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Introduction: Methotrexate (MTX) is one of the first-line treatments for Rheumatoid arthritis (RA) but sub-optimal adherence to 
MTX is common. Adherence can be challenging to detect in the clinic but can be assessed objectively using a MTX biochemical 
adherence test measuring levels of MTX in the blood. However, it remains unknown how to use the results of MTX biochemical 
adherence tests to improve adherence. COMMIT (development of a COMplex Methotrexate adherence IntervenTion utilising biofeed
back) is a qualitative study designed to explore adherence to MTX in RA patients and aid the development of a behaviour change 
intervention that can be delivered alongside MTX biochemical adherence testing.
Methods: Potential participants were identified from the Rheumatoid Arthritis Medications Study (RAMS), a large national study of 
patients with RA commencing MTX. An interview topic guide was developed using the Capability, Opportunity and Motivation to 
Behaviour (COM-B) model and the Theoretical Domains Framework (TDF). Consenting participants took part in a 1:1 semi-structured 
telephone interview. Transcripts were inductively analysed and mapped to themes.
Results: Seventeen participants treated with MTX for a mean 3 years (range 3–20) took part in the semi-structured interviews. Five 
overarching themes were identified and mapped to behaviour change techniques. Themes included 1. Knowledge of MTX and its 
impact, 2. Motivators versus barriers for continuation of MTX, 3. The healthcare approach in shaping patient adherence, 4. Creating 
habits and routines 5. MTX biochemical adherence blood tests and external monitoring of behaviour.
Conclusion: This study has identified many of the key facilitators and barriers that influence adherence to methotrexate in RA 
patients. Through identifying the capabilities, opportunities, and motivations that shape engagement with MTX biochemical adherence 
testing, we can select targeted behaviour change techniques to address these factors. This theory-driven approach offers a novel 
pathway to improving uptake of MTX adherence testing.
Keywords: biochemical adherence, qualitative research, methotrexate, self-management

Introduction
Rheumatoid arthritis (RA) is a chronic disease for which there is no known cure that affects ~1% of the adult population.1 

The hallmark of RA is symmetrical joint inflammation which, when left untreated, can lead to joint destruction, 
disability, multimorbidity and reduced life expectancy by up to 10 years.2 RA treatment is predominantly aimed at 
controlling joint inflammation and early effective therapy reduces disability, joint damage and mortality.3,4 Conventional 
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Synthetic Disease Modifying Anti-Rheumatic drugs (csDMARDs) aim to lower disease activity and manage symptoms 
associated with RA such as pain associated with the inflammation which may prevent individuals from completing usual 
activities. For example, oral methotrexate (MTX) is a first-line therapy for RA and is often used in other conditions such 
as psoriasis. MTX has a number of potential serious side effects such as life-threatening pneumonitis, leukopenia and 
gastro-intestinal toxicity.5,6 Patients with RA are expected to adhere consistently over a long period of time to MTX, as 
well as a range of other medications to manage other aspects of their conditions (e.g. pain relief, fatigue and emotional 
well-being). Adherence to MTX is not universal and is likely to be influenced by biological (e.g. no response to MTX), 
clinical (e.g. age), psychological (e.g. beliefs about the medication and its impact) and/or social factors (e.g. not wanting 
to miss out on opportunities with friends/family due to medication side-effects). Better adherence with MTX is strongly 
correlated with patients believing that the treatment is necessary and effective, as well as with absence of low mood or 
medication concerns.7,8

Existing strategies to improve MTX adherence in RA have largely centred on education, communication, and 
patient engagement. Evidence shows that educational and clinician-led interventions, such as the use of visual aids, can 
improve patients’ understanding and adherence.9,10 More recent work has emphasised the role of mindset and patient– 
clinician collaboration in supporting adherence.11 Theory-based approaches also demonstrate how behaviour change 
techniques can be systematically mapped onto intervention components. For example, a study on pain medication 
adherence in chronic pain patents identified target behaviours to address adherence such as routine patient education, 
habit formation, and open discussion of treatment concerns.12 These elements align with the Behaviour Change Wheel, 
where educational materials and clinician-led support correspond to the Education and Training functions aimed at 
strengthening patients psychological capability.13 Previous research has shown that MTX adherence is suboptimal 
ranging from 59 to 107%, with the latter figure representing overdosage which is also a form of non-adherence. It was 
further found that non-adherence was associated with poor treatment response.7 The prescriber is often unable to 
determine if a patient is adherent and there is no gold-standard method to assess or monitor adherence. Current 
National Institute for Health and Care Excellence (NICE) guidelines in the UK on medicines adherence suggest 
assessing non-adherence by asking the patient if they have missed any doses of medicines recently.12 Self-reporting 
can, however, lead to over- or under estimation of adherence. In contrast, biochemical measurement of adherence is 
objective compared to a self-report but can be considered as intrusive to patients (e.g. patients may feel that the 
healthcare professional has questioned the credibility of the patients’ responses). Concurrently, providing the patient 
a biochemical result with the aim of eliciting a positive behaviour change (“biofeedback”), is a behaviour change 
technique in its own right.13 Adherence to MTX can be measured biochemically using selected reaction monitoring- 
mass spectrometry (HPLC-SRM-MS,14 but it is not yet known how best to deliver the results of the blood test to 
improve MTX adherence.

