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Purpose: Adequate peak inspiratory flow rate (PIFR) is required for drug dispersion with dry 

powder inhalers (DPIs). Prevalence of PIFR discordance (suboptimal PIFR with prescribed 

inhalers) and factors influencing device-specific PIFR are unclear in COPD. The objective of 

this study was to determine the prevalence of PIFR discordance and associated clinical factors 

in a stable COPD population.

Patients and methods: An observational, single-center, cohort study was conducted including 

66 outpatients with COPD. PIFR was measured using the In-Check™ Dial with applied resistance 

of prescribed inhalers. Participants were defined as discordant if measured PIFR was ,30 L/min 

and ,60 L/min for high and low–medium resistance devices, respectively, using an inspiratory 

effort the participant normally used with their prescribed DPI.

Results: The median age of the COPD participants was 69.4 years, 92% were white and 47% 

were female. A total of 48% were using low–medium resistance DPIs (Diskus®/Ellipta®) and 76% 

used high-resistance DPI (Handihaler®). A total of 40% of COPD participants were discordant 

to prescribed inhalers. Female gender was the only factor consistently associated with lower 

PIFR. Shorter height was associated with reduced PIFR for low–medium resistance (r=0.44; 

P=0.01), but not high resistance (r=0.20; P=0.16). There was no correlation between PIFR by 

In-Check™ dial and PIFR measured by standard spirometer.

Conclusion: PIFR is reduced in stable COPD patients, with female gender being the only 

factor consistently associated with reduced PIFR. Discordance with prescribed inhalers was 

seen in 40% of COPD patients, suggesting that many COPD patients do not generate adequate 

inspiratory force to overcome prescribed DPIs resistance in the course of normal use.

Keywords: pulmonary disease, chronic obstructive, dry powder inhaler, peak inspiratory 

flow rate, drug delivery systems

Introduction
Pharmacotherapy for the treatment of COPD largely focuses on maintenance inhaler 

therapies to reduce symptom burden and frequency of exacerbations.1 In the United 

States, there are .15 approved inhaled maintenance therapies for the different combina-

tions of long-acting beta-agonists, long-acting muscarinic agents, and corticosteroids 

used in COPD.2 These medications can be delivered through four possible delivery 

systems: metered dose inhalers (MDIs), dry powder inhalers (DPIs), soft mist inhalers 

(SMIs), or nebulizers. Each delivery device has attributes designed to facilitate ease 

of patient use and effective drug delivery. MDIs, one of the most common types of 

delivery devices, provide consistent and reliable dosing through pressurized delivery, 

but require patient coordination, proper preparation prior to use, and in some instances 

use of reservoir device (ie, spacer) for effective delivery. SMIs provide consistent 

delivery in part because of a slower aerosol generation,3 but require proper preparation 
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prior to use and coordination of inhalation. DPIs are breath-

actuated, thereby minimizing the need for hand-breath coor-

dination required with MDI use. However, DPIs require a 

peak inspiratory flow rate (PIFR) to overcome the device’s 

unique internal resistance to appropriately disaggregate and 

disperse the drug powder. The ability to generate optimal 

PIFR is a major requirement of successful DPI use.

PIFR is the maximal flow obtained during a forced 

inspiratory maneuver, either with or without resistance. 

It is proportional to maximal inspiratory pressure,4 and both 

are regularly measured without resistance during standard 

spirometry. Minimal flow rates are device-specific, related 

to the particular design characteristics of each device (pri-

marily resistance), and the molecules (both drug and carrier) 

