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Background: With the rising age of patients with cystic fibrosis (CF), strategies to improve adolescents’
adherence to care are needed. This study investigates the association between knowledge of disease and
objective markers of clinic attendance in an adolescent CF population.

Methods: Patients with CF aged 13-20 years completed a CF knowledge survey (n=38). Associations of
knowledge scores with attendance measures and health status data were assessed.

Results: Higher overall knowledge scores were associated with regular evaluations by dietitians (OR 1.08,
p=0.045) and timely completion of pulmonary function testing (PFTs; OR 1.13, p=0.009) and routine cultures
(OR 1.12, p=0.012). Higher nutrition health and treatment knowledge scores were also associated with timely
completion of routine PFTs (OR 1.14, p=0.005 and OR 1.09, p=0.012) and cultures (OR 1.10, p=0.022 and
OR 1.08, p=0.019).

Conclusions: This is the first study demonstrating an association between adolescent disease knowledge and
objectively measured adherence to recommended clinic attendance and evaluation. More adherent patients have
better knowledge of their disease. Targeting adolescent CF patients’ knowledge may be a modifiable factor to

improve attendance and long-term management.

Introduction

NEARLY 50% oF PATIENTS with cystic fibrosis (CF) are
adults." As life expectancy has risen with improved care
and therapies, the focus in care has shifted toward improving
chronic care management.” Increasing knowledge regarding
the disease process itself is theorized to influence self-care and
health outcomes positively in chronic disease populations.>*
Unfortunately, numerous studies have shown that dis-
ease-related knowledge in CF is suboptimal.’”’ Further-
more, patients” knowledge of their chronic disease has been
recognized as a factor directly associated with adherence to
recommended care plans.® This relationship has been dem-
onstrated specifically among younger patients with CF and
their parents. In younger children, Gudas et al. found that a
higher level of knowledge of the disease was associated with
better compliance as reported in a parental survey.” Ievers
et al. also identified a strong relationship between accurate
understanding of CF treatment regimens and reported rates
of adherence in children aged 6-10 years and their parents.'®
Previous reports have relied on indirect means to assess
adherence to treatment and have focused on younger chil-

dren and parental knowledge. With the rising number of
adolescent patients with CF, elucidating the relationship
between adolescent knowledge of their disease process and
their adherence to both clinic attendance and treatment/
preventive care is needed to guide interventions for im-
provement. This is especially vital, as chronically ill patients
often have decreased adherence to treatment and clinic at-
tendance during adolescence.'’

No studies to date have assessed knowledge of disease in an
adolescent CF population and examined the relationship with
objective markers of adherence to recommended care guide-
lines and overall health status. The purpose of this study was to
address this gap in research about the potential role of adoles-
cents’ knowledge of their disease process and clinic attendance.
It was hypothesized that higher levels of patient knowledge
would correlate with better adherence to recommended evalu-
ations of disease progression and clinic visit frequency.

Materials and Methods

During a 2-year period from August 2009 to September
2011, adolescent patients aged 13-22 years old with a
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diagnosis of CF confirmed by positive sweat chloride and/or
two disease-causing cystic fibrosis transmembrane conduc-
tance regulator (CFTR) mutations attending a pediatric CF
center were offered participation in the CF My Way® pro-
gram on adherence during a routine follow-up visit (not an
acute illness or pulmonary exacerbation). As part of this
program, a baseline CF knowledge assessment—a question-
naire called the My CF Knowledge (CFK)—was completed
on an electronic tablet or on paper during the clinic visit.

As a quality improvement project and review of existing
data, the University of Pittsburgh Institutional Review
Board (IRB) deemed this study exempt from IRB approval.
No informed consent was required, and participants did not
receive compensation.

Measures

The CFK consists of 43 multiple-choice items that assess
four sub-domains of CF knowledge: lung health (seven ques-
tions), nutrition health (14 questions), CF health (11 ques-
tions), and treatment (11 questions).3 Items were weighted
evenly and an overall score was generated and reported as total
percentage correct. Scores in each of the four sub-domains
were also reported and reported as percentage correct. This
measure has previously demonstrated good internal consis-
tency in adolescent patients with CF (0(:0.91).12

Demographic information and objective measurements of
disease status were obtained from query of the CF Registry
for each participant. These included age, sex, percentage of
predicted forced expiratory volume in one second (FEV),
body mass index (BMI), use of nutritional supplements, and
presence of a gastrostomy tube.

