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ABSTRACT
Objective:  Asthma can be difficult to diagnose in primary care. Clinical decision support 
systems (CDSS) can assist clinicians when making diagnostic decisions, but the perspectives 
of intended users need to be incorporated into the software if the CDSS is to be clinically 
useful. Therefore, we aimed to understand health professional views on the value of an 
asthma diagnosis CDSS and the barriers and facilitators for use in UK primary care.
Methods:  We recruited doctors and nurses working in UK primary care who had experience 
of assessing respiratory symptoms and diagnosing asthma. Qualitative interviews were used 
to explore clinicians’ experiences of making a diagnosis of asthma and understand views on 
a CDSS to support asthma diagnosis. Interviews were audio-recorded, transcribed verbatim 
and analyzed thematically.
Results:  16 clinicians (nine doctors, seven nurses) including 13 participants with over 10 years 
experience, contributed interviews. Participants saw the potential for a CDSS to support 
asthma diagnosis in primary care by structuring consultations, identifying relevant information 
from health records, and having visuals to communicate findings to patients. Being evidence 
based, regularly updated, integrated with software, quick and easy to use were considered 
important for a CDSS to be successfully implemented. Experienced clinicians were unsure a 
CDSS would help their routine practice, particularly in straightforward diagnostic scenarios, 
but thought a CDSS would be useful for trainees or less experienced colleagues.
Conclusions:  To be adopted into clinical practice, clinicians were clear that a CDSS must be 
validated, integrated with existing software, and quick and easy to use.

Introduction

Asthma can be challenging to diagnose accurately, 
with false negative and false positive diagnoses com-
mon in both children and adults (1,2). Wrongly label-
ing an individual with asthma can lead to incorrect 
treatment with potentially harmful side effects and 
unnecessary financial costs. On the other hand, failure 
to identify asthma can lead to inadequate treatment, 
ongoing symptoms with poor quality of life and avoid-
able morbidity and mortality (3).

Asthma is a heterogenous condition with different 
phenotypes and symptoms that vary over time and 
intensity (3,4). Tests commonly used in the assessment 
of asthma diagnosis such as spirometry, bronchodila-
tor reversibility and Fractional exhaled Nitric Oxide 
(FeNO) are used to identify key features of asthma, 
namely (variable) airflow limitation and airway inflam-
mation. However, there is currently no single test 
which can confirm or refute the diagnosis of asthma 
in every clinical scenario. Thus, clinicians face several 
challenges when making a diagnosis of asthma includ-
ing clinical features that overlap with other common 
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conditions (such as viral induced wheeze or exercise 
induced laryngeal obstruction) (5), and tests that can 
produce false positive or false negative results. In pri-
mary care, where most asthma diagnoses are made 
(6), objective tests are often not used to confirm a 
diagnosis of asthma in individuals with asthma (7). 
The lack of testing may reflect limited accessibility to 
tests (8), and may result in treatment trials (instead 
of diagnostic tests), which are widely used but poorly 
evidence based (6).

Technological solutions such as machine learning, 
prediction models and clinical decision support sys-
tems (CDSS) offer the potential to help clinicians 
to improve the diagnosis of asthma (9). CDSS can 
prompt users, identify relevant information from 
electronic health records (EHR), interpret different 
data sources and guide diagnostic assessment, treat-
ment, and self-management (10,11). Examples of 
CDSS include the electronic Asthma Management 
System which interprets patient completed ques-
tionnaire data to provide tailored recommendations 
to improve the quality of asthma care provided by 
clinicians (11), and a CDSS to support the diagnosis 
of chronic obstructive pulmonary disease (COPD) 
which improved mis-diagnosis and the provision of 
smoking cessation advice in primary care (12). 
Aside from these examples, CDSS, frequently fail 
to improve clinical practice (13), for reasons includ-
ing poor integration with existing work patterns, 
incompatibility with user’s needs and lack of accep-
tance from users (13,14). Consequently, we sought 
the opinions of intended users to inform the devel-
opment of a CDSS, which will incorporate a pre-
diction model for asthma diagnosis (15). In earlier 
work, we learned that patients would value a CDSS 
that facilitated greater involvement and understand-
ing of the diagnostic process for asthma during 
consultation (16) In this study, we therefore aimed 
to understand clinician views on the value of an 
asthma diagnosis CDSS and determine the barriers 
and facilitators for the routine use in UK pri-
mary care.

