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Background: Patients with chronic obstructive pulmonary disease (COPD) can have low peak inspiratory flow (PIF), especially after
hospitalization for acute exacerbation of COPD (AECOPD).
Purpose: To characterize patients hospitalized for AECOPD, and to assess the prevalence of low PIF, changes in PIF after
hospitalization, and the association of low PIF with healthcare resource utilization (HRU) outcomes.
Patients and Methods: A retrospective cohort study was conducted using electronic health record data of hospitalized COPD
patients in the Wake Forest Baptist Health system (01/01/2017 through 06/30/2020). Patients with a first eligible AECOPD
hospitalization (index hospitalization) who were discharged before 05/31/2020 were included. PIF was measured using the In-
Check DIAL™ at both medium-low resistance (R-2) and high resistance (R-5) during the index hospitalization. For R-2 and R-5,
PIF was divided into low PIF (< 60 L/min; < 30 L/min) and high PIF (≥ 60 L/min; ≥ 30 L/min) groups. The primary outcome was the
prevalence of low PIF. The stability of PIF after hospitalization was described. Adjusted regression models evaluated associations
between low PIF and subsequent 30-day readmissions, 90-day readmissions, and HRU outcomes, including hospitalizations, emer-
gency department visits, inpatient days, and intensive care unit (ICU) days.
Results: In total, 743 patients with PIF measured at R-2 and R-5 during a AECOPD hospitalization were included. The prevalence of
low PIF was 56.9% at R-2 and 14.7% at R-5. PIF values were relatively stable after hospitalization. Adjusted analyses showed
significant increases in HRU (all-cause hospitalizations [31%], COPD hospitalizations [33%], COPD inpatient days [46%], and COPD
ICU days [24%]) during the follow-up period among patients with low PIF (< 60 L/min) at R-2. The 30- and 90-day readmission risks
were similar between patients with low PIF and high PIF.
Conclusion: Low PIF is common among patients hospitalized for AECOPD, relatively stable after hospital discharge, and associated
with increased HRU.
Keywords: AECOPD, electronic health records, healthcare utilization, PIF

Plain Language Summary
Patients with chronic obstructive pulmonary disease (COPD) have difficulty breathing, and worsening of symptoms can require
hospitalization. They are often discharged from the hospital and provided with medications delivered by a dry powder inhaler, which is
affected by peak inspiratory flow (PIF). This study examined the rates of airflow that patients with COPD could achieve while
inhaling, using a device that measured PIF at different resistance levels, during hospitalization for an exacerbation of COPD. We
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aimed to identify the percentage of patients who could not achieve high PIF rates and assess their characteristics. We also observed the
stability of PIF after hospitalization and evaluated associations between PIF and rates of healthcare visits after hospitalization.

This single-center study used electronic health record data from 743 patients hospitalized for COPD exacerbations between
January 2017 and June 2020. Patients were categorized based on PIF measured at first hospitalization. PIF data collected after
hospitalization during follow-up visits were also used for analysis. More than half (57%) of the patients had a low PIF of less than 60
liters per minute (L/min) when measured at medium-low resistance, and 15% had a low PIF of less than 30 L/min when measured at
the high-resistance setting. Patients who could not achieve a PIF of at least 60 L/min at the medium-low resistance setting were found
to have significantly more hospitalizations during the follow-up period, both all-cause hospitalizations (31%) and COPD hospitaliza-
tions (33%). These findings indicate that patients hospitalized for COPD often had low PIF, which was associated with higher rates of
future hospitalization.

