
STUDY PROTOCOL

Change in treatment burden among people

with multimorbidity: Protocol of a follow up

survey and development of efficient

measurement tools for primary care

Hilda O. HounkpatinID
1*, Paul Roderick1, James E. Morris1, Scott Harris1,

Forbes Watson2, Hajira Dambha-Miller1, Helen Roberts3,4, Bronagh Walsh5,

Dianna Smith6, Simon D. S. Fraser1, on behalf of the ARC Wessex Treatment Burden

Group¶

1 School of Primary Care, Population Sciences, and Medical Education, University of Southampton,

Southampton, United Kingdom, 2 NHS Dorset Clinical Commissioning Group, Dorset, United Kingdom,

3 Human Development and Health, University of Southampton, Southampton, United Kingdom, 4 Geriatric

Medicine, University Hospitals Southampton, Southampton, United Kingdom, 5 Health Sciences, University

of Southampton, Southampton, United Kingdom, 6 Geography and Environmental Science, University of

Southampton, Southampton, United Kingdom

¶ Membership of the ARC Wessex Treatment Burden Group is listed in the Acknowledgments.

* H.O.Hounkpatin@soton.ac.uk

Abstract

Background

Treatment burden is the effort required of patients to look after their health and the impact

this has on their functioning and wellbeing. It is likely treatment burden changes over time as

circumstances change for patients and health services. However, there are a lack of popula-

tion-level studies of treatment burden change and factors associated with this change over

time. Furthermore, there are currently no practical screening tools for treatment burden in

time-pressured clinical settings or at population level.

Methods and analysis

This is a three-year follow-up of a cross-sectional survey of 723 people with multimorbidity

(defined as three or more long-term conditions; LTCs) registered at GP practices in in Dor-

set, England. The survey will repeat collection of information on treatment burden (using the

10-item Multimorbidity Treatment Burden Questionnaire (MTBQ) and a novel single-item

screening tool), sociodemographics, medications, LTCs, health literacy and financial

resource, as at baseline. Descriptive statistics will be used to compare change in treatment

burden since the baseline survey in 2019 and associations of treatment burden change will

be assessed using regression methods. Diagnostic test accuracy metrics will be used to

evaluate the single-item treatment burden screening tool using the MTBQ as the gold-stan-

dard. Routine primary care data (including demographics, medications, LTCs, and health-

care usage data) will be extracted from medical records for consenting participants. A

forward-stepwise, likelihood-ratio logistic regression model building approach will be
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employed in order to assess the utility of routine data metrics in quantifying treatment bur-

den in comparison to self-reported treatment burden using the MTBQ.

Impact

To the authors’ knowledge, this will be the first study investigating longitudinal aspects of

treatment burden. Findings will improve understanding of the extent to which treatment bur-

den changes over time for people with multimorbidity and factors contributing to this change,

as well as allowing better identification of people at risk of high treatment burden.

Introduction

Treatment burden is the effort required of patients to look after their health and the impact

this has on their functioning and wellbeing [1–4]. Taking and managing multiple medications,

organising and attending healthcare appointments, monitoring health, performing self-care,

and modifying lifestyle behaviours all contribute to this workload [3]. In addition, patients

may experience adverse effects of medications, drug-drug interactions and drug-comorbidity

interactions [5]. The need to assess treatment burden in the context of multimorbidity

(defined in this study as the presence of three or more long-term conditions) was recognised

in the National Institute for Health and Care Excellence (NICE) 2016 guidance for the assess-

ment and management of multimorbidity [6]. People with few chronic conditions, whose

treatment is straightforward, may have a treatment workload that is justifiable and well toler-

ated. For those with greater clinical complexity and fewer available resources, total workload

of a treatment regimen might represent a substantial burden, outweighing patient ‘capacity’

(ability to manage workload conferred by both treatment and the demands of everyday life)

and risk treatment failure [7].

Treatment burden may be exacerbated by the predominance of single-disease-focused clini-

cal guidelines, with patients often asked to follow multiple treatment plans in parallel [8].