Methods

Study design and ethics approval

We conducted a qualitative study, using one-to-one 
semi-structured interviews with general practitioners 
(GPs) and nurses from the UK between 01 May 2020 
and 31 August 2020. Ethical approval was granted by 
London-Stanmore Research Ethics Committee (Ref: 
19/LO/1722).

Recruitment

We purposively sampled participants with the support 
of clinical research networks (CRNs) across four 
regions in England and Scotland (Greater Glasgow 
and Clyde, Lothian, West Midlands, Yorkshire and 
Humber) supplemented by snowballing techniques, 
including primary care respiratory networks and word 
of mouth. Potential participants returned an expres-
sion of interest form to the study team providing 
details of their clinical role, years of clinical experi-
ence and if they were involved in diagnosing asthma. 
GPs and nurses working in UK general practice were 
eligible to take part if they had experience of assessing 
people with respiratory symptoms and were involved 
in diagnosing asthma.

Procedure

Telephone interviews were conducted by ED and VM, 
(male and female, respectively) post-doctoral research-
ers with experience of completing qualitative interviews 
with clinicians. Prior to interview, participants received 
an information leaflet and consent form, therefore par-
ticipants were aware the overall goal of the research 
was to develop a CDSS for asthma diagnosis. Using a 
topic guide (see Supplementary materials pages 2-3), 
participants were initially asked about their experiences 
of diagnosing asthma. The proposed CDSS (which was 
in an early design phase) was then described to par-
ticipants. The prototype CDSS (Figure 1) had three 
sections: i) inputting clinical features into a prediction 
model for asthma diagnosis (15) ii) the output from 
the prediction model displayed as a probability of 
asthma iii) suggestions for the next steps required to 
confirm/refute a diagnosis of asthma. Participants were 
asked for their thoughts on the CDSS, and perceived 
barriers or facilitators for use in primary care. Written 
informed consent was obtained prior to the interview. 
A £25 voucher was offered for participating. No repeat 
interviews were conducted.

Data analysis

Interviews were digitally recorded, transcribed verba-
tim and imported into NVivo (version 12, https://
lumivero.com/products/nvivo/). We used thematic 
analysis, an analytical approach that uncovers the most 
substantial issues that arise from a group of respon-
dents (17), which allowed data to be analyzed for 
meanings in specific situations and common experi-
ences (17).

https://doi.org/10.1080/02770903.2023.2280839
https://lumivero.com/products/nvivo/
https://lumivero.com/products/nvivo/
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Initially a sample of transcripts were independently 
analyzed by ED and LD to iterate and finalize a com-
prehensive codebook (18). Using thematic analysis, 
they inductively identified initial concepts related to 
clinician perspectives’ on assessing and testing for 
asthma, the challenges of diagnosing asthma in pri-
mary care, views on the introduction of an asthma 
CDSS and barriers/facilitators to routine use of a 
CDSS in primary care. Similar concepts were grouped 
into preliminary themes and subthemes, and discussed 
with the core research team (ED, LD, VM, HP). ED 
and LD then undertook further independent analysis 
of the interview transcripts to assess consistency of 
interpretation. Interview transcripts were read through 
before being cross-matched to classify emerging 
themes, sub-themes, and issues (17). Interpretation of 
the themes and differences of interpretation were dis-
cussed with the core research team. We considered 

data saturation to be reached if no new data or 
themes became evident (19).

Reporting guidelines

The COnsolidated criteria for REporting Qualitative 
research (COREQ) were used to guide study design, 
analysis and reporting of findings (20).

Results

19 healthcare professionals expressed interest in the 
study of whom 16 (from 15 practices) were recruited 
(Table 1). The sample was a mix of primary care 
clinicians with an interest in respiratory medicine and 
primary care generalists. Interviews lasted 30-60 min.

