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[bookmark: _Toc65839781][bookmark: _Toc66109213][bookmark: _Toc66174400]Abstract
[bookmark: _Toc65839782][bookmark: _Toc66109214][bookmark: _Toc66174401][bookmark: _Hlk67562815]Introduction Dry powder inhalers (DPIs), a commonly prescribed inhaler type for respiratory diseases, require patients to generate sufficient peak inspiratory flow (PIF) to ensure optimal drug delivery to the airways. Effectiveness of therapy also requires good inhalation technique and adequate medication adherence. For patients with chronic obstructive pulmonary disease (COPD), recent studies conducted in tertiary care suggest that DPI users with suboptimal PIF have poorer COPD-related health status and increased exacerbation risk versus those with optimal PIF. The PIFotal study will investigate the impact of PIF, inhalation technique and medication adherence on patient-reported outcomes in patients with COPD in primary care using a DPI for their maintenance therapy. 
[bookmark: _Toc65839783][bookmark: _Toc66109215][bookmark: _Toc66174402][bookmark: _Hlk70338708]Methods and analysis This cross-sectional observational study will assess 1200 patients (aged ≥40 years, diagnosed with COPD and using a DPI for COPD maintenance therapy for ≥3 months) from The Netherlands, Spain, Portugal, Poland, Greece and Australia. Assessments will consist of: (1) PIF measurements (usual patient inhalation manoeuvre, maximal PIF against resistance of own inhaler, and maximal PIF against low resistance); (2) Clinical COPD Questionnaire (CCQ), COPD Assessment Test and Test of Adherence to Inhalers scores; and (3) video recordings of patient inhalation technique. Dependent variables include health status (CCQ score), number of self-reported exacerbations in previous 12 months, and healthcare resource utilisation in previous 6 months. Independent variables include PIF values, inhalation technique errors, medication adherence, and demographic and clinical characteristics. 
[bookmark: _Hlk70406181][bookmark: _Toc66174403]In the primary analysis, mean difference in CCQ score between patients (1) with optimal/suboptimal PIF, (2) exhibiting/not exhibiting inhalation technique errors, and (3) adhering/not adhering to medication will be examined in a multivariable linear mixed model. 
Ethics 
The study protocol was approved by ethics committees/institutional review boards of all participating sites prior to enrolment; written informed consent was obtained from all study participants. 
[bookmark: _Toc66174406][bookmark: _Toc65839785]Trial registration number (ClinicalTrials.gov; NCT04532853).
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Key Summary Points
[bookmark: _Hlk80194920]Why carry out this study?
· In COPD, effectiveness of inhaled therapy delivered via dry powder inhalers (DPIs) requires generation of sufficient peak inspiratory flow (PIF), as well as good inhalation technique and medication adherence. 
· PIFotal is a cross-sectional observational study that will investigate the effects of PIF, inhalation technique and medication adherence on patient-reported outcomes in patients with COPD within a primary care setting.
· Here, we report the methodology of the PIFotal COPD study. 
What will be learned from the study?
Results from this study will enable better understanding of the relationship between PIF, inhalation technique, medication adherence and health status in DPI users.

Strengths and limitations of the study
· In contrast to previous studies, the assessment of PIF and inhalation manoeuvre will be measured objectively for a given inhaler using the In-Check DIAL device. 
· In contrast with previous large studies, PIFotal will use video recordings with multiple assessors to objectify inhalation technique errors.
· Patients manifesting inhalation errors during their visit will receive tailored instruction in correct inhaler technique.
· [bookmark: _Hlk67581063]Limitations include: the cross-sectional study design, which does not allow the assessment of causality; recall bias associated with self-reported instruments; and no comparison of DPIs versus other inhaler types.
· In addition, the study only includes patients with stable COPD and not current exacerbations.

