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ABSTRACT

Objectives To undertake further psychometric testing of the
Multimorbidity Treatment Burden Questionnaire (MTBQ) and
examine whether reversing the scale reduced floor effects.
Design Survey.

Setting UK primary care.

Participants Adults (>18 years) with three or more long-
term conditions randomly selected from four general
practices and invited by post.

Measures Baseline survey: sociodemographics, MTBQ
(original or version with scale reversed), Treatment Burden
Questionnaire (TBQ), four questions (from QQ-10) on ease
of completing the questionnaires. Follow-up survey (1-4
weeks after baseline): MTBQ, TBQ and QQ-10. Anonymous
data collected from electronic GP records: consultations
(preceding 12 months) and long-term conditions. The
proportion of missing data and distribution of responses
were examined for the original and reversed versions of
the MTBQ and the TBQ. Intraclass correlation coefficient
(ICC) and Spearman’s rank correlation (R ) assessed
test—retest reliability and construct validity, respectively.
Ease of completing the MTBQ and TBQ was compared.
Interpretability was assessed by grouping global MTBQ
scores into 0 and tertiles (>0).

Results 244 adults completed the baseline survey
(consent rate 31%, mean age 70 years) and 225
completed the follow-up survey. Reversing the scale did
not reduce floor effects or data skewness. The global
MTBQ scores had good test—retest reliability (ICC for
agreement at baseline and follow-up 0.765, 95% CI 0.702
t0 0.816). Global MTBQ score was correlated with global
TBQ score (R, 0.77, p<0.001), weakly correlated with
number of consultations (R, 0.17, p=0.010), and number
of different general practitioners consulted (R 0.23,
p<0.001), but not correlated with number of long-term
conditions (R, —0.063, p=0.330). Most participants agreed
that both the MTBQ and TBQ were easy to complete and
included aspects they were concerned about.

Conclusion This study demonstrates test-retest reliability and
ease of completion of the MTBQ and builds on a previous study
demonstrating good content validity, construct validity and
internal consistency reliability of the questionnaire.

INTRODUCTION
Having a good measure of treatment burden
for patients with multimorbidity is important

.23 Shoba Dawson
Yvette Pyne," Katherine Chaplin,! Daisy Gaunt,® Line Guenette @ ,

! Muzrif Munas,’
4

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Further psychometric testing was carried out on the
Multimorbidity Treatment Burden Questionnaire, in-
cluding test—retest reliability, construct validity and
assessing ease of completing the questionnaire.

= Study participants had three or more long-term con-
ditions and an average age of 70 years.

= Postal recruitment enabled people without a smart-
phone, computer, access to the internet or good in-
formation technology literacy skills to take part.

= The study was designed to assess the primary
outcome of test—retest reliability but was not nec-
essarily large enough to detect multiple associa-
tions between treatment burden and some patient
characteristics.

given the ageing population and the associ-
ated increase in multimorbidity." Interven-
tions designed to reduce treatment burden
require a measure of treatment burden to
assess their effectiveness. Treatment burden
is defined as the ‘effort of looking after
ones’ health and the impact that this has on
everyday life’.* This includes ordering and
collecting medications, taking complex medi-
cation regimens, coordinating and attending
healthcare appointments, monitoring one’s
health conditions and making lifestyle
changes.

The Multimorbidity Treatment Burden
Questionnaire (MTBQ) is a 10-question
simply worded measure of treatment burden,
developed and validated as part of the
three-dimensional (3D) study, a multicentre
cluster-randomised controlled trial in the UK
that aimed to improve the management of
patients with multimorbidity within primary
care.”* There are three additional optional
questions, which had a high proportion of
‘does not apply’ responses in the original
study but may be relevant to other popula-
tions. Study investigators can choose to use
the 10-question or 13-question version of the
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MTBQ. 1546 adult participants with multimorbidity (>3
long-term conditions) and a mean age of 77 years, took
part in the original study.” The MTBQ was developed
using a framework of treatment burden derived from
qualitative research in the USA® and demonstrated good
content validity, construct validity and internal consis-
tency reliability and preliminary evidence of responsive-
ness.* The MTBQ is widely used internationally and has
been translated, culturally adapted and validated into
several languages, including Danish,” German,® French-
Canadian’ and Chinese.”

We are aware of four other existing measures of treat-
ment burden for patients with multimorbidity, but all
have limitations.”"® The Treatment Burden Question-
naire (TBQ) is a 13-question measure originally devel-
oped in France'’ and subsequently translated, adapted
and validated in English.” A limitation of the TBQ is that
the English version was developed and validated in a rela-
tively young (mean age 51 years) and highly educated
(78% with a college education) population recruited
from an online platform.” Some of the wording is quite
complex requiring high literacy levels (eg, question 1:
‘How would you rate the problems related to the taste,
shape or size of your tablets and/or the annoyances
caused by your injections (eg, pain, bleeding, bruising
or scars?’). The Patient Experience with Treatment and
Self-management (PETS) questionnaire is a comprehen-
sive measure of treatment burden developed in the USA,
including 48 questions."" For some study investigators,
the length of the PETS questionnaire will be considered
astrength, as it is able to capture a detailed picture of the
different aspects of treatment burden. However, others
may consider its length a limitation, being too time-
consuming and burdensome for participants to complete.
A shorter version of the PETS questionnaire, called the
‘Brief PETS’ questionnaire, has been developed.'"* The
length of the questionnaire (32 questions) may still be
considered too long for some study investigators, partic-
ularly clinical trialists where treatment burden is one
of several secondary outcomes and included among a
battery of other measures. The Multimorbidity Illness
Perceptions Scale questionnaire was developed and vali-
dated in older people (mean age 70 years) in the UK and
includes a six-question treatment burden subscale.'” This
excludes some important aspects of treatment burden,
such as arranging appointments with healthcare profes-
sionals. The Healthcare Task Difficult questionnaire,
developed in the USA, was only designed to measure one
aspect of treatment burden (difficulty with health-related
tasks, such as obtaining and taking medications) and
was not designed to measure other aspects of treatment
burden (eg, seeing different healthcare professionals).'

The MTBQ, and the original validation study,’ have
four important limitations. First, the data were posi-
tively skewed and there was a high floor effect, with
22% of participants scoring a global MTBQ score of 0
(no treatment burden). As it is not possible to improve
from a score of 0, this can make it difficult to detect

change. Similar floor effects have been shown from other
existing treatment burden questionnaires for patients
with multimorbidity.”"* Second, within the context of
a trial, it was not possible to assess test-retest reliability.
Third, in the original validation study, we were only able
to test construct validity using indirect measures which
we expected to correlate with high and low treatment
burden scores, such as health-related quality of life score,
rather than direct measures of treatment burden, such
as number of healthcare appointments. Fourth, as the
MTBQ was developed and validated as part of a trial, it
may not be generalisable to non-trial populations. The
ease of completing the MTBQ) was assessed in the original
study as part of the cognitive interviews (n=8) but has not
been assessed in a larger sample of participants.

The purpose of this study was: (1) to examine whether
reversing the scale of the questionnaire improved the
floor effects and the skewness of the data; (2) to assess
test—retest reliability; (3) to compare responses, construct
validity and ease of completion of the MTBQ and a
comparator questionnaire, the TBQ?'” and (4) to assess
interpretability of the MTBQ) in a non-trial population.

METHODS

Study population, eligibility criteria and recruitment
Participants were recruited from four General Practices
serving a range of deprived, mid-deprived and affluent
populations, from August 2018 to August 2019. Patients
were eligible if they were aged >18 years and had >3 long-
term conditions from 17 major long-term conditions
included in the 2014 National Health Service Quality and
Outcomes Framework (a UK programme which incentiv-
ises General Practices to deliver high quality healthcare).'”
Conditions were grouped into 12 types of condition with
similar management considerations; for example, asthma
and chronic obstructive pulmonary disease (COPD)
within the same individual were counted as one condi-
tion. Patients who had taken part in the 3D study’ or who
were deemed unsuitable to take part by a clinician from
the practice (eg, due to a recent bereavement, cognitive
impairment or poor level of English to read and complete
the questionnaire) were excluded.