contained within.4–8 A PIFR value of 60 L/min is generally 

accepted to be optimal for most devices.9,10 However, PIFR 

values .60 L/min can be associated with excessively tur-

bulent flow and therefore poor lung deposition. Similarly, 

lung deposition decreases in a nonlinear fashion from 60 to 

30 L/min with PIFR ,30 L/min associated with insufficient 

lung deposition in some devices.9–11 Not only does each DPI 

have its own unique resistance and molecules, but each has its 

own unique optimal PIFR.8 Therefore, the sufficiency of PIFR 

range 30–60 L/min remains debated.9,10,12,13 Suboptimal PIFR, 

where the PIFR is below the minimal threshold for the device, 

can lead to inadequate drug disaggregation and insufficient 

distal airway drug deposition. The predominant demographic 

factors that have consistently been associated with a lower 

PIFR are patient effort, female gender, and older age.4,8–10,14,15 

Spirometric factors such as FEV1 and FEV1% predicted have 

not shown consistent correlation with PIFR, indicating that 

severity of lung function impairment alone cannot be used 

for device selection.9,14–17 The clinical importance of reduced 

PIFR has also been recently demonstrated in studies reporting 

an association between reduced PIFR and increased risk of 

acute exacerbations of COPD and readmissions.16,17

Despite extensive reviews showing the significance of 

age, gender, patient effort, and device resistance,4,8 much of 

the existing clinical literature describing factors and impact 

of suboptimal PIFR has focused on assessing PIFR without 

incorporating the specific DPI resistance into the measure-

ment of PIFR. The In-Check™ Dial G16 (Alliance Tech, 

Granbury, TX, USA) is a hand-held device with an adjustable 

dial to impose resistance to mimic different inhaler types.18 

Applying the device-specific resistance with the In-Check™ 

Dial permits the determination of PIFR discordance, defined 

as present when a patient has suboptimal PIFR specific to 

his or her prescribed inhaler. This study aimed to analyze 

an outpatient COPD population free of recent exacerbations 

to determine prevalence and clinical factors associated 

with PIFR discordance (PIFR mismatch with prescribed 

inhalers) using inhaler-specific resistance testing through the 

In-Check™ Dial with participants using inspiratory effort 

normally used to self-administer their prescribed DPI.

Materials and methods
Design
We conducted an observational, single-center, prospective 

cohort study to determine the association between PIFR 

across a range of inhaler resistance profiles and clinical 

characteristics in a population of stable COPD patients. 

A subset of COPD participants returned for repeated mea-

surements at 2–4 weeks to determine reproducibility of PIFR.

Study participants
The cohort for this study included sequential eligible patients 

recruited from the University of North Carolina (UNC) 

Outpatient Pulmonary Clinic between February 13, 2017 

and April 30, 2018. All eligible participants had spirometry-

confirmed COPD (defined as post-bronchodilator ratio of 

FEV1 to FVC ,0.70 and FEV1/FVC , lower limit of nor-

mal) within 1 year of screening. Participants were on stable 

maintenance inhaler COPD therapy with at least one DPI and 

free of acute exacerbations of COPD (defined as requiring 

steroids or antibiotics for worsening of pulmonary symptoms) 

in the 6 weeks prior to enrollment. Additional exclusion cri-

teria included self-reported pregnancy. All participants pro-

vided written informed consent, and the study protocol was 

approved by the UNC Institutional Review Board and was 

conducted in accordance with the Declaration of Helsinki.

Data collection
Demographics and clinical data included age, race, gender, 

recent spirometry results (obtained within the prior year), 

and current inhaler use. The median time from spirometry 

testing to visit date was 63 days. Symptoms were assessed 

using the COPD Assessment Test (CAT).19

Peak inspiratory flow measurements were obtained with 

the In-Check™ Dial G16 (Alliance Tech).18 The In-Check™ 

Dial is a hand-held device with disposable mouthpieces and 

an adjustable dial to impose resistance to mimic different 

inhaler types. Participants had PIFR measured with the 

resistance settings correlating to the DPIs they reported cur-

rently using. The resistances evaluated were low–medium 

resistance [mimicking Diskus® and Ellipta®, heretofore 

termed “Resistance-2 (R2)”] and high resistance [mimicking 

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2019:14 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

587

Ghosh et al

Handihaler®, heretofore termed “Resistance 5 (R5)”]. 

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. Mea-

surements were collected in triplicate for each device. Ample 

time was given between measurements to prevent fatigue. 

PIFR measurements were repeated in a subset of participants 

at 2–4 weeks in the context of this research protocol if study 

participants remained exacerbation free and were without a 

change in maintenance therapy.