[bookmark: _Toc65839786][bookmark: _Toc66109218][bookmark: _Toc66174409][bookmark: _Hlk12527598]

INTRODUCTION
[bookmark: _Hlk67477786][bookmark: _Hlk70487384][bookmark: _Hlk67056971]Chronic obstructive pulmonary disease (COPD) is a progressive lung condition that requires maintenance therapy for symptom control and prevention of exacerbations.[1] The dominant therapeutic strategy for COPD consists of inhaled therapy, which is most commonly delivered via dry powder inhalers (DPIs).[1, 2] Indeed, in a large-scale analysis of real-world data from Europe, USA, Japan and China, 89% of 3,326 COPD patients were prescribed a DPI versus19% prescribed a pressurised metered dose inhaler (pMDI) (some patients used more than one inhaler type for maintenance therapy).[3] Furthermore, around 45% of inhaler-delivered medications listed as commonly used by the Global Initiative for Chronic Obstructive Lung Disease [GOLD] can be delivered by DPIs.[4] More than 20 different DPIs are currently available, demonstrating varying performance levels dependent on the mechanism of disaggregation, aerosolisation, dose metering accuracy and inter-patient variability in the use of DPIs.[5] DPIs act as breath-actuated devices, many of which require the patient to generate sufficient peak inspiratory flow (PIF) to disaggregate the powder into particles with a diameter <5 μm, which can then be inhaled into the lower respiratory tract.[6-9] The internal resistance of a device, and hence the flow required to overcome this resistance, vary with different DPI designs.[6]
[bookmark: _Hlk75779162][bookmark: _Hlk65509879]Prevalence data on suboptimal PIF are scarce in patients with COPD, particularly in primary care. Findings from observational studies suggest that 32–47% of inpatients admitted for exacerbations of COPD demonstrated a suboptimal PIF (<60 L/min) prior to discharge; suboptimal PIF was also reported in 19–78% of stable outpatients with COPD.[10] In a small observational study of outpatients with COPD, suboptimal PIF (defined as PIF <60 L/min for a low–medium resistance device and PIF <30 L/min for a high resistance device) was seen in 40% of participants, suggesting that many patients do not generate sufficient inspiratory force to overcome the resistance of prescribed DPIs.[7] Several independent predictors for suboptimal PIF have been identified, including patient effort, female gender, shorter height, and older age.[7, 11, 12] In order to judge whether a patient will be able to use and benefit from a DPI device, PIF should be measured in the clinical setting.
[bookmark: _Hlk75779196]A limited number of studies have assessed the effect of PIF on clinical outcomes in patients with COPD. Recent studies have found that reduced PIF predicts both all-cause and COPD-related hospital readmission in patients with COPD.[8] In a retrospective analysis by Loh et al.,[8] patients hospitalised with a COPD exacerbation and with PIF ≤60 L/min prior to discharge had significantly fewer days until the next all-cause and COPD readmission compared with those with a PIF >60 L/min. Moreover, in patients discharged from the hospital, poor PIF is a predictor of readmission for COPD.[8] 
Inhalation technique is often sub-optimal in patients with COPD [13, 14] and this can reduce the effectiveness of an inhaled therapy, regardless of inhaler type.[15-18] DPIs, for example, require patients to exhale fully before inhaling the medication, followed by a strong, deep inhalation.[9] In a prospective observational study by Sulaiman et al., low PIF (<35 L/min) was found to be the most common inhaler technique error with DPIs, with 48% of COPD patients studied inhaling with insufficient effort from a DPI. [19] Other inhalers can also be associated with inhalation errors. For example, in a meta-analysis of 10 studies, the three most common errors associated with use of pMDIs in 1,105 patients with COPD were failure to exhale fully and away from the inhaler before inhalation (66% of patients), failure to hold breath for 5–10 seconds (42%) and failure to inhale slowly and deeply (39%).