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Supplementary methods

Devices that determine inhalation parameters through dry powder inhalers
The Inhaler Compliance Assessment (INCA) device, which attaches to Diskus®, uses sound to measure peak inspiratory flow (PIF) and was used to determine that many patients with chronic obstructive pulmonary disease do not achieve adequate inspiratory flow in the home setting;1 however, the device was not commercially available as of early 2020. The Digihaler™ (Teva) has sensors integrated into Spiromax® and measures inspiratory flow and volume.2 The Respiro (Amiko) device is a digital sensor attachment that can be used to measure PIF through detection of airflow vibrations.3






Supplementary Table 1: Variability in Measuring Techniques for PIF Using Inhalers or In-Check™ DIAL in Published Studies 
	[bookmark: _Hlk71637399]Study
	How Was PIF Measured?
	Instructions for PIF Provided?
(Yes/No)
	Instructions and Methods for Measuring PIF

	PIF Measured Using a Modified Inhaler and/or an IPR

	Abadelah et al. 20194
Financial support: not reported
	Inhalation profiles were recorded using an empty Onbrez Breezhaler® and an IPR5 
	Yes
	Patients were given the Breezhaler® PIL to read and were trained to inhale as hard and fast as they could from the start of the inhalation maneuver and for as long as they could.
Instructions for exhalation were not provided

	Altman et al. 20185
Financial support: Novartis Pharma AG
	Breezhaler®, Ellipta®, and HandiHaler® were modified at the mouthpiece with a small, stainless steel tube to connect to a custom-built, calibrated IPR pressure transducer
	Yes
	[bookmark: _Hlk15417183]Patients were trained on use of each inhaler by study personnel. A standard “Investigator’s Test Script” was used across all sites to standardize the inhalation maneuver. Each patient was required to record 3 inhalation profiles using each inhaler. Patients were allowed to rest between successive inhalations from the same inhaler, and between inhalations from 2 different inhalers. The highest PIF value of the 3 replicate inhalations per inhaler was used for the analyses.
Instructions for exhalation were not provided

	Anderson et al. 20216
Financial support: GlaxoSmithKline
	PIF was measured by routine spirometry and electronic clinical assessments (clinical studies) and without superimposed flow resistance to simulate inhaler physics (KPNW database)
	No
	Patients wore a nose clip engaged with the spirometer mouthpiece and continued tidal breathing until they were relaxed. At least 3 and no more than 8 complete maximal flow volume loops were obtained for each patient, and the highest PIF measurement recorded was reported. The estimated PIF achieved through the moderate-resistance Ellipta® DPI was calculated from the measured spirometric PIF using an equation developed based on data from 2 previous studies* in patients with COPD of all severities

	Azouz et al. 20157
Financial support: not reported
	A Micro-Loop spirometer was modified so that adapters could be fitted onto the air inlet end of the spirometer. For each DPI (Aerolizer®, Diskus®, Easyhaler®, and Turbuhaler®), a specially designed adapter was used to ensure airtight seals between the adapter, the spirometer inlet, and the empty DPI
	No
	Inhalation flow profiles were measured by asking patients to perform their normal (real-life) DPI inhalation. Each patient performed 2 separate inhalations through each inhaler, and the profile with the fastest PIF was chosen for data analysis. Patients were given a 5-minute rest between the 2 separate inhalations through each inhaler.
The resistances of Aerolizer®, Diskus®, Easyhaler®, and Turbuhaler® were 0.0207, 0.0249, 0.0424, and 0.0335 (kPa)0.5(min L-1), respectively.
Note: the time when PIF occurred after starting the inhalation (Tp; in seconds) was also assessed.
Instructions for exhalation were not provided

	Azouz et al. 20158
Financial support: Teva Pharmaceuticals
	A probe was placed into the inhalation channel of each inhaler (Spiromax® and Turbuhaler®) distal from the opening of the mouthpiece. From pressure-time readings and the corresponding inhalation flow readings, PIF (L/min) and time to PIF (Tmax) were obtained
	Yes
	[bookmark: _Hlk18949535]Training for each DPI was provided verbally by a highly trained researcher, with instructions as per the PIL (obtained from the manufacturers). Two consecutive inhalation maneuvers were performed with each inhaler. 
Study participants then underwent enhanced training using an In-Check™ DIAL set to the resistance for Turbuhaler®. Training was provided by a highly trained researcher, who also made the inhalation maneuver measurements. Participants were shown their PIF and encouraged to improve it by inhaling more quickly, particularly from the start of inhalation. 
Inhalation parameters for 2 maneuvers performed using the faster inhalation technique were measured in the same way as before enhanced training.
For each pair of maneuvers, the profile with the highest PIF was selected for analysis

	Broeders et al.9 (2001)
Financial support: GlaxoSmithKline, Zeist, The Netherlands
	Inhalation pressure profiles were recorded by a pressure transducer, measuring pressures in the mouthpiece during inhalation through Diskus® and Turbuhaler®. Inhalation profiles (including PIF) were stored on an IPR
	No
	Patients inhaled 3 times through each inhaler
Instructions for exhalation were not provided

	Broeders et al.10 (2003)
Financial support: GlaxoSmithKline, Zeist, The Netherlands
	Inhalation pressure profiles were recorded by a pressure transducer, measuring pressures in the mouthpiece during inhalation through Diskus® and Turbuhaler®. Inhalation profiles (including PIF) were stored on an IPR
	Yes
	In the first part of the study, patients inhaled through their inhaler as they would in their daily lives, without specific additional instruction. Before the second part of the study, the patients were given specific additional verbal and written instructions, according to the manufacturer’s leaflet. Patients inhaled 3 times through each device