In summary, biofeedback is an objective method of optimising adherence, but some patients may perceive it as 
intrusive. To date, no research has examined patients’ perspectives on the potential of MTX adherence biofeedback to 
influence their adherence behaviours. Thus, the aim of the study was to explore adult RA patients’ capabilities, 
opportunities and motivations for adhering or not to MTX. The Capabilities, Opportunities and Motivations model of 
Behaviour change (COM-B) model15 is a comprehensive model that can be used to explore behavioural determinants 
to medication adherence.16 This model suggests that the behaviour of taking prescribed medicine is a result of 
interactions between capability (psychological or physical), opportunity (social or physical) and motivation (automatic 
or reflective). The COM-B model can provide explanations of behavioural determinants in qualitative studies and 
support the development of targeted behaviour change interventions.15 Using the COM-B model to explore adherence 
to MTX in RA patients could aid the development of a behaviour change intervention that incorporates MTX 
biofeedback.

Methods
This section describes the study design, participant recruitment, study procedures, and data analysis of qualitative 
interviews.
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Study Design
One-to-one semi-structured telephone interviews were conducted with patients who had a diagnosis of RA and 
experience of oral MTX therapy. This study has been reported in line with The Standards for Reporting Qualitative 
Research (SRQR). Please see Supplementary Table 1 for the completed SRQR checklist.

Participants
Twenty participants were recruited from the Rheumatoid Arthritis Medications Study (RAMS) approved by the Central 
Manchester NHS Research Ethics Committee (reference 08/H1008/25). This study complies with the Declaration of 
Helsinki. RAMS is a large national (UK) multi-centre (n = 38 centres) study of patients with a physician diagnosis of RA 
who are commencing MTX for the first time.17 Individuals who have taken part in RAMS and have indicated that they 
would be happy to be involved in future research projects were contacted by the study coordinators of COMMIT with the 
COMMIT invitation letter, patient information sheet (PIS), consent form and registration slip. RAMS participants were 
allocated a random number using the random number command in STATA version 12.0 (STATA).18 The allocated 
number was ordered, and participants were contacted in blocks of 30. As part of the protocol development, the invitation 
letters, protocol including topic guide, PIS and consent form were reviewed by a Research User Group, a group of people 
living with or caring for someone with a long-term musculoskeletal illness such as RA. The PIS informed potential 
participants that the aim of the study was to aid the development of an effective biofeedback tool for MTX adherence and 
that the research was being conducted by JB. Participants were asked to return their preferred contact details and time of 
contact (name, address, email address and telephone number) on a separate slip of paper. Participants were free to 
conduct the interview at a place of their convenience (eg at their home, at their workplace) and could take as long as they 
required to decide whether to take part. The PIS further described that all participant responses are confidential, and the 
interviews are anonymised. The participants were aware that any data collected would be kept securely on a system 
which only the researchers or auditors may access. The anonymised data was made available through OpenAccess 
publication, and this was highlighted to participants before being consented. A flowchart of study methodology is 
presented in Figure 1. For a Study, inclusion and exclusion criteria were as follows:

Inclusion Criteria
1. Currently or previously prescribed oral MTX
2. Clinical diagnosis of RA
3. Have a telephone
4. Male or female aged 18 years or above
5. Current or previous participant of RAMS

Exclusion Criteria
1. Patients with significant psychiatric illness as determined by the clinician
2. Patients unable to provide informed consent
3. Unable to speak English

Data collection was terminated when data saturation was achieved.19 Ethical approval for the current study was received 
from the University of Manchester Research Ethics Committee (Ref: 2021–10,990-17,851). This study complies with the 
Declaration of Helsinki.

Study Procedures
The lead researcher (JB), a male Consultant Academic Rheumatologist with training in behaviour change and interven
tion development, conducted the telephone interviews. No one else was present for the telephone interviews besides the 
participants and researchers. The researcher had no contact with the patients prior to this study. Informed consent forms 
were signed by the participant prior to the semi-structured interview being scheduled. Consent forms included agreement 
that anonymised responses and direct quotes would be included for publication.
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The interview topic guide (Supplementary Table 2) drafted by JB was informed by the COM-B model (10). This 
model can be linked with intervention strategies for behaviour change.20 The TDF draws together the cognitive, 
emotional, environmental and social influence of behaviour and can be used to map into the domains of the COM-B 

Identify participants from RAMS cohort 

who have consented to be contacted. 

Recruitment

Invitation letter with tear off slip, patient information 
leaflet, consent forms and inclusion/exclusion 
criteria sent to participants.

Inclusion criteria:
1. Currently or previously prescribed oral MTX 
2. Clinical diagnosis of RA
3. Have a telephone
4. Male or female aged 18 years or above
5. Current or previous participant of RAMS

COMMIT Part 1 and 2 recorded qualitative 
interviews take place

Recruitment

Interested participants return the registration slip 
and a signed consent form. They are then 
contacted by telephone or email to agree a one-
hour interview time. 

Recruitment

Non-responders are sent second invitation letter

Exclusion criteria:

1. Patients with significant 
psychiatric illness as 
determined by the clinician

2. Patients unable to provide 
informed consent 

3. Unable to speak English

Figure 1 Flowchart of COMMIT study methodology.
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model in order to give a more detailed insight into adherence behaviours.16,20 The interview topic guide covered the 
patients’ understanding of MTX, general perceptions towards adherence and feedback around biochemical adherence.