Introduction
Chronic lower respiratory diseases, including chronic obstructive pulmonary disease (COPD), were the fourth most common
cause of death in the US in 2019 and are associated with significant morbidity, as well as substantial economic and social
burdens.1,2 The main goals of treatment for COPD are reduction of symptoms and future risk of acute exacerbations of COPD
(AECOPD), which the Global Initiative for Chronic Obstructive Lung Disease (GOLD) defines as an acute worsening of
respiratory symptoms that result in additional therapy.3 One type of maintenance treatment modality for COPD is the use of
dry powder inhalers (DPIs); while simpler to use than most other devices, DPIs are breath-actuated and require fast and hard
inhalations to optimally release medication.4

Peak inspiratory flow (PIF) rate is defined as the maximal airflow (in liters per minute) achieved during a forced inspiratory
maneuver.5,6 PIF rates required for the ideal delivery of medication from commonly usedDPIs are published and have previously
been termed “optimal PIF”.5,7 These depend upon the internal resistance of DPIs, thus varying among device brands. PIF rates
below these thresholds have been defined as “suboptimal PIF”; however, the exact threshold values defining minimal effective
PIFs remain under debate.5 In several reports, low PIF has been associated with poor drug delivery and inadequate drug de-
aggregation.5,8–11 Two gamma scintillography trials further demonstrated that when using the Turbuhaler® powder inhaler,
higher PIF was associated with improved lung deposition.12,13 Patients with COPD commonly have low PIF, especially during
hospitalization for AECOPD.4,14 The prevalence of low PIF in COPD ranges from 32% to 52% in patients hospitalized for
AECOPD,4 and low PIF is most prevalent among the elderly, women, and patients with a small stature or lung hyperinflation.6,15

Data on whether patients with COPD can achieve a clinical benefit using a DPI if they have low PIF are limited.4,14,16 In
a randomized cross-over study in patients with low PIF (< 60 L/min), the use of a nebulized bronchodilator was associated with
a higher forced expiratory volume in 1 second (FEV1) than the use of a DPI after 30minutes, but not after 2 hours.17 In a phase 3b
trial, use of a nebulized bronchodilator in patients with low PIF (< 60 L/min) produced numerically greater improvements from
baseline in trough FEV1 compared with a DPI.18 One retrospective study of patients hospitalized for AECOPD showed that
compared with patients with high PIF, those with low PIF had a significant increase in 90-day COPD readmissions and a shorter
time to all-cause and COPD readmissions.14 However, a prospective observational study showed contrasting results.19 Thus,
while it has been demonstrated that low PIF is associated with decreased drug delivery in vitro, there is a lack of clinical data
showing whether low PIF is associated with poor patient outcomes and subsequent increases in healthcare resource utiliza-
tion (HRU).

This study aimed to identify the prevalence of low PIF in a real-world population of patients hospitalized for
AECOPD and to assess their demographic, clinical, and treatment characteristics, by PIF status. We also characterized
the stability of PIF after hospitalization and evaluated potential associations between low PIF and HRU.

Patients and Methods
Study Design and Population
This retrospective, observational cohort study used electronic health record data from patients in the Wake Forest Baptist
Health (WFBH) integrated health system between January 1, 2017, and June 30, 2020. In 2014, WFBH established a care
plan for AECOPD hospitalizations that was found to reduce readmissions from occurring within 30 days of discharge; in
2018, it began measuring PIF using the In-Check DIAL™ at 2 different resistance settings (medium-low [R-2] and high
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[R-5]) as a component of the care plan.14,20 The In-Check DIAL™ imposes resistance to mimic different DPIs according
to their internal resistance. R-2 DPIs include Accuhaler®, Diskhaler®, and Ellipta®, and R-5 DPIs include Easyhaler M®

and Handihaler®. PIF was measured regardless of current inhaler use in patients hospitalized for AECOPD, as part of
their outpatient post-discharge follow-up visit, as well as on initial assessment at pulmonary rehabilitation.20

Measurements were recorded by trained respiratory therapists at least once during hospital admission when patients
were no longer in respiratory distress, able to complete a full sentence, and not using accessory muscles of respiration.
Seated patients were told to inhale from functional residual capacity as fast and as hard as they could into the device; the
best of 3 efforts was considered.

