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Abstract

Background: Medication adherence data are an important quality indicator in cystic

fibrosis (CF) care, yet real-time objective data are not routinely available. An online

application (CFHealthHub) has been designed to deliver these data to people with

CF and their clinical team. Adoption of this innovation is the focus of an National

Health Service England-funded learning health system and Quality Improvement Col-

laborative (QIC). This study applies the capability, opportunity, and motivation model

of behavior change to assess whether the QIC had supported healthcare profes-

sionals' uptake of accessing patient adherence data.

Method: This was a mixed-method study, treating each multidisciplinary team as an

individual case. Click analytic data from CFHealthHub were collected between

January 1, 2018, and September 22, 2019. Thirteen healthcare practitioners partici-

pated in semi-structured interviews, before and after establishing the QIC. Qualita-

tive data were analyzed using the behavior change model.

Results: The cases showed varied improvement trajectories. While two cases

reported reduced barriers, one faced persistent challenges. Participation in the QIC

led to enhanced confidence in the platform's utility. Reduced capability, opportunity,

and motivation barriers correlated with increased uptake, demonstrating value in

integrating behavior change theory into QICs.

Conclusion: QICs can successfully reduce barriers and enable uptake of e-health

innovations such as adherence monitoring technology. However, ongoing multi-level

strategies are needed to embed changes. Further research should explore sustainabil-

ity mechanisms and their impact on patient outcomes.
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1 | BACKGROUND

Cystic fibrosis (CF) is an inherited, progressive, and life-limiting condition,

affecting around 10 000 people in the UK. People with CF (PwCF) have a

median life expectancy of 47 years,1 typically dying from lung damage

caused by recurrent lower respiratory infections.2 Consistent use of long-

term preventative inhaled medications is required to preserve lung func-

tion.3 Use of preventative medications (defined as inhaled steroids and

antibiotics), within clinical trials, is between 80% and 100%.4 However,

real-world adherence is between 30% and 50%,5,6 meaning that PwCF

are unlikely to be obtaining the optimal benefits.

Although adherence to inhaled medication is critical to health, objec-

tive real-time data have not been readily available to clinical teams. To

address this gap, an National Health Service (NHS) England Commission-

ing for Quality and Innovation7,8 and National Institute for Health

Research (NIHR) funded programme of research developed and trialed

the learning health system “CFHealthHub”9–11 (ref CQUIN-PSS3,

CQUIN-IM2, NIHR-RP-PG-1212-20015). Objective adherence data are a

quality indicator that would enhance clinical decision making, which oth-

erwise would be informed only by lung function and body mass

index.9,12–14 The CFHealthHub QIC aimed to facilitate clinicians' adoption

of accessing this data, a pivotal step in improving clinical care.

Quality improvement collaboratives (QICs) are increasingly used to

close the gap between current and evidence-based healthcare

practices.15–18 Multidisciplinary teams collaborate across organizations to

enhance care through shared learning and skill development.19,20 How-

ever, QIC evaluations often lack reference to psychological theory in con-

ceptualizing and describing mechanisms of change.16 A recent systematic

review recommends specifying modifiable target behaviors, using vali-

dated frameworks for effective change in clinical practice.21

To inform the CFHealthHub QIC development previous work ana-

lyzed clinician barriers to adopting adherence data, using the Capabilities,

Opportunity, and Motivation (COM-B) Behavior change model.22 COM-B

theorizes that behavior arises as a result of interaction between the three

components (Capability, Opportunity, and Motivation). The COM-B

model lies at the center of the behavior change wheel, a tool for designing

behavior change interventions,23,24 which we had previously used to link

QIC functions to behavior change techniques.

This study aimed to assess if the CFHealthHub QIC influenced

the adoption of the behavior “accessing objective adherence data

from CFHealthHub.” The primary objective was a cross-case analysis

to understand the conditions needed for healthcare practitioners to

access adherence data. If the QIC was successful, then clinical teams

would report a decline in barriers over time and increased CFHealth-

Hub activity observed through web analytics.

