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Abstract 
Among adults with cystic fibrosis (CF), medication 
adherence is low and reasons for low adherence 
are poorly understood. Our previous exploratory 
study showed that stronger ’habit’ (ie, automatically 
experiencing an urge to use a nebuliser) was associated 
with higher nebuliser adherence. We performed 
a secondary analysis of pilot trial data (n=61) to 
replicate the earlier study and determine whether 
habit–adherence association exists in other cohorts of 
adults with CF. In this study, high adherers also reported 
stronger habit compared with low adherers. Habit may 
be a promising target for self-management interventions.
Trial registration number  ACtiF pilot, 
ISRCTN13076797. 

Introduction
Adherence to preventative inhaled treatments is 
associated with better health outcomes in cystic 
fibrosis (CF), but adherence levels are gener-
ally low.1 Effective adherence interventions are 
lacking,2 and reasons for low adherence are poorly 
understood. Studies of adherence determinants in 
CF have tended to focus on treatment burden and 
conscious motivational factors such as treatment 
beliefs.2 However, behavioural theories such as the 
COM-B model (capability, opportunity, motivation 
and behaviour) propose a wider range of adherence 
predictors, including automatic processes such as 
habit.3 Indeed, habit may better predict treatment 
adherence compared with conscious motivational 
factors.4 Although commonly used to refer to 
frequent repetitive actions, within psychology the 
term ‘habit’ describes a non-conscious process by 
which situational cues (eg, time of day) automati-
cally prompt an impulse to perform an action (ie, 
using nebuliser).5

Because they are automatically cued, habitual 
behaviours require little conscious cognitive effort 
to enact.5 Habits form through consistent repeti-
tion of a specific action in a specific context, which 
gradually shifts the cognitive control over initiation 
of action from reflective to automatic processes, 
such that encountering the context becomes suffi-
cient to elicit the associated action.5 This reduces 
dependence on conscious attention or deliberative 
processes to initiate action. Habitual behaviours 
are thus thought to persist even if attention and 
conscious motivation wane.5

Our earlier exploratory mixed-methods study in 
Sheffield showed that high adherers had stronger 
habit than did low adherers.6 High adherers also 

described automatically ‘remembering’ to use their 
nebulisers; for example, one participant experi-
enced the urge to use his nebuliser after walking 
his dog every morning.6 To determine whether the 
habit–adherence association exists in other cohorts 
of adults with CF, we performed a secondary anal-
ysis using data prospectively collected during a 
pilot randomised controlled trial (RCT)  (ACtiF 
pilot, ISRCTN13076797). This two-centre pilot 
was primarily designed to explore the use of 
CFHealthHub, a software platform which delivers 
a complex intervention to support habit formation 
and self-management with inhaled therapies among 
adults with CF.

Methods
Participants were recruited from the Wolfson 
Cystic Fibrosis Centre (n=29) and the Wessex Adult 
CF Centre (n=32) from June to September 2016. 
Nebuliser habit strength was measured at the point 
of recruitment using the Self-Report Behavioural 
Automaticity Index (SRBAI).7 The SRBAI consists 
of four statements (eg, ‘deciding to use my nebu-
liser is something I do automatically’) with which 
participants rate agreement on a 1–5 scale, where 
5 represents strongest habit. Item scores were then 
summed to create a scale ranging from 4 (weakest 
habit) to 20 (strongest habit). Adherence data were 
downloaded from chipped nebulisers (eTrack) in 
the 3-month period following the point of recruit-
ment, and calculated as ‘normative adherence’,8 a 
measure that takes into account a person’s charac-
teristics when defining the minimum required treat-
ment regimen (see online supplementary appendix). 
Participants were divided into three adherence cate-
gories (<50% for low adherence, 50%–79.9% for 
moderate adherence, ≥80% for high adherence) to 
mirror the analysis of our earlier Sheffield study.6 
These adherence categories were used in various 
other CF-related studies and were chosen based on 
the relationship with health outcomes.1 9

Outcomes data (eg, FEV1) and other psycho-
logical measures were also collected as part of the 
pilot trial (eg, beliefs about medicine necessity 
and concerns, which were combined in the Beliefs 
about Medicines Questionnaire – specific nebuliser 
adherence,10 a validated self-report tool that was 
customised for the pilot trial to identify perceived 
necessities and concerns for nebuliser treatment). 
Further details of the study variables are provided 
in the online supplementary appendix. Non-par-
ametric statistical analysis methods were used, as 
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Table 1  Clinical characteristics and psychological factors among the three groups of adults with CF

Low adherence
<50%
n=46

Moderate adherence
50%–79.9%
n=8

High adherence
≥80%
n=7 P values*

% Normative adherence, median (IQR) 15.8 (4.5–35.4) 65.5 (56.0–75.8) 91.5 (80.2–96.7) 

Clinical characteristics 

 � Age in years, median (IQR) 27.4 (21.7–37.1) 23.7 (18.4–32.0) 26.1 (21.2–37.5) 0.616 

 � Female, n (%) 22 (47.8) 5 (62.5) 1 (14.3) 0.164 

 � Baseline %FEV1, median (IQR) 49.5 (43.1–66.4) 83.5 (43.1–66.4) 79.7 (52.7–89.1) 0.068 

