
Objective Measures of Vest Therapy Adherence Among Pediatric
Subjects With Cystic Fibrosis

Christine M Benoit, Eric Christensen, Amanda J Nickel, Sophie Shogren, Mahrya Johnson,
Elizabeth Franck Thompson, and John McNamara

BACKGROUND: Airway clearance techniques (ACTs), including high-frequency chest wall oscilla-

tion (vest therapy), are important for maintaining lung function for patients with cystic fibrosis, but

daily completion of ACTs is time-consuming and cumbersome. Patient adherence is a persistent

challenge, and adherence data are largely patient reported, which may reduce accuracy. To provide

definitive adherence data, this study utilized a Bluetooth-enabled vest therapy system to remotely

collect objective adherence data from a cohort of pediatric subjects. METHODS: Vest usage data

were collected over a 12-month period and compared to each subject vest prescription. Because vest

prescriptions are multifaceted, we developed metrics to examine adherence to the various facets (eg,

daily treatment, treatments per day, treatment duration, frequency settings, and frequency and pres-

sure settings combined) as well as an overall adherence metric. RESULTS: Among the 73 enrolled

subjects, 62 (50% male, age range 2–19 y) completed the study. Among adolescent subjects age 13–

19 y, average adherence to daily vest therapy (44.0%) was significantly lower than that among sub-

jects 0–6 y old (77.8%) and subjects 7–12 y old (89.5%). As more prescribed therapy components

were combined into a single adherence metric, all age groups declined in mean adherence rates,

with overall adherence a decreasing function of age. CONCLUSIONS: Employing new technology

to remotely collect vest usage data allows for a granular examination of vest therapy adherence.

While maintaining high levels of treatment adherence becomes increasingly difficult as children age,

we also found substantial reductions in adherence rates among all age groups when more complex

aspects of therapy prescriptions, such as frequency and pressure settings, were examined. These

data illustrate areas providers and care teams can focus on to improve patient adherence to vest

prescriptions. Key words: cystic fibrosis; child; adolescent; adherence; high-frequency chest wall oscil-
lation. [Respir Care 0;0(0):1–�. © 2020 Daedalus Enterprises]

Introduction

With improvements in diagnostic techniques and more

effective treatment options available, the life expectancy of

patients with cystic fibrosis has improved markedly over

the past 20 years.1-4 Airway clearance techniques (ACTs)

and devices, including high-frequency chest wall oscilla-

tion (ie, vest therapy), are widely recommended as the

standard of care for cystic fibrosis to combat pulmonary

disease caused by chronic airway inflammation and infec-

tion.5 Despite the central role ACTs play in improving pul-

monary secretion clearance and helping to maintain lung
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function, patient adherence is challenging because these

therapies are time-consuming and cumbersome for patients

to complete daily. Studies have reported low adherence to

ACTs in all age groups (ie, children,6-8 adolescents,8,9 and

adults10-12), with adherence declining as patients age and

their daily routines become more complex.

A recent review of the literature revealed considerable

discrepancies in self-reported ACT adherence rates com-

pared to rates measured by objective tools.1 Despite ACT

being widely recommended, evidence of its effectiveness is

lacking, and there is disagreement among those who treat

cystic fibrosis as to the benefits of vest therapy in particular.

The absence of objective adherence measures has thus far

limited the evidence base on ACT effectiveness.1,13

Previous attempts to obtain objective adherence data meas-

urements from patients with cystic fibrosis are limited. In a

recent study examining vest therapy adherence, Mikesell et

al14 used a recording device integrated into a vest therapy

system to monitor date of use, time of day, and duration of

use. Their study showed that objective data can be col-

lected; however, the recording devices used in their trial

had a limited storage capacity and required home visits by

a technician to download the data manually. Remote moni-

toring of vest therapy would eliminate these data collection

challenges.

Our study used Bluetooth-enabled vest therapy to expand

on the foundational work of Mikesell et al14 to remotely

collect comprehensive vest usage data to determine subject

adherence rates across a range of prescription components:

daily treatment, treatments per day, duration of treatment,

and vest settings. We hypothesized that adherence rates

would decline with age and as more components of the vest

therapy prescription were jointly considered.

Methods

Subjects

Subjects were recruited from the Children’s Minnesota

Cystic Fibrosis Clinic. Eligibility criteria included a docu-

mented history of cystic fibrosis, age $ 2 y, vest therapy

prescription for a minimum of 12 months prior to enroll-

ment, and current use of vest therapy. We categorized sub-

jects into 3 age groups to reflect the level of presumed

parental involvement with vest therapy: 2–6 y, with high

parent involvement; 7–12 y, with moderate parent involve-

ment; and 13–19 y, little to no parent involvement.

