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Background: Children with cystic fibrosis (CF) often have suboptimal adherence rates to
nebulized medication. Adherence barriers cited include forgetting to take the nebulizers, due
to busy home and social lives. Text message reminders have been shown to be effective at
improving adherence rates in other chronic diseases such as asthma and diabetes.

Obijective: The objective of this study was to assess the feasibility and efficacy of sending text
reminders for a prolonged period of time to children with CF.

Materials and methods: Children with CF aged 5-16 years taking at least one medication via a
nebulizer with an electronic adherence monitor were consented for the study. Text message remind-
ers were sent to participants and/or parents via the hospital’s automated text service, up to twice a
day, for 6 months. The adherence rates for the 6-month text period were compared to the previous
6 months before the study. Rates were calculated for weekdays, weekends, and school holidays.
Results: Seventeen participants were recruited to the study, with a mean age of 12 years and a
mean forced expiratory volume in 1 second (FEV'1) of 81% predicted. Fifteen children completed
the 6-month text period, and I-neb data were accurately analyzed for 13 participants. The mean
adherence rate in the 6 months receiving texts was 80%, compared to 81% in the prior 6 months.
Overall adherence rates on weekdays, weekends, and school holidays were equivalent during
the 2 time periods. A subgroup of patients with moderate baseline adherence showed increased
adherence during the text period, particularly at weekends.

Conclusion: It is feasible to send text message reminders to children with CF, and they are
amenable to this approach. Although text reminders do not increase rates in patients with existing
optimal adherence, they may be of value in patients with more moderate baseline rates.
Keywords: cystic fibrosis, adherence, telehealth

Introduction

Nebulized medication is an integral part of treatment for many children and young
people with cystic fibrosis (CF), but due to a high treatment burden, adherence rates to
nebulized therapy are often suboptimal.! Patients with low adherence rates to nebulized
medication have been shown to have more pulmonary exacerbations requiring a course
of intravenous antibiotics.? This increased morbidity has been shown to increase health
care utilization and associated cost.’

Adherence to nebulized medication is difficult to accurately measure, as subjective
measures such as asking the patient and self-filled questionnaires have been shown
to overestimate rates due to the social desirability bias.! Prescription refill data are
more objective, but they have also been shown to overestimate rates, as there is no
guarantee that dispensed medication is actually taken.'
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The development of Adaptive Aerosol Delivery (AAD)
devices has enabled adherence rates to be electronically
monitored, with the exact date and time of all doses logged.
The I-neb (Philips Respironics, Guildford, UK) uses this
technology to enable electronic adherence data to be down-
loaded and reviewed with patients in clinic, which is now
becoming standard practice in the UK.* Using this method,
rates of adherence to nebulized therapy in children with CF
have been recorded at around 65%.>¢

Doubts about the need or effect of regular medication,
concerns about the burden of medication for children with
CF, and oppositional behavior (defiant and disruptive
behavior toward parents/carers) are classified as intentional
adherence barriers.” These barriers may be identified and
addressed by having open discussions about electronically
monitored adherence rates.* If a child intends to take their
nebulizers, they may face other practical, non-intentional
barriers. When asked about these, children and adolescents
report forgetting to take nebulizers due to busy home and
social lives, and poor time management.® Adherence to
nebulized therapy has been shown to be significantly lower
at weekends and school holidays, potentially indicating
doses are forgotten in the absence of the weekday routine.®
Suboptimal adherence is likely to result as a combination of
both intentional and non-intentional factors and, therefore,
both must be reviewed and addressed in order to maintain
increased rates.’

Text messages are a cheap and simple way of reminding
people to take medication and have been shown to be effec-
tive at increasing adherence rates to medication in other
chronic diseases such as asthma,' diabetes,'! and HIV."?
In the UK, 48% of children aged 811 and 87% aged 12—15
own a mobile phone.’> An American study has shown that
children with CF as young as 7 are amenable and able to
receive text message medication reminders.'

Objectives

The objective of this study was to investigate whether regular
text message reminders sent from existing hospital automated
systems can improve adherence to nebulized therapy in
children with CF. We hypothesized that regular messages
would increase adherence rates for children who previously
forgot doses of nebulized medication.

Materials and methods

“Nebtext” was a historically controlled feasibility study
carried out on children with CF in South Yorkshire, UK.
Data from the intervention period were compared to that of
the same participants in the 6 months prior to recruitment.