Telephone interviews were recorded with consent, transcribed by a university approved transcription service and 
anonymised for analysis. Participants did not review the transcriptions or provide feedback on the findings.

Data Analysis
A framework analysis approach was used to explore and compare similarities and differences in the beliefs and 
experiences of participants.21 Three authors (JB, RRL and HS) individually analysed the transcripts using NVivo version 
1222 and results were compared. Data collection was stopped when no new themes were identified, and saturation was 
reached.19 Data analysis included the following processes which were conducted in a non-sequential order with reflection 
and updating of each process following discussion. Notes were updated throughout the process as adapted from Ritchie 
et al21 Figure 2 details the data analysis process. Three guiding questions were used throughout the analysis to support 
theme development: (1) What capabilities influence patients’ adherence to methotrexate (MTX)? (2) What opportunities 
facilitate or hinder adherence and (3) How do patients motivations shape their adherence to MTX?

Results
Participant Clinico-Demographics
The final study sample was 17 participants, as further recruitment was stopped due to data saturation. Interviews lasted 
22 to 45 minutes. Baseline clinico-demographics are presented in Table 1.

Five overarching themes were identified as modifiers of MTX adherence behaviour that could be targeted as part of 
a biofeedback intervention:

1. Knowledge of MTX and its impact
2. Motivators versus barriers for continuation of MTX
3. The healthcare approach in shaping patient adherence
4. Creating habits and routines
5. MTX biochemical adherence blood tests and external monitoring of behaviour

Theme 1: Knowledge of MTX and Its Impact
Themes 1 and 2 describe participants understanding of MTX and how their experiences shape their motivation and ability 
to continue treatment. Table 2 presents direct quotes linked to these themes.

Fear and Concern Over Side-Effects Caused by MTX 
One participant reported having a physical reaction to MTX, and after learning more about it, they became even more 
hesitant to continue. Concerns about using MTX were reported to be influenced by other people’s experiences with the 
medication. Fears were heightened when participants heard about the side effects, others have faced and the challenges in 
managing such side effects, thus leading to intentional non-adherence. Other participants expressed concerns about the 
long-term side effects of prolonged MTX use. While they continue to take the medication regularly, there is an 
underlying fear that MTX may cause toxicity over time. Participants awareness of both common and rare side effects 
can intensify this fear. Additionally, participants noted that the number of tablets they must take can be inconvenient, 
reducing their motivation to adhere to the dose.

Similar to previous motivations for adhering to MTX, it was found that the necessity of taking the medication is 
a strong motivator. Most participants conveyed a fear of returning to their initial pain levels, which drives them to 
continue taking MTX. This fear alone acts as a powerful incentive to stay consistent in taking the MTX.
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Familiarisation

Transcripts were read and the audio recording listened to, and reflective notes were taken 

by JB, RRL and HS. Reflexive notes were individually kept, addressing possible biases 

which may influence the interpretation of the data.

Coding

Emerging themes were independently coded inductively with further iterative coding and 

re-coding following discussion between JB, RRL and HS.

Identification of thematic framework

The Codes informed a working initial thematic framework, which was based upon a priori 

questions from the interview topic guide and emerging themes was developed. The initial 

framework was discussed between JB, RRL and HS.

Indexing

Indexed data was transformed into a chart of themes and quotes from participant interviews 

and were clearly defined forming an analytical framework. Several iterations of the framework 

were formed until no further codes emerged. This was refined through NVIVO.

Charting

Summaries were created and reviewed by JB, RRL and HS to interpret the data and an

excel spreadsheet was used to chart the summaries into the matrix. The data was 

summarised by category from each transcript (themes labelled in columns and participant

statements noted in the rows). This allowed the data to be reduced whilst also keeping its 

original meanings. Any abbreviations used were agreed upon.

Interpretation

Notes about reflections and interpretations of the data throughout the analysis process 

were completed. Once the matrix was complete, JB, RRL and HS looked across the 

summaries and interpreted the data. Any interpretations and connections between themes 

and participant quotations were formed into narratives.

Figure 2 Data analysis process for COMMIT study.
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Table 1 Baseline Clinico-Demographic Variables

Characteristic

Age at data collection (years), mean (SD) 69 (8.9)

White British ethnicity, n (%) 17 (100)

Female gender, n (%) 13 (76)

Self-reported as diagnosed with RA, n (%) 17 (100)

Currently prescribed MTX, n (%) 17 (100)

Number of years diagnosed with RA, median (IQR, range) 3 (3–4, 3–20)

Number of years treated with MTX, mean (SD) 3 (3–3.25)

Marital status n (%)
Married 12 (71)

Divorced 0 (0)

Single, never married 2 (12)
Widowed 2 (12)

Co-habiting 1 (6)

Civil partnership 0 (0)

Educational level n (%)

Postgraduate University Degree 2 (12)
Nursing or Medical Qualification 2 (12)

Teaching Qualification 1 (6)

University Degree 2 (12)
Diploma in Higher Education 2 (12)

A-Level/AS-Level (or equivalent) 2 (12)

GCSE/O-Level (or equivalent) 5 (29)
Prefer not to say 0 (0)

None 1 (6)

Abbreviations: IQR; interquartile range, STD; standard deviation.