Potentially eligible participants were identified via a
standardised search of the electronic general practitioner
(GP) records, which was used in the original validation
study.?’ 416 Similar conditions, such as asthma and COPD,
within the same individual were counted as one condition
(table 1). A random sample of potentially eligible partic-
ipants was selected from each practice and was reviewed
by a clinician in the practice to check whether it was
appropriate to invite them. Eligible participants were sent
an invitation letter, a participant information sheet, and
a questionnaire booklet (with original MTBQ or version
with the scale reversed; see below). Completion of the
questionnaire implied consent, as stated in the partici-
pant information sheet. Those who responded were sent
a follow-up questionnaire 1-4weeks after returning the
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Table 1 Participant characteristics

Baseline survey

Baseline original MTBQ

Baseline reversed MTBQ

(n=244) (n=112) (n=132)
Age (years; mean, SD) 69.9, 13.1 71.9,11.6 68.1, 14.0
Age group (n, (%))
18-50 years 8 (7.4) 4 (3.6) 14 (10.6)
51-60 years 37 (15.2) 15 (13.4) 22 (16.7)
61-70 years 55 (22.5) 25 (22.3) 30 (22.7)
71-80 years 82 (33.6) 42 (37.5) 40 (30.3)
81-90 years 47 (19.3) 22 (19.6) 25 (18.9)
91+ years 4 (1.6) 3(2.7) 1(0.8)
Missing 1(0.4) 1(0.9) 0 (0)
Gender (n, (%))
Male 130 (53.3) 61 (54.5) 69 (52.3)
Female 113 (46.3) 50 (44.6) 63 (47.7)
Missing 1(0.4) 1(0.9) 0(0)
Ethnicity (n, (%))
White 229 (93.9) 106 (94.6) 123 (93.2)
Asian 5 (2.0) 2(1.8) 3(2.3)
Black/African/Caribbean 4 (1.6) 2(1.8) 2(1.5)
Mixed 4 (1.6) 1(0.9) 3(2.3)
Other 1(0.4) 1(0.9) 0 (0)
Missing 1(0.4) 0 (0.0 1(0.8)
No of long-term conditions* (n, (%))
3 136 (55.7) 58 (51.8) 78 (59.1)
4 73 (29.9) 35 (31.3) 38 (28.8)
>5 35 (14.3) 19 (17.0) 16 (12.1)
Long-term conditions™ (n, (%))
Cardiovascular diseaset 210 (86.1) 98 (87.5) 112 (84.8)
Stroke or transient ischaemic 72 (29.5) 39 (34.8) 33 (25.0)
attack (TIA)
Diabetes 141 (57.8) 0 (53.6) 81 (61.4)
Chronic kidney disease 68 (27.9) 0 (26.8) 38 (28.8)
COPD or asthma 119 (48.8) 1 (45.5) 68 (51.5)
Epilepsy 20 (8.2) 2(10.7) 8 (6.1)
Atrial fibrillation 79 (32.4) 41 (36.6) 38 (28.8)
Severe mental health problems 13 (5.3) 3 (2.7) 10 (7.6)
Depression 107 (43.9) 51 (45.5) 56 (42.4)
Learning disability 4 (1.6) 0(0) 4 (3.0)
Rheumatoid arthritis 17 (7.0) 12 (10.7) 5(3.8)
Heart failure 31 (12.7) 16 (14.3) 15 (11.4)
Age left full-time education (years)
(n, (%))
<14 22 (9.0 9 (8.0 13 (9.8)
150r 16 155 (63.5) 77 (68.8) 78 (59.1)
17 or 18 33 (13.5) 14 (12.5) 19 (14.4)
>19 31 (12.7) 11 (9.8) 20 (15.2)
Missing 3(1.3) 1(0.9) 2 (1.5)

Continued
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Table 1 Continued
Baseline survey Baseline original MTBQ Baseline reversed MTBQ
(n=244) (n=112) (n=132)
Employment status (n, (%))
Fully retired from work 144 (59.0) 69 (61.6) 75 (56.8)
Employed 36 (14.8) 13 (11.6) 23 (17.4)
Other 64 (26.2) 30 (26.8) 34 (25.8)
Missing 0(0) 0(0) 0 (0)
Deprivation scoref (n, (%))
Quintile 1 (least deprived) 49 (20.1) 26 (23.2) 23 (17.4)
Quintile 2 49 (20.1) 22 (19.6) 27 (20.5)
Quintile 3 74 (30.3) 33 (29.5) 41 (31.1)
Quintile 4 47 (19.3) 21 (18.8) 26 (19.7)
Quintile 5 (most deprived) 25(10.2) 10 (8.9) 15 (11.4)
Missing 0(0) 0(0) 0 (0)

*Long-term conditions from electronic GP records. Please note, similar long-term conditions are grouped together (eg, COPD/asthma, stroke/

TIA).

fTCardiovascular disease includes coronary heart disease, hypertension and peripheral arterial disease.

+Based on Townsend deprivation index scores.'®

COPD, chronic obstructive pulmonary disease; GP, general practitioner; MTBQ, Multimorbidity Treatment Burden Questionnaire.

baseline questionnaire, including the same version of the
MTBQ completed at baseline. Participants were sent a £5
Love2Shop voucher each time they returned a completed
questionnaire.

Survey content

The questionnaire booklet included demographic infor-
mation (age, gender, age left full-time education, employ-
ment status, ethnic group); the MTBQ (original or
reversed version; see below)*; the TBQ comparator ques-
tionnaire’ '’ and four questions from the QQ-10 ques-
tionnaire to assess the ease of completion of the MTBQ
and the TBQ." Four different versions of the question-
naire booklet were created: original MTBQ followed by
TBQ; reversed MTBQ followed by TBQ; TBQ followed by
original MTBQ); TBQ followed by reversed MTBQ. Each
booklet was colour coded and participants were sent the
same version of the questionnaire at follow-up to assess
test—retest reliability.

Participants could actively decline participation by
ticking a box on the front page of the questionnaire
booklet saying they did not wish to participate and
returning the booklet in the FREEPOST envelope. For
non-responders, a reminder letter was sent 10-14days
after the baseline questionnaire.

Data from electronic GP records

The following non-identifiable information was collected
from the electronic GP records: Townsend Deprivation
Index scores; long-term conditions; all consultations
recorded in the preceding 12 months (including face-to-
face, telephone, video and home visits), type of profes-
sional who performed the consultation (eg, GP, nurse)

and a GP identifier if it was a GP consultation. The
Townsend scores were used to calculate quintiles of depri-
vation based on the 2011 census data.'

Consultations were coded in the same manner as a
previous study.'? * The number of consultations in the
preceding 12months was calculated by adding up all
consultation entries where participants were seen by
a GP, nurse or primary care paramedic (employed by
the general practice as part of the clinical team). The
number of different GPs seen in the preceding 12 months
was calculated for each participant who had at least one
GP appointment using the GP identifier codes assigned
to the consultations listed above. For some GP appoint-
ments (19%), a GP identifier code was not assigned;
these appointments were excluded from this analysis. We
excluded participants from the analysis who had one or
more GP consultations with no GP identifier assigned.

Patient involvement

Four members of the Patient Involvement in Primary
Care Research group were involved in the study design.
We worked closely with them to develop simply worded,
concise and easy to read invitation letters, information
sheets and questionnaire booklets, making the study
more accessible to patients.

The original MTBQ

The original MTBQ comprises 10 questions including
the following aspects of treatment burden: taking and
collecting medications, monitoring health conditions,
arranging and attending healthcare appointments
with different healthcare professionals, making recom-
mended lifestyle changes and having to rely on help from
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family and friends.* There are three additional optional
questions about paying for medicines and equipment,
accessing healthcare in the evenings and weekends and
getting help from community services (eg, physiotherapy,
community nurses). In this study, the 13-question version
of the MTBQ was used, including the three optional
questions.

Participants score each of the questions on a five-point
Likert scale ranging from 0 (not difficult), to 1 (a little
difficult), to 2 (quite difficult), to 3 (very difficult) to 4
(extremely difficult). There is also an option of ‘does not
apply’ (scores 0). A global MTBQ) score can be computed
by calculating the mean from the questions answered and
multiplying this by 25 to give a score from 0 to 100.* A
global score cannot be calculated if more than 50% of
responses are missing. The global score based on the 10
core questions was used in most of our analyses; for some
analyses, we have also calculated and presented the global
score based on all 13 questions.

Reversing the scale

A new version of the MTBQ was developed where the
order of responses was reversed, that is, the response
option of ‘extremely difficult’ was listed first and ‘not
difficult’” was listed last (online supplemental file 1).
We hypothesised that this might frame difficulties as to
be expected and reduce floor effects on the question-
naire. Participants were randomly sent either the original
MTBQ or reversed MTBQ.

Data and statistical analysis

We used means and SDs, and medians and IQRs to
summarise normally distributed and skewed data respec-
tively. Categorical data were summarised using counts
and percentages.

Objective 1: examine whether reversing the scale improved
the floor effects and the skewness of the data

To assess the effect of reversing the scale, the count and
percentage of each response to each question, as well
as the floor effects for the global score (the proportion
of participants with a global score of 0), were compared
between the original and reversed versions of the MTBQ.
The distribution of the MTBQ on each scale was presented
as medians and IQRs. A % test was used to compare the
floor effect between the original and reversed MTBQ.
The analyses for objective 1 included data from the base-
line questionnaire.

Objective 2: assess test-retest reliability

To assess test—retest reliability, we calculated the intra-
class correlation coefficient (ICC) for agreement (and
the 95% CI) between global MTBQ score at baseline
and follow-up. An ICC>0.7 was considered acceptable.”!
A Bland-Altman plot was constructed, where the mean
global MTBQ) score from the two time points was plotted
against the difference in global MTBQ) score between the
two time points.” All participants were included in these
analyses, including those who were sent the original and

reversed versions of the MTBQ) scale. A sensitivity analysis
was performed, including only those who were sent the
original version.