Summary of key themes

Four main themes emerged: challenges in diagnosing 
asthma in primary care; current clinical practice for 
asthma; views on introducing an asthma CDSS; bar-
riers and facilitators to routinely using a CDSS. The 
experiences of clinicians when diagnosing asthma in 
primary care echo the findings of our previous study 
(from a different dataset), namely that asthma was 
often not straightforward to diagnose, and was made 
more challenging by limited consultation time, diffi-
culty accessing investigations, and balancing clinical 

Table 1.  Qualitative interview participant characteristics 
(n = 16).
Professional role Nurse 7

GP 9
Years of experience <10 3

>10 13
Gender Female 14

Male 2
Respiratory specialist interest Yes 8

No 8
Country of practice England 4

Scotland 12

Figure 1. S creenshots from the Asthma Diagnosis Clinical Decision Support System prototype. Panel 1: Clinical features required 
for the prediction model. Panel 2: Output from the prediction model indicating the probability of an asthma diagnosis. Panel 3: 
Suggestions for next steps based on the probability of asthma.
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uncertainty alongside patient expectations (5). In this 
paper we focus on the novel themes, which addressed 
participant views on a CDSS.

Health professional views toward a CDSS

Most participants could see the potential for a CDSS 
to support asthma diagnosis in primary care, though 
not everyone felt they would necessarily use it. The 
value of a CDSS to support decision making was 
favored, particularly by nurses. For instance, Nurse1, 
an advanced nurse practitioner with a specialist inter-
est in respiratory medicine explained:

Sometimes I feel I’ve got a bit too lost in their [the 
patient’s] personal experience, and actually, to refocus 
my mind-set, I find some [decision support] tools 
really useful. Nurse1

Similarly, Nurse 3, felt the CDSS would be useful to 
help guide a consultation:

I think it’s always a good thing to have that kind of 
thing [the CDSS], because you can’t retain every-
thing. You can try and tell everybody something in 
20 minutes, but the fact is, if you’re going through 
that kind of thing [the CDSS], it’ll keep you on 
track. Nurse3

GPs views were varied. GP7, who had been practicing 
for less than 10 years, could see benefits in terms of 
structuring practice:

It sounds like a lot of what it’s doing is kind of what 
we’re doing anyway but it just allows you to put it 
into a sort of organized way. GP7

In contrast, other participants were less clear a CDSS 
would help their routine practice, particularly in sit-
uations where asthma was felt to be “very clear cut”. 
Although they might not use it themselves, several 
senior participants felt the CDSS would appeal to 
colleagues at an earlier career stage:

I think nurses who deal in asthma all the time are 
quite comfortable with the diagnostic assessment pro-
cess. But, when you’ve got junior trainees, and a lot 
of them will come to sit with the practice nurses, 
they’re maybe not as sure about that diagnostic, the 
criteria and how to move on. So, for them I think it 
would definitely help. Nurse6

GP4, an experienced doctor, tended to agree, describ-
ing how colleagues with more years of experience “get 
stuck in their ways”. They thought the CDSS would 
be “quite a hard sell for GPs”. Yet, interestingly as they 
thought about the CDSS some more, their opinion 
altered:

I could see myself using it, potentially, with the rare 
cases that I come across. And maybe it is quite good, 
because if I don’t see very many, it’s always quite nice 
to have a ‘cheat sheet’, so you’re not having to refer to 
someone else. GP4

Identifying information from health records
The potential for a CDSS to identify relevant infor-
mation from EHR was recognized by GPs and nurses. 
GP9, who had over 10 years of experience explained:

Because we have so much information in a patient’s 
record and you only get 10-15 minutes, you can’t go 
through all of it. So, those little things you might pick 
up [using the CDSS] then it’ll come back as an alert 
to you, then that’s really helpful. GP9

GP8, who worked in an urban practice and had 
20 years experience, felt similarly but explained from 
recent experience, “mining” data from EHR was “all 
about the data input”:

Data input isn’t very consistent […] We have a 
20-25% turnover of patients […] some patients have 
only been with us for say a year. So, the data you’re 
mining is only the data that’s built up over one year. 
GP8

Engaging patients using the CDSS
A potential feature of the CDSS that participants were 
asked to comment on was the opportunity for a health 
professional to calculate the probability of asthma for 
an individual and display the result by sharing their 
computer screen. Screen sharing was felt to be poten-
tially useful by several participants, including Nurse7 
who said, “I’m always pulling the screen over to show 
people things.”

