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Background and objectives: Patient knowledge of lung function (ie, forced expiratory 

volume in 1 s [FEV
1
]% predicted) and the intended benefits of their prescribed pulmonary 

medications might play an important role in medication adherence, but this relationship has 

not been examined previously in patients with cystic fibrosis (CF).

Methods: All patients diagnosed with CF and without prior lung transplantation were invited 

to complete knowledge and self-reported medication adherence questionnaires during routine 

outpatient visits to the Adult CF Clinic, St Paul’s Hospital, Vancouver, Canada from June 2013 

to August 2014.

Results: A total of 142 out of 167 (85%) consecutive adults attending CF clinic completed 

patient knowledge and medication adherence survey questionnaires. Sixty-four percent of the 

patients recalled their last FEV
1
% predicted value within 5%, and 70% knew the intended ben-

efits of all their prescribed medications. Self-reported adherence rates were highest for inhaled 

antibiotics (81%), azithromycin (87%), and dornase alpha (76%) and lowest for hypertonic 

saline (47%). Individuals who knew their FEV
1
% predicted value within 5% were more likely 

to self-report adherence to dornase alpha (84% vs 62%, P=0.06) and inhaled antibiotics (88% 

vs 64%, P=0.06) compared to those who did not, but these associations were not statistically 

significant. There were no significant associations observed between patient knowledge of 

intended medication benefits and self-reported medication adherence.

Conclusion: Contrary to our hypothesis, disease- and treatment-related knowledge was not 

associated with self-reported medication adherence. This suggests other barriers to medica-

tion adherence should be targeted in future studies aiming to improve medication adherence 

in adults with CF.

Keywords: cystic fibrosis, health literacy, medication adherence, patient compliance, patient 

medication knowledge

Abbreviations
CF, cystic fibrosis; FEV

1
, forced expiratory volume in 1 s.

Introduction
Treatment guidelines for CF recommend the use of long-term oral and inhaled medications 

to manage pulmonary disease and improve clinical outcomes.1 Nebulized mucolytics and 

hyperosmolar agents to augment mucociliary clearance and inhaled and oral antibiotics 

to control infection and inflammation are prescribed as maintenance therapies to improve 

lung function and prevent pulmonary exacerbations. Despite these benefits, medication 

adherence among individuals with CF remains low, ranging from 33% to 76% based on 

pharmacy dispensing records and electronic medication monitors.2–4 Poor adherence to 

medication is associated with adverse clinical outcomes in CF.5,6
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Self-reported barriers to medication adherence reported 

in the literature with regard to CF include treatment bur-

den, time requirement, forgetfulness, fatigue, stigma, and 

embarrassment.7–10 Other barriers self-reported by patients 

include absence of perceived benefits and doubts about the 

necessity of treatment.6,11,12 As such, patient knowledge is a 

potential determinant of pulmonary medication adherence 

because it influences perceived or anticipated medication 

benefits and the necessity of treatment. One study has 

found that adherence to medication is related to children’s 

and parents’ knowledge on treatment details.13 Another 

recent study demonstrated a potential association between 

CF knowledge using a validated CF knowledge scale and 

patient-reported treatment adherence in a post hoc analysis.14 

To our knowledge, the impact of patient knowledge of lung 

function (ie, FEV
1
% predicted) and the intended benefits of 

prescribed medications on medication adherence has not 

been examined previously in CF.

The objectives of this study were as follows: 1) to assess 

patient knowledge of their own FEV
1
% as a marker of lung 

disease severity and the intended benefits of maintenance 

pulmonary therapies, 2) to identify factors (eg, lung function, 

age, and sex) associated with patient knowledge, and 3) to 

examine the association between patient knowledge of their 

own FEV
1
% and intended benefits of maintenance pulmonary 

therapies with self-reported pulmonary medication adher-

ence. We hypothesized that patients with less knowledge of 

their lung function and intended medication benefits would 

be less likely to be adherent with their prescribed pulmonary 

maintenance therapies.

Methods
Study participants
All adult patients ($18 years) diagnosed with CF based on 

standard criterion15 and without prior lung transplantation 

were invited to complete surveys during routine outpatient 

visits to the Adult CF Clinic, St Paul’s Hospital, Vancouver, 

Canada, from June 1, 2013 to August 31, 2014. This clinic 

sees adult patients with CF in the province of British 

Columbia every three to four months. This convenience 

sampling over a year-long period during all outpatient 

visits meant that the majority of the patient population was 

sampled. Ethical approval was obtained from the University 

of British Columbia-Providence Health Research Ethics 

Board (UBC PHC H13-00044). Participants provided 

written informed consent and the survey responses were 

non-identifiable.