[20] Similar errors were identified in a meta-analysis of 12 studies (n=1,288) investigating device use errors with soft mist inhalers: those occurring in more than one in four patients were failure to exhale fully and away from the device before inhalation, failure to hold breath for up to 10 seconds, and failure to take a slow, deep breath while pressing the dose release button.[21] As such, while sub-optimal PIF appears to be the most common inhalation technique error for DPI users, the reverse (‘supra-optimal’ PIF) is common among pMDI and soft mist inhaler users. 
Both GOLD and the Global Initiative for Asthma advise checking inhalation technique at every visit and before changing medication.[1, 22] However, inhalation technique is often not assessed when selecting an inhaler device and treatment.[13, 17, 18, 23, 24] If patients are not educated on the correct use of their inhalers, clinical outcomes may be compromised.[25, 26] The CRITIKAL study examined the use of inhalers in patients with asthma to identify errors that impact most negatively on clinical outcomes. It found that insufficient inspiratory effort was common in DPI users (32–38%) and was found to be associated with uncontrolled asthma and increased exacerbation rates.[24] Other factors associated with an increased rate of exacerbations in this study included not sealing lips around the mouthpiece, the dose being compromised because of shaking or tipping the device, and not removing the cap from the device.[24] In the same study, actuation before inhalation was found to have a significant association with uncontrolled asthma for pMDI users, whereas insufficient inspiratory flow was not, suggesting that problems with coordination are more critical for adequate disease control with pMDIs.[27] Another disadvantage of pMDIs over other classes of inhaler is the environmental impact, with an estimated 20–30 times higher carbon footprint of selected pMDIs versus DPIs.[28] This should be taken into account alongside other factors when choosing an inhaler.
[bookmark: _Hlk72228455]Non-adherence to medication represents another significant barrier to optimal disease management.[29] Non-adherence can be ‘conscious’, and is often due to patient doubts about the necessity of using an inhaler, economic concerns (medication-sparing) or perceived concerns around safety.[30, 31] It can also be ‘unwitting’, such as not following instructions to prepare the dose, inappropriate handling of the inhaler device, not holding one’s breath after inhaling the medication, or incorrect posture (e.g. not tilting the head slightly).[17, 18, 24] Note that unwitting non-adherence may overlap with inhalation technique errors. Finally, non-adherence may be ‘erratic’, meaning the patient forgets to take their medication.[32] 
[bookmark: _Hlk75764201][bookmark: _Hlk75764545][bookmark: _Hlk75764244]Better understanding of the relationship between PIF, inhalation technique and medication adherence, and their impact on health status will help physicians to select the most suitable inhaler device for each patient. Optimising these factors has the potential to improve the effectiveness of maintenance therapy, including long-term disease control and quality of life [33] (Figure 1). Here we report the methodology of the PIFotal COPD study, which will investigate the effects of PIF, inhalation technique and medication adherence on patient-reported outcomes in patients with COPD in primary care who are using a DPI for their maintenance therapy. For further information, the study protocol is available on request (version 3; date: 31 July 2020). 