Patients with complex disease and/or multimorbidity may feel overburdened, resulting in low

treatment adherence, worse health outcomes and poor quality of life [9–13]. This, in turn, may

contribute to health service inefficiency and ineffectiveness, healthcare inequity, and has led to

calls for health services to be organised in ways that are as straightforward and holistic as possi-

ble for patients and carers, such that care is prioritised from the patient perspective [14, 15].

This is important given the ageing and increasingly multimorbid UK population [16]. Our

previous cross sectional study of treatment burden among older people (�55years) with multi-

morbidity (defined as having three or more long-term conditions from a specified list) [17] in

the county of Dorset, England found that approximately one in five people experience high

treatment burden and that high treatment burden was associated with limited health literacy,

financial difficulty, having more long-term conditions and greater number of prescribed regu-

lar medications [18]. However, for commissioners and those planning service delivery for peo-

ple with complex needs, no population-level longitudinal studies exist that give an indication

of the extent to which treatment burden changes over time. In addition, little is known about

the factors (both individual and system-driven) associated with change in treatment burden

over time. At health system level, interventions that reduce treatment burden and foster ‘mini-

mally disruptive medicine’ may lead to efficiencies and improve quality of care as well as

improving patients’ quality of life [19]. Healthcare systems will also need to consider how to

identify people at risk of being overburdened [20]. At the individual patient-clinician level,
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assessing the degree of treatment burden allows for discussion with patients about optimising

treatments and care,–balancing the management priorities of different conditions, and exploring

if total healthcare workload is compatible with patients’ daily lives. Several quantitative measures

of treatment burden have been developed and validated [21–28]. However, routinely measuring

treatment burden using current questionnaire measures is not practical in most clinical settings,

even employing those tools with fewer items [22]. At system level, being able to identify those at

risk of being overburdened via routinely collected data would assist with care planning.

This protocol describes a follow-up survey study of 723 people aged 55+ years with multi-

morbidity in Dorset, England, who took part in the baseline survey and consented to complete

a follow-up survey within three years. The baseline survey was conducted between February

and July 2019, prior to the COVID-19 pandemic [18]. Dorset health and social care provision

underwent a large-scale Clinical Services Review prior to 2019 and reconfiguration of services

delivering care to people with LTCs has been implemented since the baseline survey [29]. This

follow-up survey is expected to be conducted between August and October 2021.

Materials and methods

Aims and objectives

This follow up cross-sectional survey of people with multimorbidity will quantify change in

treatment burden over time and evaluate factors associated with treatment burden change.

The survey will also facilitate evaluation of the validity of a single-item treatment burden ques-

tion, modified from an item originally trialled in the baseline survey. Survey-measured, self-

reported treatment burden will be compared to routine primary care metrics and the feasibility

of developing a risk tool for high treatment burden based on routine data will be explored. The

protocol described in this peer-reviewed article is published on protocols.io, https://dx.doi.

org/10.17504/protocols.io.bw5fpg3n and is included for printing as S1 File with this article.

The objectives of the study are to:

1. Explore the degree to which treatment burden changes over time and the factors associated

with such change.

2. Evaluate the validity of a single-item treatment burden screening tool versus high treatment

burden at follow-up.

3. Undertake descriptive comparison of survey-measured, self-reported treatment burden

with relevant metrics extracted from the primary care records of surveyed patients who pro-

vide consent for this aspect.

4. Develop and test the internal validity of a high treatment burden predictive risk tool for use

in primary care/commissioning settings to identify those at risk of high treatment burden

using metrics from routine clinical data of those surveyed, in comparison with survey-mea-

sured self-reported treatment burden. If secondary care data are available, then use this to

further enhance the risk tool.

5. Explore whether there is any relationship between our measured change in treatment bur-

den and the reconfiguration of services in Dorset.

Ethics

This study protocol has received Research Ethics Committee approval (reference: 21/EM/

0021) and Health Research Authority (HRA) approval (IRAS project ID: 292906) on 27 Janu-

ary 2021.
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Study sites and participants

All eight GP practices who took part in the baseline study will be approached to assist with this

follow-up study. These practices were selected to represent a mixture of urban and rural, afflu-

ent and more deprived locations across Dorset. A flowchart of the methods and analysis is pre-

sented in S1 Fig.