Eligible patients, aged ≥ 40 years, had ≥ 1 PIF measured using In-Check DIAL™ (Clement Clarke International Ltd,
Harlow, UK and Alliance Tech Medical, Granbury, TX, USA) at both R-2 and R-5 during an AECOPD hospitalization.
Patients were excluded if they had a diagnosis of cystic fibrosis or alpha-1 antitrypsin deficiency. Only the first eligible
COPD hospitalization for each patient with a date of discharge prior to May 31, 2020, was included and used as the index
hospitalization, defined as the first hospitalization in which PIF measurements by In-Check DIAL™ at the R-2 and R-5
levels of resistance were obtained. Patients were followed from the index hospitalization discharge date until 1 year,
death, or study end (June 30, 2020), whichever occurred first.

Patient characteristics and COPD treatments were assessed on or before the index hospitalization discharge date.
Relevant diagnoses and other clinical characteristics were identified using International Classification of Diseases 9th or
10th revision, clinical modification (ICD-9/10-CM) codes (Table S1). Baseline HRU was measured during the baseline
period, defined as 1 year prior to the index hospitalization discharge date. eFrailty scores21 were available for patients
aged ≥ 65 years who had the minimum number of elements necessary for score calculation. The Social Deprivation Index
(SDI), a composite measure of area-level deprivation based on the demographic characteristics collected in the American
Community Survey, was computed according to US census ZIP Code Tabulation Areas from 5-digit ZIP codes22 as
a measure of the social determinants of health. Mortality data from the North Carolina (NC) State Center for Health
Statistics were linked to the study database using a deterministic algorithm that utilizes name, sex, race, and date of birth
and was used to censor patient follow-up.

Variables and Outcomes
The primary outcome was low PIF prevalence in the overall cohort. PIF measurements were dichotomized into low PIF
and high PIF groups, separately for both R-2 and R-5, by PIF values obtained during the index hospitalization closest to
the discharge date. Low PIF was defined as < 60 L/min and < 30 L/min for R-2 and R-5, respectively. High PIF was
defined as ≥ 60 L/min and ≥ 30 L/min for R-2 and R-5, respectively.

PIF measurements after discharge from the index hospitalization, either in outpatient pulmonary clinics or during
rehospitalizations, were available for subsets of patients and were used to explore the stability of PIF over time. Patients
may have multiple PIF measurements on separate days during the post-discharge follow-up assessment period.

HRU outcomes during the follow-up period included 30-day all-cause readmissions, 90-day all-cause and disease-
specific readmissions, and all-cause and disease-specific rates of inpatient hospitalizations, emergency department visits,
inpatient days (length of stay [LOS]), and intensive care unit (ICU) days. Disease-specific outcomes included COPD and
composite COPD or pneumonia events. COPD events were defined as the presence of a primary diagnosis of COPD or
a primary diagnosis of acute respiratory failure plus a secondary diagnosis of COPD. Pneumonia events were defined as
the presence of a primary diagnosis of pneumonia or a primary diagnosis of sepsis with a secondary diagnosis of
pneumonia and no secondary diagnosis of severe sepsis present on admission (Table S1).

Statistical Analysis
Descriptive statistics summarized low PIF prevalence, patient demographics, and clinical characteristics. Student’s t-test
and chi-square test were used to evaluate the differences in patient characteristics between PIF groups. Among subsets of
patients with PIF measured after discharge from the index admission (eg, during readmission within 30 days), the
proportion of patients who did not change PIF group (from low PIF to high PIF, or vice versa) was reported. Median
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(minimum, maximum) PIFs were plotted over time, according to PIF group at index (low PIF or high PIF), for the
subsets of patients with PIF measured during specified time intervals over 1 year after discharge (eg, 30 to 60 days).

Poisson regression was used to assess the association between low PIF and incidence rates of HRU outcomes over the
follow-up period. The offset term was the logarithm of person-years at risk. Person-years was used to accommodate the
differences in at-risk time due to death or reaching the end of the study data. Multivariable logistic regression was used to
assess the association between low PIF at index hospitalization and subsequent 30-day all-cause readmissions. Cox
proportional hazards models were used to assess the association between low PIF and time to first readmission within 90
days of discharge from the index hospitalization. Separate models were developed for all-cause and disease-specific
readmissions. Mortality data were used as a right censor for 90-day readmissions. Patients with ZIP codes outside of NC
were excluded from the analysis of 30-day readmissions since any deaths occurring in this population would not be
captured by the state death index, as were patients who died within 30 days of hospital discharge.