2 | METHODS

2.1 | Study design

This was a longitudinal, mixed-methods study, with cross-case analy-

sis at the level of the CF center. The study integrated two units of

analysis: (1) automatically generated click data, captured from the

CFHealthHub web application over a 20-month period; and (2) transcripts

from semi-structured interviews conducted before and 12 months later

following the QIC. The mixed-methods approach enhanced the under-

standing of quantitative data through triangulation with healthcare practi-

tioner accounts. Each case represented an individual UK NHS CF center.

The QIC and related quality improvement work was devised based on

the intervention functions “modelling, persuasion, enablement, education

and environmental restructuring.”22 Further details can be found in Addi-

tional File 1. Patient and public involvement was not included in this stud-

ies design but integrated throughout the overall CFHealthHub

programme. The study had ethical approval from London-Brent Research

Ethics Committee (17/LO/0032).

2.2 | CFHealthHub system

CFHealthHub was developed collaboratively by healthcare practitioners

and PwCF to support adherence to preventative nebulized treatments.

The intervention uses eTrack® (PARI Pharma GmBH) and Bi-neb® (Philips

Healthcare) dose counting nebulizers to capture objective adherence data.

Data from the PwCF device were transferred automatically to CFHealth-

Hub after every use. The CFHealthHub web application provided real-time

access to adherence data for healthcare professionals and PwCF.10

CFHealthHub system automatically logged web application use through

individual user “clicks.” Further development and patient facing behavior

change intervention content are detailed in previous publications.9,25

2.3 | Setting and participants

2.3.1 | Click analytics

Every time someone clicked on an aspect of the web application this was

counted. Clicks were timestamped and logged against usernames. Aggre-

gate click data were gathered from all healthcare practitioners with a

CFHealthHub account between January 1, 2018, and September

22, 2019 (Case 1 n = 55, Case 2 n = 48, Case 3 n = 50). The desirable

behavior, “accessing objective adherence data,” was measured by the

total number of clicks into the web application. Data were extracted from

all patient pages within CFHealthHub (including adherence, prescription,

and patient details pages); this was combined and formed the “total

clicks” analysis. To further understand the clinicians use of the real-time

patient adherence graphs, a separate analysis was performed on the

“how am I doing” page click data. To understand integration into the clini-

cal team, data associated with the quality improvement lead at each cen-

ter were excluded before conducting the analysis.

2.3.2 | Semi-structured interviews

Participants (N = 13) were healthcare professionals from three partici-

pating UK CF centers, with a combined multidisciplinary team
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numbered 110 professionals. Participants were approached using con-

venience sampling. Those who had participated in previous interview

study22 were contacted via email, after which an open invite to the

entire multidisciplinary team was made available. All interviewers

were employees of the central study team at the University of Shef-

field and had a background in health research, with experience of the

CFHealthHub project. Contemporaneous notes on the salient points

of each interview were made. Participant demographics can be found

in Table 1.

2.4 | Procedure

The study team contacted potential participants by email. All partici-

pants gave informed consent prior to the interview. The interview

topic guide (Additional File 2) was based upon constructs from the

Theoretical Domains Framework (TDF),23,24 mapped to the COM-B

framework and devised by investigators with expertise in behavior

change (MA) and CF (MW). Interviews were conducted over the tele-

phone and digitally audio-recorded. Interviews were transcribed ver-

batim with a duration between 22 and 84 min. Transcripts were

checked and then coded by two interviewers, using NVivo 12 (QSR

International). Based on the principle of information power, narrow

aims and the application of existing theory justify small sample size.26

Informational redundancy was achieved after 10 interviews with no

substantially new themes identified in subsequent interviews.27

Quantitative and qualitative data were analyzed separately then

examined together. Qualitative data were then compared between

the two time points.

2.5 | Click analytics analysis

2.5.1 | Scatterplots

An initial scatterplot was generated to illustrate the relationship

between time (in weeks) and the dependent variable (total number of

clicks). This helped to identify whether the rate of improvement was

consistent or stepped.

2.5.2 | Statistical run charts

For cases with a stepped improvement, data were presented with sta-

tistical run charts, created using WinChart (Prism, Europe Version

4.16). Special and common-cause variation were identified, in accor-

dance with NHS Improvement guidelines,28,29 special cause (i.e., a

process shift) is indicated by, either:

• a point above or below a control limit, or

• eight consecutive points above or below the average.

Where variation remained within the control limits and occurred

throughout the observations at random, we considered it common-

cause variation—noise inherent in the implementation process.