	Broeders et al.11 (2005)
Financial support: GlaxoSmithKline, Zeist, The Netherlands
	The inhalation profiles including PIF were recorded by a pressure transducer, the IPR, during inhalation through a placebo Diskus® and Turbuhaler®
	No
	For each device, triplicate inhalation profiles were recorded

	Cegla12 (2004)
Financial support: not reported
	Flow variables were measured for Turbuhaler® and Novolizer® using a double-beam oscilloscope, spiroceptor plugged to an Ellison pressure transducer, and Keller pressure sensor
	Yes
	Patients received instructions according to the Instructions for Use brochures for both inhalers
Patients inhaled ≥2 times through each of the 2 inhalers in a random order

	Chetta et al.13 (2021)
Financial support: Chiesi Farmaceutici SpA
	The inspiratory profile through the NEXThaler® device was assessed by acoustic monitoring using a condenser microphone
	Yes
	Patients received the following instructions: “Hold your inhaler firmly in the upright position. Open the cover fully, and check the dose counter window.
Before inhaling, breathe out as far as comfortable; do not breathe out through the inhaler. Bring the inhaler up to your mouth and place your lips around the mouthpiece. Do not cover the air vent when holding the inhaler. Do not inhale through the air vent. Take a deep and forceful
breath through your mouth. On inhalation check that an audible click is heard. Remove the inhaler from your mouth. Hold your breath for 5–10 s or as long as is comfortable. Breathe out. Move the inhaler back to
the upright position and close the cover fully. Check that the counter has gone down by one.” Patients inhaled twice through a placebo NEXThaler® device, with the inhalations separated by a maximum of 5 min

	Chodosh et al.14 (2001)
Financial support: not reported.
Some authors are employees of Boehringer Ingelheim
	The SurveyTach Pneumotach with PLUS/sql software was used; the HandiHaler® was sealed in a custom coupling device
	Yes
	Patients were instructed on use of the HandiHaler®
PIF was first evaluated without the HandiHaler®. The patient was instructed to inhale rapidly and deeply. This maneuver was repeated twice with approximately 2 minutes between measurements. Next, PIF was evaluated using the HandiHaler® pneumotach interface. The patient was instructed to (1) breathe out as far as possible (without the inhaler), (2) close his or her lips firmly around the mouthpiece, and (3) inhale slowly and deeply through the HandiHaler® but at a rate rapid enough to hear the capsule vibrate. Steps 1 to 3 were repeated twice, with approximately 2 minutes between measurements. The coordinator monitored and recorded if the capsule vibration was heard independent of the patient and without the patient’s knowledge

	Farkas et al.15 (2019)
Financial support:
Bolyai János Scholarship
of the Hungarian Academy of Sciences
	Patients inhaled through a mobile handheld spirometer connected to the Breezhaler®, Genuair®, or Turbuhaler® DPIs
	Yes
	Patients were instructed on the use of the devices in accordance
with the PIL

	Hira et al.16 (2018)
Financial support: Hitachi Automotive Systems, Ltd provided support in the form of salaries for authors
	An inspiratory flow recorder with a pressure gauge was used to measure and visualize inspiratory flow patterns. A customized low-volume air sampler 
was connected to the inhalation flow recorder via the inhalers (Breezhaler®, Clickhaler®, Diskhaler®, Diskus®, Ellipta®, HandiHaler®, Jenuair®, Swinghaler®, Turbuhaler®, Twincaps®, and Twisthaler®) or corresponding attachment orifices, which were adjusted to each inhaler by regulation of the diameter of the orifice
	Yes
	When participants could not achieve the criterion of optimal inhalation pattern, they received instructions for inhalation by pharmacists, and their inhalation pattern was measured again
Instructions for exhalation were not provided

	Jõgi et al.17 (2021)
Financial support: Orion Corporation, Espoo, Finland
	Easyhaler® (standard and center slot configurations) and HandiHaler®
	Yes
	Study patients were trained to perform the inhalations with placebo Easyhaler® inhalers and placebo capsules inhaled via HandiHaler® according to the manufacturers’ instructions including, for example, inhalation instructions for each inhaler. Subsequently, patients were assigned to perform 3 single inhalations from each of the 3 inhalers in a randomly assigned sequence. Inspiratory flow parameters were assessed, and each patient was then crossed over to the next inhaler

	Magnussen et al.18 (2009)
Financial support: Almirall, Barcelona, Spain
	PIF was measured using a standard spirometer connected to the Genuair® or the HandiHaler® inhalers
	Yes
	Patients were trained on the correct use of inhalers by written and verbal instruction. When using the Genuair® inhaler, patients were asked to inhale as fast and hard as possible. Inhalations through the HandiHaler® were performed according to 2 different instructions: inhalation by a slow, deep breath, but at a rate rapid enough to hear the capsule vibrate, as per the manufacturer's instructions, or inhalation as fast and hard as possible, simulating the instructions for use of the Genuair® inhaler. For each inhaler, 3 measurements per patient were recorded at 10-minute intervals

	Malmberg et al.19 (2010)
Financial support: Unrestricted research grant from Orion Corporation, Espoo, Finland
	Easyhaler® connected in series to a pneumotachograph
	Yes
	Patients were instructed to exhale gently (to FRC) and then to inhale as fast and long as possible through the inhaler. They practiced this inhalation maneuver 3 times. Thereafter, 3 PIF measurements were recorded consecutively. PIF measurements were performed in random order to compensate for the possible confounding effect of muscle fatigue