Study participants will be patients within these practices who took part in the baseline sur-

vey and consented to receiving the follow up survey (n = 723). The original inclusion criteria

of the baseline survey were those aged 55 years or over and living with at least three of the fol-

lowing LTCs: atrial fibrillation, coronary heart disease, heart failure, hypertension, peripheral

arterial disease, stroke or transient ischaemic attack, diabetes, asthma, chronic obstructive pul-

monary disease, depression, chronic kidney disease, epilepsy, osteoporosis, rheumatoid arthri-

tis, Parkinson’s disease, multiple sclerosis, inflammatory bowel disease, coeliac disease,

osteoarthritis. We defined multimorbidity as three or more chronic conditions for the follow-

ing reasons: (i) to be consistent with the baseline study, (ii) the sample size calculation was

based on the prevalence of a previous study which used this definition, and (iii) this has been

considered to be a more valid cut-off score than the criterion of two chronic conditions for

multimorbidity in elderly patients [30]. The specified diseases were selected as they are com-

mon, readily identified from GP records, and represented a range of body systems. Diseases

were defined using the Quality and Outcome Framework (QoF) clinical code and Read codes

[22, 23, 31, 32]. Only one person from a given household was eligible to participate [18]. Exclu-

sion criteria were: those living in a care home, receiving palliative care, presence of a mental

health diagnosis (psychosis, schizophrenia, bipolar disorder) or dementia, active cancer

(recorded in the last three years), an expressed wish not to participate in research, lack of

capacity to participate in the study, or any other reason at the discretion of healthcare profes-

sionals at the GP practice with sufficient knowledge of the patient which renders the patient

unsuitable to receive the survey (for example if they were very frail, having cancer investiga-

tions, had a very recent bereavement It was not considered ethically appropriate or acceptable

to send the survey out to patients who met the exclusion criteria as they might find it particu-

larly distressing. Each participating site applied the same algorithm to electronically search

and identify potential participants. Manual screening was performed by a health professional

to exclude patients that met the exclusion criteria. A maximum of 250 patients (randomly

selected from all potentially eligible participants) from each practice were invited to participate

in the baseline survey.

Participant recruitment and invitation

Participating practices will be asked to identify the patients who were participants in the base-

line survey and consented to receiving the follow-up survey, using a list of unique study IDs.

Lists of these potentially eligible patients will be manually screened by GPs (or another suitable

healthcare professional with sufficient patient knowledge from the GP practice) for exclusion

criteria (as some participants may now meet the exclusion criteria). Practices will be encour-

aged to only exclude people if they feel it is absolutely necessary, while acknowledging that in

some circumstances, sending the follow-up survey may be inappropriate.

Survey pack mail out. The research team will prepare survey packs (containing a partici-

pant information sheet, carbon duplicate consent form, survey booklet, two pre-addressed

freepost return envelopes, and a £5 gift voucher as an incentive), having affixed study ID labels

to survey and consent forms. These prepared survey packs will be supplied to GP practices,

who at the point of invitation will: (i) add a prepared covering letter to the pack (headed up

and signed by the GP practice), personalising the letter with the invitee’s name and address;
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(ii) add the invitee’s name and address to the outer envelope of the survey pack. Patient details

and study IDs will be matched in accordance with practices’ research records. Practices will

post out survey packs on behalf of the research team. Recipients will be asked to complete the

paper consent form and paper survey booklet and return both by post in the separate enve-

lopes provided within one month of receiving the survey pack. An online response platform is

not being provided for this follow-up survey as a result of the very low uptake of this response

option (3.2%) observed in the baseline survey.

Survey items

For this follow-up survey, changes from the baseline survey design are minimal in order to

provide maximally comparable follow-up data from that acquired at baseline. Survey questions

and response options of the baseline survey are available elsewhere [18].

