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Abstract

Background: Mobile health interventions (MHI) offer the potential to help improve
nasal corticosteroid (NCS) adherence in allergic rhinitis (AR). The aim of this sys-
tematic review was to summarise the current evidence on the effectiveness of MHI
for improving NCS adherence in AR.

Methods: We systematically searched MEDLINE, Embase and the Cochrane Central
register of Controlled Trials (CENTRAL) for randomised controlled trials filtered for
publication dates between 2010 and 2021. We evaluated the effects of MHI aiming
to improve NCS adherence on self-management outcomes in AR and comorbid
conditions. Two reviewers independently screened potential studies, extracted
study characteristics and outcomes from eligible papers and assessed risk of bias
using the Cochrane Risk of Bias tool 2.0. High heterogeneity precluded meta-
analysis. Data were descriptively and narratively synthesised.

Results: Our searches identified 776 individual studies of which 4 met the inclusion
criteria. These studies were heterogeneous with respect to participant, intervention
and outcome characteristics. We considered all outcome-specific overall risk of bias
assessments to be of high risk of bias except for two studies examining NCS
adherence which received ‘some concern’ grades. The three studies which reported
on NCS adherence found that MHI were associated with improvement in
NCS adherence. Significant MHI-associated improvement in symptoms or disease-
specific quality of life was found in one study each, whilst no study reported
significant differences in nasal patency.

Conclusions: Whilst MHI showed potential to improve NCS adherence, their effect
on clinical outcomes varied. Furthermore, robust studies with longer intervention
durations are needed to adequately assess effects of MHI and their individual
features on NCS adherence and clinical outcomes.
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1 | BACKGROUND 3 | METHODS

Allergic rhinitis (AR) is one of the most common diseases globally, 3.1 | Protocol and registration

estimated to affect over 400 million people; it typically persists
throughout life.»? Because of nasal symptoms (nasal itching, sneez-
ing, rhinorrhoea and nasal congestion), often associated ocular
symptoms (itching, tearing and redness of the eye; allergic rhino-
conjunctivitis [ARC]) and other related symptoms (itching of the
palate, postnasal drip and cough), AR significantly impairs sleep
quality and cognitive function, increases discomfort, irritability and
fatigue and ultimately reduces disease-specific quality of life (QoL).2
In addition, AR is strongly associated with comorbidities such as
asthma*® and chronic rhinosinusitis (CRS). As a result, AR causes
substantial direct and indirect costs associated with medical ex-
penses and reduction in work and school performance, respectively.®

Nasal corticosteroids (NCS) are widely recognised as the most
effective medication class for controlling AR symptoms and miti-
gating their deleterious effects on disease-specific QoL.”? NCS are
the mainstay of AR, ARC and CRS treatment.

NCS usually need to be taken throughout the entire period of
allergen exposure to optimally reduce nasal inflammation and AR
symptoms®0; however, NCS adherence remains poor and inconsis-
tent for many.!?

A myriad of underlying factors, including variables related to
disease, patient, treatment,

physician-patient relationship and

healthcare system contribute to non-adherence.’®'® However,

forgetfulness remains one of the principal barriers,*%#

suggesting
that both intentional and unintentional non-adherence coexist, in
turn necessitating diverse and multifaceted strategies and in-
terventions to effectively improve NCS adherence,*! as with other
long-term conditions.*®

Rapid advances in mobile technologies have ushered mobile
health (mHealth) to the fore as a potential tool to improve NCS
adherence through the use of a multitude of features that principally
promote healthcare professional-to-patient and patient-to-patient
communication, patient empowerment, monitoring and education.'®
Whilst mHealth represents an intriguing prospect for improving NCS
adherence, little clinical research currently exists on its efficacy and
benefits.r” Moreover, to our knowledge no systematic review has
embarked on collating and evaluating current clinical research data.

2 | OBIJECTIVES

To examine whether mHealth interventions (MHI) for improving NCS
adherence in AR and comorbid conditions (ARC and CRS) were
effective in improving NCS adherence and clinical health outcomes
(symptoms and disease-specific quality of life) compared to usual

care not including MHI.

The systematic review is registered with, and the corresponding
protocol is available from, the PROSPERO database with registration
number: CRD42020198879.

3.2 | Eligible studies
Only randomised controlled trials (RCTs) were eligible for inclusion in
the systematic review, including cluster RCTs, wait-list controlled

RCTs and cross-over RCTs. Quasi-experimental trials were excluded.

3.3 | Population

All population groups who were prescribed NCS treatment either as
monotherapy or in combination with other treatments for both
seasonal and perennial AR with/without ocular symptoms (ARC) or
CRS were included. Studies that additionally targeted parents or
carers of participants (e.g., children) who contributed to NCS treat-
ment adherence were also included. Individuals exclusively pre-
scribed other treatments excluding NCS (e.g., antihistamines or
immunotherapy) were excluded. Interventions which exclusively
targeted healthcare professionals were excluded.

