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BACKGROUND: Objective measures of adherence to high-frequency chest wall compression
(HFCWC), a form of airway clearance therapy for patients with cystic fibrosis, are lacking. We
used a novel electronic monitoring device integrated into an HFCWC vest to measure adherence
compared with self-reported adherence. We determined factors that influenced adherence and how
adherence correlated with baseline pulmonary function and pulmonary exacerbations. METHODS:
Data were collected by direct measurement of date, time of day, and duration of HFCWC use to
determine the number of daily treatments and daily duration of treatments. Chart review provided
prescribed airway clearance therapy treatment and demographic and clinical information. Subject
and caregiver report of the daily number of airway clearance therapy treatments was obtained by
telephone interviews. Analysis used 2-sample and paired t test, analysis of variance, and linear
regression. RESULTS: Average adherence was 69%. Adherence was highest in children (82%,
P � .02) and those receiving assistance with treatment (82%, P < .001). Subjects overestimated
therapy duration from a mean � SD of 127 � 169% by adults to 19.2 � 26.3% by parents or
guardians of children. Average adherence decreased with increasing prescribed therapy time
(P � .02). Average daily therapy time and adherence had significant positive associations with
baseline FEV1 percent of predicted (P � .02 and P � .02, respectively) and negative associations
with pulmonary exacerbations during the pre-study period and at baseline (P � .044 and P � .02,
respectively). CONCLUSIONS: Greater adherence to HFCWC measured directly by a novel re-
corder was associated with better baseline pulmonary function and fewer exacerbations in the
pre-study and baseline period. Adherence decreased with age and prescribed therapy time and
increased with therapy assistance. Self-report overestimation is large and thus not an accurate
measure of adherence. Key words: adherence; cystic fibrosis; high-frequency chest wall compression;
pulmonary function test; pulmonary exacerbation. [Respir Care 2017;62(7):920–927. © 2017 Daedalus
Enterprises]

Introduction

Approximately 80% of deaths in patients with cystic
fibrosis (CF) stem from respiratory insufficiency (about

67%) or from complications of lung transplantation (about
13%).1 Impaired mucociliary clearance predisposes patients
to recurrent infection, mucus plugging, inflammation, and
airway obstruction that ultimately leads to progressive loss
of lung function.2 A growing number of inhaled and oral
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medications are available to counteract this process. In
addition to drug treatments, the Cystic Fibrosis Foundation
also recommends regular performance of airway clearance
therapy employing one of several techniques.3

Advances in treatment have substantially improved sur-
vival over the past 3 decades,1 but there is evidence that
poor adherence prevents patients from fully realizing the
benefits of CF therapies.4-6 Relatively little is known about
predictors of non-adherence in patients with CF, but du-
ration and complexity of the regimen are likely to be neg-
atively related to adherence.7,8 Previous studies also indi-
cate that non-adherence is particularly prevalent during
weekends and summer months in school-age patients9 as
well as among adolescents at any time.4,5 Family function-
ing as well as depression among children and their parents
are additional important determinants of adherence.8,10,11

Even with the advent of CF transmembrane conductance
regulator gene correctors and potentiators, consistent use
of airway clearance therapy remains paramount for pre-
serving lung function because these novel medications are
unlikely to reverse established bronchiectasis.

Prior studies of airway clearance therapy adherence in
subjects with CF commonly employ patient self-report to
measure adherence, but this approach consistently yields
higher levels of adherence than objective measures. For
instance, Daniels et al12 compared adherence to prescribed
nebulizer therapies in subjects with CF measured by self-
report versus electronic monitoring, and found adherence
rates of 80 and 36%, respectively. Published studies that
have focused specifically on adherence to airway clear-
ance therapy among subjects with CF have relied primar-
ily on patient, parent, and clinician surveys, with self-
reported adherence in the past decade ranging from 14 to
94%.13-16 Actual adherence to airway clearance therapy
remains unknown due to the lack of studies with objective

electronic monitoring of airway clearance therapy adher-
ence.