	Malmberg et al.20 (2014)
Financial support: Orion Pharma
	Inspiratory flow curves were recorded through Easyhaler® and Turbuhaler® connected to a pneumotachograph
	Yes
	The patient received inhaler-specific training (according to the Instructions for Use of each inhaler). Instructions for Easyhaler® were to breathe in forcefully and deeply. After a practice period, 3 inspiratory flow curves were recorded through the inhalers connected to a pneumotachograph in the standing position; the best of the 3 measurements was analyzed

	Malmberg et al.21 (2021)
Financial support: Orion Pharma
	Inspiratory flow was recorded through Easyhaler®, Diskus®, or Turbuhaler® connected to a pneumotachograph
	Yes
	Patients received standard training on the use of the inhalers (according to instructions in the respective patient information leaflets). After practicing, the PIF rate through the inhaler connected to a pneumotachograph was recorded, using a spirometer before crossing over to the second and third devices in sequence. For most patients, inspiratory flow parameters were measured in a standing position, but sitting was also permitted, if necessary (e.g., for patients using wheelchairs)
Three inspiratory flow curves were recorded, and the best measurement was analyzed

	Negro et al.22 (2001)
Financial support: not reported.
One author is an employee of Chiesi Farmaceutici S.p.A.
	Pulvinal™ and Turbohaler™ inserted into the mouthpiece of a pneumotachograph
	Yes
	Based on the instructions for use, patients were asked to deeply exhale and then to inhale through the inhaler rapidly and deeply, possibly keeping the inhaler in the vertical position. Instructions for use were given with the help of diagrams showing the correct inhalation technique

	Pavkov et al.23 (2010)
Financial support: Novartis Pharma 
	An IPR was used to measure the pressure drop versus time through the Breezhaler®, and pressure drop data were used to determine PIF
	Yes
	Patients were trained on correct use of the inhaler using both written and verbal instructions provided by a respiratory nurse. The highest PIF from 3 attempts was recorded

	Prime et al.24 (2015)
Financial support: GlaxoSmithKline
	Inhaler (Ellipta®)-specific inhalation profiles were recorded using an IPR
	No
	All participants performed up to 3 inhalations for each resistance level/configuration (single-strip or two-strip Ellipta®) with sufficient time allowed between inhalations to ensure they were able to inhale at maximal effort. The maximum of the triplicate readings for peak pressure drop was used to calculate the summary statistics for all inhalation endpoints by resistance setting
Instructions for exhalation were not provided

	Sarinas et al251 (1998)
Financial support: research grant funded by Genentech, Inc.
	Respiratory monitoring system (Medical Graphics 1070; Medical Graphics)
	Yes
	PIF was determined with and without added resistance. Three PIF maneuvers were performed against 4 resistive loads (16.0, 28.5, 67.1, and 212.7 Pa0.5 s/m3×103). The selected resistors bracketed the range of typical resistance values of commercially available DPIs
Each exercise consisted of a forced inspiratory breath through the resistor. Subjects were asked to breathe normally and then to perform the maximum inspiratory maneuver from the end (resting) expiratory level

	Seheult et al.26 (2014a)
Financial support: HRB Ireland CSA Research Grant
	Airtight container with Diskus® connected to Fleisch Pneumotachograph 6800 spirometer
	Yes
	Patients were instructed to exhale gently to FRC and then inhale at the maximal flow rate and duration. Each patient performed this maneuver until 2 consecutive PIF readings were within 20% of each other

	Seheult et al.1 (2014b)
Financial support: HRB Ireland CSA Research Grant, Vitalograph Ltd, and GlaxoSmithKline Ltd
	Airtight container with Diskus®, INCA™ acoustic recording device, and spirometer connection
	Yes
	Patients were instructed to exhale gently to FRC and then inhale at the maximal flow rate and duration. Each patient repeated this maneuver until 2 consecutive PIF readings were within 20% of each other

	Virchow et al.27 (2014)
Financial support: Sandoz International GmbH and Vectura Delivery Devices Ltd
	Forspiro®
	Yes
	Patients were divided into 2 groups. One group received only limited written instructions, which were, “use the study inhaler twice a day, every day for the full study period as follows: i) open the inhaler; ii) get a dose ready to inhale; iii) take a pretend inhalation (do not put the inhaler into your mouth); and iv) close the inhaler.” The other group was given the fully illustrated Instructions for Use

	PIF Measured Using In-Check™ DIAL or Other Devices

	Al-Showair et al.28 (2007)
Financial support: Saudi Arabian Government
	[bookmark: _Hlk18951848]Modified In-Check™ meter (settings mimicked the resistance of the investigated inhalers [Diskus®, Turbuhaler®, and HandiHaler®])
	Yes
	[bookmark: _Hlk18951823]Patients studied the PIL for each inhaler and were informed that they should inhale “as deep and hard as you can.”
Patients performed 2 separate inhalations with the In-Check™ meter set for each inhaler, and the highest value was recorded
Mean resistances of Diskus®, Symbicort Turbuhaler®, Pulmicort Turbuhaler®, and HandiHaler® were 0.078, 0.110, 0.120, and 0.158 (cmH2O)0.5L/min respectively

	Alsomali et al.29 (2017)
Financial support: none
	PIF was measured using the In-Check™ DIAL set to match the patients’ prescribed DPIs
	Yes
	Participants were required to show their current inhaler technique to a trained assessor using a matching placebo DPI before receiving any inhaler education. If the participant’s technique of inhaler use was completely or partially incorrect, study participants were instructed to read the American College of Chest Physicians patient education
handout for the specific inhaler that they were prescribed and repeat their inhalation technique
PIF was measured 3 times for each participant, and the highest PIF value was reported. It was also noted whether the minimum PIF value for the prescribed device was achieved

