow
and depth of inspiration (44%) and no post inhalation breath hold (46%). The most frequent DPI errors
were incorrect preparation (29%), no full expiration before inhalation (46%) and no post inhalation
breath-hold (37%) [47].

Education of patients and their caregivers by HCPs plays an important role in inhaler use
in order to minimize errors and optimize treatment [48]. A systematic review that evaluated the
effectiveness of educational inhaler technique interventions in asthma and COPD showed that 89%
of the studies included a physical or video demonstration of inhaler use with mean duration session
of 30 min. Over 90% of the studies reported a significant improvement in the inhaler technique
and the majority indicated favorable results for clinical outcomes (symptoms, health care utilization,
quality of life and lung function) [49]. Ideally, all patients should be asked to use their inhalers
during every health professional visit. So, the possible errors could be corrected, besides allowing the
identification of the profile of those patients who require further clarification regarding inhaler use.
A single-blind randomized trial that evaluated the impact of community pharmacist interventions on
pharmacotherapeutic monitoring of COPD patients showed that the inhalation technique and adherence
were significantly higher in the intervention group compared to the control group. In addition, the
patients had a reduction in hospitalization rate, showing that a multi-professional approach can
improve the outcomes [50]. The assessment of inhaler technique knowledge among HCPs reveals
limited expertise among nurses, doctors, and respiratory therapists. In a systematic review it was
demonstrated that historically, HCPs had inadequate knowledge about the correct use of inhalers, but
there have been improvements in the last years. Between 1975–1995, the inadequate inhaler technique
was 20.5% and between 1996–2014 there was a reduction to 10.8%. This poor knowledge could lead to
less effective communication to patients and impact on the patient related outcomes [51]. This study
showed that inhaler technique education must be for all patients and for the HCPs that do not have
frequent access to respiratory training.

7. Conclusions

COPD documents and guidelines underline the importance of correct inhaler technique training
and frequent inhaler technique checks. This is because non-adherence to COPD medication worsens
clinical and economic outcomes, making non-adherent patients a priority for cost-effective interventions.
To improve adherence, the therapeutic decisions should be discussed with the patient and should take
into consideration their lifestyle factors, demographic characteristics (age, co-morbidities, physical
limitations, psychological and cognitive status), and pharmacological factors (polypharmacy regimens)
to choose the best inhaler device for that patient. Therefore, the treatment choice and device can
be tailored to individual patient needs and preferences. In addition, personalized interventions to
correct the factors that lead to non-adherence and/or incorrect inhaler technique should be provided to
improve health benefits among COPD patients.
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Med. Sci. 2019, 7, 54 9 of 11

Funding: J.R.J. is a researcher funded by the Brazilian Council of Research and Technology (CNPq).

Conflicts of Interest: The authors declare that J.R.J. is employed as a Regional Medical Expert by GlaxoSmithKline
and O.A.N. is employed as a Brazil Medical Expert by GlaxoSmithKline.

References

1. From the Global Strategy for the Diagnosis, Management and Prevention of COPD, Global Initiative for
Chronic Obstructive Lung Disease (GOLD). 2019. Available online: https://goldcopd.org (accessed on
19 February 2019).

2. Newhouse, M.T.; Dolovich, M.B. Control of asthma by aerosols. N. Engl. J. Med. 1986, 315, 870–874.
[CrossRef] [PubMed]

3. Dolovich, M.B.; Ahrens, R.C.; Hess, D.R.; Anderson, P.; Dhand, R.; Rau, J.L.; Smaldone, G.C.; Guyatt, G.
Device selection and outcomes of aerosol therapy: Evidence-based guidelines: American College of Chest
Physicians/American College of Asthma, Allergy, and Immunology. Chest 2005, 127, 335–371. [CrossRef]
[PubMed]

4. Darquenne, C.; Fleming, J.S.; Katz, I.; Martin, A.R.; Schroeter, J.; Usmani, O.S.; Venegas, J.; Schmid, O.
Bridging the Gap Between Science and Clinical Efficacy: Physiology, Imaging, and Modeling of Aerosols in
the Lung. J. Aerosol Med. Pulm. Drug Deliv. 2016, 29, 107–126. [CrossRef]

5. World Heath Organization. Adherences to Long-Term Therapies: Evidence from Action. Geneva. 2003.
Available online: www.who.int/chp/knowledge/publications/adherence_report/en (accessed on 15 May 2018).