Outcomes. The survey will measure self-reported treatment burden using the 10-item

Multimorbidity Treatment Burden Questionnaire (MTBQ [22]. The MTBQ is short, simple,

and easy to use and has been validated in a multimorbid population similar to that in the cur-

rent study. It has demonstrated good validity, reliability and responsiveness. Scores for each

MTBQ item range from 0 (not difficult/does not apply) to 4 (extremely difficult). The average

score is multiplied by 25 to yield a score ranging from 0 to 100 and then categorised to non

(global score of 0), low (>0 and<10), medium (�10 and <22), or high (�22). A novel single-

item screening tool for treatment burden that was developed together with our public contrib-

utors will also be included in the survey, in place of the original exploratory single-item mea-

sure included in the baseline survey. This novel single-item tool asked: “Have you felt

overstretched by everything you’ve had to do to manage your health in the last month (e.g.,

taking medicines, getting prescriptions, attending appointments)?” to which participants

could respond ‘yes’ or ‘no’.

Exposures. Prescribed regular medication, number of (and specific) LTCs based on sur-

vey inclusion criteria, travel for healthcare, recent healthcare resource use, and health status/

quality of life (measured using the Short form-12 Health Survey (SF-12)) will also be collected.

Potential confounders. Sociodemographic information including age (as a continuous

variable), sex (male/female), marital status (married or in a civil partnership, single (never

married or in a civil partnership), divorced or dissolved civil partnership, widowed) were col-

lected in the survey.

Potential effect modifiers. Level of education (not asked at baseline) based on the follow-

ing categories: NVQ4/NVQ5/Degree or equivalent, NVQ3/GCE A Level equivalent/4 NVQ2/

GCE O Level equivalent/5NVQ1/CSE other grade equivalent, or no qualification; home own-

ership (home owner/non-home owner); capacity to manage health such as financial resources

[perceived level of difficulty in meeting financial costs of healthcare (on a 5-point Likert scale

from ‘no’ to ‘extreme’ difficulty)] and health literacy [assessed using the Single Item Literacy

Screener (SILS) which measures perceived frequency of needing help to read health-related

written material (on a 5-point Likert scale, where ‘sometimes’, ‘often’ and ‘always’ indicate lim-

ited health literacy] were also asked in the survey as they may be expected to modify the rela-

tionship between exposures and treatment burden.

Data extraction from primary care records

Data from primary care records will be extracted for respondents who consent to data from

their GP record being shared with the research team. Extracted data will include: demographic

details (current age, sex, full postcode) as recorded in primary care records, frailty score (elec-

tronic Frailty Index and/or Rockwood score where available), main diagnosed health
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conditions as defined by Read codes, medications on repeat prescription (including details of

dose, frequency, and route of administration), recent healthcare usage data (including number

of GP practice appointments by type -surgery appointment, telephone consultation, home

visit- and role (GP, practice nurse, or other team member), number of outpatient appoint-

ments/referrals to secondary care, accident and emergency attendance (if available) and hospi-

tal admission data (a count of discharge summaries), as available in the primary care record.

We will discuss with colleagues in the CCG about the potential for enhancing primary care

data with data from secondary care. These variables have been selected as they may be expected

to be associated with high treatment burden.

Minimising potential bias. To reduce selection bias, we invited all patients who took part

in the baseline survey and consented to receiving a follow-up survey to take part in the current

study. This sample includes participants from a range of practices (urban vs rural) socioeco-

nomic background, geographical location. Furthermore, all participants will be treated the

same way (i.e., they will receive the same survey asking same questions/measures and be asked

to be returned the survey in same way). The same algorithm will also be used across all prac-

tices to extract routine data in order to reduce measurement bias.

Sample size

The pool of participants is limited to the 723 individuals who consented to receiving the fol-

low-up survey. The sample size of the baseline survey was determined using nQuery based on

prevalence of high treatment burden (26.6%) from the validation study of the MTBQ together

with estimates of likely response rate of approximately 50% (based on the literature) and distri-

bution of the MTBQ score [18]. It was estimated that a minimal sample size of 150 participants

would be needed to detect the minimum possible change in treatment burden score (1 point

in the 40-point MTBQ raw score) over time. A follow-up sample of 361 participants is antici-

pated, assuming a likely follow-up survey response rate response rate of 50%.