	Chen et al.30 (2020)
Financial support: not reported
	PIFs were measured against
four-degrees of internal resistances (low, medium-low, medium, and medium-high) using the In-Check™ DIAL G16
	No
	Not provided in the Methods section

	de Koning et al.31 (2002)
Financial support: Groningen Centre for Drug Research
	Inspiratory flow volume curves were recorded with the orifice disks connected to a pneumotachograph. Six different exchangeable orifice disks were used, with diameters increasing from 3 to 8 mm (R3–R8)
	Yes
	Inhalation characteristics were measured during inhalation through 3 out of the 6 available external resistances to airflow. Patients were allowed to practice inhalation through the external resistance to airflow, before the actual measurement
[bookmark: _Hlk19623645]Inspiratory flow volume curves were measured with the inhalation-instruction to inhale forcefully and deeply during a maximal inhalation. During the measurements, all subjects were seated, wore a nose clip, and carried out their maximal inspiratory maneuvers from RV up to total lung capacity. From a series of 5 measurements through one orifice disk, the 3 highest flow values were taken if their variation was within 10%. If the last measurement was the highest of all 3, additional measurements were performed. Each effort was displayed on a monitor, and the subjects were coached to improve their effort
Assessments: PIF (liters per second), total inhalation time, time to PIF (time between the onset of inhalation at RV and the moment of reaching PIF)
Instructions for exhalation were not provided

	Ding et al.32 (2021)
Financial support:
“Rising Stars of Medical Talent” Youth
Development Program-Youth Medical Talents –Clinical
Pharmacist Program; National Natural Science
Foundation of China (No. 81670016); Military
Construction Project of National Key Specialist-Clinical
Pharmacy
	PIF was evaluated with the In-Check™ DIAL G16 against the resistance of the specific DPI that the patient was currently using:
High resistance: HandiHaler®
Medium resistance: Turbuhaler®
Medium-low resistance: Diskus®
	Yes
	The patient was required to simulate the daily inhalation process (“as if using your inhaler”) by using In-Check™ DIAL G16. The PIFs were measured 3 times and the maximum value was used to analyze whether the patient’s daily PIF was in the appropriate range corresponding to the instrument.
Patients were requested to demonstrate their use of the (drug-free) inhalers to evaluate the correctness of their inhalation technique by using a checklist jointly developed by the pharmacists and physicians according to the manufacturer’s recommendations of the 3 DPIs (HandiHaler®,
Turbuhaler®, and Diskus®) and reports in the published literature. Among
the steps, the step of “breathe out completely,” “breathe in rapidly and deeply,” “hold breath,” “breathe normally after holding breath,” and “repeat the inhalation if necessary” were the breathing-related steps. Two experienced pharmacists independently evaluated the specific steps according to the checklist, and any wrong step was recorded as an error. Each missed step was also considered an error. Any disagreement between the 2 pharmacists would be solved by discussion

	Duarte et al.33 (2019)
Financial support: Clinical and Translational Science Award from the National Center for Advancing Translational Sciences, the Claude D. Pepper Older Americans Independence Center, and grants from the Agency for Healthcare Research and Quality
	A respiratory therapist measured the PIF with an In-Check™ DIAL set to match the internal airflow resistance of Diskus®
	Yes
	Patients were seated with a nose clip and instructed to exhale gently to FRC with a tight seal around the device followed by a rapid inhalation to maximal lung capacity. Patients were instructed to inhale as fast as possible and for as long as possible. The maneuver was performed 3 times, and the highest measurement was recorded

	Ghosh et al.34 (2019)
Financial support: none
	PIF was measured using the In-Check™ DIAL G16 set to match the resistance of the patients’ prescribed DPIs.
R1: Breezhaler®,
Neohaler® 
R2: Diskus®, Ellipta®
R3: Pressair®, Genuair®, Turbuhaler® 
R4: Turbuhaler®, Twisthaler®
R5: HandiHaler®
	No
	Participants were asked to inhale through the In-Check™ DIAL “as if using your inhaler.” Participants did not receive any education on inhaler technique during the study. Measurements were collected in triplicate for each inhaler. Ample time was given between measurements to prevent fatigue
Instructions for exhalation were not provided

	Harb et al.35 2020
Financial support: none
	PIF measurements across all resistance ranges were obtained with the In-Check™ DIAL G16
R0 (no resistance): control
R1 (low resistance): Aerolizer®
R2 (low-medium resistance): Diskus®, Ellipta®
R3 (medium resistance): Turbuhaler®
R4 (medium-high resistance): NEXThaler®
R5 (high resistance): HandiHaler®, Easyhaler®
	Yes
	Participants were asked to inhale through the In-Check™ DIAL G16 “as fast and hard as possible” after exhaling to their residual volume. Considerable time (1 min) was given between measurements as guided by the American Thoracic Society. During this time, patients were advised to rest and breathe as comfortably as possible. Patients were not introduced to the next measurement unless this time interval was given and the patient was told that they were completely ready. Additional time intervals could be given if requested by any patient to prevent subsequent fatigue. All measurements were collected in triplicate and the highest value was recorded

	Janssens et al.36 (2008)
Financial support: not reported
	PIF related to different resistances corresponding to Turbuhaler®, Diskus®, and Aerolizer® was measured using the In-Check Inhaler Assessment Kit 
	No
	The highest value of 3 attempts was recorded. All maneuvers were executed and encouraged by trained technicians under the supervision of medical staff
Instructions for exhalation were not provided

	Jarvis et al.37 (2007)
Financial support: none
	In-Check™ DIAL was used to measure PIF against the simulated internal resistance of Turbuhaler®, Accuhaler®, and Diskhaler® 
	No
	The same investigator tested all the patients with the In-Check™ DIAL. The order of the resistances was randomized. Three measurements from FRC with the patient seated were recorded for each resistance. In each case, all 3 readings were within 5% of each other, showing good reproducibility, with the best reading recorded

