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Adherence of Subjects With Cystic Fibrosis to Their Home Program:

A Systematic Review

Ruairi O’ Donohoe and Brona M Fullen MSc PhD

BACKGROUND: The management of cystic fibrosis (CF) includes adherence to a home manage-
ment program (airway clearance, medication, nutritional advice, and exercise). This hasled to an
increasein life expectancy, although the benefits depend greatly on a patient’s level of adherenceto
daily treatments at home. To date, no systematic review has established adherence rates to all
World Health Organization guidelines in the home setting; hence, this review was undertaken.
METHODS: The review comprised 3 phases. A methodological assessment of databases (Embase,
CINAHL, PsychINFO, PEDro, PubMed, Cochrane Central Register of Controlled Trials) identified
potentially relevant papers. These papers were screened for inclusion criteria by 2 independent
reviewers, data were extracted, and the internal validity was rated using a valid and reliable scale.
Results were categorized into 4 themes: medication, nutrition, airway clearance techniques, and
exercise. RESULTS: Thesearch generated atotal of 26 papers, 24 of which wererated asbeing poor
quality. Adherence to a treatment program for CF patientsis generally low (from 22% for nutri-
tional guidelines to 130% for oral antibiotics), and it varies greatly depending on the type of
treatment and the method of assessment employed (objective tool vs self-reported questionnaires).
CONCLUSIONS: Consensus on how to measure adherence is lacking, and the quality of studies
addressing adherence in this population is generally poor. Overall, studies using self-reported
measur es yielded higher adherence scores than those that used objective measures, suggesting that
current effortsto improve methods of adherence are appropriate. The prevalence of hon-adherence
remains unclear due to these limitations. Key words: cystic fibrosis, adherence; home treatment

program; systematic review. [Respir Care 2014;59(11):1—. © 2014 Daedalus Enterprises]

Introduction

The World Health Organization (WHO) guidelines for
the management of cystic fibrosis (CF) include airway
clearance, medication (antibiotics, pancreatic enzyme re-
placement therapy), nutrition (high-calorie diet, nutritional
supplements), and exercise.r These strategies have led to
an increased life expectancy, which has increased from 28
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to 37 y in the past 2 decades in the United States.2 How-
ever, the benefits of these new treatments depend greatly
on the patients’ level of adherence to daily treatments at
home. Treatments can be burdensome, time-consuming,
and costly, and given the long-term and arduous nature of
the regimes, poor adherence is commonly reported.3 The
daily regimen can include ingesting as many as 40-50
pills, inhalation treatments requiring up to 2 h, and 2-3
airway clearance sessions lasting 30 min each. In addition,
patients are encouraged to exercise and eat several high-
calorie, high-fat meals each day.# The average number of
treatments per day has been calculated as 7, taking an
average of 108 min.5 In addition, the mai ntenance of equip-
ment and preparation of medications (and overcoming ad-
ministrative barriers to maintaining access to medications)
add to the time burden.® Individua studies have reported
mainly on adherence rates to some of the recommended
treatments, for example, medication and chest physica
therapy. Adherence rates have been reported to be 67% for
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oral antibiotics, 31-53% for inhaled antibiotics,” 33% for
dornase alfa, and 40—70% for chest physical therapy.38-12

Although adherence levels for subcategories of 2 of the
4 WHO recommendations have been the subject of sys-
tematic reviews (adherence to antibiotics only,'® airway
clearance techniques'#), the inclusion of randomized con-
trolled trials may not reflect participants’ level of adher-
ence to their independent home treatment regimes due to
the nature of frequent monitoring as part of being involved
inatrial. Hence, this review was undertaken to include all
4 WHO recommendations (nutrition, medication, exercise,
pancreatic enzyme replacement therapy) in non-interven-
tional studies.

Poor adherence to treatment results in increased mor-
bidity and mortality, a reduction in quality of life, and
increased health-care utilization.1>17 Briesacher et al18
demonstrated both a 60% decrease in the risk of hospital-
ization for people who were adherent to their treatment
regimen and a relationship between low usage of chronic
medications and increased exacerbations requiring intra-
venous therapy. Improving patient outcomes rests, in part,
on increasing adherence to chronic therapies, and identi-
fying reasons for non-adherence to treatment is important.

Thus, due to the multiple facets of CF treatment (exer-
cise, nutritional advice, airway clearance techniques, and
medication) as recommended by the WHO?° and the im-
portance of determining adherence in observational rather
than formal research settings, this review was undertaken.

M ethods
Overview

The review comprised 3 phases. Phase 1 involved a
systematic search of the literature using devised criteria
and a search strategy of key words. Phase 2 involved the
initial screening of appropriate abstracts and subsequently
entire papers by 2 independent reviewers (RO'D and
Ms Anastasia Kitova [School of Public Health, Physio-
therapy and Population Science, University College Dub-
lin, Dublin, Ireland]). Phase 3 involved classifying the
internal validity of the included papers and grading the
strength of the evidence using the Effective Public Health
Practice Project quality assessment tool for quantitative
studies.2°

Phase 1: Search Strategy

Electronic searches of PubMed, CINAHL, Embase,
PEDro, and the Cochrane Central Register of Controlled
Trialswere carried out from January 1992 to October 2012
on October 30, 2012. A battery of key words was devel-
oped using the WHO guidelines for the diagnosis and
management of cystic fibrosis'® to identify the various
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Current knowledge

Successful treatment of cystic fibrosis requires home
management, including nutrition, airway clearance, ex-
ercise, and pharmacotherapy. Good adherence to home
management is associated with improved quality of life.

