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Abstract

Introduction Administering patient-reported outcome measures (PROMs) by text message may improve response rate in
hard-to-reach populations. This study explored cultural acceptability of PROMs and compared measurement equivalence
of the EQ-5D-3L administered on paper and by text message in a rural South African setting.

Materials and methods Participants with upper or lower limb orthopaedic pathology were recruited. The EQ-5D was admin-
istered first on paper and then by text message after 24 h and 7 days. Differences in mean scores for paper and text message
versions of the EQ-5D were evaluated. Test—retest reliability between text message versions was evaluated using Intraclass
Correlation Coefficients (ICCs).

Results 147 participants completed a paper EQ-5D. Response rates were 67% at 24 h and 58% at 7 days. There were no
differences in means between paper and text message responses for the EQ-5D Index (p =0.95) or EQ-5D VAS (p=0.26).
There was acceptable agreement between the paper and 24-h text message EQ-5D Index (0.84; 95% Confidence Interval (CI)
0.78-0.89) and EQ-5D VAS (0.73; 95% CI 0.64—0.82) and acceptable agreement between the 24-h and 7-day text message
EQ-Index (0.72; C10.62-0.82) and EQ-VAS (0.72; CI 0.62-0.82). Non-responder traits were increasing age, Xhosa as first
language and lower educational levels.

Conclusions Text messaging is equivalent to paper-based measurement of EQ-5D in this setting and is thus a viable tool for
responders. Non-responders had similar socioeconomic characteristics and attrition rates to traditional modes of administra-
tion. The EQ-5D by text message offers potential clinical and research uses in hard-to-reach populations.

Keywords Hard-to-reach populations - Text messaging - SMS - Patient reported outcome measures - EQ-5D - Measurement
equivalence - Rural health services
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Introduction

The 2010 Global Burden of Disease study recommended
that the development of strategies to quantify the burden of
non-fatal health outcomes was a major challenge but also
an urgent priority for global health systems [1]. Trauma
outcome reporting in Low- and Middle-Income Countries
(LMICs) is limited by the inaccuracy and unreliability of
hospital statistics as well as low levels of data on patient
follow-up [1-3]. Data collection problems are common-
place in South Africa alongside limitations in capacity and
resources for research, especially in rural areas [4]. Measur-
ing trauma outcomes is hindered by obstacles to thorough
clinical follow-up due to geographical distances, relatively
high cost of travel and low motivation amongst the patient
population [5]. Even in well-resourced countries with a rela-
tively low incidence of severe trauma, there have been low
reporting rates of patient-reported outcomes for trauma [6].

Traditional modes of data collection for patient-reported
outcomes are paper based [7]. Substantial technological
advances have expanded the options for data collection using
devices, such as mobile telephones, and these have overcome
some of the physical barriers to data collection [8]. In rural
areas of South Africa, even basic outcome data are not well
recorded and the rates of clinical follow-up are low [4, 5, 9,
10]. Despite mobile telecommunications advances, the abil-
ity to collect data on patient-reported outcomes in remote
and ‘hard-to-reach’ settings remains a challenge [11]. Using
mobile telephones to collect data represents an interesting
opportunity as there has been an increase in widespread
usage of mobile phones in South Africa, including rural
areas over the past 10 years [12—14]. Recent studies show
that healthcare workers and patients are keen to promote
their continued use [13-16].

The initial relationships between mobile phone interven-
tions and healthcare in South Africa have been very good.
A study of early medical abortion in peri-urban settlements
around Cape Town used supportive text messages and a self-
administered questionnaire by mobile phone. This was found
to be highly acceptable to participants with an acceptability
rating of 99% [17-19]. Medication adherence reminders by
text message have also been received favourably by patients
on anti-retroviral therapy [20, 21]. Other studies have found
the use of mobile devices to be particularly suited to survey
research in rural areas of South Africa [12]. Set amongst
poor existing research infrastructure, the affordability and
acceptability of mobile phones in South Africa has made
them a viable source for data collection where previously
there were scarce or no data.

@ Springer

The EQ-5D is one of the most widely used patient-
reported outcome measures (PROMs) [22]. Versions for
adult participants include the 3-level response EQ-5D-3L
and the 5-level response EQ-5D-5L. It is a generic outcome
measure and includes five health dimensions comprising
mobility, self-care, usual activities, pain/discomfort and
anxiety/depression. It has been applied to and validated for
a broad range of health conditions [23, 24]. It has been cul-
turally and linguistically adapted for 172 different language
versions (including Xhosa and Afrikaans) which makes it
a useful and relevant PROM for remote and rural settings,
such as the Eastern Cape Province of South Africa [24].

The traditional mode of administration for the EQ-5D is
by pen and paper, but it has also been adapted for other types
of self-administration on a screen, such as a tablet computer,
via a web-based platform, or personal digital assistant (PDA)
format [25]. Furthermore, it can be administered by proxy
over the telephone or in a face-to-face interview [26]. The
EQ-5D has not previously been available for administra-
tion by mobile phone text message/SMS (Short Message
Service).

The opportunities offered by mobile technology are not
considered to be fully explored [27]. The use of mobile
phone text message as a tool for capturing research data
is a relatively new concept [28]. The aim of this study was
to evaluate equivalence and test-retest reliability of a text
message version of the EQ-5D-3L in a rural South African
setting.

Methods
Study design and setting

This prospective non-randomised cohort study was based in
the Orthopaedic Department at Frere Hospital, part of the
East London Hospital Complex, South Africa. Data were
collected between August 2014 and June 2015.

Patient and public involvement

Patient and public involvement (PPI) informed the design
of this study. Patients and their attendants were asked for
their permission to participate in the consultation group at
outpatient Orthopaedic clinics. There were two phases for
consultations and two groups in each. There were 30 partici-
pants in total comprising 13 male and 17 female participants
with an age range of 18-68 years.