3.4 | Intervention
Studies were included if they delivered interventions with a primary
or secondary aim of improving adherence to NCS through the use of
MHI. The World Health Organization’s (WHO) definition of mHealth
was used for this systematic review, namely a ‘medical and public
health practice supported by mobile devices, such as mobile phones, pa-
tient monitoring devices, personal digital assistants (PDAs) and other
wireless devices'.'® Therefore, studies that implemented MHI using
mHealth devices, such as mobile phones, smartphones, smart-
watches, tablets, PDAs and electronic monitoring devices as an in-
tegral part of the intervention were included. Peripheral devices, for
example, sensors and sensory wearables and web-based programmes
were included as long as they were accompanied by one or more of
the above-mentioned primary devices. Studies using primary devices
that were not handheld or mobile, for example, landline telephones
or stationary computers, were not included.

The MHI could be used alone or be part of a broader multifaceted
intervention which could be with or without healthcare professional-

to-patient contact (i.e. face-to-face or virtual consultations).



BAXTER ET AL

s 4

= | 3 of 16
EAACI

Lastly, studies that exclusively used phone calls or tele-
consultations as an alternative to face-to-face consultations were

excluded from this systematic review.

3.5 | Comparators

We only included studies with a control group of participants who
were not provided or did not have access to an MHI for improving
NCS adherence. Control groups either received usual care or the
same intervention devoid of the mHealth component. Usual care
pertained to standard care per guidelines or standard care in the
given setting at the time in which the study was conducted. Multi-
arm intervention studies, such as varying types of MHI, were
included as long as one comparator group matched the criteria

above.

3.6 | Outcomes
The reporting of one or more of the following primary outcomes
constituted an inclusion criterion. All relevant study outcomes were

extracted upon inclusion.

3.6.1 | Primary outcomes:

1. Symptoms as measured by a subjective assessment.

2. Disease-specific QoL assessed by a validated subjective
assessment.

3. Adherence to NCS assessed by objective and/or validated sub-
jective assessments.

3.6.2 | Secondary outcomes:

1. Usage of MHI as measured by quantitative usage assessments.

2. Acceptability of MHI using a quantitative instrument, such as
questionnaires. Qualitative acceptability assessments were
excluded from this systematic review.

3. Nasal patency as measured by an objective test.

4. Adverse effects.

3.7 | Report eligibility criteria
No restrictions were applied to geographical location or type of
setting. Studies written in languages other than English were eligible
if they could be translated using Google Translate to a standard
where study characteristics were clearly discernible.

Only study reports available in full-text versions were included.
Attempts were made to contact study authors to obtain full-text

articles when unavailable. All supplementary reports or conference

abstracts were excluded. Lastly, due to the fast-paced nature of
mHealth research, only studies from 2010 to present were eligible
for inclusion.

3.8 | Information sources
Searches for relevant studies were conducted in MEDLINE (OVID
interface), Embase (OVID interface) and CENTRAL (Cochrane Cen-
tral Register of Controlled Trials; Wiley interface) and were carried
out between 28 May 2020 and 27 August 2020 and were refreshed
on 15 February 2021. Reference lists of the included studies were
scanned in efforts to identify additional relevant publications.
ClinicalTrials.gov, the UK Clinical Research Network Study
Portfolio, the Meta Register of Controlled Trials and the first 100 hits
on Google Scholar were searched for relevant unpublished or in-

progress trials.

3.9 | Search strategy

The search strategy was formed using the ‘pearl-growing’ method in
MEDLINE (OVID interface), in which relevant Medical Subject
Headings (MeSH), their entry terms and their ‘term-tree’ were
explored, as well as input from the team of authors. The search terms
were validated by a medical librarian with expertise in systematic
review searching. A draft of the MEDLINE search strategy is pre-
sented in Appendix 1 in Supporting Information S1. The MEDLINE
search strategy was adapted and translated to the other electronic
bibliography databases as to adhere appropriately in syntax and
MeSH terms. No search limits or filters were added to individual
searches, apart from publishing year range (January 2010-February
2021).

3.10 | Study selection

Two review authors (MB and HT) were blinded to each other’s
verdicts and independently conducted the two-stage screening of
titles and abstracts of study reports extracted from the search
results, using the developed screening form (Appendix 2 in Sup-
porting Information S1). Initially, studies that clearly did not meet
the inclusion criteria based on their titles were excluded whilst
abstracts were scanned against the inclusion criteria during the
abstract screening phase. All reports that met the inclusion
criteria were coded as ‘Yes' and otherwise ‘No’ in Covidence,® a
systematic review management programme, whilst reasons for
exclusion were noted. Where doubt regarding eligibility occurred,
these were marked as ‘Maybe’ and were included in the full-text
screening for further scrutiny. Subsequently, all full-text study
reports were retrieved for the studies bearing ‘Yes' or ‘Maybe’
labels for screening. Additional information was sought from the
study authors where resolve

necessary to disagreements
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regarding eligibility or to address uncertainties regarding incom-
plete or ambiguous methods that required further clarification.
Disagreements were resolved either through discussion or by a
third review author (JS) whilst reasons for exclusion were docu-
mented. Review authors were not blinded to either study authors,
journal titles or institutions. Cohen’s kappa for inter-rater reli-
ability for the title/abstract and full-text
calculated.

screening were

3.11 | Data collection process

A data extraction form (Appendix 3 in Supporting Information
S1) was developed and inserted into Covidence. The template
for intervention description and replication was used to model
the data extraction form.2° Two review authors (MB and HT)
independently extracted the data from each included study.
Both review authors (MB and HT) participated in calibration
exercises prior to data extraction. The few disagreements that
occurred were resolved through discussion and no arbitrator
was needed.