Regression models were adjusted for covariates including age, sex, race, Charlson Comorbidity Index score, number
of all-cause admissions in the year prior to the index admission, body mass index, LOS for the index admission, and SDI.
Due to small numbers of patients in the “other” race categories, it was necessary to simplify race as a binary variable
(White vs other) for the regression models. Restricted cubic splines were included with each of the continuous variables
to relax the linearity assumptions of the models. Splines were removed from variables in which the nonlinear components
were not statistically significant. Missing data were reported for each variable. Body mass index was manually extracted
from the electronic health record for a small number of patients where necessary. Variables with missing data were
excluded from the regression analysis. All analyses were performed in R Studio (version 4.0.3).

Results
Patient Population
The study cohort included 743 patients with PIF measured at both R-2 and R-5 during the index hospitalization. Reasons for
patient exclusion are given in Figure 1. Patient demographics and clinical characteristics are presented in Table 1. The median
(interquartile range) age was 66.10 (59.65, 73.55) years, and 49.9% of patients were female. Compared with patients with high
PIF, patients with lowPIF had a highermedian age, had a lowermedian bodymass index, andweremore often female. Therewas
no significant difference between the low PIF and high PIF groups in eFrailty Index scores. GOLD status based on percent
predicted FEV1 was only available in 46% of patients at baseline (Table 1). Maintenance COPD medications prescribed upon
discharge from the index hospitalization were similar across PIF groups, with most patients prescribed triple therapy (long-acting
muscarinic antagonist [LAMA] + long-acting beta2-agonist [LABA] + inhaled corticosteroid) (Table S2). Over 65% of patients

Figure 1 Patient flowchart.
Abbreviations: PIF, peak inspiratory flow; R-2, medium-low resistance; R-5, high resistance.
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Table 1 Baseline Demographics and Clinical Characteristics by PIF Group

R-2 R-5

Low PIF
< 60 L/min
(n = 423)

High PIF
≥ 60 L/min
(n = 320)

P value Low PIF
< 30 L/min
(n = 109)

High PIF
≥ 30 L/min
(n = 634)

P value

Age (years), median (IQR) 67.20 (60.80, 74.55) 64.70 (57.80, 72.62) < 0.001 69.00 (63.30, 76.90) 65.60 (59.20, 73.27) 0.001

Sex, female, n (%) 229 (54.1) 142 (44.4) 0.01 66 (60.6) 305 (48.1) 0.022

BMI (kg/m2), median (IQR) 25.76 (20.70, 31.64) 27.10 (22.39, 33.12) 0.009 23.68 (19.49, 29.39) 26.72 (21.85, 32.62) < 0.001

eFrailty Index, median (IQR) 0.19 (0.14, 0.25) 0.19 (0.14, 0.25) 0.79 0.19 (0.15, 0.26) 0.19 (0.14, 0.25) 0.437

Missing, n 137 110 208 39

Race, n (%) 0.592 0.604

White 330 (78.0) 257 (80.3) 83 (76.1) 504 (79.5)

Black 86 (20.3) 60 (18.8) 25 (22.9) 121 (19.1)

Other 7 (1.7) 3 (0.9) 1 (0.9) 9 (1.4)

Charlson Comorbidity Index, median (IQR) 4.00 (2.00, 7.00) 3.00 (2.00, 7.00) 0.566 4.00 (2.00, 8.00) 3.50 (2.00, 7.00) 0.516

CAT score, median (IQR) 25.00 (18.00, 31.00) 24.00 (17.00, 31.00) 0.408 27.00 (20.50, 33.00) 24.00 (17.00, 31.00) 0.011

Missing, n (%) 46 (10.9) 35 (10.9) 10 (9.2) 71 (11.2)