All consultations were facilitated predominantly in Xhosa
by a nurse fluent in both Xhosa and English. The principal
investigator was present to make notes. In the first phase, the
facilitator used a basic format to facilitate an open discussion
about mobile phone ownership and usage, text messaging
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habits and attitudes to health questionnaires. The cultural
acceptability and applicability of a range of questionnaires
were explored, including the Quick Disability of Arm,
Shoulder, Hand/Wrist (QuickDASH) [29], Patient-Rated
Wrist/Hand Evaluation (PRWHE) [30], Patient-Reported
Outcomes Measurement Information System-Physical
Function/Pain Scores (PROMIS-PF/PS) [31], Short-Form
8 and Short-Form 12 (SF8/SF12) [32] and EQ-5D [26].
The administration of text message questionnaires was
then tested with five staff volunteers (three males and two
females aged between 25 and 36 years) from the Orthopae-
dic Department with basic and smartphone handsets.

There was an overall positive reception to health ques-
tionnaires in general. It was repeatedly commented that
people liked the fact that someone was taking an interest in
their injury. There was an equal split between English and
Xhosa for language preference when completing a question-
naire and most Xhosa-speaking participants found it easier
to read in English but respond in Xhosa. The participants
were shown the questionnaires (with translations and assis-
tance) and asked for comments and to indicate a preference.
Participants were not very familiar with the concept of rat-
ing an activity on a visual analogue scale (VAS) from 1 to
10. The consultations revealed that the number selected on
a VAS had been confused with meaning the hour of the day
that an activity was performed.

Some of the suggested activities in functional assessment
questionnaires considered by the PPI consultations referred
to activities not normally performed in a rural South Afri-
can population. Examples included ‘golf and tennis’ in the
QuickDASH and in the PRWHE; the question ‘carrying a
10 1b object in the affected hand’ also caused confusion.
Describing the ‘ability’ to perform a task appeared less
acceptable than describing the ‘difficulty’ performing a task.
The QuickDASH refers to ‘ability’, whilst the PRWHE asks
patients to describe the ‘difficulty’ to perform a task, and this
caused some confusion [29, 33]. The shorter, more general
questionnaires were preferred.

The second phase consultation groups discussed three
questionnaires (EQ-5D, PROMIS-PF and SF8/SF12) in
greater depth. There are five levels of response statement
in the PROMIS-PF and EQ-5D-5L and three levels in the
EQ-5D-3L. The PPI participants preferred the three-level
EQ-5D-3L questionnaire. A common reason given for this
was illustrated by the description of pain in Xhosa culture.
Pain is usually described using three levels during clinical
consultations: ‘none—nakancinci’, ‘a little—kancinci’ or ‘a
lot—kakhulw’. Participants preferred choosing one of three
response statements in the EQ-5D-3L and considered it more
in keeping with the normal responses given by patients.

The three-level EQ-5D-3L was selected as the preferred
questionnaire for testing by administration in text message
format. The term ‘SMS’ was preferred to ‘text message’.

All participants completed paper versions of the EQ-5D-3L,
and then two sample text messages were sent using items
from the EQ-5D-3L questionnaire. These were completed
satisfactorily by all participants in the second set of PPI con-
sultations. The potential for investigator bias in the PPI con-
sultations was minimised since the majority of discussion
was in Xhosa, and therefore, the principal investigator (not
a Xhosa-speaker) could not influence it. The positive atti-
tude towards the EQ-5D-3L and the fully completed paper
versions were therefore considered independent and unbi-
ased conclusions. The five staff volunteers then received the
complete EQ-5D-3L by text message and responded in full.

Recruitment

Eligible patients included adults with a distal radius frac-
ture, an open tibia fracture or hip joint pathology; owning
or with access to a mobile telephone and familiar with the
text message function; and able to communicate in Xhosa,
English or Afrikaans. Consecutive patients admitted to the
hospital Orthopaedic wards were identified by clinical staff
and approached for recruitment into this study.

Text message conversion of the EQ-5D-3L

Permission was granted by the EuroQol Version Manage-
ment Committee to test a text message version of the EQ-
5D-3L with minimal modification to the original question-
naire. Each question was delivered by text message with
additional information contained in the message about how
to respond. The questionnaire was preceded by an introduc-
tory text message making it clear who was sending the ques-
tionnaire, how many questions there were and approximately
how it long it should take to complete the full questionnaire
(see Fig. 1) in accordance with EuroQol guidance [34].

In the first section of the EQ-5D-3L paper question-
naire, participants tick a box next to the most appropriate
numbered statement for their health status. A number was
inserted next to the box (in a similar format to the SF-12 and
PROMIS-PF questionnaires) so that participants could use
the same numbering system to respond to the text message
questionnaire (see Fig. 2) [31, 32]. Patients were still able
to tick the box on the paper version and select an equivalent
number next to the appropriate statement in the text mes-
sage version.

The second section of the EQ-5D-3L questionnaire is
the EQ-Visual Analogue Scale (EQ-VAS). This graphic
scale is specified to be reproduced at a height of 20 cm
[34]. Lee et al. changed the EQ-VAS to a verbal numeric
scale from O to 100 [35]. This adaptation was supported
by evidence from equivalence studies showing that vis-
ual numeric scales correlated well (r=0.85) with a VAS
[36, 37]. In this study participants were invited to select
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Hi, we are sending you this 6 question health survey from Frere Hospital. It should
take no more than 5 minutes to complete. You must respond by SMS to each question
Intro to receive the next question.
Thank you for participating, your celiphone has been recharged with 30 SMS (R10)
already and you will be recharged with RS Airtime after completing the full survey.
MOBILITY. . .
st question sent Bh:a's:‘nguggollfodbySMS,pleaseteluswhd\statementbelo«desmbesyourm
automatically after ’ . )
Gk 1 =1 have no problems in walking about
2 = | have some problems in walking about
3 =1am confined to bed
SELF-CARE.
2nd question only : By sending 1, 2 or 3 by SMS, please tell us which statement below describes your own
sent after health TODAY:
response received : 1= have no problems with self-care.
to 1st question : 2 = | have some problems washing or dressing myself.
3 =1 am unable to wash or dress myself.
USUAL ACTIVITIES (work/study/housework).
3rd question only : By sending 1, 2 or 3 by SMS, please tell us which statement below describes your own
sent after health TODAY:
response received : 1=1have no problems with performing my usual activities.
to 2nd question : 2 =1 have some problems with performing my usual activities.
3 =1am unable to perform my usual activities.
PAIN/DISCOMFORT.
4th question only : By sending 1, 2 or 3 by SMS, please tell us which statement below describes your own
sent after health TODAY:
response received : 1= have no pain or discomfort.
to 3rd question : 2= have moderate pain or discomfort.
3 =1 have extreme pain or discomfort.
ANXIETY/DEPRESSION.
Sth question only : By sending 1, 2 or 3 by SMS, please tell us which statement below describes your own
sent after health TODAY:
response received : 1=|am not anxious or depressed
to 4th question : 2 =|am moderately anxious or depressed
3 = | am extremely anxious or depressed
mmm?w Please select a number to describe your health today from the scale of 100-0 (100-90-
response received 80-70-60-50-40-30-20-10-0) where 100 is the best health you can imagine and 0 is the
to 5th question worstPleaseSMSusthemr_nberyouseled.
Extro sent after sulhankmeyyou.yw'oekahonewilbelet:hargedW|thRSAmrneforcompletmgthls
";’Pg.&”::tm’d You will receive the same SMS survey in 7 days.
e You will receive a recharge before and after that survey as well.