Missing data. We will provide data on the numbers of people who are lost to follow-up

and reasons for loss to follow-up. We will produce a descriptive table of characteristics of par-

ticipants who took part in the follow-up survey and those who didn’t (based on baseline survey

data) and assess if any differences are statistically significant. We will explore the extent of

missing data on variables of interest and consider imputation techniques where possible [33].

Statistical analyses

Descriptive statistics will be used to compare the numbers and proportions of participants

reporting ‘none’, ‘low’, ‘medium’ and ‘high’ levels of treatment burden based on the global

MTBQ score (score of 0, <10,�10,�22, respectively). We will consider those who report a

�1 point change in the 40-point MTBQ raw score as having experienced a change in treatment

burden, though we recognise this change may not be clinically meaningful. Change in global

score and change in these categories between baseline and follow-up will be compared. Char-

acteristics (such as age, sex, education status, and comorbidities) of participants who experi-

ence change in treatment burden, those who experience an increase in treatment burden,

those who experience a decrease in treatment burden and those who don’t will be described.

We will also describe and compare characteristics of those who have experienced an increase

in treatment burden to those who have not and those who have experienced a decrease in

treatment burden to those who have not. Normally distributed variables will be compared

using t-test and categorical variables will be compared using chi-squared tests. Associations

with change in categories of treatment burden (i.e., overall change vs no change; decrease vs

no change or increase; increase vs no change or decrease) will be examined using a linear
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mixed model that additionally adjusts for potential confounders. We will also examine effect

modification using interaction terms. We will also explore geographical access aspects of treat-

ment burden, considering issues such as distance and travel time to GP and hospital services

and distance /time from pharmacies (and/or whether individuals are registered with dispens-

ing practices). Further consideration will be given to availability of public transportation for

any of these services. Distance to services for this population may be contrasted with access to

treatment for similar age/sex populations in other areas of Dorset to assess whether there is sig-

nificantly better/worse service provision for the study population. Regressions will adjust for

time (year) to account for (and explore impact of) changes to services in Dorset.

The single-item screening tool (at follow-up) will be evaluated relative to high treatment

burden as indicated by the MTBQ (at follow-up) using sensitivity, specificity, positive and neg-

ative predictive values, and positive and negative likelihood ratios. Area under the receiver

operator characteristic curve will also be assessed.

To develop a population-level high treatment burden risk prediction tool, variables avail-

able in routine data (such as number of prescribed medications, number of appointments,

number of hospital admissions (if available), number of LTCs) will be included in a first stage

of a binary logistic regression model predicting risk of high treatment burden based on the

MTBQ measure (a score�22 indicating high treatment burden versus a score <22 indicating

non-high treatment burden). After assessing extent of missing data, a forward-stepwise, likeli-

hood-ratio model building approach will be employed, with only those variables having a sta-

tistically significant (p<0.05) effect on the final model equation remaining at the terminal step

[34]. A binary logistic regression model containing only these variables will be fitted and

weighted scores based on the beta coefficients derived. Model performance will be determined

using the area under the receiver operator characteristic curve (to assess discriminant capacity

of the model) and calibration plots (to assess calibration) [34].

Data analyses will be led by a public health researcher (HH) with input from a senior medi-

cal statistician (SH). All authors (comprising senior academics, academic GPs, Director of

Public Health, Chair of the Clinical Commissioning Group, specialist registrars in public

health and elderly care, and public contributors) will be involved in interpretation of analyses

and results.

Mapping changes in primary and care services

Working with leaders of the Clinical Commissioning Group we will identify the key changes

in primary and secondary care delivery that have occurred in the intervening period including

structural issues (such as infrastructure change and location of services and workforce), pro-

cess issues (such as change in care pathways, virtual vs. in person clinical encounters) and out-

puts (such as changes in numbers of patients seen in different settings).

Patient and public involvement

Two public contributors, both living with multiple LTCs, have been involved in the design of

the study and are co-investigators. They have reviewed the lay summary and provided valuable

insights into the challenges of living with multiple conditions, including the impact of treat-

ment workload on social care. Both will continue engagement with the project throughout its

duration and will contribute to outputs and dissemination.