SDI, median (IQR) 65.00 (54.00, 77.50) 70.00 (57.00, 78.00) 0.097 68.00 (57.00, 78.00) 66.00 (55.00, 78.00) 0.64

GOLD categorya, n (%) 0.036 0.215

I (FEV1 ≥ 80% predicted) 9 (2.1) 5 (1.6) 2 (1.8) 12 (1.9)

II (50% ≤ FEV1 < 80% predicted) 65 (15.4) 68 (21.2) 12 (11.0) 121 (19.1)

III (30% ≤ FEV1 < 50% predicted) 80 (18.9) 61 (19.1) 20 (18.3) 121 (19.1)

IV (FEV1< 30% predicted.) 38 (9.0) 13 (4.1) 11 (10.1) 40 (6.3)

Missing 231 (54.6) 173 (54.1) 64 (58.7) 340 (53.6)

Notes: aGOLD status (I–IV): based on FEV1% predicted from outpatient pulmonary function tests measured during the 1-year baseline period through 30 days after the index date. GOLD I (mild): FEV1 ≥ 80% predicted; GOLD II
(moderate): 50% ≤ FEV1 < 80% predicted; GOLD III (severe): 30% ≤ FEV1 < 50% predicted; GOLD IV (very severe): FEV1< 30% predicted.
Abbreviations: BMI, body mass index; CAT, Chronic Obstructive Pulmonary Disease Assessment Test; FEV1, forced expiratory volume in one second; GOLD, Global Initiative for Chronic Obstructive Lung Disease; IQR, interquartile
range; PIF, peak inspiratory flow; R-2, medium-low resistance; R-5, high resistance; SDI, Social Deprivation Index.
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were prescribed at least one DPI at discharge. In the year prior to the index hospitalization, the median number of hospital
inpatient admissions and ICU days were similar between patients with low PIF and high PIF (all P > 0.05). During the index
hospitalization, patients with low PIF had a significantly longer median LOS (R-2, P < 0.001; R-5, P < 0.001) than patients with
high PIF, and significantly more patients with low PIF were admitted to the ICU (R-2, P = 0.001; R-5, P = 0.002) (Table 2).

Prevalence of Low PIF
Approximately half of the patients (56.9%; n = 423) had low PIF (< 60 L/min) for R-2 and 14.7% (n = 109) had low PIF
(< 30 L/min) for R-5 during their index hospitalization. The median (minimum–maximum) PIF was 50 (15–110) L/min
for patients at R-2 and 40 (15–100) L/min for those at R-5 (Figure S1).

Healthcare Resource Utilization
The person-years of follow-up was 280.1 in the low PIF R-2 group and 225.0 in the high PIF R-2 group. Adjusted
analyses showed low PIF at R-2 was associated with significant increases in rates of HRU outcomes, including all-cause
hospitalizations (31%), COPD hospitalizations (33%), COPD inpatient days (46%), and COPD ICU days (24%) during
the follow-up period (Table 3).

A total of 686 patients had ZIP codes within NC and were eligible for the 30-day readmission analysis. The adjusted
odds ratio (OR) showed numerically increased odds of 30-day all-cause readmissions for patients with low PIF at R-2
compared with patients with high PIF at R-2 (OR: 1.28; 95% confidence interval [CI]: 0.76–2.15), but the result was not
statistically significant. The adjusted Cox proportional hazard ratio (HR) showed similar 90-day all-cause readmissions
for patients with R-2 low PIF vs high PIF (adjusted HR: 1.22; 95% CI: 0.88–1.71). Adjusted HRs also showed similar
90-day COPD readmissions and 90-day COPD/pneumonia readmissions between groups (HR: 1.14; 95% CI: 0.75–1.73
and HR: 1.06; 95% CI: 0.70–1.59).

The HRU outcomes for R-5 PIF groups are generally consistent with those of the R-2 PIF groups (Table S3).
Similarly, no statistically significant association was found between low PIF at R-5 and readmission outcomes.