Objective 3: compare responses, construct validity and ease
of completion of the MTBQ and a comparator questionnaire,
the TBQ

The TBQ was chosen as the comparator questionnaire
for this study because it includes all aspects of treatment
burden and is relatively short (13 questions),”'” and so
was thought feasible for participants to self-complete.
The proportion of missing data and not difficult/does
not apply responses (floor effect) were examined for
each question from the MTBQ) alongside the comparable
questions from the TBQ.

MTBQ construct validity was assessed using Spearman’s
rank correlation coefficients (R) with corresponding p
value s for independence, for four prespecified hypoth-
eses: the TBQ comparator (criterion validity) *'’; a positive
association between treatment burden score and number
of long-term conditions; a positive association between
treatment burden score (global score) and number of
primary care appointments in the prior 12-month period;
and finally, a positive association between treatment
burden score (global score) and the number of different
GPs seen in the prior 12-month period.

Four statements from the QQ-10 questionnaire17 were
used to compare the ease of completion of the MTBQ
with the TBQ: (1) the questionnaire was easy to complete;
(2) the questionnaire included all aspects of my condi-
tion that I am concerned about; (3) the questionnaire was
too long and (4) the questionnaire was too complicated.
For each statement, participants could strongly disagree,
mostly disagree, neither agree or disagree, mostly agree
or strongly agree. The QQ-10 consists of 10 statements,
however, only the 4 statements which appeared most rele-
vant to assessing the ease of completion of the TBQs were
selected to avoid overburdening participants. The propor-
tions of each response to each of the four questions were
examined for the MTBQ and the TBQ); responses were
grouped as strongly agree/mostly agree versus neither
agree or disagree/mostly disagree/ strongly disagree and
formally compared using the McNemar test.””

Construct validity analyses included data from all base-
line participants (original and reversed MTBQ scale). All
other analyses for objective 3 included data from baseline
participants who responded to the original MTBQ scale.

Objective 4: assess interpretability of the MTBQ

To assess interpretability of the MTBQ, we categorised
the global MTBQ scores greater than 0 into tertiles to
generate four categories: no burden (score 0), low burden
(lowest tertile), medium burden (middle tertile) and high
burden (upper tertile). The tertiles were based on the
MTBQ baseline data of participants who completed the
original and reversed MTBQ. We summarised the partici-
pant characteristics and key outcome variables, including
number of long-term conditions, by the four categories.
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Further, we dichotomised the burden categories into no/
low burden versus medium/high burden and examined
the effect of participant characteristics and key outcome
variables on treatment burden using logistic regression.
For these analyses, we collapsed some of the variables
due to small numbers. We performed univariable anal-
yses, in addition to adjusted analyses where each model
was adjusted for age, gender, deprivation and number of
comorbidities. Estimates are presented as ORs alongside
95% ClIs and p values.

SAMPLE SIZE

Sample size calculations were performed so that the
primary outcome, assessment of test-retest reliability,
achieved an interval estimate with sufficient precision,
rather than a specific power to test a hypothesis.** Using
a 0.7 ICC with 95% CI having a width of 0.2 (ie, 0.6 to
0.8), 101 participants were required to complete the base-
line and follow-up questionnaire. Based on the response
rate of the 3D study’ and the “TBQ’ validation study,’ the
anticipated response rate was 20%.

The study design was assessed against the Consensus-
based Standards for the selection of health status
Measurement Instruments (COSMIN) checklist (online
supplemental file 2).*

RESULTS

Of the 800 adults invited, 244 completed the baseline
survey (consent rate 31%, 112 and 132 completed the
original and reversed scale versions, respectively) and
225 completed the follow-up survey (92% of partici-
pants who had completed the baseline survey, 105 and
120 completed the original and reversed scale version,
respectively) (figure 1). The mean age of participants
was 70 years (SD 13), 53% were male and 94% were of
white British ethnicity (table 1). 56% had 3 long-term
conditions, 30% had 4 and 14% had 5 or more. The
most common long-term conditions were cardiovascular
disease (86%), diabetes (58%), COPD or asthma (49%)
and depression (44%). Seventy-three per cent left school
aged 16 years or under, and 59% were fully retired from
work. The sociodemographic characteristics and long-
term conditions of those who completed the original and
reversed scale versions of the MTBQ were similar (online
supplemental file 3).

Objective 1: examine whether reversing the scale of the
questionnaire improved the proportion of missing data, the
floor effects and the skewness of the data

The proportion of missing data for each question was
between 0% and 2% for the original version of the MTBQ,
and between 0% and 3% for the reversed version (online
supplemental file 4). The number of missing responses
per participant was low for both versions of the question-
naire: 0 for 96% for the original version and 93% for
the reversed version. The floor effect for the individual

Total registered
53643

Eligible
(>18 years, 23 long
term conditions)
1834

Randomly
selected 1093
Excluded by GP
293 (27%)
Invited 800

Completed
baseline survey
244 (31% consent
rate)

Completed follow-
up survey 225
(92% of baseline
participants)

Figure 1 Participant flow diagram. GP, general practitioner.

questions (the proportion of participants responding
‘not difficult’ or ‘does not apply’) was slightly higher for
the reversed version compared with the original version,
except for question 10. For both versions, the responses
to individual questions were positively skewed, with a
higher proportion of participants responding either
‘a little difficult’ or ‘quite difficult’, than ‘very difficult’
or ‘extremely difficult’. The distribution of responses
to individual questions was similar for the original and
reversed versions (online supplemental file 4).

The median global MTBQ score was 17.1 (IQR
7.5-35.0) for the original MTBQ and 12.5 (IQR 5.0-27.5)
for the reversed scale (online supplemental file 4). There
were 11 (10%) participants with a global MTBQ score of
0 for the original version and 18 (14%) for the reversed
version (p=0.35). The distribution of the TBQ global
scores was also skewed and similar between participants
who received the original version and reversed version of
the MTBQ (online supplemental file 5).

Objective 2: assess test-retest reliability

The ICC for agreement between global MTBQ) scores at
baseline and follow-up was 0.768 (95% CI 0.705 to 0.818)
and 0.765 (95% CI 0.702 to 0.816) for the 13-question
version and 10-question version, respectively (includes
all participants). Similarly, the agreement between base-
line and follow-up for participants who completed the
original MTBQ was 0.715 (95% CI 0.599 to 0.801) and
0.705 (95% CI 0.587 to 0.794) for the 13-question and
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10-question scale, respectively. The Bland-Altman plot®
suggests that there was no systematic bias between values
at the two time points, with an average difference of only
-0.5 (95% CI -24.8 to 23.8; online supplemental file 6).

Objective 3: compare responses, construct validity and ease
of completion of the MTBQ and a comparator questionnaire,
the TBQ

Of the participants who completed the original version
of the MTBQ, the TBQ had similar floor effects for the
global treatment burden score as the MTBQ, with 12% of
participants scoring 0 for the TBQ compared with 10%
of participants scoring 0 for the MTBQ (McNemar ratio
0.85,95% CI 0.46 to 1.56, p=0.593; see also online supple-
mental files 5 and 7). The proportion of missing data for
each question was between 0% and 2% for the MTBQ and
0%-5% for the TBQ. Ninety-two per cent of participants
had no missing responses for the MTBQ), compared with
86% of participants for the TBQ (online supplemental
file 7).

The floor effects for the individual questions (propor-
tion of participants responding ‘does not apply’ or ‘not
difficult’) ranged from 38% to 89% for the MTBQ, and
from 36% to 71% for the TBQ (online supplemental file
7).

Regarding construct validity, the global MTBQ score
had a strong positive correlation with the comparator
TBQ scale (R 0.77, p<0.001 for 10-item MTBQ ; R 0.78,
p<0.001 for 13-item MTBQ). A weak positive correla-
tion was found between global MTBQ score, number
of primary care appointments and number of different
GPs consulted within the preceding 12-month period
(table 2). Similar weak correlations were found between
global TBQ) score and the same variables. There was no
correlation found between global MTBQ) score or global
TBQ score and number of long-term conditions.

Slightly more participants agreed that the MTBQ was
easy to complete compared with the TBQ (86% vs 80%;
p=0.013; table 3). For the MTBQ and TBQ), respectively,
66% and 67% agreed that the questionnaire included all

aspects of their condition they were worried about (no
significant difference between the two questionnaires,
p=1.0; table 3). The proportion of participants who
agreed or strongly agreed that the questionnaire was too
long or too complicated was 12% and 13%, respectively,
for the MTBQ and 13% and 12% for the TBQ (no signifi-
cant difference between the questionnaires; table 2).

Objective 4: to assess interpretability of the MTBQ in a non-
trial population

Grouping global MTBQ) scores greater than 0 into tertiles,
four categories were generated: no burden (score 0),
low burden (score <11), medium burden (12-25), high
burden (>25). Categorising treatment burden as medium
to high (211) or low (0 to 10), younger participants (=71
years vs 18-70 years; adjusted OR 0.24,95% CI 0.13 to 0.44,
p<0.001), and those with depression (adjusted OR 3.11,
95%CI 1.71 to 5.65, p<0.001), or rheumatoid arthritis
(adjusted OR 4.34, 95% CI 1.14 to 16.48, p=0.031) were
at greater risk of having high treatment burden (table 4).
Treatment burden split by four categories is described in
online supplemental file 8.