2.5.3 | Linear regression analysis

To determine the rate of improvement over time within these behav-

iors, a linear regression model (SPSS 26, IBM) was used and the coeffi-

cient for time evaluated. A separate model was run for each case. R2

values were calculated to evaluate the model quality.

2.6 | Interview analysis

Semi-structured interviews supplemented quantitative data, exploring

the differences seen in the click analytic data. Transcripts underwent

framework analysis, based on elements of the TDF and then com-

bined into the COM-B.23 Two researchers coded each interview. Itali-

cized sections of quotes indicate researcher emphasis on behavioral

determinants (TDF domains).

2.7 | Integration

To explore divergence in implementation outcomes, we used cross-

case comparison joint displays to map quantitative indicators of the

desirable behaviors (adherence page clicks; patient landing page clicks)

to clinician-reported determinants of uptake, presented within the

COM-B framework.

3 | RESULTS

3.1 | Click analytics scatterplots

On visual assessment of scatterplots, all cases showed a consistent

change over time for the “total number of clicks” in the CFHealthHub

web application (Figure 1). To investigate healthcare practitioners'

access to adherence data, click data pertaining to the “how am I

doing?” page, which displayed the real-time adherence data were ana-

lyzed. Cases 1 and 2 showed a steady increase in clicks over time.

TABLE 1 Participants by profession and case.

Profession Case 1 Case 2 Case 3 Total

Consultant respiratory physician 0 2 1 3

Physiotherapist 0 1 1 2

Dietician 1 0 0 1

Social worker 0 0 1 1

Nurse 1 0 1 2

Quality improvement local lead 0 1 1 2

Ward manager 1 0 0 1

Clinical coordinator 1 0 0 1

Total number of participants 4 4 5 13
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Case 3 demonstrated an increase, with a stepped change at week

72, prompting further analysis via statistical run chart (Figure 2).

3.2 | Regression analysis

Between the baseline and follow-up periods, the total number of

clicks per week increased for Case (1.86 clicks per week) and Case 3

(0.89 clicks per week) (Table 2), and this was statistically significant

(p < 0.001 for both). Case 1 showed an increase in activity of 1.2

clicks a week, which was not statistically significant. While the R2

value for Case 1 was poor (R2 = 0.04), indicating that time did not

account for a substantial amount of the variance in the dependent

variable (total number of clicks), the R2 for Case 2 and 3 was accept-

able (R2 = 0.44 and 0.38, respectively) when considering the amount

of factors that influence human behavior.30

A further regression analysis was performed on the adherence

data page (“how am I doing?” page), indicating whether adherence

data were being accessed by the clinical team. Case 2 and 3 showed a

significant change over time.

3.3 | Case 3 statistical run charts

A run chart was created to investigate Case (Figure 2). The run chart

showed a split, representing a significant change in activity at week

72 due to special cause variation (a point above the control limit).

Week 72 coincided with the start of the first QIC meeting.

3.4 | Interview results

In interviews, Cases and 3 reported a significant attitudinal change in

the team, over the year, with more openness to understand and use

adherence data:

“As a team we're all, I think we're all now more on to

the adherence thing…”

S02-F06 (Clinical Coordinator)

“it's been embedded into the team and certainly my

practice now”

S03-F05 (CF Specialist Nurse)

Case did not report this change and that is reflected in relatively

high level of activity but slower additional progress. Contextual

information suggests that this case is further along in their imple-

mentation journey, perhaps leaving less room for improvement in

18 months:

“we've been on such a long journey as service

improvement, it was probably a lot easier for us to

F IGURE 1 Scatterplot of the number of total website clicks by week.
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implement than…other centres that are possibly just

starting their journey”

S01-F06 (Clinical Coordinator)

Table 3 displays rate of change and corresponding example quotes.

Table 4 demonstrates the participants reported change between T1

and T2.