Chart review
A retrospective chart review was performed for all patients 

who attended the CF clinic at St Paul’s Hospital following 

ethical approval. Sex, age, body mass index, and number of 

pulmonary exacerbations in the prior year were compared 

between the subsets of patients who did and who did not 

complete the survey to determine if there were any sys-

tematic differences between the two groups and to identify 

demographic and/or clinical factors associated with patient 

knowledge and medication adherence.

Patient knowledge questionnaires
Questionnaires were developed to assess patient knowledge 

and medication adherence. Patient knowledge of their lung 

disease severity (ie, lung function) was determined by ask-

ing the participant to indicate on a bar scale ranging from 

0 to 100% their last measured FEV
1
% predicted value (post-

bronchodilator). Patients were considered knowledgeable 

of their own FEV
1
% if they were correct within an absolute 

range of ±5% of their last measured FEV
1
% predicted value. 

Their actual last FEV
1
% was noted on a sealed envelope by 

the research coordinator along with their completed survey; 

surveys were opened in batches to preserve anonymity. 

Knowledge of intended pulmonary benefits of the prescribed 

medications, that is dornase alpha, hypertonic saline, inhaled 

antibiotics, and azithromycin, was assessed with the help of 

multiple-choice questions (Table 1). Subjects were consid-

ered overall knowledgeable of their medication benefits if 

they knew the intended benefits of all (100%) the medications 

they self-reported to have been prescribed.

Medication adherence questionnaire
Patients self-reported their medications and adherence to 

each medication by answering two questions adapted from 

McNamara et al: “On an average week, how many doses 

do you miss?” and “In the past 3 months, what percentage 

Table 1 Multiple choice options and correct answers for each 
drug class

Medication Multiple choice options

Reduction 
in mucus

Treatment 
of infection

Reduction in 
inflammation

Not 
sure

Dornase alpha Correct
Hypertonic saline Correct
Inhaled antibiotics Correct
Azithromycin Correct* Correct*

Notes: *Either option was considered correct. Patients answered the question 
“What is the primary benefit of taking [medication]?”, designed to assess knowledge 
of medication benefit.
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of your medication did you take?”16 They were considered 

adherent if they self-reported taking their medications more 

than 80% in the past three months and missing less than 20% 

in an average week, as commonly classified in adherence 

research.17 Responses that showed discrepancies between 

the self-reported doses missed and percentage of doses taken 

were considered discordant responses for that particular indi-

vidual medication and excluded from the primary analysis. 

A sensitivity analysis was conducted evaluating the impact of 

classifying the discordant responses as adherent versus non-

adherent for each individual medication and overall medica-

tions. Self-reported medication adherence was reported for 

each individual pulmonary medication and overall for all 

medications. Patients were considered overall adherent to 

their medications if they were categorized as adherent to the 

majority (.50%) of their prescribed medications.

Analysis plan
Descriptive analyses were performed comparing patients 

who did versus those who did not complete the question-

naires. Patient knowledge of their last measured lung func-

tion (ie, FEV
1
% predicted value) and intended medication 

benefits was presented overall and stratified by age (18–25 

vs 26+ years), sex, and lung disease severity (FEV
1
% pre-

dicted $80 [mild] vs 50–79 [moderate] vs ,50 [severe]). The 

number of pulmonary medications prescribed was compared 

with patient knowledge of lung function and intended medi-

cation benefits. The association between patient knowledge 

of lung function and medications benefits with self-reported 

medication adherence was examined both individually and 

overall for each medication.

Continuous variables were summarized using descriptive 

statistics such as mean and standard deviation. Differences in 

means were examined using the parametric Student’s t-test. 

Chi-square analysis and the Fisher’s exact test (if expected 

cell counts were ,5) were used to examine categorical 

variables. The Cochrane–Armitage test was used to examine 

trends in proportions. Type I error ,0.05 was considered 

statistically significant.

To evaluate the robustness of our definitions and classi-

fications, the following sensitivity analyses were performed: 

1) widening the range of correct recall of last measured 

FEV
1
% predicted value to be within ±10%, 2) widening the 

definition of what was considered knowledgeable of medi-

cation benefits to knowing most (.50%) as opposed to all 

(100%) of their prescribed medications, and 3) classifying 

discordant self-reported medication adherence responses as 

either adherent or non-adherent for individual medications 

and overall.