Statistical methods
Summary measures for clinical and demographic charac-

teristics are presented as median (IQR) or n (%). Triplicate 

PIFR measurements were averaged at each resistance tested 

to obtain a mean value for each individual. Repeatability 

of PIFR measurements were assessed with Wilcoxon 

matched-pairs signed-rank test. Correlations between PIFR 

measurements and clinical characteristics were assessed 

with pairwise Pearson’s correlation coefficients. Analyses 

were conducted at the patient level except when describing 

individual inhaler use frequencies or inhaler-level PIFR 

measurements.

Participants were stratified into discordant or concordant 

inhaler use based on PIFR measurement at the resistances of 

their prescribed R2 or R5 inhalers. We defined a participant 

as discordant if his/her measured PIFR ,60 L/min on R2 

device or PIFR ,30 L/min on R5 device. If a participant was 

on both R2 and R5 devices, discordance was present if PIFR 

was suboptimal with either device. Concordant participants’ 

PIFR measurements exceeded 30 L/min for R5 and 60 L/min 

for R2 for prescribed inhalers.

Results
Participant characteristics
The total cohort included 66 study participants prescribed DPIs 

(Table 1). The median age of COPD cohort was 69.4 years  

old, 92% were white and 47% were female. The median 

FEV1 of COPD participants was 1.35 L (51.3% percent pre-

dicted). The median PIFR measured from standard spirometer 

among COPD participants was 172 L/min. The distribution 

of Global Initiative for Obstructive Lung Disease (GOLD) 

stages included 8% GOLD stage I, 45% GOLD stage II, 

35% GOLD stage III, and 12% GOLD stage IV. The median 

CAT score was 16.5 with 88% of study participants having a 

score $10. The most commonly used DPI was the R5 resis-

tance device used by 76% of COPD participants, followed by 

the R2 resistance device used by 48% of the cohort (Table 2).  

Table 1 Baseline demographics and clinical characteristics

N 66

Age, years 69.4 (60–77)

Race

White 61 (92)

African–American 4 (6)

Other 1 (2)

Female 31 (47)

FEV1/FVC ratio 0.49 (0.41–0.58)

FEV1 absolute, L 1.35 (1.04–1.69)

FEV1 % predicted 51.3 (41.0–64.1)

FVC absolute, L 2.80 (2.27–3.57)

FVC % predicted 78.4 (70.8–94.0)

PIFR from standard spirometer, L/min 172 (121–215)

GOLD stage

1 5 (8)

2 30 (45)

3 23 (35)

4 8 (12)

CAT score 16.5 (12–24)

CAT score $10 58 (88)

Note: All values are given as n (%) or median (IQR).
Abbreviations: GOLD, Global Initiative for Obstructive Lung Disease; CAT, 
COPD assessment test; PIFR, peak inspiratory flow rate.

Only one participant used solely an R3 resistance device, 

while none had either R1 or R4 DPIs, and thus these resis-

tance levels were not used in the concordance analysis.

PIFR measurements and repeatability 
in COPD
We assessed PIFR in COPD participants after applying the 

resistance of the two most prevalent DPI resistance profiles 

(R2 and R5). For R2 resistance, the median (IQR) PIFR was 

64 (43–74) L/min. For R5 resistance, COPD participants had 

a median (IQR) PIFR of 36 (28–39) L/min. Figure 1 shows 

the distribution of participants within PIFR bins (,30, 31–45, 

46–60, and .60) with R2 and R5 measurements. PIFR ,60 

L/min was present with 44% of R2 inhaler use, and PIFR 

,30 L/min was present with 32% of R5 inhaler use. When 

stratifying by GOLD FEV1 stage (Figure 2), participants with 

suboptimal PIFR were distributed as follows: R2 inhalers 

(PIFR ,60 L/min), 7% stage I, 57% stage II, 36% stage III; 

R5 inhalers (PIFR ,30 L/min), 0% stage I, 56% stage II, 

31% stage III, 2% stage IV.