Fig. 1 South African English text message version of the EQ-5D-3L (© EuroQol)

a number on a visual analogue scale from 100 to 0 where
100 is the best health imaginable and O is the worst. The
full wording of all the EQ-5D-3L items for text message
including the VAS is shown in Fig. 1. The original content
and wording for each question was maintained as faithfully
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as possible. This exceeded the maximum number of 160
characters within a single text message. Therefore, two text
messages were sent for each question but were received as
one text message by the recipient whether using a basic
handset or a smartphone.
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} By placing a tick in one box in each group below, please indicate
which statements best describe your own state of health TODAY.

Mobility

1. | have no problems in walking about

2. | have some problems in walking about
3. | am confined to bed

F————-—-————

10
20
3Q 16:01

MOBILITY. By sending 1, 2 or 3 by SMS, please
tell us which statement below describes your
own health TODAY: 1 = | have no problems in
walking about 2 = | have some problems in
walking about 3 =1 am confined to bed

Fig.2 Excerpts from the modified paper and text message EQ-5D-3L (© EuroQol)

Data collection

After giving written informed consent, participants were
invited to complete the EQ-5D-3L on three occasions in
their preferred language (all approved translations of the
EQ-5D-3L). The first iteration was administered in clinic for
patients with upper limb fractures or during their inpatient
stay after any surgery for lower limb pathology. Participants
completed the first questionnaire on paper by themselves.
The next two iterations of the EQ-5D-3L were administered
remotely as a series of individual text messages 24 h later
and again after 7 days. Participants responded to each ques-
tion of the EQ-5D-3L one at a time by sending a numeri-
cal response by text message and were then sent the next
question until the series of questions for the questionnaire
was completed in full. The responses were entered into an
encrypted password-protected database.

A bundle of text messages worth ZAR10 (South African
Rand) was credited to participants’ mobile telephones before
administering the text message questionnaire to provide
them with enough text messages to respond. A compensa-
tory contribution of Airtime worth ZARS was credited to the
participant’s mobile telephone upon completion of each text
message questionnaire. ZARS is equivalent to 25% of the
proposed hourly national minimum wage for 2019 [38]. Eth-
ics approval was received from the Human Research Com-
mittee of Walter Sisulu University Faculty of Health Sci-
ences, Mthatha, Eastern Cape Province, Republic of South
Africa (IRB:00007448 HREC:120,009-020 Protocol No:
016/2014) on 2nd June 2014.

Statistical methods

All statistical analyses were performed using Small Stata
14™ (StataCorp. 2015. Stata Statistical Software: Release
14. College Station, TX: StataCorp LP). A sample size cal-
culation was not performed for this study because there were
no baseline data available, and recruitment was constrained
by the time constraints and resources available for this
study. The dataset was adjusted for the Zimbabwe EQ-5D
value set as a proxy since there is no country value set for

South Africa. The first statistical analysis was to evaluate
the equivalence of the two different modes of administra-
tion (paper at baseline versus text message at 24 h). Equiva-
lence was measured by the mean difference of matched pairs
(using histograms to demonstrate normal distribution for
respondents to both iterations) and the intraclass correlation
coefficient (ICC) using a one-way analysis of variance model
for agreement between the two different modes of adminis-
tration. The second analysis was to evaluate the test-retest
reliability of the text message administration (text message
at 24 h versus text message at 7 days). Test—retest reliability
was measured by the ICC of the two text message iterations.
Non-responder analysis was evaluated using a Chi-squared
test. A p value less than 0.05 was considered significant,
and acceptable agreement for the ICC was a value greater
than 0.70 [39, 40]. Incomplete responses to the question-
naires were considered invalid for analysis as per EuroQol
guidance [34].

Results
Participants and response rates

There were 184 patients screened for eligibility and 153 were
eligible. Reasons for ineligibility included being unwilling
to participate, not having a mobile telephone, having lost
their mobile telephone or charger and not being familiar with
text messages. Of the eligible patients, 147 participants were
recruited to the study (Fig. 3). The sociodemographic data
and the non-responder breakdown for participants are shown
in Table 1. After the initial paper administration of the EQ-
5D-3L at baseline, 99 participants (67%) attempted the text
message at 24 h (only 95 completed the EQ-VAS as well)
and 85 participants (58%) completed the text message at 7
days. All participants (including non-responders and partial
responders at 24 h) received text messages at 7 days.

The number of responders at each time interval is
shown in Fig. 3. Non-responder analyses were performed
between the 147 participants who completed the base-
line EQ-5D-3L on paper and the 48 patients who did not
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Fig.3 Flowchart showing num-
ber of responders at each time
interval of the study

n=196

Patients screened for inclusion

12 discharged before being

assessed for eligibility

n= 184

Patients assessed for eligibility

Ineligible patients n = 31

2 unfamiliar with text messages

4 lost phone in accident

» 2 phones had no battery
1 patient died

n=153

Eligible patients

3 phones stolen during assault

19 did not own a phone

A

6 patients declined consent

Patients completing paper

EQ-5D

n= 147
N 42 non-responders
i 6 incomplete responses

Patients completing text
message EQ-5D at 24 hours

n=99

N 10 non-responders

4 partial responses (no VAS)

n=85

Patients completing text
message EQ-5D at 7 days

respond in full to the text message version at 24 h. Non-
responders were found to be older (p =0.01), have a lower
level of education (p =0.02) and were more likely to speak
Xhosa as a first language (p =0.02).