FEV, was obtained from the CFK visit and divided into
mild (FEV,2>70%), moderate (FEV,; 41-69%), and severe
disease (FEV|<40%) per previous accepted categorization
of disease severity.'”> BMI data were obtained during the
CFK visit and divided into categories of adequate nutrition
(BMI >25th percentile), nutritional risk (BMI 10th-25th
percentile), and nutritional failure (BMI<10th percentile)
per Cystic Fibrosis Foundation (CFF) consensus guidelines.'*
Use of nutritional supplements (including high-calorie drinks
and/or powders) and presence of a gastrostomy tube were
obtained from the CFK visit.

Clinic attendance was measured via surrogate markers
obtained from the CF Registry: routine completion of pul-
monary function testing (PFTs), throat/sputum cultures, and
evaluation by dietitians. These specific markers were cho-
sen, as this institution routinely requires completion of these
evaluations at each clinic visit regardless of disease severity.
Dietitians are available for every CF clinic visit for patients
in the center, and PFTs and throat cultures are routinely
requested for all clinic visits. The CF Registry is particularly
useful for comparing attendance among current CF center
patients, as the database only contains active center patients
(i.e., changes in residence, for example, result in removal
from the registry database). Subjects were considered ad-
herent to clinic attendance if the marker was recorded every
3 months per this institution’s policy. Data were gathered
from the 6 months prior to and following the administration
of the CFK. A 7-10-day time window was considered at the
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beginning and end of the 1-year data collection period be-
fore deeming subjects nonadherent.

Analyses

The associations of overall knowledge score and
scores in each domain of the CFK with disease severity
(FEV, BMI, use of nutrition supplements, and presence
of a gastrostomy tube) were assessed via bivariate ana-
lyses. Associations of knowledge scores with clinic atten-
dance measures (timely completion of pulmonary function
testing and sputum/throat cultures and attendance at routine
dietary visits) were examined using exact logistic regres-
sion due to small sample size. Age, sex, and disease severity
(mean FEV' and BMI) were also examined between groups
using the Mann—Whitney U-test or Fisher’s exact test. All
analyses were conducted using STATA (StataCorp LP,
College Station, TX)

Results

Knowledge assessments were obtained from 38 adoles-
cents with a confirmed diagnosis of CF, ranging in age from
13 to 20 years over a 2-year period (approximately one-third
of all adolescent patients seen in the center). The mean
overall CFK score for the sample was 79.6 (SD=12.0). The
mean age was 17.1 years (SD=1.9; 57.9% male). Average
FEV, for the sample was 84.0% (SD =23%), with 76.3% of
the sample classified as having mild disease, 18.4% with
moderate disease, and 5.3% with severe disease. Average
BMI for the sample was the 54.0th percentile for age
(8D =33.0), with 73.7% of the sample classified as having
adequate nutrition, 10.5% classified as nutritional risk, and
15.8% classified as nutritional failure. Approximately one in
five (21.1%) of participants were using nutritional supple-
ments, and 15.8% of participants had a gastrostomy tube in
place (Table 1). This sample is representative of the ado-
lescent patient population at this CF study center.

Disease severity (BMI and FEV,) was not associated
with overall and specific CFK scores. The presence of a
gastrostomy tube or use of nutritional supplements had no
significant association with overall score or any of the sub-
domain scores.

Regarding clinic attendance, the primary outcome of in-
terest, 13.2% of participants were found to be nonadherent
with recommended quarterly dietary visits, 7.9% did not
obtain PFTs at appropriate intervals, and 7.9% did not obtain
CF throat/sputum cultures at appropriate intervals. It should
be noted that different individual subjects were nonadherent
with sputum cultures and PFTs and, thus, both were used as
surrogates for attendance.

Overall CFK scores were calculated for both adherent and
nonadherent subjects (Table 1). Using exact logistic regres-
sion models, higher overall knowledge scores were associated
with regular evaluations by dietitians (OR 1.08, p=0.045).
No sub-domain scores showed significant associations.
Higher overall knowledge scores were also associated sig-
nificantly with timely completion of PFTs (OR 1.13,
p=0.009). Higher nutrition health and treatment knowledge
scores were also associated with PFT completion (OR 1.14,
p=0.005 and OR 1.09, p=0.012, respectively); other sub-
domain scores showed no significant correlation. Higher
overall scores, nutrition health, and treatment knowledge
scores were associated with timely completion of routine
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TABLE 1. SUBJECT DEMOGRAPHICS
AND BASELINE CHARACTERISTICS

Patient
population

Characteristic (n=38), n (%)

Age, mean years (SD) 17.1 (1.9)

Male 22 (57.9)

Female 16 (42.1)

Health outcome measures:

FEV, % predicted, mean (SD) 84.0 (23.0)
Mild (270%), n (%) 29 (76.3)
Moderate (41-69%), n (%) 7 (18.4)
Severe (<40%), n (%) 2 (5.3)

BMI, percentile (SD) 54.0 (33.0)
Adequate (=25th percentile), n (%) 28 (73.7)
Nutritional risk (10th-25th percentile), 4 (10.5)

n (%)
Nutritional failure (<10th percentile), 6 (15.8)
n (%)

Use of nutritional supplements 8 (21.1)

Presence of gastrostomy tube 6 (15.8)

Adherence measures:

Attendance at dietary visits—nonadherent 5(13.2)

PFT completion—nonadherent 3(7.9)

CF throat/sputum culture completion— 3(7.9)
nonadherent

Knowledge score (CFK overall score), 79.6 (12.0)
mean (SD)

Nonadherent to attendance at dietary visits  68.3 (21.6)

Adherent to attendance at dietary visits 81.2 (9.3)

Nonadherent to PFT completion 59.7 (23.3)

Adherent to PFT completion 82.2 (9.7)

Nonadherent to CF throat/sputum culture 60.9 (25.4)
completion

Adherent to CF throat/sputum culture 81.2 (9.2)
completion

BMI, body mass index; CF, cystic fibrosis; CFK, My CF Knowl-
edge; FEV, forced expiratory volume in one second; PFT, pulmonary
function testing; SD, standard deviation.
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cultures (OR 1.12, p=0.012; OR 1.10, p=0.022; and OR
1.08, p=0.019, respectively). Other sub-domain scores
showed no significant associations. No significant differences
in age, sex, FEV, or BMI were found between nonadherent
and adherent subjects (Table 2). Additional analyses looking
at annual laboratory evaluation and chest radiography were
not associated with CFK scores (results not shown).

Discussion

This is the first study to demonstrate an association be-
tween adolescent knowledge and objectively measured ad-
herence to recommended clinic attendance in CF. The
findings suggest that adolescent patients with CF who are
adherent with routine clinical follow-up (surrogates being
attendance at dietary visits and completion of routine PFTs
and sputum cultures) have better knowledge of their disease.
Overall and selected sub-domain knowledge scores are
higher in adherent patients, suggesting that knowledge of CF
as a whole may be an important factor in self-management.

Unfortunately, better knowledge of disease does not
translate into improved health status, as FEV!, BML use of
nutritional supplements, or the presence of a gastrostomy
tube were not associated with greater overall knowledge.
This is not surprising, as these findings are similar to pre-
vious studies showing that education had no positive effects
on lung function or weight in CE."

In this observational study, the association between
higher knowledge and clinic attendance adherence demon-
strated in adolescent CF patients does not imply causality. It
may be that increasing patient knowledge about CF leads
to increased clinic attendance, and it is also possible that
routine attendance improves patient disease knowledge. The
results support the possibility that targeting CF patient
knowledge through innovative educational programs might
help improve clinic attendance and adherence to routine
evaluations.

TABLE 2. ASSOCIATION OF KNOWLEDGE SCORES WITH MARKERS OF PATIENT ADHERENCE
AND COMPARISON OF SUBJECT CHARACTERISTICS BY ADHERENCE

Dietitian evaluation PFT completion Routine culture completion
Knowledge scores, M (SD) Odds ratio p-Value Odds ratio p-Value Odds ratio p-Value
Overall score 1.08 0.045 1.13 0.009 1.12 0.012
Lung health score 1.06 0.061 1.05 0.169 1.05 0.169
Nutrition health score 1.04 0.240 1.14 0.005 1.10 0.022
CF health score 1.05 0.134 1.05 0.289 1.06 0.160
Treatment score 1.04 0.126 1.09 0.012 1.08 0.019
Subject
characteristics,
M (SD) Nonadherent Adherent p-Value Nonadherent Adherent p-Value Nonadherent Adherent p-Value
Age 172 (25) 17.1(1.9) 0.619 17.8(09) 17.1(2.0)0 0386 17.8(0.9) 17.0(2.0) 0.316
Sex
Male, n 3 19 0.654 20 0.621 2 20 0.621
Female, n 2 14 15 1 15

FEV| % predicted 76.0 (21.4) 84.0 (23.0) 0.353
BMI mean kg/m?