DISCUSSION

In this study, we examined test-retest reliability, construct
validity and ease of completion of the MTBQ), and assessed
whether reversing the scale (listing ‘extremely difficult’
first and ‘not difficult’ last) improved the floor effects
and skewness of the data. There was good evidence for
test-retest reliability and a strong positive correlation was
found between global MTBQ score and global TBQ score
(the comparator questionnaire). Global MTBQ score
was weakly correlated with number of consultations and
number of different GPs consulted but not with number
of long-term conditions. Reversing the scale did not
reduce the floor effects or skewness of the data. For both
the MTBQ and TBQ), participants mostly agreed the ques-
tionnaires were easy to complete, included aspects of their
condition they were worried about and were not too long

Table 2 Correlations between global MTBQ score and global TBQ score, number of long-term conditions, number of primary
care appointments and number of different GPs consulted in the preceding 12 months

Global MTBAQ score (10 items) Global MTBQ score (13 items) Global TBQ score

N R, P value N R P value N R P value
No of long-term conditions 243 —-0.063 0.330 243 -0.050 0.441 242 -0.052 0.421
No of primary care 243 0.165 0.010 243 0.183 0.004 242 0.203 0.002
appointments in the
preceding 12 months
No of different GPs consulted 220 0.225 <0.001 220 0.235 <0.001 219 0.168 0.013

in the preceding 12 months*

R, is the abbreviation for Spearman’s rank correlation coefficient.

Note, the analyses presented in table 2 included participants who responded to the original or reversed version of the MTBQ at baseline.
*These analyses only included participants who had at least one GP appointment. Further, 19% of GP appointments were excluded from the

analysis as a GP ID was not recorded (see methods).

GP, general practitioner; MTBQ, Multimorbidity Treatment Burden Questionnaire; TBQ, Treatment Burden Questionnaire.
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Table 3 Ease of completing the MTBQ and TBQ, measured using four questions from the QQ-10 questionnaire (n=112)

McNemar test for proportionst

MTBQ* TBQt Relative risk (95%Cl) P value
Questionnaire was easy to complete (n, (%))
Strongly disagree 1(0.9) 2(1.8) 1.10 0.013
Mostly disagree 2(1.8) 5 (4.5) (1.02t0 1.19)
Neither agree or disagree 9 (8.0) 14 (12.5)
Mostly agree 44 (39.3) 41 (36.6)
Strongly agree 52 (46.4) 49 (43.8)
Missing 4 (3.6) 1(0.9)
Questionnaire included all aspects of my condition | am worried about (n, (%))
Strongly disagree 5 (4.5) 4 (3.6) 1.00 1.0
Mostly disagree 6 (5.4) 6 (5.4) (0.88 t0 1.13)
Neither agree or disagree 22 (19.6) 22 (19.6)
Mostly agree 50 (44.6) 50 (44.6)
Strongly agree 24 (21.4) 25 (22.3)
Missing 5(4.5) 5(4.5)
Questionnaire was too long (n, (%))
Strongly disagree 53 (47.3) 47 (42.0) 0.73 0.206
Mostly disagree 15 (13.4) 22 (19.6) (0.45t0 1.19)
Neither agree or disagree 5(22.3) 23 (20.5)
Mostly agree 8 (7 1) 12 (10.7)
Strongly agree 5 (4.5) 3(2.7)
Missing 6 (5.4) 5 (4.5)
Questionnaire was too complicated (n, (%))
Strongly disagree 2 (46.4) 52 (46.4) 1.0 1.0
Mostly disagree 5 (22.3) 25 (22.3) (0.62 10 1.61)
Neither agree or disagree 16 (14.3) 18 (16.1)
Mostly agree 6 (5.4) 10 (8.9)
Strongly agree 8(7.1) 3(2.7)
Missing 5 (4.5) 4 (3.6)

*MTBQ is the ‘Multimorbidity Treatment Burden Questionnaire’.*

TTBQ is a comparator questionnaire, the ‘Treatment Burden Questionnaire’.

» 910

FFor the McNemar tests, questionnaire responses were dichotomised into strongly agree/mostly agree versus neither agree or disagree/

mostly disagree/ strongly disagree.

or complicated. As the MTBQ and TBQ’ performed
similarly in this study, the choice of which questionnaire
to use will likely come down to study preference.

A strength is that the study population comprised
randomly selected older adults (mean age 70 years) with
multimorbidity (=3 long-term conditions)—the popula-
tion for whom the MTBQ is intended. We recruited partic-
ipants by post and so were able to include those who do
not have a smartphone, computer, access to the internet
or good information technology literacy skills. Further
strengths are that we used questions from the validated
QQ-10 questionnaire'” to assess the ease of completing
the MTBQ and the TBQ); and combined survey data with
routinely collected data from the GP records.

The low baseline response rate of 31% is a weakness
of the study since this may reduce the generalisability
of the findings if those who participated differed from
those who did not take part. Similar response rates have
been reported by other study investigators validating
measures of treatment burden internationally,”"* and in
primary care survey studies in the UK.*® The majority of
study participants self-identified as white British ethnicity,
which is also a limitation. We purposefully included two
practices serving more ethnically diverse populations,
but as our sample has a lower proportion of people from
minority ethnic groups than the general UK population,
this limits the generalisability of the findings and could
potentially lead to selection bias. As the questionnaire was
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Table 4 Participant characteristics by category of treatment burden (original version of 10-question MTBQ, n=243)

None or low Medium or high Univariable analysis Adjusted analysis
(MTBQ score (MTBQ score
Characteristic N 0-10) >11) OR* (95% CI) P value OR* (95% Cl) P value
Participants 243 99 (40.7%) 144 (59.3%)
Age group (n, (%))
18-70 years 110 27 (24.5%) 83 (75.5%) 1.00 1.00
71+ years 132 72 (54.5%) 60 (45.5%) 0.27 (0.16 to 0.47) <0.001 0.24 (0.13 to 0.44) <0.001
Gender (n, (%))
Male 130 56 (43.1%) 74 (56.9%) 1.00 1.00
Female 112 43 (38.4%) 69 (61.6%) 1.21 (0.73 to 2.03) 0.460 1.26 (0.73 to 2.19) 0.403
Ethnicity (n, (%))
White 229 94 (41.0%) 135 (59.0%) 1.00 1.00
Non-white i3 4 (30.8%) 9 (69.2%) 1.57 (0.47 to 5.24) 0.466 1.30 (0.35 to 4.89) 0.694
Deprivation score (n, (%))f
Quintile 1-2 (least 98 47 (48.0%) 51 (52.0%) 1.00 1.00
deprived)
Quintile 3 74 24 (32.4%) 50 (67.6%) 1.92 (1.02 to 3.60) 0.042 1.56 (0.80 to 3.05) 0.197
Quintile 4-5 (most 71 28 (39.4%) 43 (60.6%) 1.42 (0.76 to 2.63) 0.272 0.87 (0.43 to 1.76) 0.696
deprived)
No of long-term conditions (n, (%))t
3 136 54 (39.7%) 82 (60.3%) 1.00 1.00
4 73 29 (39.7%) 44 (60.3%) 1.00 (0.56 to 1.79) 0.998 1.38 (0.72 to 2.64) 0.335
>5 34 16 (47.1%) 18 (52.9%) 0.74 (0.35 to 1.58) 0.437 1.27 (0.55 to 2.93) 0.577
Age left full-time education (years; n, (%))
<16 176 79 (44.9%) 97 (565.1%) 1.00 1.00
17+ 64 18 (28.1%) 46 (71.9%) 2.08 (1.12 t0 3.87) 0.021 1.92 (0.99 to 3.73) 0.055
Employment status (n, (%))
Retired 143 74 (51.7%) 69 (48.3%) 1.00 1.00
Not retired 100 25 (25.0%) 75 (75.0%) 3.22 (1.84 t0 5.63) <0.001 1.86 (0.87 to 3.96) 0.108
Long-term conditions (n, (%))t
Cardiovascular disease 209 91 (43.5%) 118 (56.5%) 0.40 (0.17 to 0.92) 0.032 0.48 (0.20 to 1.19) 0.113
Stroke or transient 71 31 (43.7%) 40 (56.3%) 0.84 (0.48 to 1.48) 0.552 0.99 (0.54 to 1.82) 0.978
ischaemic attack (TIA)
Diabetes 141 59 (41.8%) 82 (58.2%) 0.90 (0.53 to 1.51) 0.681 0.83 (0.47 to 1.47) 0.522
Chronic kidney disease 68 35 (51.5%) 33 (48.5%) 0.54 (0.31 to 0.96) 0.035 0.58 (0.26 to 1.28) 0.177
COPD or asthma 118 49 (41.5%) 69 (58.5%) 0.94 (0.56 to 1.57) 0.809 0.70 (0.39 to 1.25) 0.229
Epilepsy 20 5 (25.0%) 15 (75.0%) 2.19(0.77 t0 6.22) 0.143 1.49 (0.49 to 4.52) 0.481
Atrial fibrillation 78 43 (55.1%) 35 (44.9%) 0.42 (0.24 t0 0.73) 0.002 0.60 (0.31 to 1.15) 0.127
Severe mental health 13 5 (38.5%) 8 (61.5%) 1.11 (0.35 to 3.49) 0.864 1.11 (0.32 to 3.85) 0.866
problems
Depression 106 25 (23.6%) 81 (76.4%) 3.81(2.17 to 6.66) <0.001 3.11 (1.71 to 5.65) <0.001
Learning disability 4 1(25.0%) 3 (75.0%) 2.09 (0.21t020.34) 0.527 0.92 (0.09 to 9.38) 0.947
Rheumatoid arthritis 17 3 (17.6%) 14 (82.4%) 3.45(0.96 to 12.33)  0.057 4.34 (1.14 to 16.48) 0.031
Heart failure 31 17 (54.8%) 14 (45.2%) 0.52 (0.24 to 1.11) 0.091 0.52 (0.21 to 1.27) 0.151