	Kawamatawong et al.38 (2017)
Financial support: not reported
	Measurements of PIF for Accuhaler® and Turbuhaler® were performed using the In-Check™ DIAL
	Yes
	A total of 3 consecutive measurements of PIF were performed for each inhaler following previously published instructions for measurement, and the average values were reported. The sequence of measuring PIF by In-Check™ DIAL was started with nonresistant mode, followed by Accuhaler® and Turbuhaler®. Instructions for exhalation were not provided

	Loh et al.39 (2017)
Financial support: not reported
	PIF measurement was performed with the In-Check™ DIAL by 4 trained respiratory therapists 
	Yes
	In the seated position, patients were told to inhale from FRC as fast and as hard as they could into the In-Check™ DIAL, and the best of 3 efforts was taken
Instructions for exhalation were not provided

	Mahler et al.40 (2013)
Financial support: grant from Sunovion Pharmaceuticals Inc.
	In-Check™ DIAL was used to measure PIF against the simulated internal resistance of Diskus®
	Yes
	Patients performed 3 PIF maneuvers with the In-Check™ DIAL at RV against no resistance and 3 PIF maneuvers against simulated internal resistance of Diskus®. Each patient was instructed to inhale ‘‘as quickly as possible’’ with the In-Check™ DIAL after a complete exhalation. The highest PIF value for each patient was used for analysis

	Mahler et al.41 (2014)
Financial support: grant from Sunovion Pharmaceuticals Inc.
	In-Check™ DIAL was used to measure PIF against the simulated internal resistance of
Diskus®
	Yes
	Each patient was familiarized with the inhalational technique for salmeterol Diskus® per instructions in the package insert: before inhaling your dose from the Diskus®, breathe out (exhale) fully while holding the Diskus® level and away from your mouth. Remember, never breathe out into the Diskus® device. Put the mouthpiece to your lips. Breathe in quickly and deeply through the Diskus®. Do not breathe in through your nose. Remove the Diskus® from your mouth. Hold your breath for about 10 seconds, or for as long as is comfortable. Breathe out slowly
PIF was measured to determine eligibility (inclusion criteria: <60 L/min)

	Mahler et al.42 (2019)
Financial support: Theravance Biopharma,
Ireland Limited Inc.
	PIF was assessed using In-Check™ DIAL with resistance
set to Diskus® and HandiHaler®
	Yes
	Patients were instructed to exhale completely, place the mouthpiece of the device into their mouths, and inhale forcefully and as deeply as possible to quantify the PIF; final values were recorded as the
maximum of 3 sequential measurements

	Melani et al.43 (2005)
Financial support: none
	In-Check™ DIAL was used to measure PIF through Turbuhaler® and Diskus®
	Yes
	Inhalation technique of patients using the inhalers they use at home was observed by trained investigators and reported in accordance with a preliminary defined step-by-step checklist for each inhaler. The inhalation was classified as “forceful” or “weak” based on the judgment of the observer. Patients were asked about the instructions they had been given regarding appropriate use of the inhaler, such as who gave the instructions, what the instructions encompassed, how much time was spent on education, and whether their inhalation technique was periodically rechecked
Patients repeated the same inspiratory effort through the inhaler using the In-Check™ DIAL set to the corresponding resistance of the inhaler used in the presence of another investigator, blinded to the previous direct observation of inhalation technique. Three PIF measurements were taken, and the best was recorded. Patients with a weak inhalation or suboptimal PIF received instruction on more forceful inspiratory effort, and another measurement was taken through the In-Check™ DIAL
Instructions for exhalation were not provided

	Price et al.44 (2018)
Financial support: AstraZeneca
	PIF was assessed using In-Check™ DIAL set to simulate the resistance of Aerolizer®, Diskus®, Turbuhaler®, and HandiHaler®
	Yes
	PIF measurements were obtained by resident doctors on the day of discharge of patients hospitalized for a COPD exacerbation. Patients were instructed to breathe in “fast and hard” through the device following exhalation to RV, and the best PIF out of 3 consecutive measurements was recorded

	Quinet et al.45 (2010)
Financial support: none
	PIF was assessed using In-Check™ DIAL. Handihaler® and Aerolizer® were used
	Yes
	Patients were trained on the inhalation technique once daily, for 3 consecutive days by physiotherapists using an inhaler device with placebo capsules. Patients were then asked to reproduce the entire sequence of events. The same physiotherapist then evaluated the patient’s technique after the third session. Patients were seated without support and inhalation was started from the RV

	Represas-Represas et al.46 (2020)
Financial support: none
	PIF was assessed using In-Check™ DIAL G16 set to simulate the resistance of the prescribed inhalers:
R1 (low resistance): Breezhaler®
R2 (medium-low resistance): Accuhaler®, Diskhaler®, Ellipta®
R3 (medium resistance): Turbuhaler S®, Genuair®, Spiromax®, Clickhaler®
R4 (medium-high resistance): NEXThaler® Turbuhaler®, Twisthaler®, Easyhaler C®
R5 (high resistance): HandiHaler®, Easyhaler M®
	No
	Once the inhaler to be tested had been selected and the In-Check DIAL G16® device set-up accordingly, the patient inhaled through a
mouthpiece, simulating their normal inhalations through the inhaler

	Sharma et al.47 (2017)
Financial support: Sunovion Pharmaceuticals, Inc. 
	In-Check™ DIAL set to simulate the resistance of Diskus®
	Yes
	Patients made 3 PIF attempts, and study coordinators instructed each patient to inhale as quickly as possible with the In-Check™ DIAL after a complete exhalation. The highest PIF value for each enrolled patient was recorded and used for analysis