[bookmark: _Toc65839787][bookmark: _Toc66109219][bookmark: _Toc66174410]OBJECTIVES
[bookmark: _Toc66109220][bookmark: _Toc66174411]Primary objectives
The primary objectives of this cross-sectional observational study are to determine the association of: (1) PIF; (2) inhalation technique errors; and (3) medication adherence with health status in COPD patients who receive maintenance therapy (i.e. long-acting bronchodilators either with or without inhaled corticosteroids [ICS]) delivered through a DPI.

[bookmark: _Toc66109221][bookmark: _Toc66174412]Secondary objectives
Secondary objectives are: (1) to determine the association of PIF, inhalation technique errors and medication adherence with history of exacerbations and historical healthcare resource utilisation (HCRU; i.e. relevant consultations of healthcare providers, hospitalisations, and clinical parameters); (2) to identify critical inhalation technique errors based on the relationship of these errors with health status and prior exacerbations; (3) to determine the prevalence of suboptimal PIF and different inhalation technique errors (critical and non-critical) for the different inhaler resistance clusters; (4) to examine associations of inhalation technique errors with maximal PIF (against resistance of own inhaler); and (5) to examine associations between patient-specific factors and maximal PIF (against low resistance).

[bookmark: _Toc65839788][bookmark: _Toc66109222][bookmark: _Toc66174413]METHODS
[bookmark: _Toc65839789][bookmark: _Toc66109223][bookmark: _Toc66174414]Study design
[bookmark: _Hlk66166411]The PIFotal COPD study (registered on 31 August 2020) is a cross-sectional observational study that will be conducted in six countries: The Netherlands, Spain, Portugal, Poland, Greece and Australia. A list of study sites can be found at https://clinicaltrials.gov/ct2/show/study/NCT04532853. Details of the PIFotal study design can be found in Figure 2.
Between October 2020 and May 2021 (first participant enrolled on 21 October 2020), patients will be invited to participate in the study through the following sites in both urban and rural areas: general practitioner (GP) practices, community pharmacies, outpatient clinics (both public and private) and patient organisations. Visits at home are also permissible during the COVID pandemic. Overall inclusion and data collection will be overseen by the General Practitioners’ Research Institute (GPRI) and boosted by ‘local champions’ (i.e. colleagues in the professional GPRI network who have agreed to lead the PIFotal study in a specific country). The PIFotal COPD study will be conducted in a manner that is consistent with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) criteria.[34] Selection bias will be avoided by visiting older people who have mobility impairment in their homes and by helping patients who have low literacy to fill out the study questionnaires. All study sites will be trained on how to assist patients in the completion of questionnaires without influencing the results (e.g. reading out the questions with all possible answers, but not interpreting the answers). Furthermore, careful monitoring will be carried out to ensure correct assessment of PIF measures. The video recordings of inhalation technique will be scored by two independent assessors using the checklist of the Netherlands Lung Alliance.[35] In case of disagreement, two assessors will try to reach consensus. If unsuccessful, a third experienced assessor will be invited to reconcile the disagreement. 
[bookmark: _Toc65839790][bookmark: _Toc66109224][bookmark: _Toc66174415]
Sample size calculation (based on analysis of primary outcome) 
A power analysis was conducted based on the Clinical COPD Questionnaire (CCQ). Patients with optimal PIF are expected to have a CCQ score that is on average 0.2 points lower (i.e. better health status) (standard deviation = 1, Cohen’s D = 0.2) than patients with suboptimal PIF for their specific device resistance. This difference corresponds to 50% of the minimal clinically important difference for a CCQ of 0.4 points.[36] Furthermore, to take a clustering effect into account (patients from the same GP practice or site may be more alike than those from different GP practices), we estimate the intraclass correlation to be 0.03 (based on data from 1,022 COPD and asthma-COPD overlap patients from a data registry of an asthma/COPD outpatient clinic).[37] Thus, expecting a Cohen’s D of 0.2, taking into account a cluster size of 12 patients per GP practice and a 2:1 ratio of optimal to suboptimal patients, and adopting 5% significance (α) and 80% power (1–β), a total of 1,176 patients need to be included. Hence, a sample size of ~1,200 patients is deemed a suitable population size.
Patient population
Two measures will be put in place to promote the real-world nature of the study. First, diagnosis of COPD may be made by a physician without the requirement to conduct additional confirmatory and ancillary testing. Second, only a limited number of inclusion and exclusion criteria will be adopted. 
In order to be eligible to participate in the PIFotal COPD study, a patient must meet the following inclusion criteria: (1) a diagnosis of COPD; (2) aged ≥40 years; (3) current use of maintenance therapy (i.e. long acting bronchodilator(s) either with or without inhaled ICS delivered through a DPI) for at least 3 months; and (4) sufficient investigator-assessed decision-making capacity to provide informed consent (e.g. absence of acute psychotic disorders, severe pervasive developmental disorders/severe intellectual disability or advanced neurodegenerative disease).
[bookmark: _Hlk67499612]Exclusion criteria include: (1) an exacerbation requiring oral corticosteroids and/or antibiotics in the past 6 weeks; (2) life-threatening disease and life expectancy <6 months; and (3) currently participating in a randomised controlled trial of COPD medication.
To make sure that the results of the study are generalisable, we aim to have representative rates of all DPIs used by the patients. This is likely to be achieved without adopting stratified sampling. However, after inclusion of 800 participants, we will check the distribution of DPI devices with varying resistances. If it is apparent that one specific device is used by more than 50% of the participants (400 participants), patients using this device will no longer be invited to participate in the study.