*ORs>1 indicate a higher odds of medium/high treatment burden in patients with this characteristic compared with the reference characteristic (indicated by an OR
of 1). For the multivariable analyses, each model was adjusted for age, gender, deprivation and number of comorbidities.
tLong-term conditions from electronic GP records. Please note, similar long-term conditions are grouped together (eg, COPD/asthma, stroke/TIA).

fBased on Townsend Deprivation Index scores.'®

COPD, chronic obstructive pulmonary disease; GP, general practitioner; MTBQ, Multimorbidity Treatment Burden Questionnaire.

self-administered, we were unable to include those with a
poor level of English literacy to read the questionnaire. A
further limitation is that reading similar questions from
the MTBQ and TBQ in the same questionnaire pack

could have influenced participants’ responses, although
we tried to mitigate the effects of this by randomising
the order the MTBQ and TBQ questionnaires were
presented in. One limitation is that, while the study was
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designed to assess the primary outcome of test-retest
reliability, it was not necessarily large enough to detect
multiple associations between treatment burden and
some patient characteristics. The sample size (n=243)
was ‘very good’ according to the COSMIN criteria,”
but for some subgroup analyses (eg, less common long-
term conditions), sample sizes were low, precluding an
adequate test of certain relationships. A final limitation is
that we were unable to resolve the skewed distribution of
responses. This merits further investigation, for example,
through exploring other changes to response options;
alternatively, it may indicate that experience of burden
is inevitably skewed rather than being a problem of the
measures.

Interestingly, we found that younger participants were
more likely to report high treatment burden, a phenom-
enon found in the original MTBQ study,* Danish popu-
lation survey’ and in Tran’s TBQ validation study."
This may be explained by younger people having more
caring and work responsibilities, and reduced capacity
to manage the workload of looking after their health.”’
In this and several other studies, including the original
MTBQ validation study, people with depression were
more likely to report high treatment burden.* '* ¥ In
contrast to the original and much larger MTBQ study*
but in keeping with studies in the USA," ** we did not
find an association between high treatment burden score
and number of long-term conditions. We found modest
associations between high treatment burden and number
of consultations and poor continuity of care. We would
not necessarily expect strong associations because the
number of consultations and number of different health-
care professionals would only affect one aspect of treat-
ment burden. Furthermore, the relationships between
treatment burden, number of consultations and conti-
nuity of care are complex. A high number of consultations
could lead to high treatment burden caused by having to
arrange and attend multiple appointments, but this could
also reflect good access to healthcare appointments, and
subsequent reduced treatment burden. Similarly, seeing a
healthcare professional whom you know and trust (good
continuity of care) often comes at the expense of having
to wait longer for an appointment, which could in turn
increase treatment burden. The cut-off values for the
four treatment burden groups were slightly higher in this
study compared with the original study.* For studies using
the MTBQ, we recommend using the original study cut-
off values: no burden (score 0), low burden (score <10),
medium burden (10-21) high burden (>21). Further
research, such as anchor-based methods, is needed to
determine the clinical significance of global MTBQ
scores.

The MTBQ is a simply worded concise measure of treat-
ment burden for patients with multimorbidity. This study
provides further evidence of the scale’s psychometric
properties, including test-retest reliability, construct
validity and ease of completion. These findings can be
combined with the original validation study, where the

MTBQ demonstrated good content validity, construct
validity, internal consistency reliability and preliminary
evidence of responsiveness. The MTBQ was developed
and validated primarily as a research tool and has been
widely used in interventional and observational studies.
Further work is underway to develop and validate an
adapted version of the MTBQ), known as the ‘Short Treat-
ment Burden Questionnaire’, for use in clinical settings.29

X Polly Duncan @polly_duncan and Chris Salisbury @prof_tweet
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Supplementary file 1: Sample of questions from the original and reversed versions of the
MTBQ

Sample of questions from the original MTBQ
We are interested in finding out about the effort you have to make to look after your health

and how this impacts on your day-to-day life.

Please tell us how much difficulty you have with the following:
(Please tick the box that most applies to you)

D
Not Alittle | Quite Very |Extremely n‘;is
Difficult | Difficult | Difficult | Difficult | Difficult apply

1. Taking lots of medications Do I:ll Dz D?, D4 DO
2. Remembering how and I:IO I:Il DZ D3 |:|4 DO

when to take medication

3. Paying for prescriptions,
over the counter Do Dl DZ D3 D4 DO

medication or equipment

4. Collecting prescription I:IO Dl DZ Da |:|4 I:]O

medication

5. Monitoring your medical
conditions (e.g. checking
your blood pressure or Do |:|1 Dz D3 D4 Do
blood sugar, monitoring
your symptoms etc.)

6. Arranging appointments |:|O I:ll |:|2 D3 D4 DO

with health professionals

7. Seeing lots of different DO I:Il |:|2 D3 D4 DO

health professionals

Permission must be sought to use the ‘Multimorbidity Treatment Burden Questionnaire’
(MTBQ)* via the website: https://www.bristol.ac.uk/primaryhealthcare/resources/mtbg/
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Sample of questions from the reversed scale MTBQ

We are interested in finding out about the effort you have to make to look after your health
and how this impacts on your day-to-day life.

Please tell us how much difficulty you have with the following:
(Please tick the box that most applies to you)

Extremely | Very Quite | Alittle Not Dnc;is
Difficult | Difficult| Difficult | Difficult | Difficult
apply
1. Taking lots of medications |:|4 |:|3 |:|2 |:|1 |:|0 |:|0
2. Remembering how and
when to take medication D4 D3 Dz Dl DO DO

3. Paying for prescriptions,

over the counter |:|4 |:|3 |:_|2 Dl |:|0 Do

medication or equipment

4. Collecting prescription
medication D4 DE; DZ Dl DO DO

5. Monitoring your medical
conditions (e.g. checking
your blood pressure or |:|4 |:|3 |:|2 |:|1 |:|0 |:|0
blood sugar, monitoring
your symptoms etc.)

6. Arranging appointments
with health professionals I:|4 D3 |:|2 Dl |:|0 DO

7. Seeing lots of different
health professionals D4 I:|3 DZ I:ll DO DO

Permission must be sought to use the ‘Multimorbidity Treatment Burden Questionnaire’
(MTBQ)* via the website: https://www.bristol.ac.uk/primaryhealthcare/resources/mtbg/
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Supplementary file 2: COSMIN study design checklist

General recommendations for the design of a study on measurement properties

Very good Adequate Doubtful

Inadequate

NA

1.

PROM

Research aim

Provide a clear research aim, including (1) the name and
version of the PROM, (2) the target population, and (3)
the measurement properties of interest.

Provide a clear description of the construct to be
measured.

Provide a clear description of the development process
of the PROM, including a description of the target
population for which the PROM was developed.

The origin of the construct should be clear: provide a
theory, conceptual framework (i.e. reflective or formative
model) or disease model used or clear rationale to define
the construct to be measured.

Provide a clear description of the structure of the PROM
(i.e. the number of items and subscales included in the
PROM, instructions given and response options) and its
scoring algorithm.

Provide a clear description of existing evidence on the
quality of the PROM.

Research aim
clearly
described

Construct
clearly
described
Development
process clearly
described

Origin of the
construct clear

Structure and
scoring
algorithm
clearly
described

Existing
evidence on the
quality of the
PROM clearly
described
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7. Provide a clear description of the context of use* Context of use
clearly
described

Target population
8. Provide a clear description of in- and exclusion criteriato  In-and
select patients, e.g. in terms of disease condition and exclusion
characteristics like age, gender, language or country, and  criteria for
setting (e.g. general population, primary care or patients clearly
hospital/rehabilitation care) described
9. Provide a clear description of the method used to select = Method for
the patients for the study (e.g. convenience, consecutive, patient
or random) selection clearly
described

10. Describe whether the selected sample is representing Study sample

the target population in which the PROM will be used in  representing

terms of age, gender, important disease characteristics the target

(e.g. severity, status, duration) population
clearly
described

* The context of use refers to the intended application of the PROM (e.g. for research or clinical practice), to a specific setting for which the PROM was
developed (e.g. for use in a hospital or at home) or to a specific administration mode (e.g. paper or computer-administered). If the PROM was developed for
use across multiple contexts, this should be described.
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Measurement error and reliability

Very good Adequate Doubtful Inadequate NA
Design requirements
1. Use at least two measurements. At least two
measurements
2. Ensure that the administrations will be independent. Independent
measurements
3. Ensure that the patients will be stable in the interim Assumable that
period on the construct to be measured. patients will be
stable
4. Use an appropriate time interval between the two Time interval
measurements, which is long enough to prevent recall, appropriate
and short enough to ensure that patients remain stable.
5. Ensure that the test conditions will be similar for the Test conditions
measurements (e.g. type of administration, similar
environment, instructions). (evidence
provided)
6. Perform the analysis in a sample with an appropriate 2100 patients
number of patients (taking into account expected
number of missing values)
Statistical methods for measurement error
7. For continuous scores: calculate an intraclass correlation  ICC will be
coefficient (ICC) calculated, and
model or
formula of the
ICC is clearly
described*
8. For dichotomous/nominal/ordinal scores: calculate Not
kappa applicable
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9. For ordinal scores: calculate a weighted kappa Not
applicable
10. Provide a clear description of how missing items will be ~ The way missing
handled items will be
handled is
clearly
described.