3.4.1 | Capability

Participants from all cases reported having a more detailed knowledge

of the problem of adherence, and the skills to access adherence data,

following training:

“it's a way for us to be aware of somebody's adher-

ence”

S03-F04 (Senior Physiotherapist)

Click analytics show that accessing adherence data on CFHealthHub

increased, but qualitative data suggested that the observed increase

in the use of the “landing page” was generally concentrated around

multidisciplinary team meetings, rather than in consultations with

patients. Participants discussed memory, attention, and decision pro-

cesses that affected their use of the platform on the ward:

“the truth of the matter is, because I don't have a good

habit for that, I suspect I forget more often than I remember”

S02-F03 (Respiratory Consultant)

TABLE 2 Regression analysis summary for total clicks on all relevant pages and specific adherence “how am I doing?” page clicks, across

cases.

Case

Clicks across all pages of CFHealthHub “How am I doing?” Adherence page clicks only

R2

Coefficient for time

(weeks) (95% confidence

Interval) p R2

Coefficient for

time (weeks) (95%

confidence interval) p

Case 1 (n = 55) 0.04 1.24 (0.02, 2.49) 0.053 0.01 0.15 (0.16, 0.43) 0.36

Case 2 (n = 48) 0.44 1.86 (1.46, 2.26) <0.001 0.21 0.33 (0.2, 0.46) <0.001

Case 3 (n = 50) 0.38 0.89 (0.67, 1.11) <0.001 0.39 0.31 (0.23, 0.38) <0.001

F IGURE 2 Statistical process chart.
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TABLE 3 Barriers at time two, by case.

Case

Per week

improvement

total page clicks

Per week

improvement

adherence

page clicks Capability Opportunity Motivation

Case 1 1.24 0.14 • Reference to specific adherence data

(CFHealthHub specific) training

• Greater understanding of the issue of

adherence, with reference to center-

level adherence

• Discussion of adherence largely

embedded in pre-clinic/MDT meetings

• Structure to discuss adherence with

patient variable due to patient-led

approach

• Becoming more widely used by the team

in working day

• CFHealthHub less driven by specific

champion

• Multiple influential figures reported

including consultants and other allied

health professionals

• Resolved most of the resource/barriers,

with exception of time to open

CFHealthHub and discuss adherence still

considered as a barrier

• Greater confidence in interpreting adherence

graphs by wider team

• Confidence in discussing adherence still varies

between professional roles

Case 2 1.86 0.33 • Reference to specific CFHealthHub and

QI training

• Varied understanding of center-level

adherence

• Structure for opening CFHealthHub in

MDT meetings, identification of physical

prompts (e.g., whiteboard)

• Increased reporting of opening as part of

their usual working day. References to

habit, but no mechanism for this

development

• Increased support from higher

management and senior colleagues

• Team attitude reported as positive

towards CFHealthHub. A general culture

of change amongst the team

• Some resolution of resource barriers;

however, barrier of time in pre-clinic and

rotational staffing remain

• Greater confidence in interpreting adherence

charts by wider team

• Confidence in discussing adherence still varies

between professional roles

• Goals for CF care to be less intrusive and

inconvenient, fitting with CFHealthHub value of

reducing burden

Case 3 0.89 0.31 • Reference to specific CFHealthHub

training

• Varied understanding of center-level

adherence

• Discussion of adherence largely

embedded in pre-clinic/MDT meetings

• Team culture changing from negative

stance towards adherence in the past.

Culture improving but ongoing

• Resource barriers ongoing, including

time, access to computers, and use of

multiple IT systems

• CFHealthHub still being driven by the

quality improvement lead role. Limited

other influential figures

• Consensus that CFHealthHub is useful tool for

the CF team and greater intentions to use it

• Adherence perceived as fitting into some job

roles more than others (e.g., Physios and

Doctors), therefore leading to avoiding adherence

discussions to prevent overwhelming patient

• Not all team members confident at discussing

adherence

Abbreviations: CF, cystic fibrosis; MDT, multidisciplinary team.
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Participants identified that, since time point 1 interviews, they had

introduced specific prompts for the behavior (accessing objective

adherence data) in multidisciplinary team meetings:

“an example of that would be if we talk about HealthHub

data on a pre-clinic meeting and we actually write it on our

clinic board so that we can all see it throughout the clinic”

S03-F03 (Respiratory Consultant)

3.4.2 | Opportunity

The click analytic data showed increases in activity after collaborative

events, where influential figures endorsed CFHealthHub and peer

support provided. Follow-up interview data corroborates the impor-

tance of social influence, of local clinical leads endorsing and modeling

the access of adherence data:

“as clinical lead…I'm committed to CFHealthHub.”