There were 99 matched pairs of the EQ Index on paper
and by text message at 24 h. Histograms performed for
the matched data demonstrated an approximately normal
distribution suitable for 7 testing. There was no statistically
significant difference in means of the EQ Index (p =0.95)
or the EQ-VAS score (p =0.26) as shown in Table 2. The
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Pain/Discomfort item demonstrated a significant change
between paper and text message iterations.

The ICC with 95% confidence intervals (CI) between
the EQ Index on paper at baseline and by text message at
24 h was 0.84 (CI 0.78-0.89) which demonstrated accept-
able agreement. The ICC for the VAS scores was 0.73 (CI
0.64-0.82) which also showed acceptable agreement.

There were 85 matched pairs who completed the full EQ-
5D-3L by text message at 24 h and again at 7 days. There
were no significant changes within each item; however, the
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Table 1 Sociodemographic and non-responder data for the screened
patients

Non-responder Responder Total

Sex
Female 27 44 71
Column % 56% 44% 48%
Male 21 55 76
Column % 44% 56% 52%
Total 48 99 147
Pearson y2=1.8042, p=0.179
Age bracket
18-29 years 6 33 39
Column % 13% 33% 27%
3049 years 17 35 52
Column % 35% 35% 35%
50 years + 25 31 56
Column % 52% 31% 38%
Total 48 99 147
Pearson y2=8.9492, p=0.011
Education
Grade R-9 Education and 13 10 23
Training
Column % 27% 10% 16%
Grade 10+ Education and 25 71 96
Training
Column % 52% 72% 65%
Not available 10 18 28
Column % 21% 18% 19%
Total 48 99 147
Pearson y2=7.9861, p=0.018
Employment
Unemployed 24 46 70
Column % 50% 46% 48%
Not available 2 5 7
Column % 4% 5% 5%
Retired 2 4 6
Column % 4% 4% 4%
Student 0 10 10
Column % 0% 10% 7%
Employed 20 34 54
Column % 42% 34% 37%
Total 48 99 147
Pearson y2=15.4596, p=0.243
Provenance
Rural 13 28 41
Column % 2% 58% 62%
Urban 5 20 25
Column % 28% 42% 38%
Total 18 48 66
Pearson y2=1.0732, p=0.300
Language
Afrikaans 2 4 6

Table 1 (continued)

Non-responder Responder Total

Column % 4% 4% 4%
English 15 55 70
Column % 31% 56% 48%
Xhosa 31 40 71
Column % 65% 40% 48%
Total 48 99 147
Pearson y2=7.9246, p =0.019
Pathology Non-responder Responder Total
Distal radius fracture 14 15 29
Column % 29% 15% 19%
Hip joint pathology 15 36 51
Column % 31% 36% 35%
Open tibia fracture 19 48 67
Column % 40% 49% 46%
T otal 48 99 147

Pearson y2=5.09, p=0.08

overall EQ Index and EQ-VAS both demonstrated significant
differences as shown in Table 3. The ICC for the EQ Index
was 0.72 (CI 0.62-0.82) showing acceptable agreement for
the test—retest reliability between 24 h and 7 days. The ICC
for the EQ-VAS score was 0.72 (CI 0.62-0.82) also indica-
tive of acceptable agreement for test-retest reliability.

Discussion
Characteristics of participants and non-responders

This study addressed the challenge of collecting PROM data
in a remote rural setting. The sample population was gener-
alisable, but attrition was more common in older participants
who spoke Xhosa as a first language and had lower levels of
education. This is representative of the association between
poorer health outcomes and use of healthcare services in
populations with lower health literacy [41]. Text message
studies have previously recruited a ‘better resourced’ sample
population either through affluent recruiting sites or because
they have sampled from a technologically savvy and younger
population [7, 42-45]. Any interpretation of results from
PROMs should therefore consider the potential for bias
towards younger respondents with higher levels of educa-
tion. One European study evaluating the EQ-5D on smart-
phones involved posting a mobile telephone to participants
and asking them to return the devices after the study [7].
This would have been logistically impractical in the rural
South African setting and would have limited the usability
testing potential for this mode of administration in hard-to-
reach populations [40].
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Table2 Summary statistics

. Item Baseline paper version  Text message at 24 h Paired difference p value

of th.e .two (ﬁfferent I'I.IOdES of mean [95% CIJ mean [95% CI]

administration (baseline paper

versus text message at 24 h) Mobility 1.89 [1.76-2.02] 1.93 [1.81-2.06] 0.04 0.32
Self-care 1.71 [1.59-1.83] 1.70 [1.58-1.82] 0.01 0.81
Usual Activities 2.01 [1.87-2.14] 2.11[1.98-2.23] 0.01 0.08
Pain/Discomfort 2.19 [2.06-2.31] 2.10[1.97-2.23] 0.09 0.04
Anxiety/Depression 1.62 [1.49-1.75] 1.71 [1.58-1.85] 0.09 0.12
EQ Index 0.54 [0.49-0.59] 0.54 [0.49-0.59] <0.01 0.95
EQ-VAS 62.07 [57.20-66.95] 59.94 [55.09-64.78] 2.14 0.26
Bold are statistically significant (p < 0.05)

Table 3 Summar}./ s.tatist.ics of Item Text message at 24 h Text message at 7 days Paired differ- p value

text message administration at mean [95% CI] mean [95% CI] ence

24 h and 7 days
Mobility 1.94 [1.81-2.07] 1.82 [1.69-1.95] 0.12 0.06
Self-care 1.72[1.58-1.85] 1.70 [1.56-1.83] 0.02 0.70
Usual Activities 2.09 [1.95-2.23] 1.98 [1.85-2.11] 0.17 0.06
Pain/Discomfort 2.11[1.98-2.25] 1.99 [1.85-2.12] 0.13 0.09
Anxiety/Depression 1.67 [1.53-1.82] 1.62 [1.47-1.76] 0.06 0.28
EQ Index 0.55[0.49-0.59] 0.59 [0.54-0.64] 0.05 0.01
EQ-VAS 61.28 [56.59-71.32] 66.69 [61.92-71.46] 5.29 0.003