Our study compared objectively measured adherence to
airway clearance therapy with patient- and parent-reported
adherence among children, adolescents, and young adults
with CF. We employed a novel electronic monitoring de-
vice that recorded the daily timing and duration of patient
use of a high-frequency chest wall compression (HFCWC)
device. Based on our above review of the literature and our
clinical experience, we hypothesized that: (1) objectively
measured adherence is lower than self-reported adherence;
(2) adherence is lower among adolescents and young adults
than children; (3) adherence decreases as prescribed dura-
tion of therapy increases; (4) patients who live with a parent
or guardian or receive assistance with therapy are more ad-
herent; and (5) patients with recent exacerbations and lower
baseline FEV1 are more likely to have lower adherence.

Methods

Subjects

Subjects age 6–24 y treated at the University of Min-
nesota Cystic Fibrosis Center were enrolled. CF was con-
firmed with a sweat chloride concentration �60 mmol/L
using Gibson-Cooke pilocarpine iontophoresis.17 To be in-
cluded, subjects had a current prescription for HFCWC for
their airway clearance technique, had HFCWC equipment
(the Vest System, Hill-Rom, Batesville, Indiana), were
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QUICK LOOK

Current knowledge

A majority of deaths from cystic fibrosis stem from
respiratory insufficiency. Advances in treatment have
substantially improved survival for this disease over the
past 3 decades. Regular performance of airway clear-
ance therapy is recommended for these patients; how-
ever, adherence is regarded as poor based largely on
subjective data.

What this paper contributes to our knowledge

We used a novel electronic chronometer and data re-
corder integrated into a high frequency chest wall com-
pression device to objectively measure daily duration of
use. Children with caregivers who assisted with starting
therapy had the highest adherence, and adults had the
lowest. Neither electronic monitoring nor monthly tech-
nician visits affected adherence. Higher baseline FEV1

(percent of predicted) and absence of recent pulmonary
exacerbation were associated with better adherence.
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able to perform valid spirometry, and lived in the region of
Minnesota, eastern North and South Dakota, northern Iowa,
and western Wisconsin. We excluded those who were in
hospice care, did not have 1 y of Minnesota CF center
records, or had not been seen for �1 y. Subjects �13 y of
age were placed into the childhood cohort, those 13–18 y
of age were placed into the adolescent cohort, and those
�19 y of age were placed into the adult cohort.

Subjects who consented for the study but were diag-
nosed with a pulmonary exacerbation within 2 weeks of
enrollment or who had more than one exacerbation in the
preceding 6 months were placed in a pulmonary exacer-
bation group. A generally accepted definition of a pulmo-
nary exacerbation of CF lung disease based on signs and
symptoms that was applicable to children and adults and to
our available dataset was not available.18 We used a
working definition for this study. To be most inclusive,
a pulmonary exacerbation was defined as symptoms of
a respiratory infection (any one or more of increased
cough, increased sputum production, new crackles, new
wheeze, new hemoptysis) that resulted in prescribing a
new antibiotic and an increase in inhaled medications
and airway clearance therapy with or without evidence
of a decline in pulmonary function or hospitalization by
patient report and chart review. This working definition
is most similar to the definition found by Rabin et al19

in analysis of the Epidemiologic Study of Cystic Fibro-
sis data set to correlate with medical caregiver diagnosis
and antibiotic treatment of pulmonary exacerbation and
that found by Byrnes et al20, in their analysis of the
Australasian CF BronchoAlveolar Lavage randomized
controlled trial data set, to correlate with family or phy-
sician diagnosis of pulmonary exacerbation.21

Study Design

The Vest System model 105 (Hill-Rom) equipped with
a novel data recorder was used for the study. All subjects
who were using another model of the Vest System were
provided with a model 105 device with a data recorder.
Patients and their parents or guardians were approached for
the study, and consent (or assent with parent/guardian’s con-
sent for those �18 y old) was obtained by the principal in-
vestigator or one of the study staff, not the patient’s medical
care providers or Hill-Rom. Study personnel did not alter
medications, treatment plans, or other CF therapies.