	Terzano and Oriolo48 (2017)
Financial support: not reported
	In-Check™ DIAL set to simulate the resistance of Turbuhaler®, NEXThaler®, and Diskus®
	No
	All maneuvers were executed under the supervision of a well-trained lung function assistant. The highest value from 3 attempts was recorded for each parameter

	Weiner and Weiner49 (2006)
Financial support: not reported
	In-Check™ DIAL set to simulate the resistance of Turbuhaler® and Diskus®
	No
	Patients inhaled through the device set for both Diskus® and
Turbuhaler® resistances in a randomized manner on 2 consecutive days. For each resistance, 3 attempts were measured each day,
and the highest value of 6 attempts was recorded for each resistance


[bookmark: _Hlk24648770]Abbreviations: COPD, chronic obstructive pulmonary disease; DPI, dry powder inhaler; FRC, functional residual capacity; IPR, inhalation profile recorder; KPNW, Kaiser Permanente Northwest; PIF, peak inspiratory flow; PIL, patient information leaflet; RV, residual volume.
*Hamilton M et al. J Aerosol Med Pulm Drug Deliv. 2015;28(6):498–506.


Supplementary Table 2: Measurement of PIF Using Inhalers or In-Check™ DIAL in Published Studies
	Study
	Threshold for Optimal and/or Suboptimal PIF
	Mean (SD)/(Range) PIF and ACC

	PIF Measured Using a Modified Inhaler and/or an Inhalation Profile Recorder

	Abadelah et al.4 (2019)
Financial support: not reported
	Because the Andersen Cascade Impactor—used to measure aerodynamic characteristics of the emitted dose—is calibrated to work at a maximum PIF of 90 L/min, profiles with a PIF >89 L/min were not included in the study
	PIF: 64.9 (18.9) L/min
ACCa: 4.2 L/s2


	Altman et al.5 (2018)
Financial support: Novartis Pharma AG
	Not provided
	PIF: 
Breezhaler®: 108.0 (23.0)b L/min
Ellipta®: 78.0 (15.0)b L/min
HandiHaler®: 49.0 (9)b L/min

	Anderson et al. 20216
Financial support: GlaxoSmithKline
	Spirometric PIF ≥50 L/min was estimated to be equivalent to a lower 90%/95% bound Ellipta PIF ≥30 L/min
	Spirometric PIF:
Pooled clinical trials: 199.1 (78.6) L/min
KPNW database: 230.2 (89.7) L/min

	Azouz et al.7 (2015a)
Financial support: not reported
	Not provided
	PIF: 
Aerolizer®: 81.8 (25.4) L/min
Diskus®: 62.0 (22.4) L/min
Easyhaler®: 49.6 (15.0) L/min
Turbuhaler®: 50.9 (15.3) L/min
ACC: 
Aerolizer®: 8.7 (6.8) kPa/s
Diskus®: 6.7 (7.3) kPa/s
Easyhaler®: 10.7 (6.9) kPa/s
Turbuhaler®: 8.5 (6.7) kPa/s

	Azouz et al.8 (2015b)
Financial support: Teva Pharmaceuticals
	Not provided
	PIF: 
Turbuhaler®: 50.1 (16.2) L/min
Spiromax®: 57.5 (21.0) L/min
ACC:
Turbuhaler®: 8.4 (9.5) kPa/s
Spiromax®: 11.0 (12.8) kPa/s

	Broeders et al.9 (2001)
Financial support: GlaxoSmithKline, Zeist, The Netherlands
	Not provided
	PIF: 
Turbuhaler®: 76.1 (13.8) L/min
Diskus®: 108.3 (20.4) L/min

	Broeders et al.10 (2003)
Financial support: GlaxoSmithKline, Zeist, The Netherlands
	Optimal: >60 L/min
Minimum required: >30 L/min
	PIF:
Turbuhaler®: (before, after instructions)
Mild COPD: 76.0 (4.6), 85.4 (2.2) L/min
Moderate COPD: 64.9 (4.9), 84.4 (2.7) L/min
Severe COPD: 68.6 (4.1), 73.3 (4.1) L/min
Diskus®: (before, after instructions)
Mild COPD: 107.8 (7.2), 124.0 (2.8) L/min
Moderate COPD: 91.8 (6.8), 121.3 (3.0) L/min
Severe COPD: 95.9 (6.3), 103 (6.4) L/min

	Broeders et al.11 (2005)
Financial support: GlaxoSmithKline, Zeist, The Netherlands
	Not provided
	PIF:
Turbuhaler®: 69.2 (19.3) L/min
Diskus®: 100.1 (30.8) L/min

	Cegla12 (2004)
Financial support: not reported
	Not provided
	PIF: 
Turbuhaler®: 54.3 (16.8) L/min
Novolizer®: 79.8 (19.2) L/min

	Chetta et al.13 (2021)
Financial support: Chiesi Farmaceutici SpA
	NEXThaler®: breath-actuated mechanism firing of 35 L/min is required for inspiratory flow
	PIF:
First inhalation: 68.0 (18.4) L/min
Second inhalation: 67.6 (17.9) L/min

	Chodosh et al.14 (2001)
Financial support: not reported.
Some authors are employees of Boehringer Ingelheim
	Not provided
	Median PIF: 30.0 L/min

	Farkas et al.15 (2019)
Financial support:
Bolyai János Scholarship
of the Hungarian Academy of Sciences
	Breezhaler®: 50 L/minc
Genuair®: 40 L/minc
Turbuhaler®: 30 L/min or 60 L/minc
	Breezhaler®: 91.4 (32.5) L/min
Genuair®: 75.1 (24.2) L/min
Turbuhaler®: 77.5 (30.4) L/min