A total of 15 COPD participants underwent repeated 

measures at 2–4 weeks (Figure 3 and Table S1). Among 

the COPD patients, there was a statistically significant 

difference in the overall distribution (P=0.04), with second 
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Table 2 Inhaler prescriptions

Prescribed inhaler (resistance class and 
representative inhalers)a

Number 
of COPD 
patients, n (%)b

R1
•	 Breezhaler® (Seebri®)
•	 Neohaler® (Utibron®)

0 (0)

R2
•	 Diskus® (eg, Advair®, Serevent®)
•	 Ellipta® (eg, Anoro®, Breo®, Incruse®, Trelegy®)

32 (48)

R3
•	 Pressair® (Tudorza®)
•	 Genuair® (Aclidinium®)
•	 Turbuhaler® (Symbicort®)

2 (3)

R4
•	 Turbuhaler® (Pulmicort®)
•	 Twistihaler® (Asmanex®)

0 (0)

R5
•	 Handihaler® (Spiriva®)

50 (76)

Notes: a“R” refers to resistance class of inhaler, with R1 being the lowest resistance 
and R5 being the highest resistance device. See “Materials and methods” section 
for additional explanation. bColumn total sums to .66 as participants could be on 
multiple inhalers. All values are given as n (%).

Figure 1 Percentage of patients within bins of peak inspiratory flow (PIFR), 
measured against R2 low–medium resistance inhaler (eg, Diskus® and Ellipta®; blue) 
and R5 high resistance inhaler (Handihaler®; orange).

measurements being higher. The six COPD participants using 

R2 inhalers did not have a difference in PIFR measurements 

at baseline vs follow-up (65 L/min on visit 1 and 64 L/min on 

visit 2; P=0.69). Of the 14 participants on an R5 inhaler, there 

was no difference in baseline and repeated PIFR measure-

ment (38 L/min on visit 1 and 38 L/min on visit 2; P=0.46).

Factors associated with lower PIFR
The correlation between clinical factors and PIFR measure-

ment was evaluated. Factors evaluated included age, sex, 

FEV1, peak inspiratory flow from spirometry measurements, 

FVC, CAT score, height, and body mass index (BMI). 

Figure 2 Distribution of patients with suboptimal peak inspiratory flow (PIFR) 
stratified by Global Initiative for Obstructive Lung Disease (GOLD) FEV1 severity 
stage, measured against R2 low–medium resistance inhaler (eg, Diskus® and Ellipta®; 
blue; suboptimal PIFR ,60 L/min) and R5 high resistance inhaler (Handihaler®; 
orange; suboptimal PIFR ,30 L/min).

Figure 3 Repeatability of peak inspiratory flow rate (PIFR) from baseline to 2–4 weeks, 
measured against R2 low–medium resistance inhaler (eg, Diskus® and Ellipta®; blue 
dashed line) and R5 high resistance inhaler (Handihaler®; orange solid line).

The only factor found to be consistently associated with 

a lower PIFR was female gender. For R2 resistance, the 

median (IQR) PIFR was 49.7 L/min (40.3–64.7 L/min) for 

women compared to 70.7 L/min (57–75 L/m in) for men 

(P=0.03) (Figure S1). For R5 resistance, the median (IQR) 

PIFR was 35.2 L/min (23.5–37.5 L/min) for women com-

pared to 37.5 L/min (28–42.1 L/min) for men (P=0.042) 

(Figure S2). Shorter height was associated with reduced 

PIFR for R2 resistance (r=0.44; P=0.01) but not for R5 

resistance (r=0.20; P=0.16) (Figures S3 and S4). PIFR 

measured against R2 and R5 resistance did not correlate with 

the PIFR measured by standard spirometer (r=0.05 [P=0.80] 

and r=0.10 [P=0.53], respectively) (Figures S5 and S6). For 

the R2 resistance there was no correlation with PIFR and 

age (r=0.14; P=0.44), CAT score (r=0.17; P=0.35), FEV1 

(r=-0.28; P=0.12), FVC (r=0.08; P=0.66), or BMI (r=0.10; 

P=0.61). For the R5 resistance there was also no correlation 
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Table 3 Demographics, clinical characteristics, and DPI use in discordant vs concordant participants