The institutional review board at the University of Min-
nesota approved this study. After informed consent and
enrollment, a questionnaire was filled out by telephone
interview performed by study staff. The subjects and the
parents/guardians of subjects �18 y of age were asked:
“How many times a day are you prescribed to do chest
therapy?”; “How many minutes is each session prescribed
to be?”; “Have you been on antibiotics for a pulmonary

exacerbation in the last 2 months?”; “Are you currently
living with a parent or guardian?”; and “Does your parent/
guardian assist you with starting your chest therapy?” (only
for subjects �18 y old). Hill-Rom technicians were re-
quired to visit the home to set up the data recorders and
download the data at set intervals. Technician visits oc-
curred as close as possible to 30, 60, and 90 d after the
initial home visit to establish 3 30-d observation blocks. At
each visit, data were downloaded from the recorders, and
if the subject was �18 y old, he or she was asked, “How
many chest therapy treatments did you do in the last 2
weeks?” If the subject was �18 y old, the parent/guardian
was asked, “How many chest therapy treatments did your
child do in the last 2 weeks?” Each chest therapy treatment
reported was assumed to be the prescribed 30-min session.
Downloaded data and visit forms were sent electronically
to the principal investigator (CM).

HFCWC Recorder Information

At the Minnesota Cystic Fibrosis Center, patients are
routinely prescribed twice daily HFCWC sessions that are
30 min in duration and consist of 6 different oscillation
frequencies of 5-min duration each. HFCWC therapy data
were recorded as the total time the system was turned on
(in min) during each session, and the total number of
sessions. Sessions with pauses �1 h were considered 2
separate sessions. All sessions were included unless they
lasted �5 min or �60 min, since it was unlikely that a
subject was actually participating in a session lasting �1 h.

A recording device, integrated into each subject’s
HFCWC device, was turned on at the start of the study.
Date; clock time of start, stops, and pauses of high fre-
quency compressions; the compression frequency setting
(in Hz); and compression pressure intensity setting (1–10)
were recorded. If the subject made any key press changes
to the settings of frequency, pressure (intensity), and time,
this also resulted in a recorded event. The recording de-
vices had a maximum storage capacity of 1,024 events or
approximately 60 d. If the maximum number of events
were reached, the first event from the beginning of the
recording period would be overwritten, and each sequential
entry would be overwritten as the number of events beyond
the maximum increased. Data were downloaded approxi-
mately every 30 d during a home visit by the technical staff.

The first day of the block in which data were available was
used as day 1. This approach was used for all 3 30-d blocks.
If a subject was hospitalized during the study period, these
days were removed, because they would otherwise appear as
days of no therapy. The data for each 30-d block were then
separated into 4 equal quarters. Adherence during the differ-
ent quarters was compared to assess the influence of an up-
coming monitoring visit on adherence.

MEASURING ADHERENCE TO AIRWAY CLEARANCE THERAPY IN CF
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Clinical Data

Baseline demographics were obtained by chart review.
Spirometry met American Thoracic Society/European Re-
spiratory Society validity criteria,22 and FEV1 percent
of predicted was derived from the National Health and
Nutrition Examination Survey III.23 Pancreatic insuffi-
ciency was considered present if pancreatic enzyme re-
placement were prescribed. If the HFCWC prescription
was not explicitly charted in a visit note, the standard
Minnesota Cystic Fibrosis Center prescription of 30 min
twice daily was used, since this is the default prescrip-
tion that our respiratory therapists provide in their air-
way clearance therapy instructions to patients.

Statistical Analysis

Descriptive statistics were computed for demo-
graphic attributes (Table 1). Average daily therapy time
was calculated directly from the daily measured data
averaged over each 30-d interval. Adherence was mea-
sured as the measured average daily therapy time as a
percentage of the prescribed daily therapy time. This
definition was in accord with the World Health Orga-
nization initiative on adherence to long-term therapies.24

Mean percentage overestimation of performed therapy
was calculated as the subject- or parent/guardian-re-
ported duration of airway clearance therapy during these
2 weeks minus the actual duration of airway clearance
therapy during these 2 weeks, which was then divided
by this actual duration of airway clearance therapy dur-
ing these 2 weeks and multiplied by 100. The last 2

weeks of data from each block were used to calculate
the mean percent overestimation of performed therapy.

To assess whether adherence decreased over the study
period, adherences for blocks 1 and 3 were paired for each
subject and analyzed by paired t test. The same analysis
was used to evaluate the influence of anticipating techni-
cian visits by comparing adherence in quarters 2 and 4 of
each block, again analyzed by paired comparison for each
subject.