Bold are statistically significant (p < 0.05)

Equivalence testing

The results of this study have demonstrated acceptable
measurement equivalence for the EQ-5D-3L administered
on paper and by text message. Our equivalence findings
are comparable with other studies evaluating equivalence
of the EQ-5D-3L on paper and computer-based administra-
tion. Ramachandran et al. investigated measurement equiva-
lence of the EQ-VAS on paper and touch-screen devices and
reported acceptable measurement equivalence ICC of 0.75
(95% C10.69-0.79) [46]. Lundy and Coons compared paper
EQ-5D and Interactive Voice Response (IVR) versions and
showed an EQ-Index ICC of 0.89 (lower-bound CI 0.85)
and 0.88 (lower-bound 0.83) for the EQ-VAS [47]. In this
study, the EQ-Index ICC for paper versus text message was
0.83 (95% CI 0.78-0.89) and the EQ-VAS was 0.73 (95%
CI10.64-0.81). Furthermore, our results are comparable with
three meta-analyses investigating measurement equivalence
of paper versus electronic modes of administration in which
the majority of correlations had an ICC greater than 0.75
[48-50].

Test-retest reliability
Our results also showed acceptable levels for test-retest
reliability of the EQ-5D-3L administered by text message.

Shorter time intervals have shown better reliability between
electronic questionnaire responses [49]. Lundy et al.
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excluded responses longer than 72 h from the baseline and
reported stronger levels of agreement [47]. The 7-day time
interval in this study showed acceptable reliability though
this may have been improved by a shorter interval. The
change in pain levels in participants around the time of their
initial treatment for acute orthopaedic trauma may explain
the significant differences between baseline paper and sub-
sequent text message responses in the Pain/Discomfort item.

Acceptability and feasibility

One of the main challenges facing this study was finding a
questionnaire which was acceptable and applicable to the
population and feasible for administration by text message
without major modifications to the wording and by conse-
quence its psychometric properties. The findings of the first
PPI consultations helped select an acceptable and applicable
questionnaire using paper versions. The second phase of PPI
consultations included testing samples of the questionnaire
items by text message. This study benefitted from PPI con-
sultations before and after questionnaire testing. The results
from these discussions provided valuable insight into the
acceptability and applicability of questionnaires in this set-
ting and administered by text message.

There is currently very scarce data on the longer-term
outcomes of patients in a rural South African setting since
outcome data are not routinely recorded and clinical follow-
up rates are low [4, 5, 9, 10]. In this study, the compensation
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was ZAR1S5 per participant per questionnaire, and therefore,
the data from this study support a simple and inexpensive
mode of data collection for hard-to-reach populations where
currently there is no method for PROM data collection.

Strengths and limitations

Strengths of this study include the use of statistical meth-
odology which follows internationally recognised guidance
for measurement equivalence between alternative modes of
PROM administration [40]. The PPI consultations helped
inform the selection of a questionnaire that would be cultur-
ally appropriate and applicable. Liaison with the EuroQol
Version Management Committee also enabled the oppor-
tunity to test a new version of the EQ-5D-3L in a rural
research setting. However, there are limitations that should
be acknowledged when interpreting the results. The ICC for
measurement equivalence in this study was acceptable but
could have been better. Higher precision could have been
demonstrated if all the lower boundaries of the ICC con-
fidence intervals had been above the acceptable level of
0.70. This was only shown in the paper versus text message
EQ-Index ICC. A meta-analysis of electronic versus paper
PROMs found that measurement equivalence was better in
studies with time intervals of less than 24 h [49]. The time
interval in this study was at least 24 h between paper and
the first text message questionnaire, and reducing this may
have improved the ICC and lower boundary of the confi-
dence interval. The test—retest reliability in this study may
also have demonstrated a higher correlation if a time inter-
val shorter than 7 days had been used [47]. This study was
not randomised because it would have been impractical to
administer the paper version after the text message version
because patients would have been unable to complete the
paper questionnaire after leaving hospital. A sample size
calculation was not performed prospectively because there
were no baseline data available; however, the confidence
interval for measurement error in 99 matched pairs is 14%
and the paired differences in this study were well within this
range [51].

Responding to a text message questionnaire has been con-
sidered simpler if the respondent can send a number rather
than typing words [43, 52]. This approach was adopted in
this study. The questions were modified by adding a number
to each statement but keeping the wording, so the conver-
sion of the paper EQ-5D-3L to the text message version
was performed with minimal modification according to
the framework proposed by Coons et al. [40]. This ‘faith-
ful migration’ followed the interpretation of FDA guidance;
therefore, further validation work was not required [40, 48,
53]. A limitation of the text message administration is that
participants cannot view all questions at once and cannot

review or amend their responses. This has been acknowl-
edged by other studies using the EQ-5D administered on
touchscreen smartphones and discussed with the EuroQol
Group [7].

The Lancet Commission on Global Surgery 2030 objec-
tives include a proposal for an international consortium on
surgical m-Health [54]. This study supports the potential
for a mobile telephone-based initiative using text messages
for the longitudinal follow-up of patients with orthopaedic
pathology. This potential could be expanded to include other
surgical disciplines since the EQ-5D is a generic PROM
and can also be used as an economic evaluation tool. This
would provide a valuable method for benchmarking amongst
LMICs and to monitor progress towards achieving global
surgery objectives.