Results
Participants
A total of 142 out of 167 (85%) participants approached 

consented and completed the questionnaires. The remaining 

25 patients did not complete the survey due to the following 

reasons: 1) not interested due to not being prescribed any 

maintenance pulmonary medications (n=15); 2) not inter-

ested for unspecified reasons (n=6); 3) feeling unwell (n=1); 

and 4) survey was not submitted after the patient consented 

(n=3). The characteristics of subjects who did and who did 

not complete the survey were similar except that the FEV
1
% 

predicted value was significantly lower for those who did 

complete the survey (Table 2). The number of patients who 

took none, one, two, three, and all four pulmonary medica-

tions of interest were 12 (8%), 43 (30%), 42 (30%), 34 (24%), 

and 11 (8%), respectively.

Patient knowledge
Sixty-four percent of the participants recalled their last 

measured FEV
1
% predicted value to be within 5% (Table 3). 

There were no significant differences in knowledge of lung 

function according to age, sex, lung function categories, or 

number of medications prescribed.

Knowledge of benefits of dornase alpha, hypertonic 

saline, inhaled antibiotics, and azithromycin were 68%, 

85%, 83%, and 89% respectively. Seventy percent of the 

participants knew the benefits of all of their prescribed medi-

cations. There were no significant differences in knowledge 

of intended medication benefits according to age, sex, or lung 

function categories (Table 3). The proportion of patients on 

four medications who knew all of their benefits was only 

36%, whereas the proportion of patients on three, two, or 

Table 2 Clinical characteristics of patients who completed and 
who did not complete the survey

Patient characteristic Patients who 
completed 
the survey 
(n=142)

Patients 
who did not 
complete the 
survey (n=25)

P-value

Male, % 56% 57% 0.89
Age in years, mean ± SD 35±13 34±11 0.76
FEV1% predicted, mean ± SD 69±26 94±28 ,0.01
Number of hospitalizations 
in the prior year, mean ± SD

0.57±1.08 0.48±1.57 0.79

Abbreviations: FEV1%, percent forced expiratory volume in 1 s; SD, standard 
deviation.
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one medication(s) were 71%, 71%, and 77%, respectively 

(Cochran–Armitage P-value for trend =0.05). 

Seventy-one percent of participants who were able to recall 

their last FEV
1
% within 5% knew the benefits of all of their 

prescribed medications compared to 69% for participants who 

could not recall their last FEV
1
% within 5% (P=0.84).

Self-reported medication adherence
A total of 127 out of 142 participants completed the self-

reported medication adherence portion of the survey (12 were 

not prescribed any of the four pulmonary medications of 

interest and three did not complete the section). The dis-

cordance rates for self-reported adherence for individual 

medications were 17% for dornase alpha, 11% for hypertonic 

saline, 8% for inhaled antibiotics, and 16% for azithromycin. 

Self-reported adherence rate was lowest for hypertonic saline 

(47%) but higher for dornase alpha, inhaled antibiotics, and 

azithromycin (75%, 81%, and 87%, respectively).

For overall medication adherence, 19 of 127 participants 

(15%) were categorized as discordant due to discrepant 

responses for at least half of their prescribed medications. 

Of the 108 participants with concordant responses, 59 (55%) 

were classified as overall adherent and 49 (45%) as overall 

non-adherent (Table 4). Age, sex, and lung disease severity 

were not associated with overall medication adherence. 

A statistically significant positive linear association was 

found between the number of prescribed medications and 

self-reported medication adherence (Cochran–Armitage 

P-value for trend ,0.01).

Patient knowledge and self-reported 
medication adherence
Fifty-seven percent of participants who could recall their 

last measured FEV
1
% predicted value to be within 5% were 

Table 3 Patient knowledge of lung function and intended medication benefits

Patient 
population

Patients 
knowledgeable on 
FEV1% within 5%

P-value Patients 
knowledgeable on all 
medication benefits

P-value

All (n=142) 64% 70%
Sex 0.82 0.58

Male (n=81) 63% 72%
Female (n=59) 68% 66%

Age in years 0.54 0.46
18–25 (n=47) 68% 65%
$26 (n=92) 63% 73%

FEV1% predicted 0.98* 0.27*
$80% (n=58) 64% 77%
50%–79% (n=48) 67% 66%
,50% (n=36) 61% 67%

Number of pulmonary medications prescribed 0.79* 0.05*
0 (n=12) 50% N/A
1 (n=43) 67% 77%
2 (n=42) 64% 71%
3 (n=34) 62% 71%
4 (n=11) 73% 36%

Notes: *Cochran–Armitage P-value for trend; N/A, not applicable as no pulmonary medications are prescribed.
Abbreviations: FEV1%, percent forced expiratory volume in 1 s; SD, standard deviation.