** The model (i.e. one-way random effect model or two-way random or mixed effect model), type (i.e. for single or multiple measurement) and definition

(i.e. for consistency or absolute agreement) of the ICC that will be calculated is appropriately chosen and described (see 11); ** ICC formula does not
correspond to the research question
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Hypothesis testing for construct validity

A. Comparison with other outcome measurement instruments (convergent validity)

2. Provide a clear description of the construct(s) measured
by the comparator instrument(s).

3. Use comparator instrument(s) with sufficient
measurement properties.

4. Perform the analysis in a sample with an appropriate
number of patients (taking into account expected
number of missing values)

direction and
magnitude of
the correlations
stated.

Construct(s)
measured by
the comparator
instrument(s)
is/are clearly
described.

Sufficient
measurement
properties of
the comparator
instrument(s) in
a population
similar to the
study
population.

2100 patients

Very good Adequate Doubtful Inadequate NA
Design requirements
1. Formulate hypotheses about expected relationships Hypotheses
between the PROM under study and other outcome formulated
measurement instrument(s). including the
expected

Duncan P, et al. BMJ Open 2024; 14:e080096. doi: 10.1136/bmjopen-2023-080096
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5. Use an appropriate time schedule for assessments of PROM and
the PROM of interest and comparison instruments. comparison
instrument(s)
will be

administered at
the same time.

Statistical methods
6. Use statistical methods that are appropriate for the Statistical
hypotheses to be tested methods will be
appropriate.

7. Provide a clear description of how missing items willbe ~ The way missing
handled items will be
handled is
clearly
described.
https://www.cosmin.nl/wp-content/uploads/COSMIN-study-designing-checklist final.pdf
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Hypothesis testing for construct validity

B. Comparison between subgroups (discriminative or known-groups validity)

2. Provide an adequate description of important
characteristics of the subgroups, such as disease or
demographic characteristics.

3. Perform the analysis in a sample with an appropriate
number of patients (taking into account expected
number of missing values)

Statistical methods

4. Use statistical methods that are appropriate for the

hypotheses to be tested.

5. Provide a clear description of how missing items will be
handled

directions and
magnitude of
the mean
differences
stated.

Adequate
description of
the important
characteristics
of the
subgroups.

2100 patients

Statistical
methods will be
appropriate.
The way missing
items will be
handled is
clearly
described

Very good Adequate Doubtful Inadequate NA
Design requirements Hypotheses
1. Formulate hypotheses regarding mean differences formulated
between subgroups. including the
expected
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Supplementary file 3: Comparison of participant characteristics between baseline
participants, participants who completed the baseline original version versus the reversed
version of the MTBQ and participants who completed the follow-up survey.

Baseline Baseline Baseline Follow-up Follow-up
survey (n=244) original MTBQ  reversed original reversed
(n=112) scale MTBQ scale MTBQ
MTBQ (n=105) (n=120)
(n=132)
n % n % n % n % n %
Age (years; mean, SD) 69.9 13.1 71.9 11.6 68.1 140 713 115 683 13.7
18-50 years 18 7.4 4 3.6 14 10.6 4 3.8 12 10.0
51-60 years 37 15.2 15 13.4 22 16.7 15 14.3 19 15.8
61-70 years 55 22.5 25 22.3 30 22.7 25 23.8 29 24.2
71-80 years 82 33.6 42 37.5 40 30.3 40 38.1 37 30.8
81-90 years 47 19.3 22 19.6 25 18.9 18 17.1 22 18.3
91+ years 4 1.6 3 2.7 1 0.8 2 2.9 1 0.8
Missing 1 0.4 1 0.9 0 0.0 0 0.0 0 0.0
Gender
Male 130 53.3 61 54.5 69 523 56 533 62 517
Female 113 46.3 50 44.6 63 47.7 48 45.7 58 48.3
Missing 1 0.4 1 0.9 0 0.0 1 1.0 0 0.0
Ethnicity
White 229 93.9 106 94.6 123 932 100 95.2 113 94.2
Asian 5 2.0 2 1.8 3 2.3 1 1.0 2 1.7
Black/African/Caribbean 4 1.6 2 1.8 2 1.5 2 1.9 1 0.8
Mixed 4 1.6 1 0.9 3 2.3 1 1.0 3 2.5
Other 1 0.4 1 0.9 0 0.0 1 1.0 0 0.0
Missing 1 0.4 0 0.0 1 0.8 0 0.0 1 0.8
Number of long-term
conditions
3 136 55.7 58 51.8 78 59.1 55 52.4 69 57.5
4 73 29.9 35 313 38 288 32 305 35 292
>5 35 14.3 19 17.0 16 12.1 18 17.1 16 13.3
Long-term conditions*
Cardiovascular disease 210 86.1 98 87.5 112 84.8 92 87.6 104 86.7
Stroke or transient 72 29.5 39 34.8 33 25.0 37 35.2 30 25.0
ischaemic attack
Diabetes 141 57.8 60 53.6 81 614 56 533 76 633
Chronic kidney disease 68 27.9 30 26.8 38 28.8 29 27.6 35 29.2
Chronic obstructive 119 48.8 51 45.5 68 515 48 457 63 52.5
pulmonary disease or
asthma
Epilepsy 20 8.2 12 10.7 8 6.1 11 10.5 7 5.8
Atrial fibrillation 79 324 41 36.6 38 28.8 40 38.1 33 27.5
Severe mental health 13 5.3 3 2.7 10 7.6 2 19 10 8.3
problems
Depression 107 43.9 51 45.5 56 42.4 49 46.7 51 42.5
Learning disability 4 1.6 0 0.0 4 3.0 0 0.0 3 2.5
Rheumatoid arthritis 17 7.0 12 10.7 5 3.8 9 8.6 5 4.2
Heart failure 31 12.7 16 14.3 15 11.4 14 13.3 12 10.0

*Long-term conditions from electronic GP records. Please note, similar long-term conditions
are grouped together (e.g. COPD/asthma, stroke/TIA)
** Based on Townsend scores?!®
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Supplementary file 3 (continued): Comparison of participant characteristics between

participants who completed the baseline original version, baseline reversed scale version,
follow-up original version and follow-up reversed scale version

Age left full-time
education (years)

<14

150r 16

17 or 18

219

Missing
Employment status

Fully retired from

work

Employed

Other

Deprivation score**
Quintile 1 (least
deprived)
Quintile 2
Quintile 2
Quintile 4
Quintile 5 (most
deprived)

Baseline
survey
(n=244)

n %
22 9.0
155 63.5
33 13.5
31 12.7
3 1.2
144 59.0
36 14.8
64 26.2
49 20.1
49 20.1
74 30.3
47 19.3
25 10.2

Baseline
original
MTBQ
(n=112)

n %
9 8.0
77 68.8
14 12.5
11 9.8
1 0.9
69 61.6
13 11.6
30 26.8
26 23.2
22 19.6
33 29.5
21 18.8
10 8.9

Baseline
reversed
scale MTBQ
(n=122)

n %
13 9.8
78 59.1
19 14.4
20 15.2
2 1.5
75 56.8
23 17.4
34 25.8
23 17.4
27 20.5
41 31.1
26 19.7
15 11.4

Follow-up
original
MTBQ
(n=105)
n %
7 6.7
74 70.5
13 124
10 9.5
1 1.0
65 61.9
13 124
27 25.7
24 229
19 18.1
32 30.5
20 19.0
10 9.5

Follow-up
reversed
scale MTBQ
(n=120)

n %
13 10.8
71 59.2
16 13.3
18 15.0

2 1.7
69 57.5
22 18.3
29 24.2
22 18.3
23 19.2
35 29.2
25 20.8
15 125
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Supplementary file 4: Responses to the original and reversed versions of the MTBQ (baseline

q

uestionnaire)

Please tell us how much difficulty you have with the following:

1. Taking lots of medications
Does not apply
Not difficult
A little difficult
Quite difficult
Very difficult
Extremely difficult
Missing

2. Remembering how and when to take medications

Does not apply
Not difficult

A little difficult
Quite difficult
Very difficult
Extremely difficult
Missing

3. Paying for prescriptions, over the counter medication or

equipment
Does not apply
Not difficult
A little difficult
Quite difficult
Very difficult
Extremely difficult
Missing