	Hira et al.16 (2018)
Financial support: Hitachi Automotive Systems, Ltd provided support in the form of salaries for authors
	The essential criterion of optimal inhalation pattern was higher than the lower limit of PIF for each inhaler in order to disperse dry powder from the inhaler. 
Optimal: 
>60 L/min (Diskhaler®)c
>50 L/min (Breezhaler®)c
>45 L/min (Jenuair®)c
>30 L/min (Diskus®, Ellipta®, Turbuhaler®, and Twisthaler®)c
>20 L/min (Twincaps®, Clickhaler®, HandiHaler®, and Swinghaler®)
	Not available

	Jõgi et al.17 (2021)
Financial support: Orion Corporation, Espoo, Finland
	Optimal:c
Easyhaler®: 30 L/min 
HandiHaler®: 30 L/min 

	PIF
Standard Easyhaler®: 58.4 (35.7–77.3) L/min
Center slot Easyhaler®: 68.2 (48.8–89.9) L/min
HandiHaler®: 49.5 (29.9–73.1) L/min


	Magnussen et al.18 (2009)
Financial support: Almirall, Barcelona, Spain
	Genuair®: ≥45 L/minc

	PIF (average):
Genuair®: 92.0 (15.4) L/min
HandiHaler®: 46.1 (9.6) L/min

	Malmberg et al.19 (2010)
Financial support: Unrestricted research grant from Orion Corporation, Espoo, Finland
	Minimum PIF for effective use of Easyhaler®: 28 L/min
	PIF: 54 L/min

	Malmberg et al.20 (2014)
Financial support: Orion Pharma
	Not provided
	PIF: 
Easyhaler®: 55.8 (13.0) L/min
Turbuhaler®: 72.1 (15.1) L/min

	Malmberg et al.21 (2021)
Financial support: Orion Pharma
	Easyhaler®: ≥30 L/min was required for consistent dose delivery
	PIF:
Easyhaler®: 61.9 (13.2) L/min

	Negro et al.22 (2001)
Financial support: not reported.
One author is an employee of Chiesi Farmaceutici S.p.A. 
	Not provided, but 25 L/min was deemed adequate for drug delivery
	PIF: 
Pulvinal™: 48.5 (12.8) L/min
Turbohaler™: 56.4 (15.4) L/min

	Pavkov et al.23 (2010)
Financial support: Novartis 
	Not provided; however, the majority (96%) of patients reported PIF ≥60 L/min, and in vitro data were generated for patients with PIF <50 and ≥50 L/min
	PIF: 
Breezhaler®: 84 to 103 L/min

	Prime et al.24 (2015)
Financial support: GlaxoSmithKline
	Not provided
	PIF: 
With single strip: 67.5 to 101.9 L/min
With 2-strip: 66.3 to 95.7 L/min

	Sarinas et al.25 (1998)
Financial support: research grant funded by Genentech, Inc.
	Not provided
	PIF: 
Severe COPD: 3.98 m3/s1×10-3
Moderate COPD: 4.03 m3/s1×10-3
Mild COPD: 6.82 m3/s1×10-3
Normal: 5.51 m3/s1×10-3

	Seheult et al.26 (2014a)
Financial support: HRB Ireland CSA Research Grant
	Optimal: ≥60 L/min
Suboptimal: <60 L/min
Minimum required: 30 L/min
	PIF: 49.4 (15.68) L/min

	Seheult et al.1 (2014b)
Financial support: HRB Ireland CSA Research Grant, Vitalograph Ltd, and GlaxoSmithKline Ltd
	Optimal: >30 L/min, or ideally >60 L/minc
	PIF: 155.5 (66.0) L/min

	Virchow et al.27 (2014)
Financial support: Sandoz International GmbH and Vectura Delivery Devices Ltd
	Minimum acceptable PIF: 30 L/min
	PIF: ≥35 L/min

	PIF Measured Using In-Check™ DIAL or Other Devices

	Al-Showair et al.28 (2007)
Financial support: Saudi Arabian Government
	Not provided, but assessments were done at 30 and 60 L/min (optimal PIF for DPIs stated as ≥30 L/minc)
	PIF: 
Turbuhaler®: 45.9 (14.1) L/min
Diskus®: 57.5 (17.9) L/min
HandiHaler®: 28.6 (10.0) L/min

	Alsomali et al.29 (2017)
Financial support: none
	Not provided
	Not reported

	Chen et al.30 (2020)
Financial support: not reported
	Low-resistance devicec
Excessive: ≥100 L/min
Optimal: 50–99 L/min
Suboptimal: 30–49 L/min
Insufficient: <30 L/min

Other devices:c
Excessive: >90 L/min
Optimal: 60–89 L/min
Suboptimal: 30–59 L/min
Insufficient: <30 L/min
	Median (range) PIF based on resistance:
Medium-high resistance: 63 (21–98) L/min
Medium resistance: 71 (25–103) L/min
Medium-low resistance: 80 (26–116) L/min
Low resistance: 97 (34–150) L/min


	de Koning et al.31 (2002)
Financial support: Groningen Centre for Drug Research
	Not provided
	PIF: 5.60 (1.86) L/s

	Ding et al.32 (2021)
Financial support:
“Rising Stars of Medical Talent” Youth
Development Program-Youth Medical Talents –Clinical Pharmacist Program; National Natural Science Foundation of China (No. 81670016); Military
Construction Project of National Key Specialist-Clinical Pharmacy
	Below minimum:
HandiHaler®: <20 L/min
Turbuhaler®: <30 L/min
Diskus®: <30 L/min