Children were eligible to participate if they had a diagno-
sis of CF with a positive sweat test and were aged between 5
and 16 years. They had to be taking at least one medication
via the “I-neb” (Philips Respironics) for at least 6 months
prior to the start of the study. Children were excluded if
they or their parents did not have a mobile phone or could
not speak English.

Consecutive potential participants were assessed for eli-
gibility and approached in CF clinics at Sheffield Children’s
Hospital between October and December 2014. Written
consent was taken from parents/carers and assent taken from
the children themselves. Ethical approval for the study was
granted by the National Research Ethics Service (NRES)
committee South West — Exeter, in October 2014 (Research
Ethics Committee [REC] reference 14/SW/1130).

Intervention

Prior to the study, questionnaires were handed out to all
children attending the CF clinic in Sheffield, asking them
which text messages they would like to receive from a list
of options. The text with the most votes was chosen as the
reminder text for the study (Figure S1).

After taking consent, the mobile phone number of the
child and parent was recorded for children less than 12 years
of age. If the child was 12 years or older, just the child’s
number was recorded.

All nebulized medications were recorded, and the times
these medications were taken were discussed with the partici-
pants and parents/carers. At these specified times (computer
program allowed a maximum of twice daily), for 6 months
text message reminders were sent to the mobile phone of the
child and/or parent/carer. Text messages were sent from the
Sheffield Children’s Hospital automated text reminder service,
which is normally used to remind patients about upcoming
clinic appointments. A specialized program was written by
the information technology (IT) department at Sheffield
Children’s Hospital to manipulate this text service to send
reminder text messages for the study. The texts for this study
incurred no added cost from the established automated service.
To increase convenience for participants, the times of reminder
texts could be different for weekdays and weekends, and times
were changed if required during the school holidays.

Participants received their usual care in the CF clinic,
including regular reviews of I-neb adherence data, which is
standard practice at Sheffield Children’s Hospital.

Outcomes
The primary outcome was the difference in electronically
recorded adherence rate (recoded by the I-neb) between
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the 6-month study period and the 6-month period prior to
recruitment. Adherence was defined as percent of prescribed
doses actually taken. All data were manually analyzed by
counting the doses taken per day compared to number pre-
scribed using the text file produced by the I-neb.

Secondary outcomes were difference in weekend
adherence rates, difference in the number of days where
no nebulized medication was taken at all, and difference
in the total number of missed doses. Adherence rates were
calculated for school holidays (August in the pretext period
and the Christmas holidays for the text period). Any change
in adherence of at least 5% between the time periods was
documented for each participant. Participants’ opinions on
receiving text message reminders and their perceived utility
were recorded at the end of the study via a questionnaire
distributed in clinic.

Statistical analysis

As this was a feasibility study, there was no power calculation
and statistical testing was minimized, in line with recommen-
dations.'® Mean and median adherence rates were calculated
and means compared using a paired Student’s ¢-test.

Changes to methods

Initially data from the I-nebs was also uploaded and analyzed
on the website www.pspnet.com, as it was in the standard
clinic reviews at Sheffield Children’s Hospital. However,
during the period of results analysis, the www.pspnet.
com website was discontinued by Philips, to be replaced
with a new “Insight” online system. Therefore, all data
were only analyzed using manual technique.

Results

There were 28 participants in the text message preference
questionnaire, with “It’s neb o’clock :)” receiving 43% of votes
and “It’s neb time :)” receiving 25%. The full questionnaire
results and text suggestions are available in (Figure S1).

In October 2014, there were 22 children taking at least one
medication via the I-neb attending the CF clinic in Sheffield
(Figure 1). These children were assessed for eligibility and 18
of'these children who attended clinic in the recruitment period
between October and December 2014 were approached and
consented to take part in the trial. One participant declined
to take part and, therefore, 17 participants were recruited to
the trial. One participant withdrew after 21 days of the trial
and one after 31 days, both citing the reason that their adher-
ence was already satisfactory and they did not think texts
would help. When the I-neb data were analyzed, two of
the participants had incomplete data available. It transpired

that these participants used additional inhalation devices
(Podhaler; Novartis, Camberley, UK) for various periods
of time and, therefore, accurate adherence rates could not
be calculated.

The mean (range) age at baseline was 12 years (6—15)
and the mean (range) forced expiratory volume 1 was 81%
predicted (50-102).'° A total of 76% of participants at base-
line were female. Table 1 shows the number of nebulized
actuations the participants were taking at recruitment.