Table 2 Themes 1 and 2, Subthemes and Associated Interview Excerpts

Themes and Sub Themes Interview Excerpts

Theme 1: Knowledge of MTX and its impact

Fear and concern over side effects caused by 
MTX

“She was on Methotrexate, she had rheumatoid, she could not tolerate it. One of my friends 
from work he was on Methotrexate, and he could not tolerate it. So, I was a bit apprehensive 

when I was put on it’ – P1 

I hate medication. I know this sounds ridiculous, and I’d read up a lot about methotrexate. So, I was 
a little bit worried about taking it. I can actually feel that I want to heave when I take it”. – P10 
“Well, I get a bit worried about the effect it had on your liver and things like that, you know, that’s 

more the, you know, it’s just when you read the side-effects, even the common ones, it’s not very 
encouraging really … I am just wondering if the longer I am on it, the more chance there is for it to 

do permanent damage”. – P20 
“I’m taking it regularly, and it does seem to have side effects for some people, which I just wonder if 
there are any side effects for me if I take it for a long time on a regular basis”. – P7 
“No, the experience of the pain made me remember to take them so, yeah, I never had any problem 

forgetting them, I always took them…But sometimes when you are in that level of pain even if there 
is a risk of side effects you still take it when there’s not really any other choice”. P5

(Continued)
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Theme 2: Motivators vs Barriers for Continuation of MTX
Motivation Prompted by Reduction of RA Symptoms 
The participants reflected on the need to follow the suggested dosage, noting that their inflammation and pain returned if 
they stopped MTX. This acted as a key motivator to take the medication as directed, in order to achieve its full benefits. 
Although the process of continually taking MTX was gradual, they noted that consistent use of MTX leads to long-term 
symptom improvement and enhanced quality of life. This portrays participants’ perceptions of the importance of patience 
and persistence with the treatment. However, some participants stated that they may stop taking MTX because they have 
not experienced any flare-ups. The absence of symptoms, paradoxically, leads them to believe that they would not 
experience recurrence of RA without MTX. This leads to participants questioning the effectiveness of MTX or that RA 
has perhaps been cured and does not require any further treatment.

Knowledge That MTX Works and Its Administration is a Powerful Motivator 
Overall, the participants showed a general understanding of how MTX works and the importance of adhering to the 
prescribed dose regardless of short- or long-term concerns. Participants expressed that they adhere to MTX due to the 
significant pain relief it provides, resulting in an improved quality of life. This improvement acted as a strong motivator 
to continue taking the medication, as reduced symptoms have allowed them to engage in activities they were previously 
unable to do. Participants suggested that providing more detailed information about MTX (how it works and the potential 
consequences of not taking it as prescribed) could improve adherence. They believed that this information should be 
delivered in a formal manner, such as an official letter from their GP, to emphasise the seriousness of missing doses. This 
approach could also aid healthcare professionals (HCPs) in identifying the root causes of the patient’s non-adherence. 
Offering education about MTX would give participants a deeper understanding of their condition which in turn could 
motivate them to take their dose consistently.

Table 2 (Continued). 

Themes and Sub Themes Interview Excerpts

Theme 2: Motivators vs barriers for 
continuation of MTX

Motivation prompted by reduction of RA 

symptoms

Well, with the methotrexate I always take it because I know what pain I was in before I started 

on this with the arthritis, so I thought if this will help me, I want to take it, I want to be 
mobile. – P4 

I was in so much pain with the arthritis when it started I could not even turn my electric 

toothbrush on, even trying to get dressed I’d be in tears in the morning, it was affecting me at 
work, I ended up having to go off sick for the first time in 20 years. So obviously the treatment 

after that it reduced all the symptoms and I was able to go back to work. So, yeah, no, it’s not 

great taking medicine for anything but I could not have coped with the pain of the arthritis 
without taking the methotrexate - P5 

And then, as I say taking the medication it gradually started to, you know, I wanted to get up, 

I wanted to do things. And it was a big improvement, although it was…it was I’d say slow, but 
I was patient and realised I needed to keep in taking it to make sure that I would get better. Or 

improve, should I say maybe not get better but improve, yeah. – P14 
Well, there’s been no side effects for me. To the extent I wondered whether I really needed it 
because I have not had a flare up. I mean there’s part of me wonders whether it would come 

back, if I knocked it off. But it is a temptation for somebody in my position, I think” – P7

Knowledge that MTX works, and its 

administration is a powerful motivator

“They need to understand that although they’re in remission it could come back in the future if 

they don’t carry on taking the medicine”. - P5 
“If they don’t take it it’s not going to work is it. the importance of it is if the treatment’s going 
to work, then people need to be aware that they’ve got to take it on time and as prescribed if 

they want to a good result from taking it”. – P3
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Theme 3: The Healthcare Approach in Shaping Patient Adherence
Themes 3 and 4 describe how both the healthcare approach and patient led strategies contribute to maintaining MTX 
adherence. Together, they highlight the interplay between professional guidance and personal habit formation in 
sustained MTX adherence. Table 3 presents direct quotes for Themes 3 and 4.