Conclusions

In this study, we have demonstrated acceptable measurement
equivalence between paper and text message versions of the
EQ-5D and test-retest reliability of the EQ-5D administered
by text message. Furthermore, we have found certain cul-
tural issues affecting the acceptability and applicability of
PROMs in a rural South African setting. This study also
revealed that dropout rates are higher amongst older partici-
pants who speak Xhosa as a first language and have lower
levels of education, though previous research does not sug-
gest that this is unique to this mode of administration. The
results of this study therefore offer potential research uses
in data collection for patient-reported outcomes in hard-to-
reach populations. Given equivalence is demonstrated, this
mode of administration could be used as an adjunct to tra-
ditional modes of administration to improve response rates.
Evaluation in other socioeconomic settings would enhance
the findings of this study.

Author contributions HGB, AWB, MRW and VW conceived the pro-
ject and planned the implementation. HB, SEM, TT and NG imple-
mented the project: enabling the data collection; public patient involve-
ment consultations and participant recruitment. HGB, AS and MRW
worked on the statistical analysis. HGB wrote the first draft of the
manuscript with input from all the authors. AS, AWB, MRW and VW
reviewed and made initial corrections. All authors made corrections
on multiple iterations of the manuscript.

Funding This study was funded by the Sir Ratanji Dalal Tropical Sur-
gery Research Scholarship jointly awarded by the Royal College of
Surgeons of England and the Royal College of Physicians of London.
This study was further supported by the NIHR Biomedical Research
Centre at University Hospitals Bristol and Weston NHS Foundation
Trust and the University of Bristol. The views expressed in this publi-
cation are those of the authors and not necessarily those of the NHS,
the East London Hospital Complex, the Eastern Cape Department of

@ Springer



Archives of Orthopaedic and Trauma Surgery

Health, the National Institute for Health Research or the Department
of Health and Social Care.

Availability of data and materials The datasets used and/or analysed
during the current study are available from the corresponding author
on reasonable request.

Compliance with ethical standards

Conflict of interest The authors declare that they have no competing
interests.

Ethics approval and consent to participate All procedures performed
in studies involving human participants were in accordance with the
ethical standards of the Human Research Committee of Walter Sisulu
University Faculty of Health Sciences, Mthatha, Eastern Cape Prov-
ince, Republic of South Africa (IRB:00007448 HREC:1202009-020
Protocol No: 016/2014) and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards. Informed consent
was obtained from all individual participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Lozano R, Naghavi M et al (2012) Global and regional mortality
from 235 causes of death for 20 age groups in 1990 and 2010: a
systematic analysis for the Global Burden of Disease Study 2010.
Lancet 380(9859):2095-2128. https://doi.org/10.1016/S0140
-6736(12)61728-0

2. Parkinson F, Kent SJW et al (2014) The hospital cost of road traf-
fic accidents at a South African regional trauma centre: a micro-
costing study. Injury 45(1):342-345. https://doi.org/10.1016/j.
injury.2013.04.007

3. Khayesi M, Peden M (2005) Road safety in Africa. Br Med J
331:710-711. https://doi.org/10.1136/bmj.331.7519.710

4. Laing GL, Skinner DL et al (2014) Understanding the burden
and outcome of trauma care drives a new trauma systems model.
World J Surg 38(7):1699-1706. https://doi.org/10.1007/s0026
8-014-2448-8

5. Zelle BA, Buttacavoli FA et al (2015) Loss of follow-up in ortho-
paedic trauma: who is getting lost to follow-up? J Orthop Trauma
29(11):510-515

6. Findlay G, Martin IC, Smith M (2007) Trauma: who cares? A
report of the National Confidential Enquiry into Patient Outcome
and Death. NCEPOD, London

7. Mulhern B, O’Gorman H et al (2015) Comparing the meas-
urement equivalence of EQ-5D-5L across different modes of
administration. Health Qual Life Outcomes 13:191. https://doi.
org/10.1186/s12955-015-0382-6

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Asi YM, Williams C (2018) The role of digital health in mak-
ing progress toward Sustainable Development Goal (SDG) 3 in
conflict-affected populations. Int ] Med Inf 114:114-120. https://
doi.org/10.1016/j.ijmedinf.2017.11.003

AroraR, Lutz M et al (2011) A prospective randomized trial com-
paring nonoperative treatment with volar locking plate fixation for
displaced and unstable distal radial fractures in patients sixty-five
years of age and older. J Bone Jt Surg Am 93(23):2146-2153
Parkinson F, Kent SAC et al (2013) Road traffic crashes in South
Africa: the burden of injury to a regional trauma centre. S Afr
Med J Suid-Afrikaanse tydskrif vir geneeskunde 103(11):850-852
Zelle BA, Bhandari M et al (2013) Loss of follow-up in orthopae-
dic trauma: is 80% follow-up still acceptable? J Orthop Trauma
27(3):177-181

Tomlinson M, Solomon W et al (2009) The use of mobile
phones as a data collection tool: a report from a household sur-
vey in South Africa. BMC Med Inform Decis Mak 9:51
Ippoliti NB, L’Engle K (2017) Meet us on the phone: mobile
phone programs for adolescent sexual and reproductive health
in low-to-middle income countries. Reprod health 14(1):11
Alam MZ, Hoque MR et al (2020) Factors influencing the adop-
tion of mHealth services in a developing country: a patient-
centric study. Int J Inf Manag 50:128-143

Hoogeveen J, Croke K, Dabalen A, Demombynes G, Giugale
M (2014) Collecting high frequency panel data in Africa using
mobile phone interviews. Can J Dev Stud/Revue canadienne
d’études du développement 35(1):186-207

van Heerden A, Harris DM et al (2017) Perceived mHealth bar-
riers and benefits for home-based HIV testing and counseling
and other care: Qualitative findings from health officials, com-
munity health workers, and persons living with HIV in South
Africa. Soc Sci Med 183:97-105. https://doi.org/10.1016/j.
socscimed.2017.04.046

de Tolly KM, Constant D (2014) Integrating mobile phones
into medical abortion provision: intervention development, use,
and lessons learned from a randomized controlled trial. JIMIR
Mhealth Uhealth 2(1):e5. https://doi.org/10.2196/mhealth.3165
Constant D, de Tolly K et al (2014) Mobile phone messages to
provide support to women during the home phase of medical
abortion in South Africa: a randomised controlled trial. Con-
traception 90(3):226-233. https://doi.org/10.1016/j.contracept
ion.2014.04.009