The influences of (1) assistance with therapy and (2)
living with a parent for those �18 y old were examined
using a 2-sample t test. Average adherences and mean
percent overestimation were stratified first by prescription
and then for age cohort and evaluated by analysis of vari-
ance, with follow-up pairwise comparisons using Tukey’s
standardized range method.

Average daily therapy time as a correlate of baseline
FEV1 percent of predicted was assessed by linear regres-
sion. The adherence, therapy time, and FEV1 percent of
predicted of subjects experiencing a pulmonary exacerba-
tion in the baseline period to those not experiencing a
pulmonary exacerbation was compared by 2-sample t test.
All analyses were performed with SAS 9.2 (SAS Institute,
Cary, North Carolina) and R software 3.3.2.25

Results

Comparative Demographics

Of 210 patients meeting inclusion criteria, 125 remained
after exclusion criteria were applied. Of these 125, 104
consented; of these 104, 19 withdrew, leaving 85 studied

Table 1. Comparative Demographics

Attribute
Study Subjects

(N � 85)
Patients Meeting Inclusion Criteria but

Not Enrolled at Baseline (n � 125)
P

Age, mean � SD y 15.6 � 4.7 17.5 � 5.1 .006*
Cohort, n (%)

�13 y 24 (28) 23 (18)
13–18 y 38 (45) 45 (36) .02*
�19 y 23 (27) 57 (46)

BMI, mean � SD kg/m2 20.2 � 3.2 20.1 � 3.0 .80
Male sex, n (%) 43 (51) 64 (51) �.99
FEV1, mean � SD % predicted 97.5 � 20.2 87.3 � 24.3 .001†

�13 y 112.6 � 14.9 111.3 � 21.8 .81†
13–18 y 97.9 � 15.2 91.6 � 18.5 .09†
�19 y 81.0 � 20.0 74.2 � 20.5 .18†

Pancreatic status, n (%) .81
Insufficient 78 (92) 113 (90)
Sufficient 7 (8) 12 (10)

* Mean age and the distribution in the age cohorts was significantly younger in the studied versus not studied population.
† Mean percent predicted FEV1 was slightly but significantly higher in the studied versus not studied population. The percent predicted FEV1 in each age cohort was not significantly different
between the studied and not studied populations.
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subjects (Table 1). Patients who met inclusion criteria but
were not enrolled consisted of 85 patients who met only
inclusion criteria, 21 who did not consent to be studied,
and 19 who withdrew between enrollment and the study
start (n � 125). The studied subjects with CF had a greater
proportion of younger individuals, and the average FEV1

percent of predicted was higher than for those who were
not studied. The difference in mean FEV1 percent of pre-
dicted between each age group in the studied sample ver-
sus those not studied was small and ranged from 1.3 per-
cent of predicted (between the �13-y-old age groups) to
6.8 percent of predicted (between the �19-y-old age
groups).

Objectively Measured Therapy Time, Adherence,
Overestimation of Performed Therapy, and Effect
of Technician Visits

Ten subjects had default prescriptions for airway clear-
ance therapy used because prescriptions were not available
in the visit charts. Only 2 discrepancies between physi-
cian- and subject-reported prescriptions were found. One
subject believed they were to do 30 min less/d and the
other 30 min more.

The average � SD therapy time was 41.8 � 18.3 min/d
(range 4.9–87.2 min/d), and the average � SD adherence
to airway clearance therapy was 69 � 32% (range
8–175%). Adult subjects overestimated the minutes of daily
airway clearance therapy they performed in the prior 2

weeks by a mean of 127% with large variability (SD �
169%) (Table 2). Parents or guardians of teens overesti-
mated the amount of daily airway clearance therapy per-
formed by 52.2 � 76.7%, and parents or guardians of
pre-teens overestimated the amount of daily airway clear-
ance therapy performed by 19.2 � 26.3%. Comparisons
between the age groups were statistically different com-
paring the adult versus the teen and the adult versus the
pre-teen groups (P � .02 and P � .002, respectively).
Where subject and parent or guardian both reported, over-
estimation did not differ significantly (P � .33). Parents or
guardians who reported that they assisted with starting
HFCWC therapy overestimated the daily amount of air-
way clearance therapy by 25.6 � 37.4%, which was sig-
nificantly less than in those who reported no assistance
(81 � 119%, P � .032) or declined to answer (P � .002
for comparison with the combined “no” and “blank”
groups).