The CDSS provided an opportunity to discuss how 
the probability of asthma was assessed, as Nurse2 said 
“being able to show them the different parameters the 
CDSS calculator has used” could be helpful for explain-
ing the assessment and “bringing patients on board”. 
GP7 shared a similar view:

If you had a screen to share with patients and you 
could explain exactly why we’ve come to this decision 
[using the CDSS] they would maybe understand it 
better and therefore comply better with the treatment 
that you’re offering them. GP7

However, not everyone felt screen sharing would be 
helpful. GP4 was unconvinced the CDSS would 
increase patient engagement, explaining:

But I haven’t in, kind of, what, 12, 13 years of general 
practice, I haven’t really found it a difficulty to engage 
patients anyway […] I'm not sure that showing a 
score on the screen would help. GP4
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GP6 was also dubious that the CDSS would be helpful 
in discussing with patients. Asked to comment on the 
likelihood that a CDSS would be a positive influence 
on patient engagement, she said:

Not much I would say. I don’t find them overly…you 
know, like we’ve got similar things in the cardiovas-
cular risk calculators, and I don’t…you know, it can 
be a nice tool to be like, oh, look, you’re in the red, 
der, der, der, but I’m never sure how much that really 
impacts patients. GP6

GP6 went further by explaining that the idea of shar-
ing the output from the CDSS might be unhelpful 
for her during a consultation because she wanted to 
present the findings in context:

I might be a bit wary about it spitting out informa-
tion to the patients at the same time as me because, 
you know, you do tests with…you know, any sort of 
scoring system or tests you do, you do with other 
clinical interpretation. GP6

Barriers and facilitators to using the CDSS in 
practice

Barriers
Participants thought about potential barriers that might 
prevent a CDSS being used in clinical practice. With 
heavy workloads and short consultation times, partic-
ipants said unless the CDSS was quick, easy to use 
and did not get in the way of clinical routines it would 
be unlikely to be used. GP1 commented “the barriers 
are always time” for instance having “too many fields 
to fill in, too many options in each field is a barrier.” 
Similarly, GP2 felt the CDSS should be straightforward 
and fit within the routines of clinical practice:

If it was very complex, I would probably not use it. 
If you’ve then got one more thing that you now need 
to think about, that would be a barrier. If it’s really 
not very straightforward to use. GP2

Even if the CDSS was straightforward and quick to 
use, some participants had concerns about using a 
CDSS that influenced or impeded decision making. 
GP7 felt a barrier would be:

If you felt that your clinical decision was kind of 
being taken away from you because it’s your choice to 
use it. Yeah, if it felt a bit kind of restrictive or was 
maybe coming up with an answer that you didn’t 
agree with. GP7

In addition, GP7, who had recently become the respi-
ratory lead for their practice, wondered how a CDSS 
would be regarded by clinicians who were less inclined 
toward technology:

The CDSS, it’s not going to work for everybody, but I 
think it would be helpful for some. […] I’m just 
thinking, the previous GP that was doing asthma at 
my practice has now retired and I don’t think he 
would have been that into this, purely because he just 
wasn’t into a lot of computer things, he just liked to 
do it the old-fashioned way. But a lot of GPs are dif-
ferent, they’ll work differently. GP7

In addition, Nurse2 felt that some clinicians would 
not understand the need for a CDSS to support 
asthma diagnosis:

I think a big barrier in asthma is that there are prob-
ably still a percentage of people who are, who feel 
very comfortable and feel that you know that’s fine, 
it’s bread and butter, they don’t need anything else to 
help them. Which is probably fair for an individual, 
but if we know that asthma is both under- and 
over-diagnosed you can see the usefulness of a model 
that might be able to help us. Nurse2

Facilitators
Participants were asked to think about factors that 
could facilitate the CDSS being adopted into clinical 
practice. A fundamental requirement was the need 
for the CDSS to be appropriately tested so the value 
in supporting an asthma diagnosis was clearly 
demonstrated:

To say that it had been trialed and it was showing to 
improve diagnosis and, there was evidence to say that 
it was a good tool to help, then I would definitely use 
it. Nurse4

Being evidence based was also important to GP6, but 
was not the only thing that mattered:

Yes, I guess some sort of proof that it…both sort of 
research evidence that it works but also, I’d want to 
find that anecdotally it helped, from personal experi-
ence that it’s actually useful. GP6

GP6 also explained that they would be more likely 
to use the CDSS if it was widely accepted into 
practice:

If it becomes accepted practice, then you would feel 
wrong not to be using it as well. GP6