Table 4 Self-reported overall medication adherence

Patient 
population

Proportion of 
self-reported 
adherence

P-value

Overall (n=108) 55%
Sex 0.80

Male (n=62) 54%
Female (n=46) 57%

Age in years 0.64
18–25 (n=36) 58%
$26 (n=72) 54%

FEV1% 0.42*
$80% (n=38) 50%
50%–79% (n=41) 54%
0–49% (n=29) 62%

Number of medications prescribed ,0.01*
1 (n=36) 44%
2 (n=34) 41%
3 (n=30) 73%
4 (n=8) 88%

Notes: *Cochran–Armitage P-value for trend. Patients were considered overall 
adherent to their medications if they were categorized as adherent to the majority 
(.50%) of their prescribed medications.
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Table 5 Self-reported medication adherence rates versus knowledge of FEV1% predicted and medication benefits

Knowledge category Proportion of self-reported adherence

Overall 
(n=108)

Dornase 
alpha (n=58)

HS 
(n=58)

Inhaled 
antibiotics (n=47)

Azithromycin 
(n=67)

FEV1% within ±5%
Yes 57% 84% 47% 88% 84%
No 50% 62% 45% 64% 91%
P-value 0.49 0.06 0.86 0.06 0.47

Benefits of all medications
Yes 58%
No 47%
P-value 0.30

Benefits of dornase alpha
Yes 80%
No 65%
P-value 0.20

Benefits of HS
Yes 46%
No 50%
P-value 0.83

Benefits of inhaled antibiotics
Yes 82%
No 86%
P-value 0.81

Benefits of azithromycin
Yes 85%
No 100%
P-value 0.31

Abbreviations: FEV1%, percent forced expiratory volume in 1 s; HS, hypertonic saline.

overall adherent to their pulmonary medications compared 

to 50% of those who could not recall (P=0.49; Table 5). 

Participants who knew their lung function self-reported 

higher adherence to dornase alpha (84% vs 62%, P=0.06) and 

inhaled antibiotics (88% vs 64%, P=0.06) compared to those 

who did not know their lung function, but these associations 

were not statistically significant.

Participants who knew the benefits of all of their pre-

scribed medications were not significantly more likely to be 

overall adherent to their medications by self-report compared 

to those who did not (58% vs 47%, P=0.30, Table 5). There 

was no association between knowledge of medication ben-

efits and self-reported adherence to the individual medica-

tions of interest.

Sensitivity analysis
A sensitivity analysis was conducted examining a more 

relaxed definition of patient knowledge of lung function 

(ie recall of last FEV
1
% within 10%) and there was no sig-

nificant association with individual or overall self-reported 

medication adherence (all P.0.05). In a sensitivity analy-

sis classifying patients who knew most (.50%) of their 

medication benefits as knowledgeable, as opposed to all 

(100%) of the benefits, there was no significant difference 

in overall medication adherence between subjects who were 

and those who were not knowledgeable (P=0.33). Finally, 

a sensitivity analysis was performed classifying patients 

with discordant adherence responses into either adherent 

or non-adherent groups. Regardless of the grouping, this 

discordant population did not significantly alter the results 

examining the associations between knowledge and self-

reported adherence.

Discussion
The primary motivation of this study was to determine if 

knowledge gaps were contributing to the low rates of adher-

ence observed in our adult CF population. We hypothesized 

that patients with less lung disease and less treatment-related 

knowledge were less likely to be engaged and adherent 

to their prescribed medications. This is supported in the 

literature in case of other respiratory diseases such as asthma 

and chronic obstructive pulmonary disease, whereby lack 

of knowledge has been identified as a barrier to medication 

adherence and disease management.18,19 In contrast, education 
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and knowledge has not been consistently associated with 

medication adherence in other chronic conditions.20,21

Contrary to our hypothesis, the results of this study dem-

onstrated no significant association between patient knowl-

edge of lung function or intended medication benefits and 

self-reported adherence. This is likely because adherence is a 

complex construct including not only the perception of one’s 

own health and treatment efficacy but also other psychoso-

cial factors. Our results support the findings from systematic 

reviews of non-CF chronic conditions that demonstrate incon-

sistent improvements in adherence following educational 

interventions targeted at improving adherence.22,23 Programs 

aimed at educating patients about their chronic disease and 

medications were found to have little to no impact on medica-

tion adherence, even when their knowledge improved.20,21

While knowledge may influence medication adherence to 

some degree, other factors likely play a greater role in govern-

ing adherence. Depression, for example, has recently been 

linked to decreased medication adherence in CF patients.24 

In addition, parental depression has been associated with 

poor medication adherence in their CF offspring.25 Low 

socioeconomic status is another significant factor associated 

with worse adherence to airway clearance therapy in CF26 and 

inhaled steroid therapy in asthma27 but has not been clearly 

demonstrated with respiratory medications in CF.28 Due to 

the anonymous nature of data collection in this study, these 

variables could not been compared to self-reported adherence 

to pulmonary medications. Other factors influencing adher-

ence in CF such as treatment burden, time, forgetfulness, 

fatigue, stigma, and embarrassment have also been cited 

and likely play important roles.6–12 From our experience, 

non-adherence is often complex and all of these factors can 

contribute to non-adherence, leading to high rates of non-

adherence reported in this study.