Dissemination

Study findings will be published in peer-reviewed academic journals and presented at relevant

national and international conferences. We will engage with relevant stakeholders to

PLOS ONE Change in treatment burden in multimorbidity

PLOS ONE | https://doi.org/10.1371/journal.pone.0260228 November 29, 2021 7 / 11

https://doi.org/10.1371/journal.pone.0260228


disseminate findings throughout Dorset. Opportunities to implement a high treatment burden

risk tool in practice will be explored.

Discussion

This study will provide the first longitudinal data on treatment burden in those with multimor-

bidity. This valuable information on the extent and patterning of treatment burden at scale

(i.e. the proportion of people that experience ‘no’, ‘low’, ‘medium’, high’ levels of treatment

burden) and how these change over time will support planning and evaluation of system-level

interventions aimed at optimising treatment burden. This is particularly pertinent to areas

such as Dorset given the high proportion of older people in the population as well as the recent

changes implemented in the healthcare system, which seek to improve integration of care in

the region. This included the expansion of ‘community hubs’ throughout Dorset which bring

together primary and secondary care services, improving convenience for patients in terms of

access to healthcare. Changes in treatment burden may therefore be due to either patient-level

or system-level factors, or both. Furthermore, the occurrence of the Covid-19 pandemic since

2019 has potentially altered several aspects of access to, and use of, health services for people

with multimorbidity.

The study will also enable exploration of factors associated with change in treatment bur-

den. There are no studies that have evaluated factors associated with change in treatment bur-

den as a core research objective; one study has briefly assessed change in treatment burden

over a 9-month follow-up period and found that change in treatment burden was associated

with changes in quality of life. However, further exploration using longer follow-up periods is

needed [21]. Understanding which factors are associated with change in treatment burden is

needed to help anticipate patient trajectories and inform future interventions and healthcare

delivery, both at the individual and health system level.

A single-item treatment burden screening tool that performs well can help clinicians

quickly identify those who may feel overburdened. Similarly, a predictive model of high treat-

ment burden could find direct utility in primary care. For example, this would allow compari-

son between treatment burden across different populations and systems. This would enable

ready identification of those at risk of high treatment burden and targeted efforts aimed at its

reduction. Increased recognition of treatment burden through its measurement at scale would

also sharpen the focus of doctor-patient interactions to place greater emphasis on the priorities

of patients. This can help prevent over-medicalisation and assist clinicians in delivering opti-

mal patient-centred care.

Strengths and limitations

Strengths of the study include a reasonable likelihood of a high response rate given that partici-

pants are those who responded to a similar baseline survey, the inclusion of participants from

diverse socioeconomic backgrounds and the use of a validated measure of treatment burden in

the survey. However, there are important limitations that should be considered. The first is the

potential impact of the COVID-19 pandemic on the follow-up survey. In view of the pan-

demic, the timing of distribution of the follow-up survey has been delayed until late summer

2021 to minimise any potential impact as well as to allow GP practices more time to engage

with the study. Despite this, the pandemic has the potential to influence the survey in a num-

ber of ways. Firstly, participants may themselves have had COVID, which might have

increased their recent experience of ill-health and treatment burden. Secondly, changes to

healthcare delivery as a result of the pandemic may mean that most participants will have had

reduced or altered healthcare appointments and use of other healthcare resources, which may
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influence their responses. This will potentially make comparison to baseline survey responses

challenging, particularly for the survey section about healthcare usage but also potentially to

the treatment burden and quality of life questions. However, the effect on responses to the

MTBQ is likely to be small due to the nature of the MTBQ questions, which ask about current

rather than past experiences. Other limitations include the inability to infer causality from any

observed associations. It is also possible the screening of consented patients for participation

could lead to a sample that is skewed towards the lower end of the treatment burden scale.

Finally, a possible limitation is that metrics available in routine data may not sufficiently reflect

experiences of treatment burden. This may be particularly true given high treatment burden

was associated with markers of capacity (health literacy, financial resource) [17], which are not

routinely collected. However, this will be an important part of the exploration of the feasibility

of developing a high treatment burden risk tool.

Supporting information
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