Concordant Discordant P-value

N (%) 39 (60) 26 (40)
Age, years 66.4 (58–76) 72.1 (64–80) 0.56
White race 38 (97) 22 (85) 0.13
Female 15 (39) 16 (62) 0.08
Height, cm 173 (157–178) 164 (157–173) 0.19
BMI (kg/m2) 27 (25–34) 28 (23–31) 0.79
FEV1/FVC ratio 0.47 (0.37–0.59) 0.51 (0.44–0.55) 0.77
FEV1 absolute, L 1.33 (1.04–1.67) 1.32 (0.97–1.74) 0.33
FEV1 % predicted 48.5 (39–57) 56.0 (44–66) 0.76
FVC absolute, L 2.85 (2.45–3.59) 2.59 (2.05–3.33) 0.36
FVC % predicted 76.9 (69–94) 83.0 (74–97) 0.92
PIFR from standard spirometer, L/min 170 (121–215) 167 (121–210) 0.80
GOLD stage 0.32

1 4 (11) 1 (4)
2 14 (36) 15 (58)
3 15 (38) 8 (31)
4 6 (15) 2 (8)

CAT score 16 (12–23) 18 (11–25) 0.65
CAT score $10 37 (95) 20 (77) 0.51

Low–medium resistance DPI 17 (44) 15 (58) 0.27
High resistance DPI 32 (82) 18 (69) 0.23

Notes: All values are either n (%) or median (IQR). See (Materials and Methods) section for information regarding definition of discordance. P-value via Kruskal–Wallis for 
continuous variables and Fisher’s exact test for categorical variables.
Abbreviations: DPI, dry powder inhaler; CAT, COPD assessment test; BMI, body mass index; GOLD, Global Initiative for Obstructive Lung Disease.

with PIFR and age (r=0.06; P=0.70), CAT score (r=0.22; 

P=0.13), FEV1 (r=0.03; P=0.82), FVC (r=0.06; P=0.69), 

or BMI (r=0.07; P=0.65).

Discordance between prescribed 
inhaler and PIFR
A participant was defined as discordant if he or she had a 

PIFR ,60 L/min on R2 device or PIFR ,30 L/min on R5 

device. If a participant was on both R2 and R5 devices, 

discordance was present is PIFR was suboptimal on either 

device. Of 65 total study participants on R2 and/or R5 devices 

(one participant on R3 device only and thus excluded for dis-

cordance analyses), 39 (60%) were concordant with inhalers 

(Table 3). Among the 26 discordant participants, the median 

age was 72.1 years, 85% were white, 62% were female, and 

the median FEV1 was 56.0% predicted. Concordant partici-

pants had an average age of 66.4 years, 97% were white, 39% 

were female, and the average FEV1 was 48.5% predicted. The 

CAT score was elevated in concordant and discordant partici-

pants, with .75% in both groups having CAT scores $10. 

There were no clinical differences between concordant and 

discordant groups. The prevalence of use of a high resistance 

DPI was not different between discordant and concordant 

participants. Similarly, use of a low–medium resistance DPI 

did not differ between discordant and concordant participants.

Discussion
In this analysis of 66 participants with stable COPD in the 

outpatient setting, we have found that PIFR was reduced 

to ,60 L/min among ~45% of COPD individuals when 

applying low–medium resistance and ~30% of COPD indi-

viduals when applying high resistance to the In-Check™ 

Dial. This reduction was persistent over repeated measures. 

Confirming prior reports, female gender was a clinical factor 

consistently associated with reduced PIFR in COPD. There 

was no correlation between PIFR measured with spirometry 

and PIFR measured against resistance using the In-Check™ 

Dial, highlighting the challenge of predicting reduced PIFR 

in COPD. Discordance, defined as suboptimal PIFR against 

any prescribed inhaler, was observed in 40% of COPD 

patients without the commonly reported factors associated 

with low PIFR such as poor effort, older age, small stature, 

malnutrition, and air trapping.4,8

The increased prevalence of discordance with any one 

prescribed inhaler highlights that many COPD patients do 

not generate adequate inspiratory force to overcome the 

resistance of their prescribed inhalers. To our knowledge, 

this is the first study evaluating PIFR applying the resistance 

of DPIs specific to the participant’s inhalers prescribed 

in clinical practice, with inspiratory effort reflecting the 

participant’s normal effort. In our study, discordance was 
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present among both low–medium and high resistance DPIs, 

indicating that the majority of those prescribed DPIs are 

at risk for not obtaining appropriate drug dispersion of 

their maintenance inhalers. One study performed PIFR 

using the InCheck™ Dial device in ambulatory patients 

after performing spirometry using the Diskus® resistance.20 

Twenty-four percent of the 71 COPD patients did not achieve 

a PIFR 60 L/min. In our study, discordance remained 

prevalent when using device-specific cutoffs of 30 L/min 

for R5 and 60 L/min for R2.