6. Vrijens, B.; Dima, A.L.; Van Ganse, E.; van Boven, J.F.; Eakin, M.N.; Foster, J.M.; De Bruin, M.; Chisholm, A.;
Price, D. What We Mean When We Talk About Adherence in Respiratory Medicine. J. Allergy Clin.
Immunol. Pract. 2016, 4, 802–812. [CrossRef] [PubMed]

7. Vrijens, B.; De Geest, S.; Hughes, D.A.; Przemyslaw, K.; Demonceau, J.; Ruppar, T.; Dobbels, F.; Fargher, E.;
Morrison, V.; Lewek, P.; et al. A new taxonomy for describing and defining adherence to medications. Br. J.
Clin. Pharmacol. 2012, 73, 691–705. [CrossRef]

8. Kelloway, J.S.; Wyatt, R.A.; Adlis, S.A. Comparison of patients’ compliance with prescribed oral and inhaled
asthma medications. Arch. Intern. Med. 1994, 154, 1349–1352. [CrossRef] [PubMed]

9. Makela, M.J.; Backer, V.; Hedegaard, M.; Larsson, K. Adherence to inhaled therapies, health outcomes and
costs in patients with asthma and COPD. Respir. Med. 2013, 107, 1481–1490. [CrossRef] [PubMed]

10. Ismaila, A.; Corriveau, D.; Vaillancourt, J.; Parsons, D.; Stanford, R.; Su, Z.; Sampalis, J.S. Impact of adherence
to treatment with fluticasone propionate/salmeterol in asthma patients. Curr. Med. Res. Opin. 2014, 30,
1417–1425. [CrossRef]

11. Braido, F.; Chrystyn, H.; Baiardini, I.; Bosnic-Anticevich, S.; van der Molen, T.; Dandurand, R.J.; Chisholm, A.;
Carter, V.; Price, D.; Group, R.E. “Trying, But Failing”—The Role of Inhaler Technique and Mode of Delivery
in Respiratory Medication Adherence. J. Allergy Clin. Immunol. Pract. 2016, 4, 823–832. [CrossRef] [PubMed]

12. Pritchard, J.N.; Nicholls, C. Emerging technologies for electronic monitoring of adherence, inhaler competence,
and true adherence. J. Aerosol Med. Pulm. Drug Deliv. 2015, 28, 69–81. [CrossRef] [PubMed]

13. Rand, C.S.; Wise, R.A. Measuring adherence to asthma medication regimens. Am. J. Respir. Crit. Care Med.
1994, 149 Pt 2, S69–S76. [CrossRef]

14. Hassall, D.; Brealey, N.; Wright, W.; Hughes, S.; West, A.; Ravindranath, R.; Warren, F.; Daley-Yates, P. Hair
analysis to monitor adherence to prescribed chronic inhaler drug therapy in patients with asthma or COPD.
Pulm. Pharmacol. Ther. 2018, 51, 59–64. [CrossRef] [PubMed]

15. Plaza, V.; Fernandez-Rodriguez, C.; Melero, C.; Cosío, B.G.; Entrenas, L.M.; de Llano, L.P.; Gutiérrez-Pereyra, F.;
Tarragona, E.; Palomino, R.; López-Viña, A.; et al. Validation of the ‘Test of the Adherence to Inhalers’ (TAI)
for Asthma and COPD Patients. J. Aerosol Med. Pulm. Drug Deliv. 2016, 29, 142–152. [CrossRef]

16. Horne, R.; Weinman, J.; Barber, N.; Elliot, R.; Morgan, M. Concoedance, Adherence and Compliance in
Medicine Taking. 2005. A Report for the National Co-Ordinating Centre for NHS Service Delivery and
Organization R&D (NCCSDO). Available online: http://www.netscc.ac.uk/hsdr/files/project/SDO_FR_08-
1412-076_V01.pdf (accessed on 20 February 2019).