717 (2.1)
46.8 (46.0) 54.5(31.9) 0.730 56.0 (49.7) 53.3 (32.7) 0.871

84.5(23.3) 0.234 86.7 (28.0) 83.2 (22.6) 0.999

56.7 (50.0) 53.3 (32.7) 0.829

Adherence measured via surrogate markers of clinic attendance including dietitian evaluation and PFT and routine culture completion.
Subjects were considered adherent if the marker was recorded every 3 months from the 6 months prior to and following CFK

administration.
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While improving knowledge is certainly not the sole
strategy for improving adherence,'® the association be-
tween knowledge and clinic attendance confirms prior
self-management studies in younger patients that point to
knowledge as an important modifiable factor. Bartholo-
mew et al. found that an education program targeting children
and their caregivers both increased CF knowledge and was
associated with improved coping and self-efficacy.!” Downs
et al. conducted a multi-center, randomized controlled trial to
examine the effectiveness of a self-management education
program on aerosol and airway clearance techniques in chil-
dren with CF. Findings confirmed that disease knowledge
contributes to both patients’ and caregivers’ capacity for self-
management and adherence.'® Many have also concluded that
improvements in knowledge alone are insufficient to improve
self-management and suggest that greater benefit may be had
from education programs that address both disease knowledge
as well as problem-solving skills.'*' The findings from this
study suggest that targeting adolescent knowledge of their
disease process may be a useful component to integrate into
interventions designed to improve self-management and ad-
herence to care.

This study’s unique contribution is the focus on adoles-
cence, specifically the relationship between CF disease
knowledge and clinic attendance as an adherence measure.
Adolescents with chronic disease, unlike adults who often
need to be rehabilitated from illness to resume their inde-
pendent lives, have no prior experience to draw on and truly
need to be “‘habilitated” as they take responsibility for their
health.?? This habilitation (or transition to independence) is
often challenging; studies have found that chronically ill
patients enter the adolescent years displaying reduced cop-
ing skills and adherence.”>** With previous literature
highlighting an association between worse adherence to
respiratory medications and higher acute healthcare use in
CF, finding ways to improve adherence in CF adolescents is
imperative.

In light of the rising number of adolescents and adults
with CF, finding novel ways to optimize this habilitation is
a priority.”®?” Little is known about the factors that pre-
dict a successful transition of care from pediatric to adult
providers.?® As inadequate education can lead to poor self-
management, improving patient understanding of their
disease may be an important component to address as part
of this transition.**"

While this study adds to the literature on CF knowledge
and the relationship to adherence to routine clinical care
guidelines, it is certainly not without limitations. This is a
single-site study with a relatively small sample. Additionally,
it included only approximately one-third of adolescent pa-
tients in the center. As it can be difficult to recruit large
populations in CF due to the relatively low prevalence of
CF and its severity, a larger multi-center study is warranted.
The knowledge survey that was utilized was not compre-
hensive. It did not include questions addressing reproduc-
tive and sexual health, CF-related diabetes or liver disease,
end of life care, or genetics—all of which are more prevalent
topics among older CF populations and thus important to
address in adolescence. Additionally, this sample was noted
to have relatively overall good health as measured by FEV,
and BMI measures, which may limit the ability to detect
associations among disease severity, knowledge, and clinic
attendance. Other health status measures to include in future
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investigations include direct measurements of clinic atten-
dance, rates of pulmonary exacerbations, trends in PFTs,
or hospital admissions. Further demographic information
to consider includes markers of socioeconomic status and
parental level of education. In addition, information on
nonresponders and dropouts were not available for this ret-
rospective study.

The association between knowledge and clinic atten-
dance found in this study does not necessarily translate to
subject adherence with recommended therapies. As a cross-
sectional study, it is not known whether other factors that
contribute to the findings are also associated with better
knowledge of the disease, and cannot imply causality. Fu-
ture longitudinal studies should also include objective
measures of medication and therapy compliance as well as
patient-reported measures of adherence. However, it should
be noted that the objective measurements of adherence to
routine clinical follow-up were rather restrictive. Following
the authors’ institution’s more aggressive approach, strict
attendance at clinic visits every 3 months including dietary
assessment was required to be considered ‘‘adherent.”” The
Cystic Fibrosis Foundation recommendation is currently for
annual dietary assessment. Thus, these conservative mea-
sures of attendance strengthen the findings.

In conclusion, this is the first study to demonstrate an
association between patient knowledge and adherence to
clinic attendance in an adolescent CF population. These
findings suggest that patient knowledge of their disease may
be an important modifiable factor in improving clinic at-
tendance in adolescents with this chronic illness and should
be integrated into interventions targeting self-management
and adherence. Additionally, it may be important to shift
attention intentionally to the deliberate education of ado-
lescents with CF rather than rely on diffusion of information
and knowledge about their disease from their parents and
caregivers. Educational programs for teen populations that
target knowledge of their disease should be further devel-
oped in an effort to improve self-management with the goal
of influencing successful transition to adult care.
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