4. Collecting prescription medication

Does not apply
Not difficult

A little difficult
Quite difficult
Very difficult
Extremely difficult
Missing

5. Monitoring your medical conditions (e.g. checking your blood

pressure or blood sugar, monitoring your symptoms, etc)
Does not apply
Not difficult
A little difficult
Quite difficult
Very difficult
Extremely difficult
Missing

6. Arranging appointments with health professionals

Does not apply
Not difficult

A little difficult
Quite difficult
Very difficult
Extremely difficult
Missing

Original MTBQ
(n=112)
n %
4 3.6
57 50.9
35 313
9 8.0
5 45
2 1.8
0 0.0
2 1.8
57 50.9
34 30.4
9 8.0
6 5.4
3 2.7
1 0.9
85 75.9
15 134
4 3.6
4 3.6
1 0.9
1 0.9
2 1.8
21 18.8
36 321
21 18.8
22 19.6
9 8.0
3 2.7
0 0.0
21 18.8
53 47.3
16 143
14 12.5
3 2.7
5 4.5
0 0.0
6 5.4
38 33.9
32 28.6
21 18.8
8 7.1
7 6.3
0 0.0

Reversed scale

MTBQ, (n =
132)
n %
7 5.3
72 54.9
30 22.7
12 9.1
8 6.1
2 1.5
1 0.8
3 2.3
79 60.8
28 21.2
12 9.1
5 3.8
3 2.3
2 1.5
106 80.9
18 13.7
1 0.8
3 2.3
2 1.5
1 0.8
1 0.8
16 12.5
56 43.8
32 24.2
12 9.1
5 3.8
7 5.3
4 3.0
32 24.4
63 48.1
19 14.4
13 9.8
1 0.8
3 2.3
1 0.8
5 3.9
51 39.2
41 31.1
22 16.7
4 3.0
7 5.3
2 1.5
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Supplementary file 4: Responses to the original and reversed versions of the MTBQ (baseline

guestionnaire)

Please tell us how much difficulty you have with the following:

7.

10.

11.

Seeing lots of different health professionals

Does not apply
Not difficult

A little difficult
Quite difficult
Very difficult
Extremely difficult
Missing

Attending appointments with health professionals (e.g.
getting time off work, arranging transport etc)

Does not apply
Not difficult

A little difficult
Quite difficult
Very difficult
Extremely difficult
Missing

Getting healthcare in the evenings and at weekends

Does not apply
Not difficult

A little difficult
Quite difficult
Very difficult
Extremely difficult
Missing

Getting help from community services (e.g. physiotherapy,
district nurses etc)

Does not apply
Not difficult

A little difficult
Quite difficult
Very difficult
Extremely difficult
Missing

Obtaining clear and up-to-date information about your
condition

Does not apply
Not difficult

A little difficult
Quite difficult
Very difficult
Extremely difficult
Missing

Original MTBQ
(n=112)

n %
13 11.6
37 33.0
26 23.2
21 18.8
10 8.9
5 4.5
0 0.0
33 29.7
39 35.1
14 125
13 11.6
6 5.4
6 5.4

1 0.9
58 52.7
14 12.7
10 8.9
11 9.8
8 7.1
9 8.0
2 1.8
61 55.5
21 19.1
11 9.8
8 7.1
7 6.3
2 1.8
2 1.8
5 4.5
52 46.9
23 20.5
19 17.0
8 7.1
4 3.6

1 0.9

Reversed scale

MTBQ
(n=132)

n %

16 12.2
62 47.3
24 18.2
20 15.2
5 3.8
4 3.0
1 0.8
36 27.5
52 39.7
22 16.7
16 12.1
4 3.0
1 0.8
1 0.8
66 50.8
24 18.5
14 10.6
12 9.1
8 6.1
6 4.5
2 1.5
69 53.1
26 20.0
13 9.8
14 10.6
2 1.5
6 4.5
2 1.5
6 4.6
68 52.3
30 22.7
23 17.4
2 1.5
1 0.8
2 1.5
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Supplementary file 4 (continued): Responses to the original and reversed versions of the
MTBQ (baseline questionnaire)

Original MTBQ Reversed
(n=112) MTBQ
(n=132)
Please tell us how much difficulty you have with the following: n % n %
12. Making recommended lifestyle changes (e.g. diet and exercise)
Does not apply 9 8.0 12 9.2
Not difficult 34 304 48 36.9
A little difficult 26 23.2 32 24.2
Quite difficult 23 20.5 22 16.7
Very difficult 10 8.9 10 7.6
Extremely difficult 9 8.0 6 4.5
Missing 1 0.9 2 15
13. Having to rely on help from family and friends
Does not apply 24 21.4 40 30.3
Not difficult 38 33.9 41 31.1
A little difficult 15 13.4 24 18.2
Quite difficult 20 17.9 11 8.3
Very difficult 8 7.1 8 6.1
Extremely difficult 7 6.3 8 6.1
Missing 0 0 0 0
Number of missing responses per participant
0 103 92.0 122 92.4
1 8 7.1 6 4.5
22 1 0.9 4 3.1
Global MTBQ score (10-question version, excluding optional questions
2,9 and 10)
Median, IQR 17.1 12.5
(7.5, 35.0) (5.0, 27.5)
Score of 0 (n, (%) 11 (9.8) 18 (13.7)
Chi-squared test for score of zero p-value = 0.348
Global MTBQ score (13-question version)
Median (IQR) 15.4 11.5
(5.8,32.7) (3.8, 26.9)
Score of 0 (n, (%)) 11 (9.8) 17 (13.0)
Chi-squared test for score of zero p-value = 0.443

Note: Questions 2, 9 and 10 were excluded from the main analysis of the original MTBQ paper due to a high
proportion of ‘does not apply’ responses. They are shown in italics. As they may be relevant to other
populations, they can be considered as optional.
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Supplementary file 5: Histogram of the global MTBQ score and global TBQ score, for the
original and reversed versions of the MTBQ questionnaire

Distribution of global MTBQ scores for participants who received the original and reversed
versions of the MTBQ

Original MTBQ scale Reversed MTBQ scale
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Distribution of global Treatment Burden Questionnaire (TBQ) scores for participants who
received the original and reversed versions of the MTBQ

Original MTBQ scale Reversed MTBQ scale
|
E -
[0}
)]
i
c
8
(7]
o
o
= T T T T T T
0 50 100 0 50 100

Global TBQ score

Duncan P, et al. BMJ Open 2024; 14:¢080096. doi: 10.1136/bmjopen-2023-080096



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

BMJ Open

Supplementary file 6: Bland Altman plot showing the mean of the baseline and re-test global
MTBQ score versus the difference between the two scores.
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Supplementary file 7a: Comparison of floor effect and missing data between similar questions from the MTBQ and TBQ

MTBQ question (n =112)

Global MTBQ score
1.  Taking lots of medications

2.  Remembering how and when to
take medication

3. Paying for prescriptions, over the
counter medication or equipment

5.  Monitoring your medical
conditions (eg. checking your
blood pressure or blood sugar,
monitoring your symptoms etc)

6.  Arranging appointments with
health professionals

Floor
effect*
9.8%
54.5%

52.7%

89.3%

66.1%

39.3%

Missing
data
8.0%
0.0%

0.9%

1.8%

0.0%

0.0%

TBQ question with a similar latent Floor effect
construct (n=112)
Global TBQ score 11.6%
1b. The number of times you should 52.6%
take your medication daily?
1lc. The efforts you make not to forget 54.5%

to take your medications (for
example: managing your
treatment when you are away
from home, preparing and using
pillboxes...)
3b. The financial burden associated 64.3%
with your healthcare (for example:
out of pocket expenses or
expenses not covered by
insurance)?
2b. Self-monitoring (for example, 70.5%
taking your blood pressure or
checking your blood sugar):
frequency, time spent and
associated nuisances or
inconveniences
2e. Arranging medical appointments 50.9%
(doctors’ visits, lab tests and other
exams) and reorganizing your
schedule around these
appointments

Missing
data
14.3%
5.4%

3.6%

0.9%

0.9%

0.0%
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Supplementary file 7a (continued): Comparison of floor effect and missing data between similar questions from the MTBQ and TBQ

MTBQ question (n =112)

8.  Attending appointments with
health professionals (e.g. getting
time off work, arranging transport
etc)

12. Making recommended lifestyle
changes (eg. diet and exercise)

13. Having to rely on help from family
and friends

Floor effect

64.3%

38.4%

55.4%

Missing
data
0.9%

0.9%

0.0%

TBQ question with a similar latent Floor effect Missing
construct (n=112) data
2e Arranging medical appointments 50.9% 0.0%

3c.

3d.

3e.

(doctors’ visits, lab tests and other

exams) and reorganizing your

schedule around these

appointments

The burden related to dietary 50.9% 0.0%
changes (for example: avoiding

certain foods or alcohol, having to

quit smoking...)?

The burden related to doctors’ 35.7% 0.9%
recommendations to practice

physical activity (for example:

walking, jogging, swimming...)?