The study was reviewed and approved by the institu-

tional review board at Children’s Minnesota. We obtained

written consent from subjects $ 18 y of age, written assent

and parental consent for subjects 7–17 y old, and parental

consent for those< 7 y old.

Data

All subjects enrolled in the study received a Bluetooth-

enabled vest system (The Vest(c) Airway Clearance

System, Model 105, Hill-Rom, Chicago, Illinois) and a

wireless transmitter for remote transmission of vest use

data. Vest usage data were automatically downloaded to a

secure server via the transmitter up to 3 times per day when

the vest was within range of the transmission device, cir-

cumventing the need for subjects or parents to manually

transmit data. These data were collected for a 12-month pe-

riod for each subject.

In addition to the vest usage data, we gathered subject-

specific data from the electronic medical record including

demographics (ie, sex, age), vest therapy prescription data

at the time of enrollment, changes in vest therapy prescrip-

tion, and hospitalizations during the study period. For each

subject, we excluded the first 7 d of vest-use data from

analysis because these data would not accurately reflect

vest use due to device setup as well as tests completed prior

QUICK LOOK

Current knowledge

Patients with cystic fibrosis are often prescribed numer-

ous daily medications and treatments to manage this

lifelong, medically complex condition. High-frequency

chest wall oscillation therapy is a common component

of this daily treatment regimen, despite being burden-

some. Self-reported rates of adherence to this therapy

vary widely, and objective measurements are limited.

What this paper contributes to our knowledge

We used a Bluetooth-enabled high-frequency chest

wall oscillation device and transmitter to remotely col-

lect objective therapy data automatically, including the

number of treatments per day, duration of use, and fre-

quency and pressure settings during use. Data were col-

lected over a 12-month period and compared to

prescription data to determine adherence rates among a

cohort of pediatric subjects. Overall, adherence rates

were lowest among teenagers, but all age groups had

declining adherence rates as the more complex compo-

nents of prescription data (ie, frequency and pressure

settings) were taken into account.
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to shipment. Subject-level adherence calculations excluded

periods when a subject was hospitalized. This was done

because the study objective was to measure subject adher-

ence at home. Adherence during a hospitalization would

very likely be higher than when a subject was at home.

Given that some subjects had a vest prescription change

during the study, we measured adherence relative to the

prescription in place at any given time.

Outcomes

Conceptually, we tend to think of adherence as binary: a

patient is adherent to their prescribed treatment, or a patient

is not. However, even if adherence is binary on a daily ba-

sis, adherence over a time is a continuous variable.

Furthermore, a vest therapy prescription has several com-

ponents that need to be considered for adherence.

Prescription components include daily use, treatments per

day, duration of treatment, and vest system settings (ie, fre-

quency and pressure settings). We separately assessed ad-

herence for each prescription component. For vest settings,

we examined adherence to frequency settings alone and

secondarily as a combination of frequency and pressure set-

tings. For each prescription component, we computed mean

adherence for the entire study period as well as on a weekly

basis to assess time trends. For each component, the distri-

bution was bimodal: one group of subjects with high adher-

ence and another with low adherence. Accordingly, for

each prescription component we classified subjects as ad-

herent if they had a mean adherence $ 80% and as nonad-

herent if the mean was < 80%. For example, a subject was

classified as adherent to daily vest utilization if they used

their vest on at least 80% of days during study.

In addition to assessing adherence for each prescription

component, we created combined adherence metrics jointly

considering adherence of$ 2 individual prescription compo-

nents to assess adherence more broadly. To achieve this, we

ordered the facets of the prescription by presumed therapeu-

tic importance. We considered adherence to daily use

therapeutically the most important. Similarly, we considered

adherence to the number of prescribed treatments per day of

the next most importance. Hence, the first combined adher-

ence metric included whether the subject was adherent to

both daily use and the prescribed treatments per day. Next,

we added adherence to prescribed treatment duration with

daily treatment and treatments per day to assess the com-

bined adherence to these 3 metrics. Finally, we added adher-

ence to prescribed vest setting to assess overall adherence to

all prescription components. This layering approach pro-

vided insight not only into adherence for specific prescrip-

tion components but also into the level of adherence subjects

achieved when the various components of the vest prescrip-

tion were considered simultaneously.

Data Analysis

Demographic and clinical characteristics between age

groups were compared using the Fisher exact test due to

small cell counts. Each component of adherence was char-

acterized using percent adherent. We summarized adher-

ence for each prescription component individually as well

as in conjunction with the other components. For each com-

ponent, we used linear regression to assess time trends in

weekly adherence rates. All analyses were performed using

Stata 14 (StataCorp, College Station, Texas).