The overall mean (standard deviation [SD]) adherence
during the text period was 80% (30), compared to the mean
in the previous 6 months, which was 81% (25) (Table 2).
There was no overall difference between the 6 month pretext
control period and the 6 month text intervention period for
the secondary outcomes (Table 3).

Of the 13 participants whose data were analyzed, when
compared to the previous 6 months, the adherence increased
by at least 5% in two participants, decreased in two, and was
unchanged in nine (Figure 2).

At the conclusion of the study, only six of the 13
questionnaires were returned to clinical staff. Five (83%)
participants said they found it sometimes useful to receive
text message reminders, with one finding them useful all
the time. Two people (33%) thought they were most use-
ful on weekdays, two (33%) on weekends, and two (33%)
during school holidays. All respondents thought texts were
a good way to remind people to take their nebulizers, and
five (83%) said they did not mind being sent regular text
message reminders.

Discussion

The results of this study show that it is feasible to send
reminder text messages to children and adolescents with CF
over a 6-month period. However, these text messages did not
affect the overall adherence rates to nebulized medication in
our study group.

This study had good generalizability, as the participants
were children with CF taking common nebulized medica-
tions. Automated text services are widely used in hospitals
in developed countries, and we have shown they can be
effectively programmed to send regular free reminder text
messages to patients.

The results show that the children and adolescents in
the Sheffield clinic had a high mean pretext adherence of
81%, which was maintained but not increased during the
text period (80%). The high baseline adherence rates were
also maintained during weekends and school holidays, with
no increase in these rates during the text period. This high
baseline adherence is a credit to the participants in the trial
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Enroliment

Assessed for eligibility (n=22)

Excluded (n=5)

¢ Did not attend clinic during
recruitment period (n=4)

¢ Declined to participate (n=1)

A 4

Allocation ]

A 4

Allocated to intervention (n=17)
o Received allocated intervention (n=17)

A 4

Follow-up ]

v

Lost to follow-up (n=0)
Discontinued intervention (n=2)
o Cited did not require text messages (n=2)

Analyzed (n=13)

Excluded from analysis (n=2)

¢ Incomplete I-neb data due to other
nebulizers used (n=2)

Figure | Flow chart showing progress of participants through the study.

Table | Total number of nebulized actuations taken by the
I3 participants who completed the study

Total number of nebulizer Number of Medications taken

actuations per day participants (%)

| 5(38) DNase od

2 I (8) Promixin bd

3 2 (15) DNase od
Promixin od

4 2 (15) Bramitob bd
(2 actuations bd)

2 (15) DNase od

Promixin bd
Hypertonic Saline od

5 I (8) Bramitob bd
(2 actuations bd)
DNase od

Total 13

Note: od = once daily, bd = twice daily.

and is likely the result of the established regular adherence
reviews and dialogue in clinic facilitated by the advent of
the I-neb technology.

Despite a small sample size, closer analysis of the
participants’ adherence potentially reveals three distinct
subgroups (Figure 2A—C). In the group with the highest

Table 2 Mean (standard deviation, SD) and median (interquartile
range, IQR) adherence rates for the 6-month text period and
previous 6 months

Time period Mean (SD) Median (IQR)
Pretext period 80.6 (25.0) 95.2 (68-98)
Text period 80.2 (29.5) 94.8 (76-98)
P-value 0.9
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Table 3 Secondary outcomes for the pretext and text periods

Time period Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD) Mean (SD)
weekday weekday weekend weekend school holiday school holiday missed missed
adherence adherence adherence adherence adherence adherence doses days

Pretext period  79.5 (25.7)  94.1 (73-96) 79.5(25.8) 954 (64-98) 80.6 (27.6) 93.5 (73-97) 75.9 (104.0) 20.2 (38.2)

Text period 785 (29.8)  91.5 (77-98) 80.5 (30.6)  95.2 (82-98) 774 (32.8) 92.5 (81-95) 58.1 (71.4)  26.2(51.0)

P-value 1.0 1.0 0.43 0.42 0.21

Note: Adherence rates are in percentages.
Abbreviations: SD, standard deviation; IQR, interquartile range.