S02-F01 (Respiratory Consultant)

“the [Doctor], she's… good at it now she says ‘right, we

must look at HealthHub, let's get it up’… I think all the

doctors are… bringing it more into everyday practice

now, yeah.”

S03-F05 (CF Specialist Nurse)

Key environmental barriers, such as equipment issues,

had been addressed in multidisciplinary team meetings. In Case

three, continued equipment barriers in clinic rooms may explain

why team members reported not using adherence data at clinical

encounters:

“we don't have computers in our clinic rooms, so we

don't take HealthHub in with us”

S03-F03 (Respiratory Consultant)

3.4.3 | Motivation

Compared with one year previously, staff were motivated to use the

platform perhaps due to a shift in beliefs about the consequences of

accessing objective adherence data. This is represented by a language

change between time point one, where participants had expressed

more uncertainty when asked whether they believed using the plat-

form could change adherence:

TABLE 4 Interview data summarized by time point.

Time point Capability Opportunity Motivation

T1 • Limited direct training on accessing

adherence data

• Limited ongoing skills support, including

varied abilities for interpreting the

adherence data

• Varied understanding of patient's overall

adherence in the center

• Not much understanding of what

features are on CFHealthHub

• Only remembering when prompted by

discussion with patient or clinician. No

feedback for use of system, no routine

reported

• Some troubles accessing a laptop or

computer, difficulty accessing Wi-Fi

• No regular meetings to open and share

adherence data

• Lack of support from senior

management

• Lack of support from other team

members

• CFHealthHub champion (local

improvement lead) an important

influence

• Deferred responsibility for

understanding patient adherence “it

isn't part of my role”

• Not confident in how to interpret

adherence charts

• Belief that opening adherence data at

every encounter is not achievable

• Belief that adherence data will be used

to “tell patients off”

• Belief that embedding will require

staff energy

• Adherence data showed threatening

information, causing cognitive

dissonance

• Stress caused by overall workload

T2 • Some direct training

• Detailed knowledge of adherence

problem. Good procedural knowledge of

the system

• Varied reports of a “habit” to open

CFHealthHub

• Physical prompts identified

• Feedback on behavior provided

• Reported routines for using

CFHealthHub around team meetings

• Overcome technological barriers

• Support from senior management

identified (specifically consultants)

• Regular meetings established to use

CFHealthHub

• Lack of time to use it with patients still

reported

• General change in attitude towards

adherence and quality improvement by

team members

• Increased confidence in interpreting

data but lacking in confidence at

delivering support

• Reporting intention to use adherence

data, but decision to discuss

adherence is ultimately made based on

perceptions of patient willingness

• Awareness of difficulty in delivering

adherence support when adherence

data are inconsistent with patient

reports

• General goals for CF care aligning with

aim of CFHealthHub QIC goals

Abbreviations: CF, cystic fibrosis; QIC, Quality Improvement Collaborative.
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“I think…that's the possibility… the probability that most

people adherence will lift a bit, I don't how far, I don't

know how much”

S02-F01 (Respiratory Consultant)

And time point two, where participants use more assuring language,

expressing confidence in the consequences of the platform:

“I think it is very helpful, I'm confident that it's helpful in

the quality of the care that they receive”

S02-F01 (Respiratory Consultant)

Where health care professionals perceived there to be negative con-

sequences, adherence data were not discussed with the patient, as it

was feared this would damage the relationship:

“it feels difficult to have those conversations without

it, without it starting to sound a bit judgey”

S02-F03 (Respiratory Consultant)

Representatives of all specialties claimed to have developed greater

confidence in using the system, but motivation to use the platform

was more obvious amongst physiotherapists and respiratory

consultants:

“I would suggest that it is helpful for… the Doctors, the

Nurses, the Pharmacists, and the Physiotherapists

(mm) but I would probably underline the

Physiotherapists (yeah) and the Doctors as being the peo-

ple who it is most important.”