What this paper contributes to our knowledge

A systematic review of the literature suggests that ad-
herenceis quite variable and that studies are commonly
of poor quality. Self-reported adherence rates are rou-
tinely higher than adherence rates measured by objec-
tive measures. These data suggest that continued efforts
to improve adherence are warranted.

treatment strategies used for CF. Key terms included cys-
tic fibrosis AND adherence AND treatment plan AND
exercise OR airway clearance techniques OR diet OR med-
ication. Appropriate synonyms of each search term were
used in each search string, along with suitable MeSH terms
found in the PubMed database. The complete search strat-
egy is summarized in Table 1. The same search strategy
was used for PubMed (Medline), CINAHL (EBSCOhost),
Embase (Elsevier), and Cochrane. The search terms used
in PEDro included cystic fibrosis AND adherence.

The inclusion criteria were studies involving patients
with CF, studies relating to patients’ home treatment, stud-
ies focusing on adherence as the primary or secondary
measure, and studies published from 1992 to 2012. Exclu-
sion criteria were studies published before 1992, interven-
tion studies, review papers, studies conducted in a hospital
setting, studies related to exacerbations, and studies that
appeared only as abstracts in supplements or poster ses-
sions. Hand searches were also conducted on the bibliog-
raphies of identified articles for relevant papers.

Phase 2: Screening Process and Data Extraction

Potentially relevant articles were identified from the ti-
tles, abstracts, and key words of the references retrieved
by the literature search, and they were scrutinized by 2
researchers (RO’'D and AK) for inclusion/exclusion crite-
ria. Duplicates were removed, and the entire papers of
accepted abstracts were retrieved and independently scru-
tinized by the 2 researchers using a detailed pro forma
developed to capture and subsequently categorize relevant
information from the included papers (participants demo-
graphic data, study methodology, results). Accepted pa-
pers were re-categorized into themes: medication, airway
clearance techniques, nutrition, and exercise.
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Table 1. Database Search Strategy

Date of Search October 28, 2012
Years No restriction
Search Strings
(1) Patient group Cystic fibrosis [MeSH] OR cystic fibrosis OR CF OR mucoviscidosis
(2) Focus of study Medication adherence [MeSH] OR guideline adherence [MeSH] OR patient compliance
[MeSH] OR adherence OR compliance OR conformability OR obedience OR accordance
(3) Airway clearance strategies Chest physiotherapy OR CPT OR conventional chest physiotherapy OR CCPT OR postural

drainage OR percussion [MeSH] OR chest percussion OR clapping OR vibration OR high
frequency chest wall oscillations OR chest wall oscillation [MeSH] OR HFCWO OR
coughing exercises OR coughing OR cough [MeSH] OR ACBT OR active cycle of
breathing technique OR breathing control OR BC OR thoracic expansion exercises OR
thoracic expansion OR TEE OR forced expiratory technique OR FET OR AD OR
autogenic drainage OR oscillating positive pressure device OR flutter OR PEP OR PEP
mask OR PEP device OR positive expiratory pressure device OR positive expiratory
pressure mask OR positive-pressure respiration [MeSH] OR high pressure positive
expiratory pressure OR high pressure PEP OR HPEP
(4) Exercise Exercise OR exercise [MeSH] OR exercise therapy [MeSH] OR exercise movement
techniques OR resistance training [MeSH] OR muscle stretching exercises [MeSH] OR
breathing exercises [MeSH] OR train OR training OR work out OR working out OR
activity OR physical activity OR motor activity [MeSH] OR PA OR strengthening OR
stretching OR sport OR sports [MeSH] OR aerobic OR anaerobic
(5) Medication therapy Inhaation therapy OR inhaler OR nebulizers and vaporizers [MeSH] OR metered dose
inhalers [MeSH] OR dry powder inhalers [MeSH] OR steroids [MeSH] OR steroids OR
bronchodilator agents [Pharmacological Action] OR bronchodilator agents [MeSH] OR
bronchodilator OR anti-bacterial agent [MeSH] OR anti-bacterial agents [Pharmacological
Action] OR antibiotic prophylaxis [MeSH] OR saline solution, hypertonic [MeSH] OR
hypertonic saline OR expectorants [MeSH] OR expectorants [Pharmacological Action] OR
mucolytic OR DNase OR amiloride OR UTP OR uridine triphosphate OR pancreatic
enzymes
(6) Dietary recommendations Nutrition OR diet [MeSH] OR diet therapy [MeSH] OR diet therapy [Subheading] OR diet
OR vitamins [MeSH] OR vitamins [Pharmacological Action] OR supplements OR dietary
supplements [MeSH] OR vitamin A OR vitamin K OR vitamin D OR vitamin E
(7) Generd treatment Therapeutics [MeSH] OR therapy [Subheading] OR clinical protocols [MeSH] OR therapies,
investigational [MeSH] OR placebos [MeSH] OR treatment OR care OR medical care OR
nondirective therapy [MeSH] OR drug therapy, computer-assisted [MeSH] OR enzyme
therapy [MeSH] OR physical therapy modalities [MeSH] OR recreation therapy [MeSH]
OR gene therapy [MeSH] OR respiratory therapy [MeSH] OR enzyme replacement
therapy [MeSH] OR medication therapy management [MeSH] OR drug therapy,
combination [MeSH] OR oxygen inhalation therapy [MeSH] OR nutrition therapy [MeSH]
OR exercise therapy [MeSH] OR drug therapy [MeSH] OR relaxation therapy [MeSH]
OR drug therapy [Subheading] OR individualized medicine [MeSH] OR diet therapy
[Subheading] OR medicine [MeSH] OR evidence-based medicine [MeSH] OR pulmonary
medicine [MeSH] OR infectious disease medicine [MeSH] OR preventive medicine
[MeSH] OR physical medicine [MeSH] OR medication therapy management [MeSH] OR
medication OR management
(8) Regime Health plan implementation [MeSH] OR plan OR program OR programme OR scheme OR
regimen OR regime OR strategy OR method OR procedure OR early intervention
(education) [MeSH] OR clinical protocols [MeSH] OR methods [MeSH] OR methods
[Subheading]
Combination of terms 9= 1 AND 2 (CF and adherence)
10 =3 OR 4 OR 5 OR 6 (al specific treatment types)
11 =7 AND 8 (treatment plan)
12 = 10 AND 11 (all treatments encompassed)