How does your healthcare impact 59.8% 0.0%
your relationships with others (for

example, needing assistance in

everyday life, being ashamed to

take your medication...)?

*The floor effect is the proportion of participants who responded ‘does not apply’ or ‘not difficult’

We received permission to use the Treatment Burden Questionnaire (TBQ) for this study.'!! Please do not use the questions from the TBQ
without permission. Contact information and permission to use the TBQ: Mapi Research Trust, Lyon, France — Internet: https://eprovide.mapi-
trust.org. TBQ © Ravaud et al, 2012. All Rights Reserved.
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Supplementary file 7b: Floor effect and missing data for MTBQ questions with no comparator question from the TBQ

Floor effect Missing data
4.  Collecting prescription medication 50.9% 0.0%
7.  Seeing lots of different health professionals 44.6% 0.0%
10. Getting help from community services (eg. physiotherapy, district nurses etc) 73.2% 1.8%
11. Obtaining clear and up-to-date information about your condition 50.9% 0.9%

*The floor effect is the proportion of participants who responded ‘does not apply’ or ‘not difficult’
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Supplementary file 7c: Floor effect and missing data for TBQ questions with no comparator question from the MTBQ (n=112)

Floor effect Missing data

la. The taste, shape or size of your tablets and/or the annoyances caused by your injections (for 54.5% 5.4%
example, pain, bleeding, bruising or scars)?

1d. The necessary precautions when taking your medication (for example: taking them at specific times 63.4% 2.7%
of the day or meals, not being able to do certain things after taking medications such as driving or
lying down...)

2a. Lab tests and other exams (for example: blood tests or radiology): frequency, time spent and 59.8% 1.8%
associated nuisances or inconveniences

2c. Doctor visits and other appointments: frequency and time spent for these visits and difficulties 56.3% 0.9%
finding healthcare providers

2d. The difficulties you could have in your relationships with healthcare providers (for example: feeling 61.6% 0.0%
not listened to enough or not taken seriously)

3a. The administrative burden related to healthcare (for example: all you have to do for 73.2% 1.8%
hospitalizations, reimbursements and/or obtaining social services)?

4.  ‘The need for medical healthcare on a regular basis reminds me of my health problems’ 42.9% 0.9%

*The floor effect is the proportion of participants who responded ‘does not apply’ or ‘not difficult’

We received permission to use the Treatment Burden Questionnaire (TBQ) for this study.®!! Please do not use the questions from the TBQ
without permission. Contact information and permission to use the TBQ: Mapi Research Trust, Lyon, France — Internet: https://eprovide.mapi-
trust.org. TBQ © Ravaud et al, 2012. All Rights Reserved.
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Supplementary file 7d: Comparison of missing responses per participant between the MTBQ and TBQ (n=112)

Multimorbidity Treatment Burden Questionnaire (MTBQ) Treatment Burden Questionnaire (TBQ)

Number of missing responses per participant (n, (%)) Number of missing responses per participant (n, (%))
0 103 (92.0) 0 96 (85.7%)
1 8(7.1) 1 10 (8.9%)
>2 1(0.9) >2 6 (5.4%)
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Supplementary file 8: Characteristics by category of treatment burden (original version of 10-question MTBQ, n=243)

Characteristic N None Low Medium High
(MTBQ=0) (MTBQ=1-10) (MTBQ=11-25) (MTBQ>25)
Participants 243 29 70 69 75
Age group (n, (%))
18-50 years 18 0 (0.0%) 3 (16.7%) 7 (38.9%) 8 (44.4%)
51-60 years 37 3(8.1%) 8 (21.6%) 6 (16.2%) 20 (54.1%)
61-70 years 55 3 (5.5%) 10 (18.2%) 20 (36.4%) 22 (40.0%)
71-80 years 82 14 (17.1%) 31 (37.8%) 22 (26.8%) 15 (18.3%)
81-90 years 46 8 (17.4%) 18 (39.1%) 11 (23.9%) 9 (19.6%)
>90 years 4 1(25.0%) 0(0.0%) 2 (50.0%) 1(25.0%)
Missing 1 0 (0.0%) 0 (0.0%) 1 (100.0%) 0(0.0%)
Gender (n, (%))
Male 130 14 (10.8%) 42 (32.3%) 33 (25.4%) 41 (31.5%)
Female 112 15 (13.4%) 28 (25.0%) 35 (31.3%) 34 (30.4%)
Missing 1 0 (0.0%) 0 (0.0%) 1 (100.0%) 0 (0.0%)
Ethnicity (n, (%))
White 229 27 (11.8%) 67 (29.3%) 63 (27.5%) 72 (31.4%)
Asian 4 0 (0.0%) 1(25.0%) 2 (50.0%) 1(25.0%)
Black 4 1(25.0%) 1(25.0%) 0 (0.0%) 2 (50.0%)
Mixed 4 0 (0.0%) 1(25.0%) 3 (75.0%) 0(0.0%)
Other 1 0 (0.0%) 0 (0.0%) 1 (100.0%) 0 (0.0%)
Missing 1 1 (100.0%) 0 (0.0%) 0 (0.0%) 0(0.0%)
Number of long-term conditions (n, (%))
3 136 19 (14.0%) 35 (25.7%) 39 (28.7%) 43 (31.6%)
4 73 3 (4.1%) 26 (35.6%) 21 (28.8%) 23 (31.5%)
>5 34 7 (20.6%) 9 (26.5%) 9 (26.5%) 9 (26.5%)
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Supplementary file 8 (continued): Characteristics by category of treatment burden (original version of 10-question MTBQ, n=243)

Characteristic

Long-term conditions*(n, (%))
Cardiovascular disease
Stroke or transient ischaemic attack
Diabetes
Chronic kidney disease
Chronic obstructive pulmonary disease or
asthma
Epilepsy
Atrial fibrillation
Severe mental health problems
Depression
Learning disability
Rheumatoid arthritis
Heart failure
Age left full-time education (years; n, (%))
<14
150r 16
17 or 18
>19
Missing

N

209
71
141
68

118
20
78
13

106

17
31

21
155
33
31
3

None
(MTBQ=0)

26 (12.4%)
6 (8.5%)
20 (14.2%)
9 (13.2%)

15 (12.7%)
1 (5.0%)
15 (19.2%)
3(23.1%)
3(2.8%)
1 (25.0%)
1 (5.9%)
5 (16.1%)

2 (9.5%)
22 (14.2%)
3(9.1%)
2 (6.5%)
0 (0.0%)

Low
(MTBQ=1-10)

65
25
39
26

31.1%)
35.2%)
27.7%)
38.2%)

—_— e~ o~ —~

34 (28.8%)
4 (20.0%)
28 (35.9%)
2 (15.4%)
22 (20.8%)
0 (0.0%)
2 (11.8%)
12 (38.7%)

9 (42.9%)
46 (29.7%)
4(12.1%)
9 (29.0%)
2 (66.7%)

Medium
(MTBQ=11-25)

59 (28.2%)
20 (28.2%)
35 (24.8%)
17 (25.0%)

30 (25.4%)
4 (20.0%)
19 (24.4%)
4 (30.8%)
37 (34.9%)
3 (75.0%)
10 (58.8%)
7 (22.6%)

6 (28.6%)
41 (26.5%)
13 (39.4%)
8 (25.8%)
1(33.3%)

High
(MTBQ>25)

59
20
47
16

28.2%
28.2%
33.3%
23.5%

P
—_— = = =

39 (33.1%)
11 (55.0%)
16 (20.5%)
4 (30.8%)
44 (41.5%)
0 (0.0%)
4 (23.5%)
7 (22.6%)

4 (19.0%)
46 (29.7%)
13 (39.4%)
12 (38.7%)
0 (0.0%)

*Long-term conditions from electronic GP records. Please note, similar long-term conditions are grouped together (e.g. COPD/asthma,

stroke/TIA) ** Based on Townsend deprivation index scores'®
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Supplementary file 8 (continued): Characteristics by category of treatment burden (original version of 10-question MTBQ, n=243)

Characteristic N None Low Medium High
(MTBQ=0) (MTBQ=1-10) (MTBQ=11-25) (MTBQ>25)
Employment status (n, (%))
Fully retired from work 143 22 (15.4%) 52 (36.4%) 40 (28.0%) 29 (20.3%)
Employed 36 1(2.8%) 8 (22.2%) 13 (36.1%) 14 (38.9%)
Other 64 6 (9.4%) 10 (15.6%) 16 (25.0%) 32 (50.0%)
Missing 0 0 0 0 0
Deprivation score (n, (%))
Quintile 1 (least deprived) 49 9 (18.4%) 11 (22.4%) 18 (36.7%) 11 (22.4%)
Quintile 2 49 6(12.2%) 21 (42.9%) 12 (24.5%) 10 (20.4%)
Quintile 3 74 9 (12.2%) 15 (20.3%) 22 (29.7%) 28 (37.8%)
Quintile 4 46 2 (4.3%) 16 (34.8%) 11 (23.9%) 17 (37.0%)
Quintile 5 (most deprived) 25 3 (12.0%) 7 (28.0%) 6 (24.0%) 9 (36.0%)
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