17. George, J.; Kong, D.C.; Stewart, K. Adherence to disease management programs in patients with COPD.
Int. J. Chronic Obstr. Pulm. Dis. 2007, 2, 253–262.

https://goldcopd.org
http://dx.doi.org/10.1056/NEJM198610023151406
http://www.ncbi.nlm.nih.gov/pubmed/2875391
http://dx.doi.org/10.1378/chest.127.1.335
http://www.ncbi.nlm.nih.gov/pubmed/15654001
http://dx.doi.org/10.1089/jamp.2015.1270
www.who.int/chp/knowledge/publications/adherence_report/en
http://dx.doi.org/10.1016/j.jaip.2016.05.019
http://www.ncbi.nlm.nih.gov/pubmed/27587314
http://dx.doi.org/10.1111/j.1365-2125.2012.04167.x
http://dx.doi.org/10.1001/archinte.1994.00420120066007
http://www.ncbi.nlm.nih.gov/pubmed/8002686
http://dx.doi.org/10.1016/j.rmed.2013.04.005
http://www.ncbi.nlm.nih.gov/pubmed/23643487
http://dx.doi.org/10.1185/03007995.2014.908827
http://dx.doi.org/10.1016/j.jaip.2016.03.002
http://www.ncbi.nlm.nih.gov/pubmed/27587316
http://dx.doi.org/10.1089/jamp.2014.1163
http://www.ncbi.nlm.nih.gov/pubmed/25548863
http://dx.doi.org/10.1164/ajrccm/149.2_Pt_2.S69
http://dx.doi.org/10.1016/j.pupt.2018.07.001
http://www.ncbi.nlm.nih.gov/pubmed/29981458
http://dx.doi.org/10.1089/jamp.2015.1212
http://www.netscc.ac.uk/hsdr/files/project/SDO_FR_08-1412-076_V01.pdf
http://www.netscc.ac.uk/hsdr/files/project/SDO_FR_08-1412-076_V01.pdf


Med. Sci. 2019, 7, 54 10 of 11

18. DiMatteo, M.R. Variations in patients’ adherence to medical recommendations: A quantitative review of
50 years of research. Med. Care 2004, 42, 200–209. [CrossRef]

19. Bourbeau, J.; Bartlett, S.J. Patient adherence in COPD. Thorax 2008, 63, 831–838. [CrossRef]
20. Restrepo, R.D.; Alvarez, M.T.; Wittnebel, L.D.; Sorenson, H.; Wettstein, R.; Vines, D.L.; Sikkema-Ortiz, J.;

Gardner, D.D.; Wilkins, R.L. Medication adherence issues in patients treated for COPD. Int. J. Chronic Obstr.
Pulm. Dis. 2008, 3, 371–384. [CrossRef]

21. Nascimento, O.A.; Camelier, A.; Rosa, F.W.; Menezes, A.M.; Pérez-Padilla, R.; Jardim, J.R. Chronic obstructive
pulmonary disease is underdiagnosed and undertreated in Sao Paulo (Brazil): Results of the PLATINO study.
Braz. J. Med. Biol. Res. 2007, 40, 887–895. [CrossRef]

22. Sulaiman, I.; Cushen, B.; Greene, G.; Seheult, J.; Seow, D.; Rawat, F.; MacHale, E.; Mokoka, M.; Moran, C.N.;
Sartini Bhreathnach, A.; et al. Objective Assessment of Adherence to Inhalers by Patients with Chronic
Obstructive Pulmonary Disease. Am. J. Respir. Crit. Care Med. 2017, 195, 1333–1343. [CrossRef] [PubMed]

23. Dolce, J.J.; Crisp, C.; Manzella, B.; Richards, J.M.; Hardin, J.M.; Bailey, W.C. Medication adherence patterns in
chronic obstructive pulmonary disease. Chest 1991, 99, 837–841. [CrossRef]

24. Machado, C.G.; Mesquita, G.A.M.; Ferro, J.S.; Alves, R.M.C.; Silva, J.L.R., Jr. Prevelence and predictors of
incorrect use of inhaler device in patients with COPD. Rev. Educ. Saude 2015, 3, 1–10.