[bookmark: _Toc65839793][bookmark: _Toc66109227][bookmark: _Toc66174418]Main study parameters
The PIFotal study will collect data on health status (measured with CCQ and COPD Assessment Test) and number of self-reported COPD exacerbations in the previous 12 months. Since exacerbations may exhibit seasonal effects,[38] collecting data for ≤12 months prior to the visit reduces the risk of seasonal factors such as weather influencing exacerbation results.
PIF will be assessed using the In-Check DIAL G16 device,[39-41] a disposable, single-patient mouthpiece with a one-way valve that prevents patients from exhaling into the device. The resistance of the In-Check DIAL G16 will be set to match the resistance of the patient’s own inhaler. If a patient uses multiple inhalers, the assessment priority list of inhalers (Table 1) will outline the inhaler PIFR cut-off measurements. The list is calculated based on the prevalence of inhalers in participating countries, prioritising the more common inhalers in order to obtain the most representative and generalisable data. PIF will be assessed in three different ways: (1) PIF for the usual patient inhalation manoeuvre at the resistance of own inhaler; (2) maximal PIF at the resistance of own inhaler (Max PIF [Rx]); and (3) maximal PIF at low resistance (Max PIF [R1]) of the In-Check DIAL device.

[bookmark: _Hlk80634439]Table 1. List of included inhalers and PIF cut-off levels
	Inhaler type
	Assessment priority
	Minimal PIF literature (L/Min)
	Optimal PIF literature (L/Min)
	Cut off value for suboptimal
PIF
	In-Check DIAL setting

	Ellipta [6, 42]
	1
	30
	60
	60
	Medium/low

	Turbuhaler [6, 42]
	2
	30
	60
	60
	Different for different molecules

	Breezehaler [6, 42]
	3
	50
	50
	50
	Low

	Zondaa
	4
	20
	39
	30
	High

	Genuair [6, 42]
	5
	40
	45
	45
	Medium

	Novolizer [6, 42]
	6
	35
	50
	50
	Medium

	Spiromax [6, 42]
	7
	40
	40
	40
	Medium

	Diskus [6, 42]
	8
	30
	60
	60
	Medium/low

	HandiHaler [6, 42]
	9
	20
	30
	30
	High

	NEXThaler [6, 42]
	10
	35
	35
	35
	Medium/high

	Cyclohaler (Aerolizer) [6] 
	11
	40
	65
	65
	Low

	Easyhaler [6, 42]
	12
	30
	30
	N/A
	N/A

	Forspiro [43]
	13
	30
	60
	60
	Medium

	Elpenhalerb [44]
	14
	30
	60
	60
	Different for different molecules

	Clickhaler[39, 45]
	17
	15
	15
	N/A
	Medium


[bookmark: _Hlk73623435]aPersonal communication. TevaMedical, 2020.
bPersonal communication. Paul Hagedoorn, 2021
PIF, peak inspiratory flow.