Trust-Based Patient-Clinician Relationship 
Several participants spoke about their beliefs that taking MTX as prescribed would improve their symptoms. The 
majority stated that they had no doubts or concerns about following the instructions given by HCPs. In addition, 
participants trusted that HCPs were the most knowledgeable about the medication and they would not over question their 

Table 3 Themes 3 and 4, Subthemes and Associated Interview Excerpts

Themes and Sub Themes Interview Excerpts

Theme 3: The healthcare approach in 
shaping patients adherence

Trust-based patient-clinician relationship “Well, I take the view that if there’s something wrong, they will tell you about it and but I am 
not necessarily I need to know everything, you know, I tend to go, you know, I am quite happy 

to go along, tell the doctor what the problem is and he gives you his answer and, you know, 

take these pills. I am quite happy with that but I can appreciate that some people are not”. – P2 
“The medical people know more than I do, they would not be telling me to take something if 

they did not feel I needed it, I mean they normally explain when you start a new tablet why you 

are taking it and hopefully it will help with whatever’s been wrong with you. I am not medical at 
all, it’s something I do not understand very much about so I just believe in the experts”. – P9 
“But I would have thought it’s in a doctor’s remit, you know, they can tell from the various 

tests, I mean, I have my bloods done every eight weeks and so they can tell if you’re not taking 
your medication I would have assumed”. – P2 
“I am quite happy to go along, tell the doctor what the problem is and he gives you his answer 

and, you know, take these pills. I am quite happy with that but I can appreciate that some 
people are not. And whether I am a slave to it and I should be questioning it more…it’s not 

really me, he’s a professional and I accept that”. – P2

Importance of HCPs exploring patient adherence “I think it is always right to have that check in and make sure that things are going well, and 

things are being adhered to, I think to leave it would not be a good thing. I think that would be 

the health service really needs to do that to make sure that people are on the right track. So 
yeah, I felt comfortable, and I felt that it was in control and that people were watching out for 

me”. – P1 
“As I said, I’d be very pleased that they were taking such an interest and had my health 
foremost, I’d be really pleased. It would be really, really good because you would know that you 

did need to take them, that it did make a difference and I do not think there would be any harm 

in the reminder.” – P9 
“Well, I think that they were interested in me as a person, rather than you are just a number, 

you know, being a number, taking the medication and that’s it. They were interested to have 
a little chat about me, myself, which I thought was quite nice and it also gives me confidence in 

them.” – P4 
“Yeah, my nurse, my rheumatoid nurse, she did say, she said to pick a day to take it and to take 
it at the same time of day. I do not know how important that it’s the same time of day but 

obviously she knows more than me so I stuck to the same time of day.But then with the nurses 

they went through everything with me so that I understood a bit more about what I was taking 
and they basically told me not to read the list of side effects otherwise I would not want to take 

it. And, of course, you do”. – P5 
“nobody’s actually said to me, you know, are you taking your medication regularly, they just 
assume that I am, and I am taking it regularly”. – P8

(Continued)
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advice. Participants felt that they lacked expertise to challenge the HCPs opinion and instead placed their full trust in the 
HCPs. Another participant expressed a similar feeling stating that they would take MTX without hesitation with full 
confidence it would be effective. However, following the advice given by HCPs, participants believed that it is the 
patient’s responsibility to ensure that they are taking their dose as prescribed.

Importance of HCPs Exploring Patient Adherence 
Some participants believed that it was the role of the HCPs to ensure that medication is being adhered to. Participants felt 
it was the HCPs responsibility to check how patients were coping with the medication and whether they experienced any 
problems. The involvement of the HCPs was found to be very helpful and reassuring by participants in the current study. 
The participants felt that they were interested in them and cared for the progression of their health. Other participants felt 
that their HCPs showed a genuine interest of their situation, which encouraged them to open up about their troubles with 
adherence. Being able to ask questions helped alleviate fears about taking MTX. These conversations aided in boosting 
the participants’ confidence and motivation, making them feel more comfortable with their medication. The participants 
reflected that the HCPs were patient rather than forceful. They offered suggestions in a respectful manner and allowed 
participants to consider their advice at their own pace.

Table 3 (Continued). 

Themes and Sub Themes Interview Excerpts

3.3 Mixed messages between healthcare 
professionals

“Methotrexate, I have been reading on an American website, which is the Global Health Living 

Foundation, that methotrexate might reduce the efficacy of the COVID vaccine, and not all 
medicines for rheumatoid arthritis have the same effect with the vaccine, so I am a bit 

concerned about that. But I do not know what to do about it.” – P16

Lack of follow-up support “But then after the first week of not taking anything, I had an appointment with the nurse at the 

hospital, and she said, well you should not really have stopped taking them. And I said, well it 

was one of your nurses that rang me to say that I should stop taking them. But anyway, 
apparently doctors and nurses do not agree obviously, and especially if it’s coming from your 

local GP.” – P6

Theme 4: Routine

Having a set routine improves adherence “No, because I’ve managed to do it. I started to take the methotrexate on a Thursday when 
I went to see the consultant and I’ve continued Thursday ever since. So Thursday is the day and 

it’s set in my mind”. - P6 
“When I went back to work I would go in, I work in a kitchen but I’d go into my office and take 
them, I knew what time I had to take them and I didn’t let anything get in the way of that”. – P5 
“No, no, because I take it on a morning, when I first get up, you know, I have a cup of tea and 

have my breakfast, I always then take it before I take any of my other tablets” – P4 
“it’s just part of that morning ritual as it’s become now. It’s just there, the tablets are there, 