Prior studies have demonstrated that age is associated 

with medication adherence, with worsening rates of compli-

ance in adolescence.4,5,12,29 In our study, age was not found 

to be significantly associated with self-reported adherence. 

This may be because the two age groups that were com-

pared were younger and older adults, but in other studies, 

comparison was between children, adolescents, and adults. 

Our results also show that patients taking a greater number 

of medications had higher self-reported adherences rates, 

consistent with prior literature.6 Patients who are already 

believed to be adherent to medications are more likely to 

be prescribed additional medications. As hypothesized by 

Quittner et al,6 it may also be that patients who have more 

severe disease have greater treatment complexity and are 

thus more likely to adhere with medications. Our study also 

demonstrates this trend, that is, patients with worse disease 

reported higher adherence.

While our study sample was a convenience sample 

enrolled from a single large adult CF clinic, we believe 

that our findings are representative of the general adult CF 

population as St Paul Hospital’s Adult CF Clinic provides 

care to adult CF patients from the entire mainland region 

of British Columbia. The sample size of 142 adult patients 

represents the majority of the patient base taking maintenance 

pulmonary medications.

Limitations
One potential limitation of our study is the significantly higher 

FEV
1
% predicted value of non-participants compared with 

participants (Table 2). This is expected as patients with normal 

lung function are less likely to be prescribed maintenance pul-

monary medications and thus participate in the study. Chart 

review also revealed that participants and non-participants 

were of similar demographic characteristics, which, along 

with the high recruitment rate of 85%, gives us confidence 

that the results of this study can be generalized to the CF clinic 

population currently on pulmonary medications.

Another potential limitation is classifying whether a 

patient is truly knowledgeable based on their ability to recall 

their most recent FEV
1
% predicted value or the intended 

benefits of their prescribed medications. Patient knowledge of 

their FEV
1
% value was chosen as a marker of self-awareness 

of lung function and disease severity as this measurement is 

reported and discussed with the patient during attendance at 

CF clinic (approximately every three to four months), similar 

to knowledge of recent hemoglobin A1c in diabetes30 and 

FEV
1
% in COPD.31 Recall of lung function, however, could 

be more likely to be correct if the patient was last seen more 

recently. While our knowledge questionnaires have not been 

validated previously, we believe our results are reliable, as 

the instructions and multiple-choice items were intuitive, self-

explanatory, and probed specific knowledge components.

Another important consideration is that adherence was 

measured based on self-report that often overestimates actual 

adherence, although our self-reported adherence rates do fall 

within the range reported in the literature using objective mea-

sures of adherence.2–4 A study of adherence to dornase alpha 

in adult CF patients showed a self-reported adherence rate 

of 82%, which is comparable to the adherence rate of 75% 

in this study.2 In a pediatric study on CF, approximately 

90% of parents and 78% of children self-reported adherence 

to dornase alpha, with adherence rates of 57% and 72% by 
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diary and pharmacy history, respectively.3 Another study in 

children and adolescents using electronic monitoring of adher-

ence reported an adherence rate of 67% to dornase alpha.4 

Similarly, self-reported adherence to inhaled tobramycin was 

85% in a pediatric study3 compared to 81% to inhaled antibiot-

ics in this study. Reasons for misclassification of adherence 

groups include guessing or deliberately misrepresenting their 

adherence because they are unsure or want to appease their 

health care providers. This was minimized by having the “not 

sure” option, asking about adherence in two ways for response 

consistency and by informing participants that their responses 

were anonymous to their health care providers. Nevertheless, 

this suggests the need for the self-reported results to be vali-

dated by other records, such as pharmacy dispensing records, 

diary data, and electronic monitors.3

Conclusion
In conclusion, our results found no significant associations 

between patient knowledge and self-reported adherence in 

adults with CF. While optimizing disease and treatment-

related knowledge is clearly important, filling gaps in 

knowledge may not have the anticipated benefit of improv-

ing medication adherence in the adult setting. Other factors 

(eg, psychosocial and lack of time) likely play more important 

roles in medication adherence and should be targeted in future 

interventional strategies to optimize medication adherence. 
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