Final search 13=9 AND 12
CF AND adherence AND dll treatments
Limitations Humans only, English only
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Phase 3: Internal Validity

An assessment of quality was carried out on each re-
maining paper using the Effective Public Health Practice
Project quality assessment tool for quantitative studies.20
It comprises 8 components (selection bias, study design,
confounders, blinding, data collection methods, withdrawal
and dropouts, intervention integrity, analyses) that are in-
dividually scored, and an overal rating of the internal
validity is assigned: strong, moderate, or weak. This tool
has been deemed appropriate for assessing the quality of
non-randomized trials as well as randomized controlled
trials2t

Results

In total, 26 papers of various methodologies were in-
cluded in the review: cross-sectional studies (n = 13) and
longitudinal design (n = 13). The search strategy is re-
ported in Table 1, and included studies, study designs,
results, and internal validity ratings are summarized in
Tables 2-5 and Figure 1.

Characteristics of Included Studies

Two of the 26 papers were classified as being of mod-
erate methodological quality, 24 were of low quality, and
no studies were classified as being of high quality. The
review included 2,967 participants. The age range varied
from 3 to 28y, and study duration ranged from3dto1y.
Different methods were used to determine adherence rates
(eg, electronic diaries, pharmacy refills, and health insur-
ance patient, parent caregiver, and doctor questionnaires,
interviews, and telephone surveys). Questionnaires in-
cluded disease-specific questionnaires (Manchester cystic
fibrosis questionnaire, treatment adherence rating scale)
and adherence questionnaires (disease management inter-
view-cystic fibrosis, medical and nonmedical compliance
questionnaire, confidential cystic fibrosis management pro-
file). The inconsistency in the measurement of adherence
across studies makes comparison difficult, although over-
all objective measures of adherence scored lower than the
self-reported questionnaires. The treatment themes are dis-
cussed in detail below.

M edication

Twenty papers assessed participants adherence to med-
ication (mae, n = 916; female, n = 855; unspecified,
n= 69)_3,10,11,20,22—25,27—29,31—39 E|ghteen papers were of IOW
quality, and 2 were of moderate quality. The categories of
medications are summarized below (Table 3).

4

Nebulized Antibiotics. Seven papers assessed adherence
with nebulized antibiotics in 1,093 participants (male,
n = 565; female, n = 528). All paperswere of low quality.
Some studies used multiple methods of assessment. Two
studies used electronic monitoring via an adaptive aerosol
delivery device,3334 3 used participant questionnaires,32531
2 used parent questionnaires,323 one used daily telephone
diaries,® one used pharmacy refill data,3> and one used
data from a research database of health-care claims® to
assess adherence. Mean overal percentage of adherence
ranged from 36.1 = 35.6% by daily telephone diary? to
85.0 + 33.7% by patient questionnaire.3

Antibiotics. Two studies assessed adherence to antibiot-
ics (not focusing on specific medication/delivery) in 127
participants (male, n = 68; female, n = 59). Both studies
were of low quality. One study used a participant ques-
tionnaire2”; the other used a parent questionnaire.2® Mean
adherence ranged from 76 *+ 28.8%37 to 87.5 = 19.5%.10

Two studies assessed adherence to oral antibiotics in
148 participants (male, n = 68; female, n = 80). Both
studies were of low quality. One used pharmacy refill
data,3> whereas the other used both participant and parent
questionnaires.2” The mean adherence ranged from 76%
by pharmacy refill35 to 130% by patient questionnaire.3:

Bronchodilators. One low-quality study assessed adher-
ence to nebulized bronchodilators in 53 participants (male,
n = 22; female, n = 31) using parent and participant
questionnaires. Adherence was recorded at 60% and 61%,
respectively.st

Undifferentiated Inhalational Therapy. Fivestudiesas-
sessed adherence to nebulizer therapy (not focusing on
specific medication) in 192 participants (male, n = 93;
female, n = 72; unspecified, n = 27). All studies were of
low quality. Four studies used participant question-
naires,32327.32 2 ysed clinician questionnaires,27:32 2 used
parent questionnaires,327 one used el ectronic monitoring,32
and one used pharmacy refill data and daily telephone
diaries.® Adherence ranged from a median (interquartile
range) of 36% (5—85.5%) by electronic measurements2 to
93.5% by parent report.28