I don’t have one of these things where you put them all in a little box for each day of the 

week.” – P9

External reminders “I have always remembered to take them. I’ve never forgotten. I leave them on the worktop on 

the previous night so I have to move them before I can put the kettle on, or my husband puts 
them there so I never forget. But I’ve always remembered”. – P6 
“So what I do is on a Tuesday morning I take the morning tablets and put the methotrexate to 

one side, near the telly actually, so hopefully I am going to remember it. And it’s worked very 
well for me”. – P7 
“I’ve got a little pillbox that my mother used to actually, so hopefully I am going to remember it 

I don’t have to pop them out of the blister pack.” – P2 
“And no, I have to say I have my husband who is very good at remembering, he’s instrumental in 

putting them out for me on a Monday morning.” – P17
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Mixed Messages Between Healthcare Professionals 
Participants reported an issue with the lack of communication between HCPs. In instances, a GP may prescribe MTX, but 
the nurse does not agree that they should be taking it. As a result, patients may reduce or stop taking their MTX due to 
conflicting information. Participants also discussed how different medical websites offer different and sometime contra
dicting information about MTX and its effect on other medications being taken. This can raise concerns as information is 
not consistent and may reduce the motivation to adhere to MTX treatment.

Lack of Follow-Up Support 
Some participants mentioned a lack of follow-up support from healthcare professionals after being prescribed MTX; with 
the HCP assuming the patient was adhering to their medication. As a result, no further follow-up was provided. The level 
of support from HCPs varied, with some participants receiving plenty of advice and reassurance, whilst others feeling 
they were left on their own after being prescribed MTX with no follow-up support or advice about side effects.

Theme 4: Creating Habits and Routine
Having a Set Routine Improves Adherence 
Participants talked about the importance of routine in adherence. Those who took their MTX on a specific time and day 
of the week, were more likely to remember to take their medication. This can reduce the chances of missing a dose. 
Participants shared that they ensured they took their medication on time, regardless of their plans, making their routine so 
ingrained that they rarely forgot. Similarly, it was reported that incorporating MTX into routine, often in the morning 
with breakfast, ensures consistent adherence. This eliminated the need to organise their medication such as using labelled 
tablet boxes as the act of taking their dose is embedded in their routine and they were unlikely to forget.

External Reminders 
Other participants valued having external reminders (such as pill boxes and phone alarms) to help take the correct dose 
on time. An example of another external reminder includes personal habits like placing their MTX in a visible spot as 
a visual cue. Family and friends also serve as a reminder. Participants explained that they share the responsibility of 
adhering to their MTX by relying on others to help them remember to take it.

Theme 5: MTX Biochemical Adherence Blood Tests and External Monitoring of Behaviour
Table 4 shows direct quotes for Theme 5, exploring the role of blood tests in MTX adherence.

Blood Test Feedback Acts as a Motivational Trigger 
Blood tests results prove to be a major motivator for patients to adhere to MTX. Negative blood test results can instil fear 
and as a result, encourages patients to take their medication more regularly. These tests prompt patients to reflect on why 
their MTX levels may be low and whether this is linked to their inconsistent adherence of MTX. Some may use these 
blood tests as a way to improve their adherence to MTX. Without improvement in their test results, they realise there will 
be no change in their RA.

Reassuring if Normal 
In contrast to instilling fear when negative, participants reported that blood tests would provide reassurance to patients 
when they are normal or within range. Participants discussed how the biochemical adherence tests can help determine if 
they are following the treatment correctly and are seen as valuable in confirming that the medication is working 
effectively. Participants reported that biofeedback about their MTX levels would be very beneficial even if it is normal 
as it can motivate them to stay on track with their current routine and make necessary adjustments if their levels drop. As 
well as reassurance, a MTX biochemical adherence test could provide participants with confidence. Participants 
appreciated that the results could confirm that the MTX is working for them. This helps them feel positive as they are 
following the given instructions.
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Enhancing Patient Comprehension 
Participants highlighted the need for providing information about the importance of blood tests in relation to MTX, as the 
blood tests itself can be frightening for a patient. This can prevent people from unnecessarily being alarmed if they are 
asked to have frequent blood tests. Patients commented that further information about the use of MTX and how it works 
can contribute to patients taking MTX more routinely.

Discussion
MTX is one of the first-line disease modifying anti-rheumatic drugs for RA but patients’ capabilities, opportunities and 
motivations for adhering to MTX have not been explored in the context of a biofeedback intervention. This research is 

Table 4 Theme 5, Subthemes and Associated Interview Excerpts

Themes and Sub Themes Interview Excerpts

Theme 5: MTX blood test and external 
monitoring of behaviour

Subthemes

Blood test feedback acts as a motivational 

trigger

“If the methotrexate levels are low, there must be a number of reasons for it being not up to 

standard. Either the dosage is not enough, or I have not been…I have forgotten to take it. So, 
I think blood tests can frighten people, so you have got to be very careful that you do not 

actually alarm people unnecessarily, and that’s why information is important” – P8 
“So yes, if they’d said to me Well the levels, you know, the levels are not right, I would have been 

afraid. Well, I would have been afraid that it was getting a lot worse…I think that would shock 

me, so I think I would improve after that. And I think I would go away and setup reminders for 
myself to take the medication.” – P12 
“If I wasn’t taking the tablets, it would buck me up and tell me to continue to remember every 

week if wasn’t doing it. Yes, it’s just a reminder that they’re keeping a check on you. It’s a good 
thing.” – P13 
“I think it would do anybody good to know that, because it would be a wakeup call, get yourself 

organised and take your drugs. Well, if I wasn’t taking them, it would spur me on to do it.” – P14