Results

Of 111 patients reviewed for eligibility, 91 remained af-

ter exclusion criteria were applied; of those, 9 declined to

participate and 9 did not respond to outreach efforts by

study staff. A total of 73 subjects were enrolled in the study;

of those, 62 subjects (mean age 9.6 y, range 2–19 y) com-

pleted the study ( T1,AQ:GTable 1). Those who did not complete the

study were lost to follow-up prior to having the vest system

set up in their homes. Study subjects overall were evenly

split by gender, but there were some differences by age

Table 1. Demographics and Clinical Course of Subjects by Age Group

Overall
Age Groups

P
2–6 y 7–12 y 13–19 y

Age 9.6 6 5.2 2.9 6 1.3 9.1 6 1.9 14.96 1.6 NA

Gender .23

Female 31 (50.0) 11 (61.1) 11 (57.9) 9 (36.0)

Male 31 (50.0) 7 (38.9) 8 (42.1) 16 (64.0)

Hospitalized ($ 1 time) 16 (25.8) 2 (11.1) 6 (31.6) 8 (32.0) .23

Change in vest prescription 18 (29.0) 6 (33.3) 7 (36.8) 5 (20.0) .46

Data are presented as mean 6 SD or n (%). P value determined with the Fisher exact test. Total subjects ¼ 62; 2–6 y age group: n ¼ 18; 7–12 y age group: n ¼ 19; 13–19 y age group: n ¼ 25.

NA ¼ not applicable
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group. During the study period, 25% of subjects were hos-

pitalized, and 29% had a change in their vest prescription.

Figure 1 shows the percentage of subjects who were ad-

herent to the various prescription components. For each

component, adherence was lowest for those 13–19 y old.

Subjects in this age group were significantly less adherent

to daily treatment (P ¼ .004) and treatments per day (P ¼
.006) than subjects who were 7–12 y old. Adherence to

both daily treatment and the number of treatments per day

was highest (89.5%) for subjects 7–12 y old. Adherence to

treatment duration was 90.3% across all subjects and did

not differ significantly across age groups (P ¼ .49). For

comparisons by age group (see Table 2 in the supplemen-

tary materials at http://www.rcjournal.com).

Figure 2 shows the combined adherence rates for$ 2 pre-

scription components. The adherence rates for daily treat-

ment and number of treatments per day were both 89.5% for

the 7–12 y age group (Fig. 1). Combining these 2 compo-

nents revealed that 84.2% of these subjects were adherent to

both. Adding additional components into the combined ad-

herence metric resulted in a 21.1% adherence rate when all

components were included for the 7–12 y age group. For

subjects 2–6 y old, 77.8% were adherent to daily treatment,

but adherence dropped to 44.4% when all components were

included in the adherence metric. Similarly, among those

13–19 y old, adherence to daily treatment was 44.0%, but

when all components were included in the combined metric,

adherence was 4%. Adherence rates between those 2–6 y old

and those 7–12 y old were not statistically different for the

various combined adherence metrics except when all compo-

nents were included in the combined metric (Table 2).

Results presented above show adherence over the entire

study period. Figure 3 shows adherence trends in the various

individual components over time. There was no significant

time trend for treatments per day, treatment duration, or vest

settings, but there was a significant 9.7% decrease (P< .001)

in adherence to daily treatment over the study (Table 2).

Discussion

With the availability of increasingly effective treatment

options for cystic fibrosis, providers are faced with the
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Fig. 1. Percent adherent ($ 0.8) to individual therapy components by age group.

Table 2. Summary of Change in Mean Adherence Over Study Period*

Mean Adherence at Week 1 Trend Coefficient Cumulative Change P

Daily treatment 81.5% –0.19 –9.7% < .001

Treatments per day 87.8% 0.02 1.0% .57

Treatment duration 93.3% –0.001 –0.1% .94

Frequency settings 76.7% –0.04 –2.0% .29

Frequency and pressure settings 65.0% –0.07 –3.6% .16

*Study duration ¼ 51 weeks.
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challenge of prescribing the most meaningful comprehen-

sive treatment regimen while remaining sensitive to the bur-

den that additional treatments place on patients and their

families. Determining the impact of this time-consuming

therapy on clinical outcomes may be confounded by how ad-

herent a patient is to the prescribed treatment. Historically,

providers have relied on patients’ self-reported adherence

and their own clinical judgment when assessing the effec-

tiveness of vest therapy. However, past research indicates

there are considerable discrepancies in self-reported adher-

ence rates compared to rates measured with objective tools.1

With objective adherence data, providers can more effec-

tively judge whether aspects of the vest prescription need to

change to achieve desired clinical results or whether the clin-

ical focus needs to be on better adherence. Further, with

objective adherence data, future research can address the

clinical effectiveness of individual aspects of the vest pre-

scription that would not be possible with subjective, self-

reported adherence. The Bluetooth-enabled system used in

this study demonstrated a feasible way to remotely collect

vest adherence data to aid providers in clinical judgments

about the effectiveness of vest prescriptions.
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Fig. 2. Percent adherent ($ 80%) to combined therapy component metrics by age group.
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Adherence rates for the adolescent age group (13–19 y of