The importance of suboptimal PIFR has been made clear 

by studies reporting an association between reduced PIFR 

and increased risk of acute exacerbations of COPD and 

readmissions.16,17 Measurement of PIFR allows providers 

to identify which participants should be switched to a lower 

resistance DPI, MDI, SMI, or nebulizer. While this study 

focused on the stable outpatient setting, PIFR appears to be 

even lower during an exacerbation,17 and further research is 

required to identify how PIFR and DPI use is affected dur-

ing exacerbations.

Many studies have examined correlations between lower 

PIFR and demographic factors. Our results are consistent 

with prior findings that female gender has been associated 

with a lower PIFR.14–16,21 While our analysis did not show a 

correlation between age and PIFR, older age has been repeat-

edly associated with a lower PIFR in other studies.9,14,15,17,22–24 

Our study had a narrow range of age, hence we did not see an 

age association. Shorter stature was associated with reduced 

PIFR when measured against a low–medium resistance 

setting, but not high resistance. The association between 

shorter stature and reduced PIFR with simulated resistance 

of Diskus® has previously been reported.14 Nevertheless, 

while one should have a higher index suspicion of lower 

PIFR among female patients or those of shorter stature, 

measuring PIFR is the only reliable method to know which 

patients will have a low PIFR.

As has been described previously and re-demonstrated 

here, severity of obstruction is not consistently associated 

with low PIFR, except perhaps in those with FEV1 ,30% 

predicted.25 Low PIFR may be a measurement of hyperinfla-

tion as Mahler et al have described an association with lower 

PIFR and FVC,14 with FVC observations also reported by 

Tung et al.20 The population studied by Mahler had more 

severe obstruction than our study population, highlighting 

that severe COPD may be associated with differential impacts 

on PIFR than mild and moderate COPD. While standard 

spirometry does include measurement of PIFR, this measure-

ment does not incorporate resistance of the inhaler device. 

Dewar et al observed a weak correlation between the PIFR 

obtained through a Turbuhaler® resistance and standard spi-

rometry (r=0.53). This correlation, however, was not strong 

enough to determine a spirometric PIFR cutoff value which 

would be sufficient for a Turbuhaler®.13 Seheult et al observed 

a stronger correlation between spirometric PIFRs, obtained 

without resistance and with Diskus® PIFR, demonstrating that 

all participants with a spirometric PIFR .120 L/min were 

able to reach the minimum required PIFR for Diskus®.26 Both 

of these studies were device-specific, and not generalizable 

to all-comers in the clinical setting. Our data showed no 

correlation with spirometric PIFR and R2 (ie, Diskus®) or 

R5 (ie, Handihaler®), indicating that there are likely multiple 

factors contributing to a resistance-specific PIFR.

Few studies have shown reproducibility of PIFR mea-

surements over time in stable outpatients. Broeders et  al 

primarily studied the effect of instruction on optimizing 

PIFR; they however also found that PIFR measurements 

were reproducible within same day measurements with a 

4%–10% variability.27 Among COPD participants, we found 

no difference in PIFR in R2 or R5 resistances measured 

2–4 weeks after initial measurements, indicating that PIFR 

is a reproducible measurement in stable populations.

This study has limitations. It was a single-center cohort. 

The study cohort was predominantly Caucasian, and few had 

very severe airflow obstruction, which may limit generaliz-

ability. The study sample may have been under-powered 

to detect an association between PIFR, risk factors such as 

age and height, and symptom burden. Larger studies with 

populations containing more heterogeneous characteristics 

(eg, ethnicity, socioeconomic status, and health literacy) are 

required to definitely determine an association between PIFR, 

risk factors, and symptom burden. In this study, participants 

were given no instruction on how to optimize PIFR, which 

may impact our results. We chose to evaluate mean PIFR 

over three measurements, but an alternative approach is to 

use maximum of three measurements to define PIFR. We 

chose mean PIFR as we feel this best attenuates any train-

ing or fatigue effect that may occur in triplicate measures. 