For assessment of inhalation technique, patients will inhale their usual medication and the inhalation procedure will be video recorded for later assessment of successive inhalation steps by two independent raters, based on standard inhaler technique guidelines.[35] Self-reported medication adherence will be assessed using the 12-item version of the Test of Adherence to Inhalers (TAI-12),[32, 46] which measures ‘unwitting’, ‘erratic’ and ‘conscious’ non‑adherence.
HCRU will be assessed over the last 6 months, including primary and secondary care, care provided by other healthcare providers, hospitalisations, laboratory assessments and medication use. HCRU data is usually collected in the 6 months prior to study visit because this data relies on patient reports and evidence suggests that recall of patients over periods ≥6 months is not reliable.[47]
The names (generic and brand), anatomic therapeutic chemical code of the World Health Organization,[48] dose, frequency, number of puffs, type of device, duration of device use and other medications prescribed to a patient will be recorded.
Demographic and clinical characteristics, including sex, age, height, weight, COPD duration (years), COPD severity (collected at GP examination or through patient report), smoking behaviour and previous asthma will be recorded. 
[bookmark: _Hlk67996165]Assessment of safety is described in the Supplementary material.
SARS-COV-2
To prevent contamination and thereby the risk of a viral infection with SARS-COV-2 for a successive participant, the In‑Check DIAL will be cleaned after each use. Furthermore, it is important to note that the In-Check DIAL G16 uses one-way valves and requires an inspiratory manoeuvre which does not produce aerosols through which viruses can spread. However, in the unlikely event of serious adverse events, the sponsor will report these to the accredited ethics committee that approved the study protocol.
The possibility of virtual visits was investigated in a short pilot but was deemed to be unfeasible within the current population. Therefore, no virtual visits will be performed. Visits at home will be identical to those at the GP’s office or pharmacy. As described above, extensive safety measures will be in place to prevent COVID infection, independent of where the visit is performed.

[bookmark: _Toc65839794][bookmark: _Toc66109230][bookmark: _Toc66174421]Statistical analysis
[bookmark: _Hlk67575265]Participants’ clinical and demographic characteristics will be summarised using descriptive statistics. In the primary analysis, the mean difference in CCQ score between (1) patients with optimal/suboptimal PIF, (2) patients who do/do not exhibit inhalation technique errors, and (3) patients who do/do not adhere to medication will be examined in a multivariable linear mixed model. Adjustment will be made for covariates and the possible confounding effect of COPD severity (e.g. effect of device choice on PIF and CCQ score). Secondary objectives will be examined in two multivariable Poisson (or negative binomial) mixed models for quantitative variables. To facilitate a clinical interpretation of the magnitude of associations of PIF, inhalation technique errors, and medication adherence with CCQ score, the unstandardised regression coefficients of these independent variables will be compared with those between the CCQ score and the unstandardised regression coefficients of other characteristics (e.g. sex, age, smoking pack-years). Mixed model analysis will be used to account for potential dependence of observations (i.e. patients from the same GP practice or site may be more alike than those from different GP practices or sites, possibly due to the inhalation training provided within the GP practice). Model assumptions (e.g. normality, linearity and homoscedasticity) will be examined. Additionally, the following sensitivity and subgroup analyses will be conducted by repeating the primary analysis to assess: (1) COPD Assessment Test as the dependent variable; (2) repeating the main analysis using propensity score matching rather than adjustment for covariates; (3) patients with a PIF below and above the minimal PIF according to the Summary of Product Characteristics of the device that a patient uses; and (4) sub-groups excluding patients with a history of asthma, current use of pressurised metered-dose inhalers (pMDIs), diagnosis of COPD as confirmed through spirometry (COPD severity according to GOLD stages 1–4), prior exacerbations before switching over to a new medication or use of multiple inhalers. Missing data will be imputed using multiple imputation. The imputation model will comprise all variables included in the analyses, and all variables that predicted missingness of a variable or its value. Imputed values will be obtained in three rounds. Parameters and test statistics will be calculated. To control for an undesired inflation of the type I error rate, the alpha value will be adjusted using the False Discovery Rate.[43] Missing or ambiguous CCQ scores will be calculated using the individual domains where possible.
[bookmark: _Toc65839795][bookmark: _Toc66109231][bookmark: _Toc66174422]Scientific advisory board
A scientific advisory board has been set up to provide advice on the study protocol, the conduct of the study, data to be collected (including time windows, e.g. which time period to consider for HCRU), statistical analyses and interpretation of the results. All members of the scientific advisory board are distinguished researchers and/or clinicians in the field of respiratory medicine and care for patients with COPD (Supplementary Table 1). 
The study sponsor is the GPRI, who will undertake data collection and analysis for the study and facilitate and coordinate participation across the study sites. A Data Governance Committee has been set up to decide on the data use for new projects, and consists of the chair of the scientific advisory board (Ioanna Tsiligianni), the principal investigator (Janwillem Kocks) and a representative from the funder (Alberto de la Hoz).