No monitoring effect was seen. The adherence did not
change significantly over the 3 30-d observation blocks
with adherence in blocks 1, 2, and 3 being 71, 70, and
69%, respectively (SD � 34, 33, and 32%, respectively).
Adherence across quarters within each 30-d block did not
differ. Average � SD adherence per quarter of all 30-d
blocks was 70 � 32% during quarter 1, 69 � 34% during
quarter 2, 69 � 34% during quarter 3, and 69 � 32% dur-
ing quarter 4. The difference between quarter 2 and quarter
4 adherence, testing the effect of anticipation of a techni-
cian visit, was not significant (P � .92).

Table 2. Predictors of Therapy Time, Reported Time, Overestimation, and Adherence

Group
Therapy Time

(mean � SD min/d)
Reported Time

(mean � SD min/d)*
Overestimate

(mean � SD %)
Adherence

(mean � SD %)

Prescription group†
30 min/d (n � 5) 28.7 � 15.9 35.2 � 14.2 43.8 � 67.4 96 � 53
60 min/d (n � 69) 42.1 � 18.1 55.9 � 16.0 64.6 � 116 70 � 30
�60 min/d (n � 11) 46.4 � 19.3 69.9 � 22.7 64.2 � 92.7 50 � 21

Age group‡
�13 y (n � 24) 51.8 � 9.9 59.7 � 7.3 19.2 � 26.3 82 � 20
13–19 y (n � 38) 42.1 � 19.3 56.9 � 17.4 52.2 � 76.7 69 � 31
�19 y (n � 23) 31.0 � 17.6 51.9 � 25.3 127 � 169 56 � 39

Assistance with therapy§
Yes (n � 43) 50.8 � 14.6 59.8 � 12.4 25.6 � 37.4 82 � 23
No (n � 26) 36.2 � 17.0 54.5 � 18.6 81.0 � 119 63 � 36
Blank (n � 16) 27.1 � 16.5 49.4 � 27.5 142 � 176 44 � 27

* Reported time used the parent or guardian reported time for those �19 y of age and patient reported time for those �19 y of age.
† Therapy time increased as prescription time increased, but the difference across groups was not significant (P � .20); difference in adherence across groups was significant (P � .02).
Overestimation did not differ significantly across the prescription groups (P � .99).
‡ Therapy time increased as age decreased (P � .001); difference in adherence across groups was significant (P � .02). Overestimation decreased as age decreased (P � .002). Overestimation by
those �19 y old was greater than by both those 13–19 y old (P � .02) and by those �13 y old (P � .002). Overestimation by those �13 y old and those 13–19 y old was not significantly different
(P � .45).
§ Therapy time increased with assistance with therapy (P � .001); difference in adherence across groups was significant (P � .001). Sixteen responses were blank. Overestimation by those reporting
assistance with therapy was lower than by those who reported no assistance with therapy (P � .032) or by those who declined to answer (P � .002 for comparison with the combined “no” and
“blank” groups).
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Objectively Measured Adherence Was Lower
Among Adults Than Children

Children had the longest average daily therapy time of
51.8 min/d and had the highest adherence of 82% (Table
2). The adolescent and adult cohorts performed on average
42.1 and 31.0 min/d of therapy time, respectively, and had
an adherence of 69 and 56%, respectively. The difference
among these 3 age groups was significant (P � .02). Pair-
wise comparison by Tukey’s test showed a significant dif-
ference between the children and adults (difference be-
tween means � 26% and 95% CI � 5–47%).

Longer Duration of Prescribed Therapy Correlated
With Lower Adherence

Subjects showed a slight but insignificant increase in
therapy time as the prescribed time increased (Table 2).
Adherence decreased significantly as prescribed therapy
time increased.