pretext adherence rates (group A, eight participants >90%),
there was no increase or decrease in adherence >5%. This
indicates that the majority of participants in this study
already had excellent systems in place for remembering to
take their nebulizers, helped by clinic adherence reviews. In
these participants, text message reminders were unnecessary
and ineffective as adherence rates were already optimal.
The systems were also effective at weekends and school
holidays, rendering text message reminders at these times
redundant. In the group of three participants with moderate
pretext adherence (group B, three participants 60%—80%),
adherence improved >5% in two of these during the text
period, not changing in the third. This could indicate that in
this group with moderate adherence, rates can be improved
by regular text messages prompting them to take nebulizers
on the few occasions they would have otherwise forgotten.
In this group, the rates of all the three increased by at least
5% at the weekends and school holidays, indicating that
the messages were useful in the absence of usual weekday
routines. In the group with the lowest pretext adherence
rates (group C, two participants <50%), the rates fell further

during the text period. This may indicate that in this group
of patients there is no effective system or routine in place
to facilitate regular intake of medication and, therefore, any
prompts such as text messages are futile. The messages may
have been unpopular, and the daily reminders may have
potentially exacerbated oppositional behavior and caused
adherence rates to fall further. Alternatively, forgetting doses
was not an adherence barrier for this group and, therefore,
the reminder texts had no effect, or they cited forgetting
as a barrier when actually they had negative medication
beliefs. It has been shown in adults that people with negative
medication beliefs are also more likely to forget doses and,
therefore, text message interventions are futile if they do not
also address the negative beliefs."”

The adherence rates in this study differed from those
published elsewhere. McNamara et al in 2009 reported that
the mean adherence rate for their population in Liverpool,
UK, was 67%.° This figure was supported by Ball et al in
2013, recording a mean rate of 65% in Liverpool and Leeds.®
Both of these studies reviewed adherence data retrospec-
tively, analyzing all I-neb data from participants attending

100
90 - -4 Participant 1
-@- Participant 3
80 == Participant 4
70 + == Participant 5
X 60 —+— Participant 7
8 —o— Participant 8
§ 50 + —— Participant 9

[ B —_— ici

2 4 ~ Participant 10
g c —— Participant 11
30 T—~a == Participant 12
20 Py =@~ Participant 13
\ <= Participant 15
10 e Participant 17

0

Pretext Text

Figure 2 Adherence rate for individual participants in the 2 time periods.

Notes: Sub-group A = good baseline adherence (=80%), B = moderate baseline adherence (50-79%), C = poor baseline adherence (<50%).
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clinics in their centers. With this approach, data from all
participants, and not just the most adherent, can be analyzed.
In our study, the prospective nature and the necessity of
informed consent meant that the least adherent patients could
not attend clinic during the advertised recruitment period,
refuse consent, or withdraw from the study, leaving only the
more adherent participants in the study. Ball et al® showed
that adherence rates were significantly lower at weekends
and school holidays. Overall, we did not see this trend, with
equivalent adherence rates on weekdays, weekends, and
school holidays. However, when our data were reviewed
for the three participants with similarly moderate adherence
to those in the Ball study (60%—80%), the adherence rates
were lower at weekends in two of these, and the weekend
and holiday rates increased in all the three during the text
period. This could suggest that the text messages are of use
to these patients with moderate adherence who forget to take
their nebulizers at the weekends in the absence of a normal
routine. Accounting for the potentially falsely elevated
adherence rates in our study due to selection bias, we could
assume our population is similar to those in Liverpool and
Leeds, with a more moderate true mean adherence rate. We
would, therefore, potentially have seen a greater effect of the
texts if we had included all patients in our study and analyzed
data retrospectively, as part of a service evaluation. Ethical
approval was not granted for this approach in this study,
but with the positive patient feedback reported here and the
potential to improve moderate adherence, this approach could
be considered in future studies.

This study used all the participants available in our CF
center attending clinic during the recruitment period, but the
numbers were too small to carry out a randomized controlled
trial (RCT). Therefore, all participants received text mes-
sages, comparing adherence data to a retrospective control
period. Other confounding factors may have influenced adher-
ence outcomes in the two different time periods, including
seasons, participant maturity, and changing home or school
circumstances. By comparing data to the 6 months immedi-
ately previous, any changes over time were minimized. The
holiday periods in the two time periods were different as
one was summer and one Christmas. This was unavoidable
in the 6-month comparative periods and common features of
holiday behavior would have been present in both. Although
text messages were sent regularly at preset times, there was
no guarantee that children were at home and available to take
their nebulizers when they received the messages.

Of the 13 questionnaires handed out in clinic after the
study was completed, only six were returned. This may

be because the participants simply forgot to return the
questionnaire. If their feedback was negative however, they
may have preferred not to report this, for fear of offending
the research or clinical staff upon whom their on-going care
is reliant. This would potentially bias the results, as only
positive feedback would be recorded.