age) in this study were substantially below the other 2 age

groups (2–6 y of age and 7–12 y of age), consistent with past

studies of disease management and adherence among chil-

dren and adolescents with chronic conditions such as cystic

fibrosis and type 1 diabetes.8,9,15-18 Although adolescence is

commonly a time for increased autonomy and self-determi-

nation, there is still a role for caregivers to play in support of

therapeutic management for chronically ill adolescents.19-25

Our data suggest there may be a need for more frequent and

open discussions between providers and caregivers regarding

daily therapeutic routines, informed by objective usage data.

Given the fact that adolescents who did the vest therapy gen-

erally were adherent to doing the treatment for the prescribed

duration but were less adherent with the prescribed vest set-

tings, care teams may be inclined to focus on the more

detailed usage data when designing interventions. However,

the greater challenge for this age group is that they were sig-

nificantly less likely to use their vest and, as such, would

likely benefit from a simpler regimen and consistent check-

ins by both their care team and their caregivers.

Our findings on daily adherence and combined adher-

ence metrics by age group highlight areas that care teams

can target to improve patient adherence to vest prescrip-

tions. For children 7–12 y old, the group in which we found

adherence to vest settings lowered overall adherence, it

may be beneficial for care teams to request that patients

bring the vest systems to annual clinical visits to ensure set-

tings are appropriately programmed and that caregivers

understand how to reprogram the software when the child’s

prescription changes. While this study notes that adherence

was lacking in these areas, it does not answer the question

of how successful efforts targeting these areas would be in

improving adherence rates or clinical outcomes.

The time trend analysis, in which adherence to daily treat-

ment fell while adherence to all other vest prescription

aspects did not significantly change, may reflect surveillance

bias in our study. Subjects who were aware their data were

being collected remotely may have been more apt to use

their vest early in the study. It may also indicate that daily

use drops off over time, regardless of study participation.

While conversations between care teams, patients, and care-

givers regarding daily vest usage are already common, the

downward time trend may suggest a need for more than clin-

ical dialogue to maintain optimal adherence to daily treat-

ment over time. Development of tools or games to promote

therapy adherence is underway in other therapeutic areas and

should be considered in support of vest therapy, as well.26-28

This study attempts to organize prescription components

by therapeutic importance with daily treatment as the pre-

sumed most important factor. The trend analysis supports

the assumption that regular intervention regarding daily use

is the most important because daily treatment decreased

over time while adherence was unchanged for other

components. This suggests that simply doing the treatment

is the greatest hurdle, given that once a patient starts a treat-

ment, their pattern of adherence is consistent. Hence, adher-

ence to prescription aspects such as duration and vest

settings may remain high if patients and families become

well-trained early on in their vest utilization.

Our study had several limitations. Subjects involved in

this study were from a single clinical center and included

only those who consented to be monitored and successfully

completed the vest system set-up process. As such, results

may not be generalizable to the pediatric cystic fibrosis

community at large and may be inflated due to self-selec-

tion. Additionally, we collected data remotely, which

allows for the chance that vest systems may have been run

when the subjects were not wearing the vest and truly com-

pleting their therapy. Finally, there were limitations created

by the role of third-party technicians in setting up vest sys-

tems. The research team did not control the initial vest sys-

tem programming in order to remain consistent with the

standard of care practice of having device technicians com-

plete this step with families. Vest setting adherence may

have been affected by how systems were originally pro-

grammed and how caregivers and subjects were trained.

Conclusions

This study has 3 principal contributions. First, it provides

objective measures of vest prescription adherence using an

automated, remote data collection mechanism. These data

can be processed to provide objective, real-time information

for providers to support clinical judgments about the efficacy

of vest therapy in relation to patient adherence with pre-

scribed treatment. Care teams can also use these data to tar-

get specific adherence gaps. Second, this study developed a

framework to simultaneously assess adherence to multiple

components of a vest prescription from daily treatment to

vest settings, as well as a framework to combine these

aspects into an overall adherence measure. Finally, the

results showed significant differences in adherence patterns

by age group. Care teams can use these age-specific trends

to inform and tailor their approaches to working with both

patients and caregivers to optimize their therapeutic practices

throughout childhood and adolescence.
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