Subjects Who Received Assistance With Therapy
Were More Adherent

Assistance with starting therapy was associated with
significantly higher adherence; those who reported pa-
rental/guardian assistance had an 82% mean adherence
compared with 63% among those who did not (Table 2).
Living with one’s parents or guardians was not associ-
ated with increased adherence (75 � 26% vs 60 � 46%,
P � .25).

Lower Baseline Lung Function Correlated
With Lower Adherence

We used FEV1 percent of predicted as a measure of
airflow adjusted for growth. This allowed us to compare
airflow across our subjects of different ages and sizes.
FEV1 percent of predicted at entry into the study was
positively correlated with therapy time (P � .02) and ad-
herence (P � .02) observed during the study.

Subjects who experienced pulmonary exacerbation
shortly before or within 2 weeks of study enrollment
were less adherent

Comparisons between the pulmonary exacerbation and
non-pulmonary exacerbation groups are provided in Table
3. Subjects who received antibiotics for more than one
pulmonary exacerbation in the 6 months before or had one
pulmonary exacerbation within 2 weeks of study enroll-
ment were significantly less adherent during the study pe-
riod than those who did not. As expected, mean FEV1

percent of predicted was significantly lower in the pulmo-

nary exacerbation group compared with the non-pulmo-
nary exacerbation group.

Discussion

We used a new electronic event-monitoring system in-
tegrated into an HFCWC device prescribed for airway
clearance therapy in subjects with CF to objectively mea-
sure adherence. Unlike medications, including those de-
livered by metered-dose inhalation, airway clearance ther-
apy is time-consuming. At our CF center, the standard
prescription is for 2 30-min therapy sessions daily when
the patient is well and up to 4 times daily when he or she
has increased cough, wheeze, sputum production, or short-
ness of breath. In studies using self-reporting, adherence to
airway clearance therapy is between 14 and 94%.13,14,15,16

As expected from studies using medication event-moni-
toring systems, we found that parents and subjects over-
estimated time spent using the HFCWC from about 20 to
127%, respectively, using 2-week recall. Interestingly, the
group of parents or guardians who reported that they as-
sisted with starting HFCWC therapy had a significantly
more accurate and precise estimate of the therapy time
measured in the prior 2 weeks than those who did not
report assisting or did not respond to this question.

Our subjects showed a mean 69% adherence to air-
way clearance therapy by the event-monitoring system.
This was at the higher end of the range previously doc-
umented from self-report. The younger age of our study
population and the assistance of parents or caregivers in
the therapy may account for this because the maximum
adherence was found in those �13 y of age. This is
consistent with studies of subjects with asthma who
showed lower adherence using medication event-moni-
toring systems in adolescents and adults compared with
children.26 Our study showed that high adherence (82%)
was associated with the assistance of parents or guard-
ians with the airway clearance therapy of younger sub-
jects. This is consistent with the findings using elec-
tronic monitoring of nebulizer adherence of subjects

Table 3. Comparison of Pulmonary Exacerbation and Non-
Pulmonary Exacerbation Groups

Attribute PE Group Non-PE Group P

Age, mean � SD y 17.1 � 4.1 15.2 � 4.9 .15
Number 20 65
Male sex, n (%) 10 (50) 33 (51) .95
FEV1, mean � SD % predicted 88.5 � 14.6 100.2 � 21.0 .02
Therapy time, mean � SD min/d 34.7 � 20.3 44.0 � 17.1 .044
Adherence, mean � SD % 55 � 33 73 � 30 .02

PE � pulmonary exacerbation
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with CF.27 Strategies to address the drop-off in adher-
ence between childhood and adolescence include be-
havior-, education-, and technology-based interven-
tions.28 Electronic monitoring devices may prove useful
for patients interested in tracking their own adherence
and also offer objective measures of adherence in in-
tervention trials.