25. Bosnic-Anticevich, S.; Chrystyn, H.; Costello, R.W.; Dolovich, M.B.; Fletcher, M.J.; Lavorini, F.;
Rodriguez-Roisin, R.; Ryan, D.; Ming, S.W.; Price, D.B. The use of multiple respiratory inhalers requiring
different inhalation techniques has an adverse effect on COPD outcomes. Int. J. Chronic Obstr. Pulm. Dis.
2017, 12, 59–71. [CrossRef]

26. Toy, E.L.; Beaulieu, N.U.; McHale, J.M.; Welland, T.R.; Plauschinat, C.A.; Swensen, A.; Duh, M.S. Treatment
of COPD: Relationships between daily dosing frequency, adherence, resource use, and costs. Respir. Med.
2011, 105, 435–441. [CrossRef]

27. Vestbo, J.; Leather, D.; Diar Bakerly, N.; New, J.; Gibson, J.M.; McCorkindale, S.; Collier, S.; Crawford, J.;
Frith, L.; Harvey, C.; et al. Effectiveness of Fluticasone Furoate-Vilanterol for COPD in Clinical Practice.
N. Engl. J. Med. 2016, 375, 1253–1260. [CrossRef] [PubMed]

28. Lipson, D.A.; Barnhart, F.; Brealey, N.; Brooks, J.; Criner, G.J.; Day, N.C.; Dransfield, M.T.; Halpin, D.M.;
Han, M.K.; Jones, C.E.; et al. Once-Daily Single-Inhaler Triple versus Dual Therapy in Patients with COPD.
N. Engl. J. Med. 2018, 378, 1671–1680. [CrossRef] [PubMed]

29. Wedzicha, J.A.; Banerji, D.; Chapman, K.R.; Vestbo, J.; Roche, N.; Ayers, R.T.; Thach, C.; Fogel, R.; Patalano, F.;
Vogelmeier, C.F. Indacaterol-Glycopyrronium versus Salmeterol-Fluticasone for COPD. N. Engl. J. Med. 2016,
374, 2222–2234. [CrossRef]

30. Simpson, S.H.; Eurich, D.T.; Majumdar, S.R.; Padwal, R.S.; Tsuyuki, R.T.; Varney, J.; Johnson, J.A.
A meta-analysis of the association between adherence to drug therapy and mortality. BMJ 2006, 333,
15. [CrossRef]

31. Vestbo, J.; Pauwels, R.; Anderson, J.A.; Jones, P.; Calverley, P. Early onset of effect of salmeterol and fluticasone
propionate in chronic obstructive pulmonary disease. Thorax 2005, 60, 301–304. [CrossRef]

32. Cramer, J.A.; Bradley-Kennedy, C.; Scalera, A. Treatment persistence and compliance with medications for
chronic obstructive pulmonary disease. Can. Respir. J. 2007, 14, 25–29. [CrossRef] [PubMed]

33. Van Boven, J.F.; Chavannes, N.H.; van der Molen, T.; Rutten-van Molken, M.P.; Postma, M.J.; Vegter, S.
Clinical and economic impact of non-adherence in COPD: A systematic review. Respir. Med. 2014, 108,
103–113. [CrossRef] [PubMed]

34. Dekhuijzen, R.; Lavorini, F.; Usmani, O.S.; van Boven, J.F.M. Addressing the Impact and Unmet Needs
of Nonadherence in Asthma and Chronic Obstructive Pulmonary Disease: Where Do We Go From Here?
J. Allergy Clin. Immunol. Pract. 2018, 6, 785–793. [CrossRef] [PubMed]

35. Calverley, P.M.; Anderson, J.A.; Celli, B.; Ferguson, G.T.; Jenkins, C.; Jones, P.W.; Yates, J.C.; Vestbo, J.
Salmeterol and fluticasone propionate and survival in chronic obstructive pulmonary disease. N. Engl.
J. Med. 2007, 356, 775–789. [CrossRef]