Table 2 Baseline and Index HRU by PIF Group

R-2 R-5

Low PIF
< 60 L/min
(n = 423)

High PIF
≥ 60 L/min
(n = 320)

P value Low PIF
< 30 L/min
(n = 109)

High PIF
≥ 30 L/min
(n = 634)

P value

During index hospitalization

LOS (days), median (IQR) 4.99 (3.30, 8.00) 3.98 (2.81, 5.84) < 0.001 6.37 (4.04, 10.15) 4.19 (2.93, 6.54) < 0.001

ICU visit during admission, n (%) 155 (36.6) 81 (25.3) 0.001 49 (45.0) 187 (29.5) 0.002

ICU LOS (days), median (IQR) 0.00 (0.00, 1.98) 0.00 (0.00, 0.53) 0.001 0.00 (0.00, 2.48) 0.00 (0.00, 1.25) 0.001

Time from PIF to discharge (days),

median (IQR)

2.24 (1.18, 4.27) 1.94 (1.00, 3.13) < 0.001 3.19 (1.24, 5.21) 2.07 (1.10, 3.34) < 0.001

In the year before index hospitalization

Inpatient hospitalizations, median
(IQR)

1.00 (0.00, 2.00) 1.00 (0.00, 2.00) 0.473 1.00 (0.00, 2.00) 1.00 (0.00, 2.00) 0.846

ICU days, median (IQR) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.413 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.056

Abbreviations: HRU, healthcare resource utilization; ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; PIF, peak inspiratory flow; R-2, medium-low
resistance; R-5, high resistance.
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Stability of PIF
PIF was measured in an outpatient pulmonary clinic within 30 days of index hospitalization discharge in 229 patients
(30.8%). Of these, over 94% and 97% did not change R-2 and R-5 PIF groups from index, respectively. Similar patterns
were seen in the 165 patients who had PIF measured during an all-cause readmission within 90 days of discharge from
index hospitalization (Table S4). Median PIF, according to index PIF groups (low PIF and high PIF), was plotted for the
subsets of patients with PIF remeasured during specified time intervals up to 1 year after index (Figure 2A and B).

Discussion
This retrospective observational study showed that low PIF is common during hospitalizations for AECOPD and that PIF
status appeared relatively stable after hospital discharge. Compared with high PIF, low PIF was associated with increased
subsequent HRU, including all-cause and COPD-related admissions, LOS, ICU days, and emergency department visits.
Adjusted analyses showed that hospital readmissions in the 30 and 90 days after index, however, were statistically similar
between the low PIF and high PIF groups. To the best of our knowledge, this is the first study showing an association
between low PIF and increased HRU in real-world clinical practice. While low PIF has been shown to be associated with
reduced drug delivery in vitro, decreased bronchodilator effect in vivo, and possible increased readmission after
AECOPD, the impact of low PIF on outcomes such as LOS, ICU days, and other HRU measures has not been widely
evaluated.5,8–10,12,14,17–19

PIF has been shown to affect drug delivery, drug de-aggregation, and particle size in vitro.4 The relationship
between PIF and drug delivery is not linear but hyperbolic.23 This leads to greater differences in drug delivery per
increment of PIF change at the lower end than at the upper end of the PIF spectrum. Therefore, even small decreases in
the PIF below the minimal effective PIF, as published by device manufacturers, may lead to significant reductions in
drug delivery.

Table 3 Incidence Rates and Unadjusted and Adjusted IRRs for HRU Outcomes During Follow-Upa

Outcomes R-2 Low PIF < 60 L/min
Cohort (n = 404)

R-2 High PIF ≥ 60 L/min
Cohort (n = 300)

n Events PY Events/
PY

n Events PY Events/
PY

IRR Crude
(95% CI)

Adjusted IRR
(95% CI)

All-cause hospitalization 400.0 280.1 1.43 237.0 225.0 1.05 1.36 (1.16–1.59) 1.31 (1.11–1.55)

COPD hospitalization 193.0 280.1 0.69 113.0 225.0 0.50 1.37 (1.09–1.74) 1.33 (1.05–1.69)