 � Prior-year IV days, median (IQR) 28 (13–47) 15 (4–53) 0 (0–10) 0.012 

 � IV days during trial, median (IQR) 14 (0–23) 15 (0–30) 0 (0–0) 0.160 

 � Quality of life (CFQ-R), median (IQR) 50 (28–78) 64 (34– 88) 67 (44–78) 0.306 

Psychological factors 

 � Anxiety (GAD) score, median (IQR) 4 (1–7) 1 (1–4) 0 (0–5) 0.186 

 � Depression (PHQ-8) score, median (IQR) 6 (3–11) 6 (3–13) 4 (2–4) 0.389 

 � Intention (COM-B) score, median (IQR) 7 (5–7) 7 (7–7) 7 (5–7) 0.256 

 � Necessity (BMQ) score, median (IQR) 3.1 (2.7–3.8) 3.3 (2.8–3.9) 3.4 (2.7–4.6) 0.496 

 � Concerns (BMQ) score,† median (IQR) 2.3 (1.9–2.6) 1.9 (1.5–2.3) 1.6 (1.3–1.7) 0.030 

 � Habit (SRBAI) scores,† median (IQR) 9.0 (4.8–12.0) 14.5 (11.3–18.3) 18.0 (14.0–20.0) <0.001 

The values in bold indicates results that are statistically significant.   
*All p values were calculated using Kruskal-Wallis H test, except the p value for gender which was calculated using Fisher’s exact test.
†Since concerns and habit scores were associated with adherence, both scores were included as covariates in a multiple ordinal regression model with adherence category as the 
dependent variable. In this model, only habit strength was independently associated with adherence:
Pseudo-r2 of model=0.408 (Nagelkerke); model χ2 (2)=22.9, p<0.001.
Adjusted OR for concerns score=0.344 (95% CI 0.103 to 1.152, p=0.083).
Adjusted OR for habit score=1.313 (95% CI 1.123 to 1.536, p=0.001).
BMQ, Beliefs about Medicines Questionnaire; CF, cystic fibrosis; CFQ-R, Cystic Fibrosis Questionnaire-Revised respiratory domain; COM-B, capability, opportunity, motivation and 
behaviour; GAD, General Anxiety Disorder 7-item anxiety scale; PHQ-8, Patient Health Questionnaire depression scal; SRBAI, Self-Report Behavioural Automaticity Index. 

well as multiple ordinal regression with adherence category as 
the dependent variable.

Results
High adherers (n=7) had lower prior-year intravenous  use 
and tended to have higher %FEV1 at baseline. High adherers 
reported stronger habit (median 18.0, IQR 14.0–20.0) than did 
low adherers (n=46; median 9.0, IQR 4.8–12.0) (see table 1). 
Conversely, high adherers reported lower concerns (median 1.6, 
IQR 1.3–1.7) than did low adherers (median 2.3, IQR 1.9–2.6). 
In a multiple ordinal regression model with both habit and 
concerns scores, only habit was associated with adherence. The 
adjusted OR indicated that a 1-unit increase in habit score was 
associated with a 31% increase in the odds of being in the next-
higher adherence category (95% CI 12% to 54%) (see footnote 
of table 1).

This two-centre pilot was not powered to determine the asso-
ciation between adherence and health outcomes. The absence of 
association between adherence and outcomes should not, there-
fore, be interpreted as evidence of absence.11

Discussion
We had previously found the association between stronger 
habit and higher nebuliser adherence in Sheffield (for our 
earlier study, adherence was assessed retrospectively in the 
1-year prerecruitment period). In this study, our earlier finding 
has been replicated in a larger sample of adults with CF from 
two other centres (note that adherence was measured prospec-
tively over a 3-month postrecruitment period in this study). 
This suggests that habit—that is, automatically experiencing 

an urge to use the nebuliser in certain settings, due to learnt 
associations between nebuliser use and cues within those 
settings—may be consistently associated with treatment adher-
ence among adults with CF.

While habit is not the only factor associated with nebuliser 
adherence, appreciating the importance of both non-con-
scious motivation (eg, habit) and conscious motivation (eg, 
treatment beliefs) could lead to more effective adherence 
interventions.3 5 The relationship between habit and adher-
ence over time is complex and dynamic; initial repetitions 
of a behaviour (eg, using a nebuliser) will strengthen habit, 
which subsequently acquires the potential to direct subsequent 
performance.5 While studies of the formation of adherence 
habits are needed to reveal the causal direction or directions of 
the habit–adherence relationship we observed, our results are 
nonetheless consistent with the suggestion that, once formed, 
habit may determine subsequent adherence.5 6 Habit-formation 
advice, that  is, encouraging the use of treatments in specific 
and unchanging contexts, so that associations may develop 
between those contexts and treatment adherence, is simple 
to deliver5 and could be part of a comprehensive package of 
interventions to support adherence. Habit strength might also 
be usefully assessed as an intervention outcome.

It is difficult to establish the causal direction of observed 
relationships in this study and the small sample size is a limi-
tation (see online supplementary appendix for more detailed 
discussion regarding the limitation of the study). Nonetheless, 
we have replicated the Sheffield findings in an independent 
cohort, which suggests that the habit–adherence association 
is not just a peculiarity specific to a single adult CF centre. 
Two further studies are now under  way to explore habit 
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formation in more detail using CFHealthHub in a 19-centre 
RCT (ISRCTN55504164) and a three-centre improvement 
collaborative (ISRCTN14464661). We anticipate these studies 
will extend our understanding of the role of habit in sustained 
behaviour change among adults with CF.
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