Constant D, Harries J et al (2017) Is self-assessment of medical
abortion using a low-sensitivity pregnancy test combined with
a checklist and phone text messages feasible in South African
primary healthcare settings? A randomized trial. PLoS ONE
12(6):e0179600

Sidney K, Antony J et al (2012) Supporting patient adherence to
antiretrovirals using mobile phone reminders: patient responses
from South India. AIDS Care 24(5):612-617

Madhvani N, Longinetti E et al (2015) Correlates of mobile
phone use in HIV care: results from a cross-sectional study in
South Africa. 2211-3355 (Electronic). https://doi.org/10.1016/j.
pmedr.2015.06.010

Devlin NJ, Krabbe PF (2013) The development of new research
methods for the valuation of EQ-5D-5L. Eur J Health Econ
14(Suppl 1):S1-3. https://doi.org/10.1007/s10198-013-0502-3
Brooks R, Rabin R et al (2003) The measurement and valuation
of health status using EQ-5D: a European perspective : evidence
from the EuroQol BIOMED Research Programme. Kluwer Aca-
demic Pub., Dordrecht

Rabin R, Gudex C et al (2014) From translation to version
management: a history and review of methods for the cultural
adaptation of the EuroQol five-dimensional questionnaire. Value
Health 17(1):70-76. https://doi.org/10.1016/j.jval.2013.10.006


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(12)61728-0
https://doi.org/10.1016/S0140-6736(12)61728-0
https://doi.org/10.1016/j.injury.2013.04.007
https://doi.org/10.1016/j.injury.2013.04.007
https://doi.org/10.1136/bmj.331.7519.710
https://doi.org/10.1007/s00268-014-2448-8
https://doi.org/10.1007/s00268-014-2448-8
https://doi.org/10.1186/s12955-015-0382-6
https://doi.org/10.1186/s12955-015-0382-6
https://doi.org/10.1016/j.ijmedinf.2017.11.003
https://doi.org/10.1016/j.ijmedinf.2017.11.003
https://doi.org/10.1016/j.socscimed.2017.04.046
https://doi.org/10.1016/j.socscimed.2017.04.046
https://doi.org/10.2196/mhealth.3165
https://doi.org/10.1016/j.contraception.2014.04.009
https://doi.org/10.1016/j.contraception.2014.04.009
https://doi.org/10.1016/j.pmedr.2015.06.010
https://doi.org/10.1016/j.pmedr.2015.06.010
https://doi.org/10.1007/s10198-013-0502-3
https://doi.org/10.1016/j.jval.2013.10.006

Archives of Orthopaedic and Trauma Surgery

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

EuroQol (2015) EQ-5D-3L User Guide. https://www.euroq
ol.org/fileadmin/user_upload/Documenten/PDF/Folders_Flyer
s/EQ-5D-3L_UserGuide_2015.pdf. Accessed 4 Nov 2015
Rabin R, de Charro F (2001) EQ-5D: a measure of health status
from the EuroQol Group. Ann Med 33(5):337-343

Fiordelli M, Diviani N et al (2013) Mapping mHealth research:
a decade of evolution. J] Med Internet Res 15(5):€95. https://doi.
org/10.2196/jmir.2430

Whitford HM, Donnan PT et al (2012) Evaluating the reliability,
validity, acceptability, and practicality of SMS text messaging
as a tool to collect research data: results from the Feeding Your
Baby project. ] Am Med Inf Assoc JAMIA 19(5):744-749
Gummesson C, Ward MM et al (2006) The shortened dis-
abilities of the arm, shoulder and hand questionnaire (Quick-
DASH): validity and reliability based on responses within the
full-length DASH. BMC Musculoskelet Disord 7:44-44. https
://doi.org/10.1186/1471-2474-7-44

MacDermid JC, Roth JH et al (2003) Pain and disabil-
ity reported in the year following a distal radius fracture: a
cohort study. BMC Musculoskelet Disord 4:24-24. https://doi.
org/10.1186/1471-2474-4-24

Cella D, Riley W et al (2010) The Patient-Reported Outcomes
Measurement Information System (PROMIS) developed and
tested its first wave of adult self-reported health outcome item
banks: 2005-2008. J Clin Epidemiol 63(11):1179-1194. https://
doi.org/10.1016/j.jclinepi.2010.04.011

Salyers MP, Bosworth HB et al (2000) Reliability and validity of
the SF-12 health survey among people with severe mental illness.
Med Care 38(11):1141-1150

MacDermid JC, Turgeon T et al (1998) Patient rating of wrist pain
and disability: a reliable and valid measurement tool. J Orthop
Trauma 12(8):577-586

EuroQol (1990) EuroQol-a new facility for the measurement of
health-related quality of life. Health Policy 16(3):199-208

Lee SS, Xin X et al (2013) The feasibility of using SMS as a
health survey tool: an exploratory study in patients with rheuma-
toid arthritis. Int J Med Informatics 82(5):427—434. https://doi.
org/10.1016/j.ijmedinf.2012.12.003

DeLoach LJ, Higgins MS et al (1998) The visual analog scale in
the immediate postoperative period: intrasubject variability and
correlation with a numeric scale. Anesth Analg 86(1):102-106
Ritter PL, Gonzalez VM et al (2006) Measurement of pain using
the visual numeric scale. J Rheumatol 33(3):574-580

Bester C (2019) The national minimum wage and other new
labour laws: labour matters. Farmer’s Weekly 2019(19004):28-28
Lundy JJ, Coons SJ (2012) Test-retest reliability of an interactive
voice response version of the EQ-5D in a sample of cancer survi-
vors. Patient 5(1):21-26. https://doi.org/10.2165/11595840-00000
0000-00000

Coons SJ, Gwaltney CJ et al (2009) Recommendations on evi-
dence needed to support measurement equivalence between elec-
tronic and paper-based patient-reported outcome (PRO) measures:
ISPOR ePRO Good Research Practices Task Force report. Value
Health 12(4):419-429

Berkman ND, Sheridan SL et al (2011) Low health literacy and
health outcomes: an updated systematic review. Ann Intern Med
155(2):97-107. https://doi.org/10.7326/0003-4819-155-2-20110
7190-00005