COPD or pneumonia

hospitalization

222.0 280.1 0.79 132.0 225.0 0.59 1.35 (1.09–1.68) 1.30 (1.05–1.63)

All-cause inpatient days 2067.2 280.1 7.38 1144.6 225.0 5.09 1.45 (1.35–1.56) 1.39 (1.29–1.5)

COPD inpatient days 1052.4 280.1 3.76 554.8 225.0 2.47 1.52 (1.38–1.69) 1.46 (1.32–1.63)

COPD or pneumonia inpatient
days

1210.1 280.1 4.32 660.8 225.0 2.94 1.47 (1.34–1.62) 1.42 (1.29–1.57)

All-cause ICU days 511.2 280.1 1.83 254.9 225.0 1.13 1.08 (0.93–1.26) 1.31 (1.11–1.55)

COPD ICU days 297.6 280.1 1.06 188.8 225.0 0.84 1.27 (1.06–1.52) 1.24 (1.02–1.49)

COPD or pneumonia ICU days 328.8 280.1 1.17 209.3 225.0 0.93 1.26 (1.06–1.5) 1.2 (1.01–1.44)

COPD ED visits 249.0 280.1 0.89 162.0 225.0 0.72 1.23 (1.01–1.51) 1.24 (1.01–1.52)

COPD or pneumonia ED visits 287.0 280.1 1.02 185.0 225.0 0.82 1.25 (1.04–1.5) 1.25 (1.03–1.51)

Note: a39 patients with addresses outside NC were excluded from this analysis.
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; ED, emergency department; HRU, healthcare resource utilization; ICU, intensive
care unit; IRR, incidence risk ratio; NC, North Carolina; PY, person-years; R-2, medium-low resistance.
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In vivo, low PIF is associated with a decreased bronchodilator effect.18 Use of the nebulized LAMA revefenacin
resulted in greater improvement in trough FEV1 compared with use of the dry powder LAMA tiotropium in patients with
low PIF.18 Mahler et al showed similar results with the nebulized LABA arformoterol compared with the dry powder LABA
salmeterol in patients with low PIF.17 Two studies have examined the effect of low PIF on hospital readmissions after
AECOPD.14,19 The first, which measured PIF against no resistance (In-Check DIAL™ R-0), showed a significant
association between low PIF and readmission.14 However, the second study, which measured PIF against the simulated
resistance of the DISKUS® DPI (In-Check DIAL™ R-2), did not, which was aligned with the findings of our study.19

Compared with the study by Sharma et al,19 our study had a larger sample size and readmission analysis was adjusted for

Figure 2 Median (minimum and maximum) PIFs in the year after the index admission by index PIF group. (A) PIFR R-2 measured over a year after the index admission; (B)
PIFR R-5 measured over a year after the index admission.
Note: n denotes number of PIF measurements, N denotes total number of patients at each time point.
Abbreviations: PIF, peak inspiratory flow; PIFR, PIF rate; R-2, medium-low resistance; R-5, high resistance.

https://doi.org/10.2147/COPD.S355772

DovePress

International Journal of Chronic Obstructive Pulmonary Disease 2022:171490

Clark et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


potential confounders. Our study did not show a statistically significant association between low PIF and 30- or 90-day
readmissions; however, we observed an association between low PIF and several measures of HRU, including rates of
hospitalizations, emergency department visits, and inpatient and ICU days. These findings are essential to clinical practice
and health policy evaluations, as AECOPD is responsible for up to 70% of COPD-related healthcare costs, with hospital
readmissions alone costing over $15 billion annually in direct costs.2

The association of low PIF with HRU is important. However, whether this relationship is causal and, if so, what the
causal link could be is unknown. An important consideration of our study is that we did not define low PIF relative to
patient’s current DPI use, because the lack of insurance claims data availability limited the assessment of medication/
inhaler use during the follow-up period. However, over 65% of the patients in our study were prescribed at least one DPI
at the time of discharge from the index admission, and low PIF was associated with increased HRU after discharge. Low
PIF has been associated with age, female sex, small stature, and lung function impairment.6,15 Elderly women with
a small stature and impaired lung function are more likely to have low PIF and to be considered frail,6,15 and frailty is
linked with increased HRU.24 Although limited, our frailty data suggest that the link between low PIF and greater HRU
may not be related to frailty.