Based on prior studies, we expected to see a Hawthorne
effect, with increased adherence as the time of a study
technician visit approached.29 Interestingly, we found no
increase in adherence in the days before such a visit, al-
though the subjects knew when the visit was scheduled
and that monitoring their airway clearance therapy was the
purpose of the study. One possible explanation is that this
effect has generally been shown with relatively simple and
short-duration interventions, such as handwashing. Air-
way clearance therapy with the HFCWC is relatively com-
plex, and each treatment is of long duration, usually 30 min.
Such interventions may be less influenced by awareness of
once-monthly direct human observation. The electronic
monitoring system we used on this HFCWC device per-
formed like the electronic monitoring system of handwash-
ing,29 and its use alone simply did not have a large impact
on adherence, although the subjects in both of these stud-
ies knew that they were being electronically monitored.
Alternatively, the subjects and families knew at enrollment
that they would be monitored and so may have been at
their maximum adherence at the study start, and any ad-
ditional effect of electronic monitoring or the approaching
time of a technician visit was attenuated. However, we
found no decrease in adherence over the 3 months of our
study period. This is most likely consistent with the sub-
jects being at their routine adherence level during the study
period.

Subjects with lower baseline FEV1 percent of predicted
and subjects who experienced an antibiotic-treated pulmo-
nary exacerbation had lower adherence during the study
period than those who had higher FEV1 percent of pre-
dicted and were exacerbation-free. This is consistent with
the hypothesis that those who were more adherent had less
airway inflammation and obstruction and that the adher-
ence during the study period was similar to adherence
before this study period. However, our study does not
prove a causal link between reduced adherence to therapy
and exacerbation risk. For instance, it is also possible that
worsening respiratory status acutely reduced adherence
early in the study in the subset of subjects subsequently
diagnosed with an exacerbation. The lack of change in
adherence in subjects over the 3-month study period makes
this possibility less likely.

Our study has several limitations. The studied subjects
were self-selected. However, the baseline demographics of
those studied and of those who were not were similar
when adjusted for age. This suggests that our results were

fairly representative of our patients with CF in each age
group. The families knew that they were being monitored.
This may have contributed to the higher adherence to air-
way clearance therapy that we observed. However, we
found no effect of anticipation of technician visits on ad-
herence nor difference in adherence during the first month
of the study compared with the last month, suggesting that
the subjects were in their routine adherence mode. The
subjects, parents, or guardians could run the HFCWC de-
vice without having it on the subject. However, the con-
tinuous clock function recorded the time each day when
the device was turned on and off and the duration in each
of these modes. Most subjects were turning their HFCWC
device on 2–4 times daily, with each “on” period alter-
nating with significant “off” time. This is most consistent
with, but does not guarantee, actual use of the HFCWC
device on each subject. Previously available monitors sim-
ply kept a running total of therapy time. A subject could
turn on his or her equipment for multiple hours without
actually doing therapy. This “dumping” behavior has been
seen in many studies using objective monitoring devices,
such as pill and metered-dose inhaler counters.30,31 In ad-
dition to the date, time, and total duration of each session,
the current monitoring device also recorded frequencies,
pressures, and pauses used during each session. The sub-
jects were varying frequencies and pausing between fre-
quencies, and many were doing so as prescribed. This
pattern is also consistent with use of the device on the
subject. Electronic monitoring devices can fail, but
we found no failures of devices used in this study over the
3-month observation periods. Finally, adherence to the
HFCWC used in our study may not apply to other modes
of airway clearance therapy.

A strength of this study was the long observation time in
the home setting. This minimized the effect of short-term
and clinic-related behavior changes, making accurate mea-
surement of routine adherence more likely. More typical
adherence behavior was also more likely to be seen be-
cause our study made minimal interventions and required
no alterations to the subject’s standard CF care.

We conclude from this study that objectively measured
adherence to HFCWC airway clearance was lower than
self-reported adherence; that adherence was lower among
adolescents and young adults than among children; that
adherence decreased as prescribed duration of therapy in-
creased; and that subjects who received assistance with
starting therapy were more adherent, but monthly, in-home
technician visits had no measurable impact on adherence.
Subjects with recent exacerbations and lower baseline FEV1

were more likely to have lower adherence. The electronic
measuring device was reliable over at least a 3-month
period. A prospective, comparative study of the effect on
adherence of active assistance is needed to test the relative
usefulness of such interventions to improve adherence,
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especially among adolescents and adults. The objective
data that this novel monitoring device provides are useful
in assessing adherence to airway clearance therapy, but
further study is needed to determine whether this informa-
tion can be used to improve adherence.
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