Hypertonic Saline. One low-quality study assessed ad-
herence to hypertonic saline nebulizers in 95 participants
(male, n = 46; female, n = 49) using pharmacy refill data.
Median (interquartile range) adherence was 49% (0—
85%).35

One low-quality study reported a combined result for
airway clearance techniques and nebulizers in 95 partici-
pants (male, n = 50; female, n = 46) using mother, father,
and partici pant questionnaires. Mean adherence scoreswere
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Table 2.  Adherence to Airway Clearance Techniques
Authors Participants Treatment Category Study Duration Measurement of Adherence Results Q
Eddy et al22 n = 41 (20 males, CPT (not specified) CIS Questionnaire: n, mean = SD, W
21 females) Genera (1) Parent-reported adherence % of total n who
Age 6.7 = 267y adherence to recommendations scored 1
Range 3-11y (2) Clinician-reported: (1) Parent-reported:
Likert scale, 1 (= 95% of n=39 20+ 13
time) to 5 (= 5% of time) 51%
Clinician-reported:
n=4119=*09,
35%
Myers and n = 31 (18 males, ACT (not specified) CIS Cystic fibrosis adherence Mean = SD W
Myers? 13 females) Genera patient questionnaire: 3.00 = 2.59
Age 281+ 6.7y adherence Likert scale, 1-7
(< 4 = poor, 4 = average,
> 4 = high)
Ward et al24 n = 117 (64 males, CPT (not specified) CIS Care giver questionnaire: (1) 50.4% w
53 females) Genera Likert scale, 1-7
Age 36.3 = 19.8 mo adherence (= 4 = adherenceisa
problem males, < 4 = not a
problem)
(2) n (%) with adherence
problems
Dadlcin et a2 n = 38 (18 males, Respiratory therapy CIS Patient-reported questionnaire:  Patient-reported W
20 females) (not specified) Genera (1) n (%) with = 70% (1) n= 31 (81.6%)
Age 238 £ 65y adherence overall adherence (2) 79%
(2) Median overal adherence  (3) 84.2%
(3) Each treatment: n (%) (4) Median 71
with high adherence
(= 5d/wk = high)
Clinician-reported:
(4) Overall % median
adherence
Myers & n = 563 (253 males, CPT (not specified) CIS Patient questionnaire: () n=522 W
Horn2e 310 females) General Likert scale, 1 (never) to 5 (92.7%)
Mean age 27.85y adherence (dways) (2) 44%
Range 18-66 y (1) n (%) who reported being
Median 26y prescribed daily CPT
(2) n (%) with high
adherence (= 4 on scale)
Arias Llorente  n = 34 (13 males, CPT (not specified) CIS (1) Self-reported questionnaire (1) Questionnaire: W
et al?’ 21 females) Genera (patient-reported if > 12y, mean adherence
Age 145y adherence parent-reported if < 12'y) 41.2%
Range 1.6-40.6 y (2) Clinician opinion of (2) Clinician: mean
patient’s compliance, adherence 35.3%
scored out of 8 (compliant
if score was = 4)
Hobbs et a6 n = 27 (mothers) CPT (not specified) CIS Parent-reported MNCQ: Overall adherence: W
Childs' age range Genera Treatments completed/ 90.1%
2-18y adherence prescribed) X 100 Individual treatment
CPT: 91.2%
Abbott eta2®  n = 60 (35 males, CPT (not specified) CIS Interview, patient-reported n (%) of patientswho M
25 females) General questionnaire; were adherent/n
Mean age 20.98 y adherence Degree of adherence on who participated in
Range 1644y 6-point scale (adherence treatment: 32 (53%)
==14)
White et al3° n = 57 (34 males, PEP therapy, coughing, 6 mo Patient questionnaire (based n (%) of patients W
23 females) ACBT, huffing, on MCFQ) classed as adherent:
Age 25.8 + 6.8y autogenic drainage, n = 40 (72%)
percussion, PD, flutter
therapy, vibrations
(continued)
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Table 2.  Continued
Authors Participants Treatment Category Study Duration Measurement of Adherence Results Q
White et al3t n = 53 (22 males, (1) CPT 3d CCFMP questionnaire: Reported adherenceto W
31 females) (2) PEP mask/flutter (1) Patient-reported adherence prescriptions:
Age 124 = 257y coughing, ACBT, to prescription (1) Patient %,
chest wall percussion, (2) Parent-reported adherence 66, 57
chest wall vibrations to prescription (2) Parent %, 55, 61
DelLambo n = 96 (50 males, ACT (not specified) 2wk TARS questionnaire on Mean = SD W
et al° 46 females) following one's treatment (1) 3.84 = 0.98
Age 13.12 = 1.69y regime: (2) 414+ 0.9
Likert scale, 1 (never) to 5 3) 412+ 081
(always)
(1) Mother-reported
(2) Patient-reported
(3) Father-reported
Modi et al® n = 37 (19 males, ACT (not specified) 2wk Multimethod assessment: Mean = SD % W
18 females) (1) DMI-CF patient-reported adherence
Age 10.1 = 25y questionnaire (1) 66.9 = 30.2
(2) DMI-CF parent-reported (2) 744+ 353
questionnaire (3) 51.1 = 40.2
(3) 2 X daily phone diaries by
primary caretaker
Q=quality
W=weak
M=moderate