Reassuring if normal “Well just to know that you were taking the right amount and that the levels were as they 

should be, so that they can work properly…I think it would just reassure me and make me 
happy to continue what I was doing.” – P3 
“I have never really been told what my blood level is really, I just carry on and take them and so 

I have never really had that discussion.Well, I think it would be nice to hear that it was normal, 
obviously that it is working for me, and it would be good to hear that”. – P4 
“Pleased that they were keeping an eye on it. I have to say, I wouldn’t have any problem, I’d be 

very pleased that the blood tests which one has, there is some point to them and they can 
notice how things are. Yeah, I won’t have a problem at all.” – P9 
“I think I’d be quietly smug. Well, it would be confirmation that it’s in the blood, it’s there, and 

proof that I am doing as I’m told”. – P14

Enhancing patient comprehension “And I think I would add more to the letter saying, you know, if you have not taken…your 

methotrexate levels are low, are lower than expected and you may not be taking your tablets 
please can you check this, we will have to administer a higher dosage or move you onto 

something else, you know. If they are normal a text will be fine, if they are not, then there’s got 

to be something that’s a little more of a sort of, formal that would show the concern the 
hospital or doctors have and try and get to the bottom of what’s going on.” – P8 
‘Absolutely yeah. And I mean, if the methotrexate levels are low, there must be a number of 

reasons for it being not up to standard. Either the dosage isn’t enough, or I have not been…I 
have forgotten to take it. 2. So, I think blood tests can frighten people, so you have got to be 

very careful that you do not actually alarm people unnecessarily, and that’s why information is 

important”. – P6
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the first to explore the patients’ perspectives of biofeedback to influence their adherence behaviours. Blood tests were 
found to play a potential important role in supporting adherence to MTX. Findings showed that blood test results can 
invoke a sense of fear and feelings of guilt (automatic motivation) as participants believe the tests could reveal to HCPs 
that they have not been adhering to their prescribed dose.

This fear arising from blood tests could be managed by HCPs reassuring patients that they will not be reprimanded for 
not adhering and instead emphasise a collaborative approach to address their concerns. On the other hand, blood tests 
also served as a source of reassurance and motivation. Our study found that normal or improved test results provided 
participants with confidence that they were taking their medication correctly, reinforcing their adherence behaviour 
(reflective motivation). Therefore, blood tests not only serve a clinical purpose but also act as a behavioural motivator for 
patients to maintain adherence if concerns around negative blood test results can be managed. This could also be an 
opportunity for HCPs to have a valuable social influence on the patient and encourage open discussions with them about 
their blood test results.

Some participants reflected on their motivations to take MTX, with a key driver being the desire to avoid returning to the 
disabling pain they experienced prior to receiving MTX which is in line with previous findings.23 In our study, HCPs 
reinforcing the risks of non-adherence with regard to pain levels had acted as a strong motivator to patients to adhere to their 
MTX dose. This aligns with the Necessity concerns framework24 which suggests that patients’ decisions to comply with 
medication rely on balancing the perceived necessity of taking the medication against concerns about its use. An example of 
this is seen in our findings as participants viewed MTX as essential for reducing pain but had also raised concerns regarding 
long-term side effects associated with prolonged use. Fear of long-term side effects have previously been linked to poor 
adherence to MTX.25 The knowledge of potential long-term side effects contributed to anxiety about adherence which in turn 
may lead to some participants reducing their dosage or stopping MTX altogether.26,27 Therefore, whilst MTX was considered 
necessary for pain management, concerns about its safety over time negatively impacted on adherence. Interventions should 
focus on balancing these opposing beliefs through structured communication and ongoing support.

Our findings underscore the critical role of communication HCPs play in promoting adherence to MTX. Study 
participants expressed a strong sense of trust in HCPs, especially when given administration instructions for their 
prescribed MTX dose (social opportunity). This trust is well supported by existing literature on the importance of 
HCPs in guiding medication use.28–30 However, our study highlighted that some patients felt they lacked the expertise to 
question or challenge the advice given by HCPs. As a result, they may adhere to their MTX dose without fully 
understanding potential side effects or how to manage them effectively.

Additionally, HCPs showing genuine interest and support to patients may further motivate them to adhere to their 
MTX regime. By demonstrating care and compassion, the HCPs can create a social opportunity to support patients in 
improving their adherence to MTX. This ongoing social support fosters a sense of being valued and allows the patient to 
be reflective on their motivations through encouragement by the HCP. This could lead to patients feeling more motivated 
to adhere to their prescribed MTX out of both appreciation for the support received from the HCP and the desire to 
maintain a positive relationship with them.

This aligns with findings from another study which examined adherence to rheumatic treatments such as adalimumab, 
where higher levels of perceived support from HCPs were associated with improved adherence.31 In other studies, 
looking at rheumatic diseases, it was found that patients who had a better therapeutic alliance with their clinician 
displayed better medication adherence.32–34 Therapeutic alliance refers to the collaborative relationship between the 
clinician and patient and can affect the patient’s attitude towards therapeutic outcomes such as medication adherence.35 

This highlights the critical role clinicians have in order to achieve desired results and may lead to possible implications in 
staff training for HCPs on how to better collaborate with their patients when reviewing their MTX use.