Another requirement was the need for a CDSS to be 
up to date so that the clinical guidance remained 
relevant and accurate:

Regularly updated would be another thing. […] When 
the guidelines change, you don’t want to feel that 
you’re using something that’s already outdated. GP2

Other participants suggested if the CDSS provided 
solutions for the barriers raised (for example, being 
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clunky and difficult to use), and improved the ease 
at which clinical software worked, it would actively 
encourage the CDSS to be used. GP1 said:

What is very helpful is if the assigned scores are inte-
grated into EMIS and Vision [types of GP computer 
software] that we use, and it can be automatically cal-
culated on the data that’s already there. GP1

Nurse5 felt that “if it was all in the same place, with-
out having to go out and click in another bit, it would 
be great”. GP8 had a similar perspective, saying “we 
want it embedded in the patient’s notes immediately”. 
In addition, the provision of resources tailored for 
the patient would also encourage the CDSS to be used:

Just ease of using it and […] it’s lovely where we can 
print things off for patients. So, if it can then link in 
with a little bit more information about, you know, 
their asthma. Maybe even getting a bit of an asthma 
management plan started off. If that gets automati-
cally populated and starts the ball rolling. GP8

GP5 agreed on the importance of easy use, though 
had a different view about embedding the CDSS in 
existing software:

The enabler will be just ease of use alongside existing 
clinical platforms. That’s the key…that’ll be the key 
issue in terms of using this. But it could be stand-
alone as part of an app on a phone or whatever. You 
don’t have to use the NHS clunky IT GP5

CDSS design
Participants believed the ability to present diagnostic 
information through the CDSS would help to com-
municate findings, start a discussion and, as Nurse7 
said, “have something visually to back up what you’re 
saying.” Clinicians felt that the visual aspect of the 
CDSS would appeal to patients, particularly if the 
design was kept simple:

Things that work quite well for patients are, just really 
visual things […] so it’s easy for them to pick the 
information out. So, whether it’s different colors, I 
think, not too much information in one space. Nurse2

If asthma was confirmed and a diagnosis made, the 
CDSS could help patients to understand the new diag-
nosis, and facilitate supported self-management 
of asthma:

Patients understanding their condition is like the first 
step for then getting them to self-manage their prob-
lems. GP9

However, if asthma was considered unlikely, the CDSS 
may also be useful in demonstrating to a patient that 
an alternative reason for their symptoms was more likely:

I think it’s very nice for people to have something 
visually to back up what you’re saying, because they 
may not always be taking in everything you’re saying 
as well, especially if they’ve convinced themselves that 
they have got a respiratory condition that you think 
the chances of them having it are pretty minute, 
really. Nurse7

Presenting the probability of asthma
Health professionals had different opinions about the 
best way to present the predicted probability of 
asthma. Some, like GP3 “would prefer it to be a 
number”. GP1 agreed, explaining:

A percentage score […] because I think if it’s inter-
mediate [probability], you’re not sure if it’s 
low-intermediate or high-intermediate. […] And 
whereas when you’ve got like 50% and 40% and 60%, 
then you know exactly where that is on that line. GP1

Others felt that having a probability presented in 
categories (such as low, intermediate or high proba-
bility as used in the British Thoracic Society (BTS)/
Scottish Intercollegiate Guideline Network (SIGN) 
asthma guideline) would help interpretation (3), 
though should not necessarily be in place of the prob-
ability value:

Well, if you’re going to have percentages, or straight 
numbers, you need to know what that means. And 
that’s why traffic light systems are quite good because 
then you know where they sit within it. But then you 
want to know, do they sit high on it, or low on it? 
So, you kind of need a bit of both. GP8

Discussion

Participants were clear that to be adopted into practice 
a CDSS should be validated, embedded in clinical soft-
ware, easy and quick to use. Nurses tended to be more 
enthusiastic about using the CDSS and in this sample, 
which had a majority of clinicians with over 10 years 
experience, participants felt the CDSS would be more 
beneficial for junior colleagues. That said, there were 
GPs who felt they might use the CDSS for situations 
where an asthma diagnosis was less obvious.