CPT = chest physical therapy

ACT = airway clearance techniques

PEP = positive expiratory pressure

ACBT = airway cycle of breathing technique

PD = postural drainage

C/S = cross-sectional

MNCQ = medical and nonmedical compliance questionnaire
CCFMP = confidentia cystic fibrosis management profile
MCFQ = Manchester cystic fibrosis questionnaire

TARS = treatment adherence rating scale

DMI-CF = disease management interview-cystic fibrosis

measured as 71 + 24.5%, 78.5 + 22.5%, and 78 = 20.25%,
respectively.10

Deoxyribonuclease. Six studiesassessed 298 participants
(male, n = 113; female, n = 143; unspecified, n = 42).
All studies were of low quality. A number of strategies
were used to determine adherence. Two studies used phar-
meacy refill data,336 3 used participant questionnaires,3.25.31
2 used parent questionnaires,331 one used participant in-
terviews,3% one used a collection of empty medication vi-
als,'! and one used daily telephone diaries.® Mean adher-
ence ranged from 54% by participant interview3s to
77.8 = 44.1% by patient questionnaire.3

Pancreatic Enzyme Replacement Therapy

Nine studies assessed 518 participants (male, n = 262;
female, n = 256). Seven studies were of low quality, and
2 were of moderate quality. Six studies used participant
questionnaires325.27.29.31.37: 3 ysed parent question-
naires®2231; one used participant interviews3s; one used

6

7-d recordings®?; and one used pharmacy refill records,
daily telephone diaries, and electronic monitoring via the
Medication Event Monitoring System (MEMS SmartCap,
AARDEX, Richmond, Virginia).? Mean adherence ranged
from 27.4 + 22.9% by daily telephone diary? to 96.5% by
patient report.3>

Two studies reported a combined result for pancreatic
enzyme replacement therapy, el ectrolytes, and supplements
in 151 participants (male, n = 77; female, n = 74). Both
studies were of low quality. One study used caregiver
questionnaires,* and the other used participant and clini-
cian questionnaires.2?” Adherence ranged from 70.4% to
88.2%0.30 In the study by Ward et al,24 problematic behav-
ior regarding adherence was reported in 6% of partici-
pants.

One low-quality study reported a combined result for
antibiotics and pancreatic enzyme replacement therapy in
41 participants (male, n = 20; female, n = 21) by parent
and clinician questionnaires. Mean adherence ranged from
87.5 = 17.5% by clinician report to 95 = 15% by partic-
ipant report.4:
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Table 4.  Adherence to Nutritional Recommendations
- Stud Measurement of
Authors Participants Treatment Category Dur ati)(/)n Adherence Results
Schall et al®® n =75 (39 maes, (a) High-caorie diet 7d 7-d food record @ (1) n=39%
36 females) (b) Cdlories from fat (a) (1) % of n getting (2) 115% EER
Age 9.3+ 1.0y = 120% EER (b) (3) 28%
(2) Median % EER (4) 37% EER
achieved
(b) (3) % of n getting
= 40% of total calories
from fat sources
(4) Median % of EER
from fat
Adde et al3” n= 74 (36 maes, (a) Use of supplements CIS 24-h diet recall (& 33
38 females) (b) High-calorie diet General (mean = SD % RDA (b) 124 (42)
Age6moto 84y adherence intake)
Eddy et a2 n =41 (20 males, (&) Eating/avoiding food C/S Questionnaire: n, mean = SD, % of total
21 females) determined by Genera Likert scale, 1 (= 95% of n who scored a 1
Age 6.7 = 2.67y dietician adherence time) to 5 (= 5% of (1) Parent-reported:
Range 3-11y (b) Vitamins time) (8 17,22+ 11,12
(1) Parent-reported (b) 41, 1.1 = 0.3, 93
adherence: (2) Clinician-reported
(2) Clinician-reported: (a) 41,18+ 0.8, 41
(b) 41, 1.5 = 0.8, 66
Myers and Myers?3 n= 31 (18 males, (&) High-calorie diet CIS Cystic fibrosis adherence  Mean = SD
13 females) (b) Vitamins Genera patient questionnaire: (a) 4.06 = 2.00
Age28.05* 6.7y adherence  Likert scale, 1-7 (b) 6.13 = 1.74
(< 4 = poor,
> 4 = high
Dadlcin et a2 n = 38 (18 maes, (a) High-caorie diet C/S Questionnaire: Patient-reported:
20 females) (b) Vitamins A, D, E, K Genera Patient-reported: (1) n= 31 (81.6%)
Age 238 £ 65y adherence (1) High (= 70%) overall (2) 79
adherence (3) (8 65.8, (b) 79.4
(2) Overall % median Clinician-reported:
adherence (4) Median 71
(3) Each treatment, % of
n with high adherence
(= 5 d/wk=high)
Clinician-reported:
(4) Overall % median
adherence
Hollander et al42 n=79 (44 maes, VitaminsA, D, E, K CIs Telephone survey of (2) 84%
35 females; Genera patients Intake vs Vitamins A, D, E, K (%)
with PI) adherence recommendations (2) 71, 72,77, 33
Median age 25y (1) % of ntaking 3) 9, 32,59, 81
Range 18-50y vitamins
(2) % of n using specific
vitamins
(3) % of n reaching
recommended amounts
Hobbs et al28 n = 27 (mothers)  High-calorie diet CIS Parent-reported MNCQ: Nutrition 81%
Childs' age range General Adherence ([treatments
2-18y adherence compl eted/prescribed)]
X 100)
Anthony et a3 n =25 (14 males, High-calorie diet 7d 7-d food weighed records  16%
11 females) % of n achieving
Mean age 9.1y > 120% DRI
Range 7-12y
Abbott et al2® n =60 (35 maes, Vitamins CIS Interview, patient-reported  n (%) patients adherent/n
25 females) Generd questionnaire: who participated in
Mean age 20.98y adherence  Degree of adherence on treatment
Range 1644y 0-4-point scale 37 (83)
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Table4. Continued