In this study, 57% of patients had low PIF for an R-2 inhaler and 15% for an R-5 inhaler. These seemingly divergent
values may be explained by the work of Barnes et al who showed that a PIF of 60 L/min against an R-2 resistance is
roughly equivalent to a PIF of 40 L/min against an R-5 resistance.25 In exploring the distribution of PIF in this study, we
found that 49% of patients had a PIF < 40 L/min against an R-5 resistance, thereby confirming the work of Barnes et al
and aligning the low PIF threshold for R-2 and R-5 resistances.

For the subset of patients with PIFmeasured during a readmission within 90 days of index or at outpatient pulmonary clinic
within 30 days, less than 6% changed their PIF group, indicating that PIF is relatively stable after hospitalization. However, it
should be noted that in our study, the PIF for the index hospitalization was measured close to the discharge date when patients
were no longer in respiratory distress. Although lung function deteriorates during AECOPD, PIF and inhalation volume
increase during early recovery up to the stable stage.11,26

This study was conducted at a single health center; therefore, the generalizability of the results is limited. However,
the prevalence of low PIF was consistent with that seen in other studies of PIF in COPD.14,15,27–30 Additionally, the
retrospective and uncontrolled nature of this study is prone to inherent bias and limitations. We were unable to use SDI at
the census block group level due to the inability to geocode some addresses, leading us to link SDI at the 5-digit ZIP code
level instead. Although informative, the eFrailty Index was not included as a covariate since it is only designed for use in
patients ≥ 65 years of age. Therefore, the authors relied on the less precise Charlson Comorbidity Index score as
a measure of comorbidity. Loss to follow-up is also a concern for retrospective cohort studies, particularly in our study
which used electronic medical record data alone. It is unknown if patients sought care elsewhere. However, our use of the
NC state death registry should have reduced the potential bias introduced by loss to follow-up due to patient demise. The
registry identifies deaths for NC residents regardless of where the deaths occur. Observational COPD studies are also
potentially biased due to inaccurate COPD diagnoses based on ICD codes. One strength of this study is that all patients
included were evaluated by respiratory therapists during index admission and deemed appropriate for inclusion in the
COPD care pathway. A prospective design would be useful in validating these data and should be considered for further
investigation.

DPIs require certain inspiratory force (flow, duration, and initiation of flow) to disperse, de-aggregate, and distribute
the drug deep into distal airways.31 Therefore, future work exploring whether the association of low PIF with greater
HRU is tied to DPI use would be of interest. This important question may best be answered with a prospective
randomized trial assigning patients with low PIF to DPI devices or non-DPI devices, such as metered dose inhalers,
nebulized medication, or soft mist devices.

Conclusions
We have shown that low PIF is common among patients hospitalized for COPD, relatively stable after hospital discharge,
and associated with greater HRU. Our real-world evidence findings support clinical practice recommendations and health
policy decisions considering the prevalence of low PIF and subsequent HRU among patients with AECOPD.
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Abbreviations
AECOPD, acute exacerbation of chronic obstructive pulmonary disease; CI, confidence interval; COPD, chronic
obstructive pulmonary disease; DPI, dry powder inhaler; FEV1, forced expiratory volume in 1 second; GOLD, Global
Initiative for Chronic Obstructive Lung Disease; HR, hazard ratio; HRU, healthcare resource utilization; ICD9/10-CM,
International Classification of Diseases 9th or 10th revision, clinical modification; ICU, intensive care unit; LABA, long-
acting beta2-agonist; LAMA, long-acting muscarinic antagonist; LOS, length of stay; NC, North Carolina; OR, odds
ratio; PIF, peak inspiratory flow; R-2, medium-low resistance; R-5, high resistance; SDI, Social Deprivation Index;
WFBH, Wake Forest Baptist Health.
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