In our study, the median difference between maximum and 

mean PIFR was 3.6 L/min for R2 and 2.0 L/min for R5. 

When categorizing discordance using mean compared to 

maximum PIFR, 61 (94%) of participants’ categorization 

remained unchanged. Thus, we found minimal difference 

between definition of PIFR using maximum or mean of 

three measures.

Despite its limitations, this study represents an important 

contribution to our in  vivo knowledge relative to PIFR. 
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It highlights an important concept; suboptimal PIFR is a 

relative construct, impacted by device design and contents. 

Therefore, suboptimal PIFR for one device does not predict 

suboptimal PIFR for another device and thus a patient who 

receives an inadequate dose of drug from one device may 

be able to use another device adequately. To our knowledge 

this study is one of the first studies to look at inhaler discor-

dance in a real-world setting specifically by asking study 

participants to inhale as if using their prescribed inhaler. 

There was a wide variability in technique, and given these 

inhalations were witnessed, PIFRs may be potentially lower 

at home. Given the prevalence of discordance to prescribed 

inhalers, this highlights a potential area of future research 

and focus for clinical improvement. What remains unclear 

is whether optimizing PIFR, therefore drug delivery, is 

modifiable.27

Conclusion
In conclusion, in this observational, single-center, cohort 

study, we found that PIFR is reduced, persistent, and 

associated with female gender in stable COPD patients. 

Discordance with prescribed inhalers is common. This study 

highlights that predicting suboptimal PIFR from clinical 

characteristics is challenging, and direct measure of PIFR 

may be a useful clinical tool for providers to optimize therapy 

in COPD patients prescribed DPIs.
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Supplementary materials

Table S1 Repeatability of PIFR in COPD participants

First measure Second measure P-value

R0 (N=15) .120 (59 to .120) .120 (72 to .120) 0.04
R2 (N=6) 65 (65–67) 64 (56–64) 0.69
R5 (N=14) 38 (33–42) 38 (28–45) 0.46

Notes: All values are median (IQR). R0= zero resistance, R2= low–medium resistance, R5= high resistance. See “Materials and methods” section and Table 2 for additional 
explanation.
Abbreviation: PIFR, peak inspiratory flow rate.

Figure S1 Distribution of peak inspiratory flow rate (PIFR) between female and male participants when measured against R2 low–medium resistance inhaler (eg, Diskus® and 
Ellipta®).

Figure S2 Distribution of peak inspiratory flow rate (PIFR) between female and male participants when measured against R5 high resistance inhaler (Handihaler®).
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Figure S3 Correlation between height (x-axis) and In-Check™ Dial (y-axis) with R2 low–medium resistance profile inhaler (eg, Diskus® and Ellipta®). Blue line represents 
fitted line with gray shading 95% CI of fitted line.

Figure S4 Correlation between height (x-axis) and In-Check™ Dial (y-axis) with R5 high resistance inhaler (Handihaler®). Blue line represents fitted line with gray shading 
95% CI of fitted line.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal

The International Journal of COPD is an international, peer-reviewed 
journal of therapeutics and pharmacology focusing on concise rapid 
reporting of clinical studies and reviews in COPD. Special focus is given 
to the pathophysiological processes underlying the disease, intervention 
programs, patient focused education, and self management protocols. 

This journal is indexed on PubMed Central, MedLine and CAS. The 
manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

International Journal of COPD 2019:14 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

595

Ghosh et al

Figure S5 Correlation between peak inspiratory flow rate measured by standard spirometer (x-axis) and In-Check™ Dial (y-axis) with R2 low–medium resistance profile 
inhaler (eg, Diskus® and Ellipta®). Blue line represents fitted line with gray shading 95% CI of fitted line.

Figure S6 Correlation between peak inspiratory flow rate (PIFR) measured by standard spirometer (x-axis) and In-Check™ Dial (y-axis) with R5 high resistance profile 
inhaler (Handihaler®). Blue line represents fitted line with gray shading 95% CI of fitted line.
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