Authors Participants Treatment Category Dﬁtrtzi\?i)(/)n Measurement of Adherence Results Q
Modi et a3 n = 37 (19 maes, Vitamins 2wk Multimethod assessment: Mean = SD % W
18 females) Mean = SD % adherence Vitamin
Age 10.1 £ 25y (1) DMI-CF patient- (1) 93.8 = 17.1
Age3mto 56y reported questionnaire (2) 88.4 = 27.6
(2) DMI-CF parent- (3) 222+ 342
reported questionnaire (4) 33.7 = 45.6
(3) Twice daily phone
diaries by primary care
taker
(4) Pharmacy refill data
([no. received/
prescribed] X 100)
Borowitz et al4t n = 80 (38 males, Multivitamins CIs Questionnaire, phone n=47% w
42 females, Genera interview
with PI) adherence % Adherence to prescription
Simon et a3 n = 54 (25 males, (a) High-caorie diet CIS Interview (24-h diet recal)  (mean = SD) M
29 females) (b) Cdlories from fat Genera (1) () Reported caloric (1) (a) 3,951 + 1,747
Age 13.61 £2.32y adherence intake Range 1,172-9,812; % of
Range = 917y Adherence = = 120% DRI n adherent = 76
(2) (b) % of n adherent (2) (b) 59.3
(= 35% of total calories
from fat)
Arias Llorente et d2” n = 34 (13 males, High-calorie supplements C/S (1) Self-reported (1) Parent/patient-reported W
21 females) Genera questionnaire (patient- mean adherence of 59%
Mean age 14.5 adherence  reported if > 12y, (2) Clinician-reported
Range 1.6-40.6 y parent-reported if < 12y) mean adherence of 56%
(2) Clinician opinion of
patient compliance (score
0-8, compliant if = 4)
Del.ambo et al© n = 96 (50 males, Nutrition 2wk TARS questionnaire on Mean = SD W
46 females) following treatment regime: (1) 2.63 = 1.27
Age 13.12 = 1.69y Likert scale, 1 (never) to5  (2) 2.82 = 1.41
(always) (3) 259 = 1.27
(1) Mother-reported
(2) Patient-reported
(3) Father-reported
White et al3! n = 53 (22 males, Tube feeding 1wk CCFMP questionnaire: Adherence to prescriptions. W
31 females) (1) Patient-reported (1) Patient 95%
Age 124 + 257y adherence (2) Parent 53%
(2) Parent-reported
adherence
Zindani et at n= 33 (8 maes, 25 VitaminsA, D, E, K 3mo Electronic recording, MEMS Group 1: 70.5 = 27.3% W
females) prospective SmartCap Group 2: 56.7 = 20.6%
Age < 12y (group Mean 63.6 = 24
1), > 12y (group
2
Age is expressed as mean =+ SD.
Q=quality
W=weak
M =moderate
C/S=cross-sectional
EER = estimated energy requirement
RDA = recommended daily allowance
MNCQ = Medical and Nonmedical Compliance Questionnaire
DRI = daily recommended intake
DMI-CF = disease management interview-cystic fibrosis
TARS = treatment adherence rating scale
CCFMP = confidentia cystic fibrosis management profile
MEMS = medication event-monitoring system
ResrPIRATORY CARE © NovEMmBER 2014 VoL 59 No 11 11

Copyright (C) 2014 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



RESPIRATORY CARE Paper in Press. Published on July 15, 2014 as DOI: 10.4187/respcare.02990
ADHERENCE TO Cystic FIBROSIS PROGRAMS

Table 5. Adherence to Exercise Recommendations
Authors Participants Treatment Category Study Duration Measurement of Adherence Results Q
Myers and n = 31 (18 males, Regular exercise CIS Cystic fibrosis adherence patient  4.41 + 1.87* w
Myers?3 13 females) Genera adherence questionnaire:
Age 28.1 = 6.7 y* Likert scale, 1-7 (< 4 = poor,
4 = average, > 4 = high)
White et al® n = 57 (34 maes, Exercise (walking, 6 mo Patient questionnaire (based on  n (%) of subjects W
23 females) gym) MCFQ) classed as adherent
Age 25.8 + 6.8 y* n = 24 (42.1%)
Hobbs et al26  n = 27 (mothers) Exercise (not specified) C/S Parent-reported MNCQ: Exercise = 88% w
Childs' age range General adherence Adherence (treatments
2-18y completed/prescribed] X 100)
Abbott et a2® n = 60 (35 males, Exercise (not specified) Interview, patient-reported n (%) of subjects M
25 females) Genera adherence questionnaire: who were adherent/n
Median age 20.98y Degree of adherence (3 who participated in
(range 1644 y) questions assessed by the treatment
physiotherapist) 41 (75%)
Dacineta? n= 38 (18 males, Exercise (physical CIS Patient-reported questionnaire: Patient-reported: W
20 females) activity) General adherence (1) N (%) with high (= 70%) (1) n= 31 (81.6%)
Age 23.8 = 6.5y* overall adherence (2) 79%
(2) Median overall adherence (3) 21.1%

* Values are expressed as mean = SD.