Suboptimal:
HandiHaler®: <30 L/min
Turbuhaler®: <60 L/min
Diskus®: <60 L/min

	Not reported

	Duarte et al.33 (2019)
Financial support: Clinical and Translational Science Award from the National Center for Advancing Translational Sciences, the Claude D. Pepper Older Americans Independence Center, and grants from the Agency for Healthcare Research and Quality
	Optimal: >60 L/min
Suboptimal: <60 L/min
	Not reported

	Ghosh et al.34 (2019)
Financial support: none
	Discordant: <60 L/min for R2 inhaler or <30 L/min for R5 inhaler
Concordant: >60 L/min for R2 inhaler or >30 L/min for R5 inhaler
	Median PIF at R2: 64 L/min; R5: 36 L/min


	Harb et al.35 (2020)
Financial support: none
	Optimal:c
R1, Aerolizer®: ≥65 L/min
R2, Ellipta®, Diskus®: ≥60 L/min
R3, Turbuhaler®: ≥60 L/min
R4, NEXThaler®: ≥35 L/min
R5, HandiHaler®, Easyhaler®: ≥30 L/min

Suboptimal:c
R1, Aerolizer®: <65 L/min
R2, Ellipta®, Diskus®: <60 L/min
R3, Turbuhaler®: <60 L/min
R4, NEXThaler®: <35 L/min
R5, HandiHaler®, Easyhaler®: <30 L/min
	PIF:
R1: 79.19 (19.24) L/min
R2: 66.78 (15.65) L/min
R3: 59.61 (14.22) L/min
R4: 52.64 (12.73) L/min
R5: 41.56 (10.90) L/min

	Janssens et al.36 (2008)

Financial support: not reported
	Optimal: >60 L/minc
Suboptimal: <30 L/minc
Arbitrary cutoff: 45 L/min
	PIF: 169 (66) L/min

	Jarvis et al.37 (2007)
Financial support: none
	Accuhaler®: ≥30 L/min
Turbuhaler®: ≥60 L/minc
Autohaler®: ≥30 L/min
	Accuhaler®: 63 (20) L/min
Turbohaler®: 44 (19) L/min
Autohaler®: 58 (18) L/min

	Kawamatawong et al.38 (2017)
Financial support: not reported
	Suboptimal: <60 L/minc
	PIF at age >60 years: 
Turbuhaler®: 72.5 (18.9) L/min
Accuhaler®: 93.8 (22.9) L/min
PIF at age ≤60 years: 
Turbuhaler®: 82.5 (21.1) L/min
Accuhaler®: 99.5 (24.3) L/min

	Loh et al.39 (2017)
Financial support: not reported
	Suboptimal: ≤60 L/min against no resistance
	PIF: 66.3 (26.0) L/min

	Mahler et al.40 (2013)
Financial support: grant from Sunovion Pharmaceuticals Inc.
	Optimal: ≥60 L/minc
	PIF: 71.4 (18.1) L/min

	Mahler et al.41 (2014)
Financial support: grant from Sunovion Pharmaceuticals Inc.
	Optimal: ≥60 L/min against the internal resistance of the particular DPIc
Suboptimal: <60 L/minc

	PIF: 53.3 (5.0) L/min

	Mahler et al.42 (2019)
Financial support: Theravance Biopharma and Ireland Limited Inc.
	Optimal:
Diskus®: ≥60 L/minc
HandiHaler®. ≥40 L/minc
	PIF (baseline): 45(12) L/min

	Melani et al.43 (2005)
Financial support: none
	Optimal: >60 L/minc
Minimally effective: ≥30 L/min
	PIF: <30 to >60 L/min

	Price et al.44 (2018)
Financial support: AstraZeneca

	Suboptimal:c 
Aerolizer®: <60 L/min
Diskus®: <60 L/min
Turbohaler®: <60 L/min
HandiHaler®: <30 L/min
	Not reported: association with spirometric and other variables were noted

	Quinet et al.45 (2010)
Financial support: none
	Not provided
	13 of 15 patients had PIF ≥120 L/min

	Represas-Represas et al.46 (2020)
Financial support: none
	Optimal:c
R1 to R4: 60 L/min
R5: 30 L/min
	PIF:
R1: 95 (21) L/min
R2: 74 (18) L/min
R3: 74 (19) L/min
R4: 62 (14) L/min
R5: 40 (12) L/min

	Sharma et al.47 (2017)
Financial support: Sunovion Pharmaceuticals, Inc. 
	Optimal: ≥60 L/minc
Cutoff for low/normal: 60 L/min
	PIF: 71 (22.12) L/min

	Terzano and Oriolo48 (2017)
Financial support: not reported
	Optimal
Turbuhaler®: 60 L/min
NEXThaler®: 50 L/min
Diskus®: 40 L/min
	PIF:
Turbuhaler®: 102 (7.2) L/min
NEXThaler®: 108 (7.9) L/min
Diskus®: 104 (8.8) L/min

	Weiner and Weiner49 (2006)
Financial support: not reported
	Optimal
Turbuhaler®: ≥60 L/min
Minimum:
Diskus®: 30 L/min
	PIF after training:
Turbuhaler®: 68.6 (3.2)b L/min
Diskus®: 79.1 (3.6)b L/min


Notes: aACC was determined by calculating the slope of the flow values against the inhalation time. The value with a high linear regression (R2) was chosen. For Onbrez Breezhaler®, the linear regression was almost R2=1 for all values; therefore, the ACC was determined as the value with a high slope.
bStandard error.
cBased on previous publications.
Abbreviations: ACC, acceleration rate; COPD, chronic obstructive pulmonary disease; DPI, dry powder inhaler; KPNW, Kaiser Permanente Northwest; PIF, peak inspiratory flow; SD, standard deviation.
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