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

Constant D, de Tolly K et al (2015) Assessment of completion
of early medical abortion using a text questionnaire on mobile
phones compared to a self-administered paper questionnaire
among women attending four clinics, Cape Town, South Africa.
Reprod Health Matters 22(44):83-93

Kew S (2010) Text messaging: an innovative method of data col-
lection in medical research. BMC Res Notes 3:342. https://doi.
org/10.1186/1756-0500-3-342

Whitford HM, Donnan PT et al (2012) Evaluating the reliability,
validity, acceptability, and practicality of SMS text messaging as
a tool to collect research data: results from the Feeding Your Baby
project. ] Am Med Inform Assoc 19(5):744-749

Axen I, Bodin L et al (2012) The use of weekly text messaging
over 6 months was a feasible method for monitoring the clini-
cal course of low back pain in patients seeking chiropractic care.
J Clin Epidemiol 65(4):454—-461. https://doi.org/10.1016/j.jclin
epi.2011.07.012

Ramachandran S, Lundy JJ et al (2008) Testing the measurement
equivalence of paper and touch-screen versions of the EQ-5D
visual analog scale (EQ VAS). Qual Life Res 17(8):1117-1120.
https://doi.org/10.1007/s11136-008-9384-8

Lundy JJ, Coons SJ (2011) Measurement equivalence of interac-
tive voice response and paper versions of the EQ-5D in a can-
cer patient sample. Value Health 14(6):867-871. https://doi.
org/10.1016/j.jval.2011.03.001

Gwaltney CJ, Shields AL et al (2008) Equivalence of electronic
and paper-and-pencil administration of patient-reported outcome
measures: a meta-analytic review. Value Health 11(2):322-333.
https://doi.org/10.1111/j.1524-4733.2007.00231.x

Muehlhausen W, Doll H et al (2015) Equivalence of electronic
and paper administration of patient-reported outcome measures: a
systematic review and meta-analysis of studies conducted between
2007 and 2013. Health Qual Life Outcomes 13:167. https://doi.
org/10.1186/512955-015-0362-x

Campbell N, Ali F et al (2015) Equivalence of electronic and
paper-based patient-reported outcome measures. Qual Life Res
24(8):1949-1961. https://doi.org/10.1007/s11136-015-0937-3
Bland JM, Altman DG (1996) Measurement error. BMJ (Clin Res
ed) 313(7059):744. https://doi.org/10.1136/bmj.313.7059.744
Christie A, Dagfinrud H et al (2014) Collection of patient-reported
outcomes; - text messages on mobile phones provide valid scores
and high response rates. BMC Med Res Methodol 14:52. https://
doi.org/10.1186/1471-2288-14-52

FDA (2006) FDA Guidance for industry: patient-reported outcome
measures: use in medical product development to support labe-
ling claims. Fed Regis 71:1-32. https://www.fda.gov/downloads/
Drugs/.../Guidances/UCM193282.pdf. Accessed 19 Sep 2016
Meara J, Leather A (2015) Global Surgery 2030: evidence and
solutions for achieving health, welfare, and economic develop-
ment. The Lancet 386(9993):569-624. https://doi.org/10.1016/
S0140-6736(15)60160-X

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://www.euroqol.org/fileadmin/user_upload/Documenten/PDF/Folders_Flyers/EQ-5D-3L_UserGuide_2015.pdf
http://www.euroqol.org/fileadmin/user_upload/Documenten/PDF/Folders_Flyers/EQ-5D-3L_UserGuide_2015.pdf
http://www.euroqol.org/fileadmin/user_upload/Documenten/PDF/Folders_Flyers/EQ-5D-3L_UserGuide_2015.pdf
https://doi.org/10.2196/jmir.2430
https://doi.org/10.2196/jmir.2430
https://doi.org/10.1186/1471-2474-7-44
https://doi.org/10.1186/1471-2474-7-44
https://doi.org/10.1186/1471-2474-4-24
https://doi.org/10.1186/1471-2474-4-24
https://doi.org/10.1016/j.jclinepi.2010.04.011
https://doi.org/10.1016/j.jclinepi.2010.04.011
https://doi.org/10.1016/j.ijmedinf.2012.12.003
https://doi.org/10.1016/j.ijmedinf.2012.12.003
https://doi.org/10.2165/11595840-000000000-00000
https://doi.org/10.2165/11595840-000000000-00000
https://doi.org/10.7326/0003-4819-155-2-201107190-00005
https://doi.org/10.7326/0003-4819-155-2-201107190-00005
https://doi.org/10.1186/1756-0500-3-342
https://doi.org/10.1186/1756-0500-3-342
https://doi.org/10.1016/j.jclinepi.2011.07.012
https://doi.org/10.1016/j.jclinepi.2011.07.012
https://doi.org/10.1007/s11136-008-9384-8
https://doi.org/10.1016/j.jval.2011.03.001
https://doi.org/10.1016/j.jval.2011.03.001
https://doi.org/10.1111/j.1524-4733.2007.00231.x
https://doi.org/10.1186/s12955-015-0362-x
https://doi.org/10.1186/s12955-015-0362-x
https://doi.org/10.1007/s11136-015-0937-3
https://doi.org/10.1136/bmj.313.7059.744
https://doi.org/10.1186/1471-2288-14-52
https://doi.org/10.1186/1471-2288-14-52
http://www.fda.gov/downloads/Drugs/.../Guidances/UCM193282.pdf
http://www.fda.gov/downloads/Drugs/.../Guidances/UCM193282.pdf
https://doi.org/10.1016/S0140-6736(15)60160-X
https://doi.org/10.1016/S0140-6736(15)60160-X

	The EQ-5D-3L administered by text message compared to the paper version for hard-to-reach populations in a rural South African trauma setting: a measurement equivalence study
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and setting
	Patient and public involvement
	Recruitment
	Text message conversion of the EQ-5D-3L
	Data collection
	Statistical methods

	Results
	Participants and response rates

	Discussion
	Characteristics of participants and non-responders
	Equivalence testing
	Test–retest reliability
	Acceptability and feasibility
	Strengths and limitations

	Conclusions
	References