36. Vestbo, J.; Anderson, J.A.; Calverley, P.M.; Celli, B.; Ferguson, G.T.; Jenkins, C.; Knobil, K.; Willits, L.R.;
Yates, J.C.; Jones, P.W. Adherence to inhaled therapy, mortality and hospital admission in COPD. Thorax
2009, 64, 939–943. [CrossRef] [PubMed]

http://dx.doi.org/10.1097/01.mlr.0000114908.90348.f9
http://dx.doi.org/10.1136/thx.2007.086041
http://dx.doi.org/10.2147/COPD.S3036
http://dx.doi.org/10.1590/S0100-879X2006005000133
http://dx.doi.org/10.1164/rccm.201604-0733OC
http://www.ncbi.nlm.nih.gov/pubmed/27409253
http://dx.doi.org/10.1378/chest.99.4.837
http://dx.doi.org/10.2147/COPD.S117196
http://dx.doi.org/10.1016/j.rmed.2010.09.006
http://dx.doi.org/10.1056/NEJMoa1608033
http://www.ncbi.nlm.nih.gov/pubmed/27593504
http://dx.doi.org/10.1056/NEJMoa1713901
http://www.ncbi.nlm.nih.gov/pubmed/29668352
http://dx.doi.org/10.1056/NEJMoa1516385
http://dx.doi.org/10.1136/bmj.38875.675486.55
http://dx.doi.org/10.1136/thx.2004.025411
http://dx.doi.org/10.1155/2007/161652
http://www.ncbi.nlm.nih.gov/pubmed/17315055
http://dx.doi.org/10.1016/j.rmed.2013.08.044
http://www.ncbi.nlm.nih.gov/pubmed/24070566
http://dx.doi.org/10.1016/j.jaip.2017.11.027
http://www.ncbi.nlm.nih.gov/pubmed/29339126
http://dx.doi.org/10.1056/NEJMoa063070
http://dx.doi.org/10.1136/thx.2009.113662
http://www.ncbi.nlm.nih.gov/pubmed/19703830


Med. Sci. 2019, 7, 54 11 of 11

37. Cushen, B.; Sulaiman, I.; Greene, G.; MacHale, E.; Mokoka, M.; Reilly, R.B.; Bennett, K.; Doyle, F.;
van Boven, J.F.; Costello, R.W. The Clinical Impact of Different Adherence Behaviors in Patients with Severe
Chronic Obstructive Pulmonary Disease. Am. J. Respir. Crit. Care Med. 2018, 197, 1630–1633. [CrossRef]

38. Montes de Oca, M.; Menezes, A.; Wehrmeister, F.C.; Varela, M.V.; Casas, A.; Ugalde, L.; Ramirez-Venegas, A.;
Mendoza, L.; López, A.; Surmont, F.; et al. Adherence to inhaled therapies of COPD patients from seven
Latin American countries: The LASSYC study. PLoS ONE 2017, 12, e0186777. [CrossRef] [PubMed]

39. Simoni-Wastila, L.; Wei, Y.J.; Qian, J.; Zuckerman, I.H.; Stuart, B.; Shaffer, T.; Dalal, A.A.; Bryant-Comstock, L.
Association of chronic obstructive pulmonary disease maintenance medication adherence with all-cause
hospitalization and spending in a Medicare population. Am. J. Geriatr. Pharmacother. 2012, 10, 201–210.
[CrossRef] [PubMed]

40. Carls, G.S.; Roebuck, M.C.; Brennan, T.A.; Slezak, J.A.; Matlin, O.S.; Gibson, T.B. Impact of medication
adherence on absenteeism and short-term disability for five chronic diseases. J. Occup. Environ. Med. 2012,
54, 792–805. [CrossRef]

41. Montreal Protocol on Substances that Deplete the Ozone Layer. Available online: http://ozone.unep.org/

Publications/MP_Handbook/Section_1.1_The_Montreal_Protocol/index.shtml (accessed on 15 May 2018).
42. Molimard, M.; Raherison, C.; Lignot, S.; Depont, F.; Abouelfath, A.; Moore, N. Assessment of handling of

inhaler devices in real life: An observational study in 3811 patients in primary care. J. Aerosol Med. 2003, 16,
249–254. [CrossRef]

43. van der Palen, J.; Thomas, M.; Chrystyn, H.; Sharma, R.K.; Van Der Valk, P.D.; Goosens, M.; Wilkinson, T.;
Stonham, C.; Chauhan, A.J.; Imber, V.; et al. A randomised open-label cross-over study of inhaler errors,
preference and time to achieve correct inhaler use in patients with COPD or asthma: Comparison of ELLIPTA
with other inhaler devices. NPJ Prim. Care Respir. Med. 2016, 26, 16079. [CrossRef] [PubMed]