The majority of participants in this study had preexist-
ing adherence rates greater than 80%. There was, therefore,
a ceiling effect seen, with minimal capacity for further
improvement. The text messages we sent were the same every
day, and there was likely to have been a degree of habituation
to the automated messages, reducing their daily impact. The
majority of participants who returned questionnaires thought
the texts were useful some of the time, rather than all of the
time. Any potential impact of reminder text messages is likely
to be short term, as patients get used to the same regular
messages and start to ignore them. They may, therefore,
have the most value at selected short periods of time when
adherence is most important, for example during pseudomonas
eradication regimens or during school holidays.

Habituation and reminder fatigue be also overcome by
changing the texts received, or by only sending reminder
messages if the nebulizer had not been actuated. This
approach has been shown to improve adherence to inhaled
medication in asthma using a Real Time Medication Moni-
toring system.'s

During the course of this study, it became apparent that
the clinic review of downloaded I-neb data was often a diffi-
cult and potentially inaccurate process. The www.pspnet.com
website was of limited value when patients were on multiple
medications via their I-neb, as there was no way of deter-
mining which specific medications were taken. In addition,
I-neb adherence reviews could only be performed if the
patient brought their I-neb with them to clinic. It is likely
the most adherent patients brought their nebulizer regularly,
happy to review the positive data, whereas the least adherent
patients often “forgot” their I-neb to avoid being looked upon
unfavorably by the medical team. It is these least adherent
patients who would benefit most from an open and structured
dialogue about the adherence barriers they face, but without
any data to review and discuss, health professionals are
powerless to intervene.

The newer “Insight” system introduced by Philips
tries to counter the problem of patients not bringing their
nebulizers to clinic by enabling the devices to be docked
at home and uploaded via the internet. Unfortunately this
system still requires the patient to remember to dock the
device, something which can also be forgotten. The future for
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electronic monitoring for nebulized medications in CF would
be a system where the data would be automatically uploaded
remotely via wireless internet, not requiring any patient
involvement. All patients’ data could then be reviewed, and
the least adherent patients could be identified and helped.
The nebulizers themselves would have a way of identifying
which medication was taken, and adherence reviews could
then be based on more accurate data. Before implementing
this approach, opinions should be sought, and consent
from patients would have to be obtained. The “big brother”
approach may be unpopular with some and potentially may
lead to patients disengaging with the medical profession.
This was possibly seen by the small number of participants
returning their questionnaires in this study, potentially con-
cealing negative views. An unpopular approach may lead to
an increase in oppositional behavior, and falling adherence,
as was potentially seen in the two participants in this study
with the lowest adherence.

Based on the results of our study, we would recommend
a larger multi-center RCT to further explore the benefits
and applicability of this technology in children and adoles-
cents with CF. Inclusion criteria could state existing poor to
moderate adherence rates (<80%), to focus on the patients
most likely to benefit from the intervention. During the study,
regular adherence reviews would enable any participants
with falling adherence to be identified and helped. If it was
apparent that the text messages were unpopular or increasing
negative oppositional behavior, they could be discontinued.
Illness perceptions and medication beliefs should be identi-
fied before the study, and those with negative beliefs could
be targeted with separate messages to address these views.

Conclusion

In a group of children and adolescents with good baseline
adherence, overall rates were not improved by sending
regular reminder text messages. However, in patients with
moderate adherence, there is potential for text messages
to increase adherence rates, particularly at weekends and
school holidays. We have shown it is feasible to send regu-
lar text reminders via established automated systems, and
the young people in our study were generally amenable to
this approach.
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Improving adherence to medication by text message reminders

Supplementary material

We are going to carry out a trial at Sheffield Children’s Hospital to see whether people remember to take their nebulizers

more if we text to remind them.

If we were to text you twice a day to remind you to take your nebulizer, which of the following texts would you like

to receive?

Please tick the text or texts you think are best: Total 28 responses

Please remember to take your nebulizer :)
Don’t forget your neb :)

It’s time for your neb :)

Dr West says it’s time for your neb :)
Elaine says it’s time for your neb :)

It’s neb time! :)

It’s neb’o’clock! :)

None of the above

Other text sSuggestion ...........covvviviiieriniiiineeannnnns

m] 1
0O 4
O 4
O 5 18%
] 3
O 7 25%
O 12 43%
O 4

Thank you for your suggestions; please put this form in the box on the reception desk.

Figure S| Text suggestions form and results.
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