Research shows that adherence relies on shared decision-making and these treatments cannot be implemented without 
prior discussion between HCPs and patients as HCPs would be the experts on the medical evidence whilst the patients are 
experts of living with RA.36,37

Healthcare professionals providing support in the form of education emerged as an important factor in promoting 
adherence. They highlighted the importance for a coherent understanding of what MTX is, how it works in relation to 
their RA and the consequences of non-adherence. The themes that emerged from this study suggest that patients who lack 
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understanding may have increased anxiety about taking the prescribed medicine. To lessen this fear, patient education in 
the form of written or visual media could be provided to enhance understanding about MTX use. Our findings reflect 
previous research, which showed that non-adherent patients had a poor understanding of their disease,38 emphasising the 
need for good-quality patient education. Training programs aimed at enhancing HCPs communication skills may enable 
them to engage in more effective discussions about adherence, address patient concerns, and provide tailored support. 
Through open communication and actively supporting adherence efforts, HCPs may contribute to improved patient 
motivation and more consistent adherence to MTX.

These steps outline how to develop a biofeedback intervention that addresses key barriers and facilitators to 
adherence, while remaining cost-effective and avoiding additional burden for patients and healthcare professionals. 
The findings relating to healthcare professionals can translate directly into practice, and the APEASE criteria could allow 
us to consider whether these approaches are feasible and realistic. The APEASE criteria (Acceptability, Practicability, 
Effectiveness, Affordability, Side-effects and Equity) can be used to iteratively assess all stages of intervention design.39 

The different aspects of the APEASE criteria can aid decisions about which behaviour change techniques, intervention 
functions and policy categories can be included in the initial stages of intervention development. Using these criteria 
alongside the COM-B model allows us to be systematic and account for context in the different intervention functions.40

We can start to investigate whether using targeted training session for HCPs is acceptable and practical for delivery 
especially if incorporated into existing training. This framework also encourages consideration of cost-effectiveness and 
potential unintended consequences. For example, additional or extended training sessions may require more of HCPs time, 
which could be difficult to accommodate and may affect the length or availability of clinical appointments. Similarly, 
incorporating structured discussions about blood test results and adherence during patient appointments may lead to longer 
consultation times, carrying further time and cost implications. These factors highlight the importance of evaluating not only 
the practicality of implementing the intervention but also its broader organisational impact. To understand the overall 
effectiveness, further investigation would be needed, such as gathering feedback from patients who have recently discussed 
their blood test results and adherence with an HCP. Interviews or surveys could help determine whether the training improves 
the quality of these conversations and ultimately supports better adherence. Finally, the intervention has the potential to 
enhance equity. We have identified a clear need for educational resources tailored to MTX adherence and patient capabilities. 
By ensuring these resources are co-created with diverse groups and offered in multiple accessible formats, the intervention 
can be delivered in a more inclusive and equitable way. There are several limitations of the study. All recruited participants 
were of White British ethnicity. This limits the diversity of the perspectives represented as previous research has shown that 
individuals from a White background self-report higher adherence compared to non-white patients with RA.41 Future 
research should include more heterogeneous samples to enhance the generalisability and inclusivity of this work.

Our cohort included individuals with a high level of education, and this is often found to be linked with high adherence to 
MTX.42 Adherence could be influenced by other factors such as ethnicity and socio-economic background and therefore a more 
diverse sample would be required to gain a deeper insight into reasons for non-adherence. We are unable to exclude selection bias 
from this study as the cohort of patients which we recruited may be more likely to adhere to their prescribed medication and may 
not accurately reflect the outlook of those who are non-adherent. Identifying specific individuals who are known to be non- 
adherent to MTX could provide us with a better context as to why patients do not comply with their prescribed dose. While this 
study provides insight into methotrexate adherence in RA, there is a potential for resource constraints which may influence the 
feasibility of implementing a biofeedback intervention based on the discussed evidence in clinical practice. This can include 
clinician workload and time pressures as HCPs may not have the availability to spend adequate time discussing biofeedback 
results and adherence with each patient.

Our study has important implications for practice. The themes were mapped onto COM-B constructs that could be 
incorporated as part of a biofeedback intervention (See Supplementary Table 3 for mapping process). Biochemical adherence 
blood tests provide a valuable opportunity for patients to assess their MTX adherence through offering a basis for reflection and 
discussion. Encouraging patients to engage with discussions of their blood test results may enhance their understanding of 
adherence and reinforce adherence-related behaviours. To support this, tailored informational resources can be developed to 
improve patients’ comprehension of their test results and the implications for medication adherence. These resources could 
strengthen adherence behaviours and can address overwhelming fears associated with MTX. Future research will focus on co- 
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designing and piloting a COM-B–informed biofeedback intervention. Drawing on this study’s findings, we can develop an 
approach that incorporates blood tests to monitor MTX adherence and includes targeted training for healthcare professionals. 
Achieving this will require meaningful engagement with relevant stakeholders to ensure that both the intervention and training 
resources reflect the perspectives of patients and HCPs. Stakeholders can also provide valuable insights into preferred training 
formats and the economic considerations such as costs and potential benefits needed to offer decision makers a comprehensive 
assessment of feasibility.
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