Strengths and limitations

Recruitment to the study was affected by COVID-19. 
Consequently, though the sample provided a mix of 
nurses and GPs working in different areas, more par-
ticipants were female, working in Scotland, with at 
least 10 years clinical experience and a specialist inter-
est in respiratory. Collecting age of participants may 
have given further insight into individuals views but 
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we chose to prioritize years of experience. Had more 
recruitment been possible through CRNs, as was 
initially planned, a more varied sample may have been 
achieved. Despite this we considered that data satu-
ration was reached (i.e. no new information was being 
collected and no new codes were developed) for the 
themes relating to the CDSS.

Across the UK, nurses have a central role in 
chronic disease management, though the extent to 
which nurses are involved in diagnostic decisions 
(including asthma) varies depending on individual 
interest, experience and between practices. Therefore, 
the inclusion of nurses, whose training differs from 
doctors, and may have had fewer opportunities to 
make a diagnosis of asthma, may have meant the 
CDSS was judged less critically, as they interpreted 
the value of the CDSS from a position of less diag-
nostic experience. However, we chose to include 
nurses based on the recommendation of steering 
group members which included four nurses who reg-
ularly diagnosed asthma and considered that making 
a diagnosis of asthma was increasingly expected of 
primary care nurses (21).

Interviews were conducted by ED and VM, both 
non-clinical researchers, with expertise in qualitative 
methods which was advantageous because it allowed 
them to ask participants enquiring questions about 
clinical aspects and the CDSS. However, as non-clinical 
researchers, opportunities to explore medical topics 
in greater detail may have been missed and findings 
may focus too heavily on the implementation and 
delivery of the CDSS into routine care, rather than a 
more detailed discussion of clinical features.

Interpretation

CDSS often fail to lead to improvements in clinical 
practice (13), and adoption of new technology into 
routine care is influenced by multiple factors including 
individual, organizational and system issues (22). Time 
constraints, workload, being complex to use, a lack 
of compatibility between CDSS and existing computer 
systems, poor alignment with existing work practices 
and being perceived to limit clinical autonomy are 
known reasons for technology not being adopted into 
routine care (9,22), and consistent with the barriers 
identified in this study. Additionally, there was a sense 
that some clinicians would be generally reticent to 
use technology and that a CDSS for asthma diagnosis 
may not be considered helpful, particularly by expe-
rienced clinicians.

Sharing the computer screen during a consultation 
can enhance communication and decision making, 

but currently EHR are rarely designed with patients 
in mind (23,24). A CDSS with a patient-facing mode 
could encourage screen-sharing and promote involve-
ment in the diagnostic process. However, participants 
in this sample held mixed views. Some already prac-
ticed screen sharing and were positive about the idea. 
Other clinicians were more skeptical because they had 
alternative ways of arriving at a shared decision or 
had found other digital tools of limited value in 
engaging patients. An alternative option demonstrated 
in CDSS designed to support asthma management 
(namely the Electronic Asthma Management System 
and AsthmaTuner), would be for patients to provide 
information in advance (by completing a questionnaire 
or portable spirometry), which could be used to 
enhance a consultation (11,25). The Electronic Asthma 
Management System, which used symptom question-
naire data inputted by patients to provide personalized 
recommendations for clinicians, improved the quality 
of asthma care provision when compared to usual 
care (11). AsthmaTuner, which provides automated 
feedback on asthma control and treatment based on 
patients’ monitoring of symptoms and lung function, 
led to improved asthma control compared to conven-
tional treatment (25).

Implications for researchers and clinicians

Our study provides additional evidence that for suc-
cessful implementation of CDSS into clinical practice, 
the technology should be validated, quick and easy 
to use, integrated with existing software and compat-
ible with routine workflows (22). In addition, for 
asthma CDSS, the advantages when compared to exist-
ing routine care should be made clear to users by 
engaging clinicians in the development of software 
and using early adopters to act as ‘champions’ within 
the clinical setting (22,26). The idea that an asthma 
diagnosis CDSS could be more useful to those at an 
earlier career stage should be explored to understand 
if less experienced clinicians agree and consider if 
there are negative consequences of using a CDSS for 
those in training, such as effectively managing atypical 
presentations (27).

Conclusions

To be adopted into clinical practice, primary care 
clinicians were clear that a CDSS must be validated, 
work seamlessly with existing computer software, 
quick and easy to use. These findings will be incor-
porated into the future development of a CDSS for 
asthma diagnosis in UK primary care.
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