Q=quality
W=weak

M=moderate

C/S = cross-sectional
MCFQ = Manchester cystic fibrosis questionnaire
MNCQ = medical and nonmedical compliance questionnaire

(3) Each treatment (% of n with  Clinician-reported:
high adherence, = 5 d/wk) (4) Median = 71%

Clinician-reported:

(4) Overall median adherence

Total studies
636

\/

Abstracts

542

screened

Excluded
494

Did not meet inclusion criteria
Duplicates removed

\

Full-text screened

48

Excluded

22

\

Included studies

26

Fig. 1. Flow chart of study selection process.
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Two studies assessed adherence rates for medicationsin
general in 58 participants (male, n = 18; femae, n = 13;
unspecified, n = 27). Oneused participant questionnaires,26
and the other used parent questionnaires.228 Mean adher-
ence ranged from 70.1 £ 30%26 to 97.2%.28

Nutrition

Sixteen papers assessed 837 participants adherence to
various nutritional recommendations (male, n = 399; fe-
male, n = 411; unspecified, n = 27). Fourteen of the
studies were of low quality, and 2 were of high quality
(Table 4).

Adherence to calorie intake was assessed in 10 studies
with 507 participants (male, n = 235; female, n = 245;
unspecified, n = 27). All but one study was of low quality.
Five studies used participant questionnaires,32527.31 3 used
parent questionnaires,10.2831 one used clinician question-
naires,28 2 used 24-h recall, 3738 and 2 used 7-d food re-
cords.3943 Reported adherence to guidelines ranged from
40.8 * 31.75%° to 81%.28

Adherence to vitamin intake was assessed in 8 studies
with 399 participants (male, n = 200; female, n = 199).
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All but one study was of low quality. Four studies used
participant questionnaires,32325.29 2 used parent question-
naires,22 one used clinician questionnaires,?? 3 used in-
terviews via telephone, 34142 and one used pharmacy refill
dataand electronic recordingsviaM EM S SmartCap.2Mean
adherence ranged from 22.2 = 34.2% by daily telephone
diary® to 97.5 = 7.5% by parent questionnaire22 In an-
other study, the percentages of the sample group who
reached the recommended doses for vitamins A, D, E, and
K were 9, 32, 59, and 81%, respectively.42

One low-quality study assessed compliance with a di-
etitian’s food guidelines. Forty-one participants (male,
n = 20; female, n = 21) were included. Mean adherence
ranged from 70 + 27.5% by clinician questionnaire to
80 * 20% by parent questionnaire.22

Airway Clearance Techniques

Eleven papers assessed 1058 participants (male, n =
496; female, n = 535; unspecified, n = 27). All but one
study was of low quality. Eight studies used participant
questionnaires,3423.25-27.30.31 4 ysed parent question-
naires,322.:28:30 2 ysed clinician questionnaires,2227 one used
caregiver questionnaires,2* and one used daily telephone
diaries.® Only 2 papers of low quality33! specified the
individual aspects of chest physical therapy involved (pos-
itive expiratory pressure, coughing, active cycle of breath-
ing technique, chest wall percussion, chest wall vibrations).
All other papers (n = 10) simply summarized treatment as
airway clearance techniques or chest physical therapy. Ad-
herence rates ranged from 33.3 = 43.15%23 to 91.2%28 by
patient questionnaire.

Exercise

Five papers assessed 321 participants (male, n = 213;
female, n = 81; unspecified, n = 27). All papers were of
low quality. Four studies used participant question-
naires,23.25.29.30 gnd one study used parent questionnaires.28
Only 2 papers described the exercise undertaken: one pa-
per described exercise as walking or attending a gym,28
whereas the second reported exercise as physical activ-
ity.2> Details of exercise prescriptions were not included.
All other papers simply reported the category as exercise,
and limited details to reporting compliance rates to regular
exercise, number of times prescribed exercises were un-
dertaken, or whether exercises were undertaken every day
or amost every day (Table 5).

Discussion
This systematic review examined levels of adherence to

home treatment programs for people with CF. Twenty-six
studies were included and categorized into one of four

RespirRATORY CARE © NovEMBER 2014 VoL 59 No 11

main themes; exercise, medication, airway clearance, and
nutrition. Results showed that adherence levels were gen-
eraly low and wide ranging (nutrition, 22.2-97.5%; air-
way clearance techniques, 33.3-91.2%; exercise, 56.8—
88%; pancreati c enzymereplacement therapy, 27.4—96.5%;
medication [inhaled therapy], 31.6—85%), varying greatly
depending on the type of treatment being assessed and the
mode of assessment being employed.

The present study included home-based observational
studies only to establish subjects’ own level of adherence,
which is an integral part of the long-term management of
CF. Intervention studies were excluded due to the effect of
participating in a formal research trial, in which greater
monitoring/measurement of patients would take place. In-
deed, compared with a previous review of randomized
controlled trialsexamining adherenceratesfor airway clear-
ance techniques (88—96%),14 rates for compliance in ob-
servational studies reported in the present study are lower
(33.3-91.2%). The previous review of adherence to anti-
biotics (mixed methodologies) reported similar adherence
rates (35—87%)13 compared with the present review (36—
85%).

Multiple issues concerning the design of studies inves-
tigating adherence were found: study duration, participant
recall, and use of multiple measures and questionnaires.