S02-F01 (Respiratory Consultant)

While participant reports suggested CFHealthHub was used as a

behavioral diagnostic tool, providing visibility prior to patient consul-

tations, participant's beliefs about capabilities in discussing adherence

with patients appeared to be a hindering factor in motivation to open

an adherence discussion:

“I feel a lot more confident now than I did right at the

beginning …I think…there's still times where it can be

very very challenging”

S02-F02 (Quality improvement local lead)

In general, motivation barriers for opening adherence data on

CFHealthHub had been overcome and there was positive intention to

access the data. Participants also reported goals for CF care that

aligned closely with of the aim of CFHealthHub:

“I would hope that…CF care will still become…more

acceptable and less intrusive… and less inconvenient…

there will be better ways of monitoring patients

remotely”

S02-F01 (Respiratory Consultant)

4 | DISCUSSION

In this study, we examined the impact of an NHS England-funded QIC

on healthcare professionals' access to objective adherence data. Click

analytic data revealed varying uptake trajectories with case one main-

taining the behavior, and cases two and three demonstrating uptake.

Qualitative findings suggested that the QIC had led to reduced barrier

to accessing objective adherence data. Despite increased access,

health professionals continued to identify barriers and a further strat-

egy was likely necessary to ensure sustained change.

A frequent criticism of QICs is that they often lack an explanatory

framework.21 This paper provides an example of how QICs can be

linked to theory and frameworks to understand mechanisms of

change. Literature suggests QICs increase peer reflection and lesson

sharing (opportunity) and improved knowledge and problem-solving

skills (capability).21,31,32 Interviews with healthcare professionals

reflected this, highlighting the QIC role in reducing potential barriers.

The CFHealthHub QIC created a “community of practice” enabling

social comparison and normative pressure towards the desired behav-

ior.21 Additionally, regular collaborative review of click analytic data

encouraged friendly competition and a space to disseminate motivat-

ing success stories and practical steps for improvement.21 By applying

psychological theory (COM-B) to understand QICs, we are able to

better understand the process of real-world implementation.23,33–35

Individual champions were important to driving the desired

behavior. However, reliance on an individual is not a sustainable way

to spread or maintain change.36 Barriers to healthcare professionals

behavior operate at the individual, team, and organizational level.37

The QIC approach emphasizes relationship-building, valuing frontline

staff, and creating a collaborative network of support. Changes at the

healthcare system and organization level can legitimize QIC activities

via senior consultants,35 and this was reflected in qualitative accounts

of change. Cultural shifts in attitudes towards adherence data were

evident in late adopter cases, facilitated by shared responsibility and

bottom-up discussions.21 The COM-B and corresponding behavior

change theory also encourages intervention at the policy and organi-

zational levels. Organizational incentives, such as UK government

pay-for-performance schemes (fiscal measures), promoted CFHealth-

Hub use. This encouraged innovative service delivery and patient-

level outcome data collection.38

4.1 | Strengths and limitations

Diffusion of e-health interventions is a difficult process,39 and evalua-

tion often relies on bias-prone cross-sectional self-report data. This

mixed-methods study provides a robust approach,40,41 combining

objective data with longitudinal qualitative research explaining differ-

ent trajectories in quantitative data.

While the time-series design, using SPC charts, is useful in esti-

mating common-cause variation,29,42 historical control groups are vul-

nerable to mistaking secular trends for an intended effect of system

changes. However, time-series designs offer rich real-world insights.42
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Qualitative findings suggest click analytic data may underestimate “acces-

sing adherence data” behavior, particularly in multidisciplinary meetings

where multiple team members view patient adherence on a single screen.

Click data infer healthcare professionals' access to adherence data but

lacks context on its impact on patient care. The impact of CFHealthHub

on PwCF adherence to inhaled medication was established as part of a

wider randomized controlled trial.11,43 However, future research should

explore whether the effect on adherence is further sustained after ran-

domized controlled trials and with the support of a QIC.

5 | CONCLUSION

This longitudinal mixed-methods study provides practical insights into

the process of implementing adherence monitoring technology

into care. QICs can successfully reduce barriers to the initial uptake of

innovations. Embedding new behaviors requires ongoing, multi-level

strategies tailored to the unique context of each organization. Uptake

maps to reduced barriers across the three conditions of capability,

opportunity, and motivation, evidencing the utility of integrating

behavior change models into QICs. Further research is needed to con-

nect clinician access to patient outcomes, evaluate, and further exam-

ine the roles of different healthcare professionals, in longer-term

sustainability and spread.
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