[bookmark: _Toc65839796][bookmark: _Toc66109232][bookmark: _Toc66174423]Data collection and management
[bookmark: _Hlk65769519][bookmark: _Hlk74649901][bookmark: _Hlk66168162]Personal data will be handled confidentially. During the analysis phase, all data will be pseudonymised. All participants will receive a unique study identification number. This number will not be linked to the participants’ personal information (e.g. initials and birth date). Instead, a participant identification code list will be used to link data to a participant, and the key to the code will be safeguarded by the coordinating investigator. Data will be entered into an electronic case report form (eCRF). Castor,[49] a data collection software, will be used to ensure the adequate entry, management and storage of the collected data. All inhalation technique videos will be recorded on centrally managed iPads and uploaded directly into Castor. The videos will be removed from the iPad after uploading, and all data on iPads will be encrypted by Castor servers. Only those researchers that are responsible for the assessment of the inhalation technique can decrypt the video files and see the patients’ images. All other researchers that can access the eCRF will not be able to view the video recordings. 

[bookmark: _Toc65839797][bookmark: _Toc66109233][bookmark: _Toc66174424]Ethics and dissemination
The PIFotal COPD study will be conducted in accordance with the principles of the Declaration of Helsinki (version October 2013) [50] and in accordance with ethical legislation of all participating countries. The study protocol has received approvals from the following institutional ethics committees/institutional review boards: Australia: Human Research Ethics Committee (HREC 3) University of Sydney; Greece: Research Ethics Committee University of Crete; Poland: Komisja Bioetyczna przy Beskidziej Izble Lekarskiej – Bielsko Biala; Komisji Bioetycznej przy Śląskiej Izbie Lekarskiej; Silesian Medical Society (Śląska Izba Lekarska); Bioethics Committee at Lower Silesian Medical Association; Bioethics Committee at the Medical University of Biaystok; Portugal: North Health Regional Administration (ARS Norte); Matosinhos Local Health Unit (ULS Matosinhos); Guimarães Hospital; Center Health Regional Administration (ARS Centro); Regional Health Administration of Lisbon and Tagus Valley (ARS LVT); Spain: Comité de Ética de la Investigación (CEI) Islas Baleares; CEI Hospital Universitario de Gran Canaria; The Netherlands: Medisch Ethische Toetsingscommissie (METC) Assen. Written informed consent will be obtained by the site investigator from all study participants before questionnaire completion, PIF assessment and audio-visual recording of their inhalation technique. Specifically, with regard to the audio-visual recording, participants will be asked for informed consent (a) to share the audio-visual recordings with raters (who will rate the inhalation techniques) and (b) for using the video for medical education purposes. Further information on confidentiality is detailed in the informed consent form (Supplementary material).
The study findings will be reported in due course at research conferences and in peer-reviewed journals. The study protocol and clinical study data will be made available after publication of the primary manuscript in a peer-reviewed journal. These data will be available upon reasonable request. Further details will be provided in the primary manuscript.

[bookmark: _Toc66109234][bookmark: _Toc66174425]Monitoring and quality assurance
The PIFotal COPD study will be conducted in accordance with internationally accepted STROBE quality criteria.[34] Monitoring will be carried out by an independent study monitor contracted by GPRI. All data will be entered in the eCRF by the investigator using the study-specific iPad directly into Castor. Castor has an audit trail that enables the tracking of changes and the application of validation rules. This will minimise errors and missing values on questionnaires. If data is completed on paper (for instance, as a fail-safe system in case of technical issues during a visit), double data entry will be performed afterwards. 