44. Feldman, G.J.; Sousa, A.R.; Lipson, D.A.; Tombs, L.; Barnes, N.; Riley, J.H.; Patel, S.; Naya, I.; Compton, C.;
Navarrete, B.A. Comparative Efficacy of Once-Daily Umeclidinium/Vilanterol and Tiotropium/Olodaterol
Therapy in Symptomatic Chronic Obstructive Pulmonary Disease: A Randomized Study. Adv. Ther. 2017,
34, 2518–2533. [CrossRef]

45. Gazzotti, M.R.; Nascimento, O.A.; Montealegre, F.; Fish, J.; Jardim, J.R. Level of asthma control and its impact
on activities of daily living in asthma patients in Brazil. J. Bras. Pneumol. 2013, 39, 532–538. [CrossRef]

46. Svedsater, H.; Dale, P.; Garrill, K.; Walker, R.; Woepse, M.W. Qualitative assessment of attributes and ease
of use of the ELLIPTA dry powder inhaler for delivery of maintenance therapy for asthma and COPD.
BMC Pulm. Med. 2013, 13, 72. [CrossRef]

47. Sanchis, J.; Gich, I.; Pedersen, S. Aerosol Drug Management Improvement T. Systematic Review of Errors in
Inhaler Use: Has Patient Technique Improved Over Time? Chest 2016, 150, 394–406. [CrossRef]

48. Giraud, V.; Allaert, F.A.; Magnan, A. A prospective observational study of patient training in use of the
autohaler inhaler device: The Sirocco study. Eur. Rev. Med. Pharmacol. Sci. 2011, 15, 563–570.

49. Klijn, S.L.; Hiligsmann, M.; Evers, S.; Roman-Rodriguez, M.; van der Molen, T.; van Boven, J.F.M. Effectiveness
and success factors of educational inhaler technique interventions in asthma & COPD patients: A systematic
review. NPJ Prim. Care Respir. Med. 2017, 27, 24.

50. Tommelein, E.; Mehuys, E.; Van Hees, T.; Adriaens, E.; Van Bortel, L.; Christiaens, T.; Van Tongelen, I.;
Remon, J.P.; Boussery, K.; Brusselle, G. Effectiveness of pharmaceutical care for patients with chronic
obstructive pulmonary disease (PHARMACOP): A randomized controlled trial. Br. J. Clin. Pharmacol. 2014,
77, 756–766. [CrossRef]

51. Plaza, V.; Giner, J.; Rodrigo, G.J.; Dolovich, M.B.; Sanchis, J. Errors in the Use of Inhalers by Health Care
Professionals: A Systematic Review. J. Allergy Clin. Immunol. Pract. 2018, 6, 987–995. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1164/rccm.201712-2469LE
http://dx.doi.org/10.1371/journal.pone.0186777
http://www.ncbi.nlm.nih.gov/pubmed/29140978
http://dx.doi.org/10.1016/j.amjopharm.2012.04.002
http://www.ncbi.nlm.nih.gov/pubmed/22521808
http://dx.doi.org/10.1097/JOM.0b013e31825463e9
http://ozone.unep.org/Publications/MP_Handbook/Section_1.1_The_Montreal_Protocol/index.shtml
http://ozone.unep.org/Publications/MP_Handbook/Section_1.1_The_Montreal_Protocol/index.shtml
http://dx.doi.org/10.1089/089426803769017613
http://dx.doi.org/10.1038/npjpcrm.2016.79
http://www.ncbi.nlm.nih.gov/pubmed/27883002
http://dx.doi.org/10.1007/s12325-017-0626-4
http://dx.doi.org/10.1590/S1806-37132013000500002
http://dx.doi.org/10.1186/1471-2466-13-72
http://dx.doi.org/10.1016/j.chest.2016.03.041
http://dx.doi.org/10.1111/bcp.12242
http://dx.doi.org/10.1016/j.jaip.2017.12.032
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Definition and Measurement of Adherence 
	Definition of Adherence 
	Methods to Measure Adherence 

	Factors Associated with Non-Adherence 
	The Impact of Non-Adherence on Exacerbations, Hospitalizations and Resource Use 
	The Importance of Inhaler Devices and Good Inhaler Technique 
	Interventions to Improve Adherence and Inhaler Technique 
	Conclusions 
	References