The time frame over which the studies were conducted
varied greatly from 2 weeks?” to 6 months,3! which could
influence recall bias. Given that CF is a chronic disease,
one would argue that studies of longer duration are more
clinically relevant. Shorter intervals have been used pre-
viously because of the assumption that recall would be
better for shorter periods*; however, it has been reported
that patients do not recall more recent pill-taking events
any more accurately.44:45

Some studies utilized multiple modes of assess-
ment,332:37 which may, in some cases, prove challenging
for participants when multiple outcome scales are used
(eg, Likert scale, percentage rates, etc). Issues with health
literacy and numeracy may impact on patients’ ability to
complete adherence forms when different scoring scales
are utilized (eg, percentages) and need to be considered.46

A large range of tools (electronic technologies, self-
reported questionnaires) were also utilized to determine
levels of adherence. Daily telephone diaries have been
thought to allow for a greater precision of recalled infor-
mation,*” and electronic recording via MEMS SmartCap
allows for precise recording of usage.*®

Disparitiesbetween self-reported and obj ective measures
of medication adherence were found; both adherence to
nebulized antibiotics by parent and self-reported adher-
ence were higher compared with electronic monitoring,
consistent with previous research.319 However, one must
be cautious when interpreting results given the low-quality
rating of the majority of studies. The improvement in pa-

13
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tient-reported adherence to treatments and the availability
of objective recordings in clinical practice (eg, measuring
changesin sweat chlorideinthosetakingivacaftor4®) should
alow for open and honest discussion between patient and
clinician.32 Similar disparities have been found in other
chronic conditions in which self-reported measures are
higher than objective measures (eg, functiona ability of
patients with low back pain®° and adherence to medication
for patients with HIV51-53),

Mismatches were also found regarding adherence rates
depending onwho compl eted the questionnaire. When com-
paring people with CF and their health-care professionals
(physiotherapist or doctor), health-care professionals’ opin-
ion/impression of adherence was lower than that of the
people with CF, similar to levels reported for adults with
hypertension.>* Multiple factors have been reported as rea-
sons for this (eg, impact of a patient’s previous medical
historyss or a patient’s expectations of the consultation®¢).
Self-reported adherence levels were also found to be gen-
erally greater than those reported by parents.322:25.32 \White
et a3! found a 30% disparity between CF teams recom-
mendations for oral antibiotics and CF patients’ reports,
compared with a 4% disparity for parents. Similarly with
regard to adherence with tube feeding, patients with CF
reported 95% adherence compared with the parents’ report
of 53% despite both groups being aware of the CF teams’
recommendations.3* Along with issues regarding recall,
patients with CF and respondents may provide answers
that conform to their perceived expectations of their inter-
viewer, as seen in patients with HIV .57.58

The challenge for researchers in measuring adherence
rates is first to define adherence. The WHO defines ad-
herence as the extent to which a person’s behavior (in
terms of taking medication, following diets, or executing
lifestyle changes) coincides with medical or health ad-
vice.>® However, adherence to a treatment plan has many
levels, such as overall adherence (defined as times treat-
ment is used compared with times prescribed), adherence
to the full-length treatment, and the number of days the
treatment is used.33 These multiple factors relating to ad-
herence again make it difficult to establish, and measuring
it is an inexact science.®

Reasons for non-adherence to CF have also been ex-
plored. As survival rates improve, people with CF are
faced with new challenges relating to age, such as the
transition between adolescence to adulthood and coming
to terms with their independence with regard to adher-
ence.8 It is therefore not surprising that they are non-
adherent to aspects of their treatment regimen at different
timesthroughout their lives. Thisbehavior can be acknowl-
edged as a normal adaptation to the physical and emo-
tional intrusion of illness.? For a person growing up with
CF, treatment demands become repetitive, often with no
immediate perceived benefit.3° These young adults are de-
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termined to live as normal alife as possible and acknowl-
edge that sometimes they are making an informed decision
not to carry out their treatment. Older children and adults
report poor adherence to treatment regimens, describing
them as boring, different from the normal lives of their
peers, and a waste of time.2”

However, it cannot be assumed that reduction in admin-
istration time alone will solve the adherence dilemma. For
example, asthma medications take only a few seconds to
administer via a metered-dose inhaler or powder inhaler,
yet adherence rates are low. Treatment programs should
perhaps be planned around individual patient’s require-
ments, modifying treatment ideals when necessary accord-
ing to the exigency and pattern of that patient’s lifestyle.®°

Innovative approaches to increase patients adherence
to recommendations are required. The use of mobile health
technologies and telecommunication has rapidly been in-
tegrated into the health-care delivery system for the man-
agement of chronic illnesses (eg, hypertension,5! weight
loss,52 and diabetes’3) and may prove useful for improving
adherence in patients with CF by allowing adolescents to
directly call their CF health-care team and by promoting
safe social interactions and peer support.4

The results of this systematic review should be consid-
ered in light of the following limitations. Only papers
written in English and published in the last 20 y were
included to reflect the development of guidelines and best
practice for the management of patients with CF.

Conclusion

Overall adherence to home treatments was assessed with
avariety of adherence tools in low-quality studies. There
were wide disparities in adherence rates, with studies uti-
lizing self-reported tools consistently higher than those
utilizing objective measures. The lower objective mea-
sures of adherence suggest current efforts to improve ad-
herence are appropriate.
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