[bookmark: _Toc66109235][bookmark: _Toc66174426]End of study notification
If required by local regulations, the investigator/sponsor will notify the accredited medical ethical committee of the end of the study within a period of 8 weeks, and will submit a final report with the results of the study, including any publications/abstracts of the study, to the accredited medical ethical committee.
[bookmark: _Toc65839798][bookmark: _Toc66109236][bookmark: _Toc66174427]DISCUSSION
The PIFotal COPD study is the first to examine the real-world prevalence and implications of PIF, as well as inhalation technique and medication adherence, on patient behaviour and disease outcomes in patients with COPD who are receiving maintenance treatment with DPIs. The unique design of this study will also enable us to better understand the relationship between demographic and clinical characteristics and PIF.
Following hospitalisation for an acute exacerbation of COPD, patients are commonly discharged on DPIs if they have been using them during their hospital stay, possibly because they require fewer steps to use than pMDIs.[8] However, sufficient inspiratory flow is needed to overcome the internal resistance of a DPI device and ensure delivery of the medication to the lungs.[51] Suboptimal PIF is common among COPD patients at hospital discharge, with female gender being the only factor consistently associated with reduced PIF.[7, 40] However, little is known about the association of suboptimal PIF with clinical and demographic factors, which has contributed to the development of this real-world observational study.
Strengths and limitations
A major strength of the PIFotal study is that, unlike in previous studies, the assessment of PIF and inhalation manoeuvre will be measured objectively for a given inhaler using the In-Check DIAL device. An additional strength is that it will measure maximal PIF as well as the typical patient inhalation manoeuvre, which will provide insights into the reasons for poor inspiratory effort. This may help to differentiate patients who cannot achieve optimal PIF due to lack of muscle strength or other physiological factors (e.g. hyperinflation) and thus cannot be trained, versus patients who do not achieve optimal PIF but can be trained. Real-time feedback will be used to improve inhaler technique. Studies investigating the benefits of real-time feedback on inhaler technique have demonstrated significant improvements.[52-54] Another novel element of this study is the use of a video recording, allowing a thorough assessment of any errors in inhalation technique. The assessment is challenging as the inhalation manoeuvre is performed very quickly (within a few seconds), with almost 20 possible errors that can occur. In previous studies, inhalation technique was not recorded but rated on the spot by a number of different observers, resulting in potentially subjective observations and the possibility of inter-rater variability.[24] The video recordings used in this study will allow the manoeuvre to be replayed by two trained researchers, increasing the inter-rater reliability of the assessment.
The PIFotal study is associated with a number of potential limitations. The first is the focus on DPIs; however, as DPIs are the most commonly prescribed inhaler type for COPD, data from the PIFotal study should be well representative of primary care prescribing patterns and therefore highly generalisable. Furthermore, previously published data indicate that insufficient inspiratory flow is less of a critical inhalation technique error for other inhaler types, such as pMDIs.[27] Even though DPI use is a prerequisite for entry into the PIFotal study, concomitant use of other inhaler types is, in fact, permitted and will be accounted for in the sensitivity analyses. Other potential limitations include the inability to assess causality, owing to the data collection at a single point in time. In addition, questionnaire-based studies are subject to potential recall bias, and there is the potential that patients may alter their inhalation technique in order to conform to expectations while being videoed. 
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This large multinational observational study will help healthcare professionals to understand the importance of optimal PIF, inhalation technique and medication adherence in DPI users, and the possible clinical consequences in terms of patient-reported outcomes. This will assist primary care physicians with selecting the most appropriate device for each patient, with a resistance that better matches their inhalation ability. 
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[bookmark: hypothesized]Figure legends
Figure 1. Hypothesised relationship between study outcomes.
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[bookmark: _Hlk70695076]Figure 2. PIFotal study design.  
Figure produced by GPRI.
Step 1: clinical examination; Step 2: verification of eligibility; Step 3: written informed consent; Step 4: PIF assessment; Step 5: maximal PIF against the resistance of patient’s own device; Step 6: maximal PIF at low resistance; Step 7: fill in three questionnaires (Clinical COPD Questionnaire, COPD Assessment Test and Test of Adherence to Inhalers); Step 8: inhalation technique will be video-recorded using usual medication; Step 9: patients receive tailored inhalation instructions based on the inhalation errors. 
PIF, peak inspiratory flow. 
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