The data extraction form was piloted on one of the included
studies and modifications were made where appropriate. Extracted
data were divided into the following six distinct domains: general
study information, methodology, participant details, intervention

details, comparator details and study outcomes.

3.12 | Data items

The following data items were extracted from the included studies:

1. General study information: author(s), institution(s), sponsorship
source(s), conflicts of interest, country and setting.

2. Methods: study design, date of study, methods of randomisation,
length of follow-up, total study duration, length of ‘run-in’ period,
study centre details, recruitment setting(s) and recruitment
methods.

3. Participants: number of participants (baseline and follow-up),
gender, median age, range of age, sub-population groups, condi-
tion type(s), condition classification(s), co-morbidities, inclusion
criteria, exclusion criteria, comparison between groups at base-
line and mHealth device familiarity.

4. Interventions: intervention aim(s) (primary and secondary aims),
intervention details, type of intervention(s) (theory or non-
theory-based), intervention administrator(s), type of mHealth
device(s), mHealth device name(s) (e.g., app names), device
make(s) and model(s) (if issued), non-MHI component(s),
description of mHealth training (if administered), intervention
modification(s), intervention retention and mHealth adherence/
usage rates.

5. Comparison: comparison group descriptions.

6. Outcomes: details about primary and secondary outcomes,
including their individual values, data type(s), type of effect

measure(s), assessment method(s) and reported time-points.

Upon completion of data extraction, data was transferred to the
review manager RevMan 52! and Microsoft Excel version 16.37
(Microsoft Corporation) by MB whilst being cross-checked with the
study reports by HT.

3.13 | Risk of bias individual studies

A risk of bias (RoB) assessment for the primary outcomes (NCS
adherence, symptoms and disease-specific Qol) in each study was
carried out independently by MB and HT using the Cochrane Risk of
Bias tool 2.0%2 and Microsoft Excel version 16.37 (Microsoft Cor-
poration). We investigated the effect of assignment to intervention
(‘intention to treat’). Prior to the assessment, efforts were made to
contact study authors to acquire study protocols and trial registry
records that were not available to the review authors. The assess-
ment of RoB was conducted using the following domains (as outlined
in table 8.2a in the Cochrane Handbook for Systematic Reviews of
Interventions)?:

Bias arising in the randomisation process.

Bias due to deviations from intended interventions.
Bias due to missing outcome data.

Bias in measurement of the outcome.

Bias in selection of the reported outcome.

A e A

Overall bias.

For each domain, a series of ‘signalling questions’ pertaining to
the assessment of RoB was answered with either ‘yes’, ‘probably yes’,
‘probably no’, ‘no’ and ‘no information’. An algorithm mapped the
recorded answers and proposed a RoB judgement of either ‘low risk
of bias’, ‘some concerns’ or ‘high risk of bias’ for each domain. These
were overridden by the review authors when deemed appropriate.
Comments and direct quotations from study reports were attached
to support answers given to each signalling question. Likewise,
justification was provided whenever RoB judgements from the al-
gorithm were overridden. Lastly, the domain-level judgements pro-
vided the basis for an overall RoB judgement for each specific
outcome being assessed for each study. Review authors were not
blinded to study details.

Disagreements were firstly resolved through discussion and

secondly via a third review author (AS) for arbitration.

3.14 | Data synthesis

Study outcome data were not pooled in statistical meta-analyses due

to the clinical heterogeneity of the study characteristics. Instead, the



BAXTER ET AL

= | 50of 16
EAACI

—
=
.‘9_ Articles identified through database Additional articles identified
g searching through other sources
£ (n =985) (n=0)
c
]
&
A4 y
P Articles prior to removal of duplicates Duplicates removed
(n =985) > (n =209)
8o
£
c
a
[
5
G Articles screened Articles excluded
(n=776) (n=764)

- 1

Full-text articles
> excluded (n = 8)
- Wrong population (No NCS) (n=3)

- No full-text versions (n=2)

- Wrong intervention (No aims to
improve NCS adherence) (n=2)

- Wrong population (No AR, ARC or
CRS) (n=1)

Emails to first Full-text articles assessed
z authors < for eligibility
3 (n=2) (n=12)
&
w
y
— No replies
PR (n=2)
3 Articles included
IS (n=4)
T
&

FIGURE 1 PRISMA flow diagram

findings were analysed via a narrative synthesis, including tables and

figures to aid in data presentation where appropriate.

4 | RESULTS

4.1 | Study selection

The search yielded a total of 985 records as shown in Figure 1. A

total of 776 records remained after excluding 209 duplicates.
Subsequently, 764 records which clearly did not adhere to the

inclusion criteria were removed during the two-stage screening

process, thereby leaving 12 publications eligible for full-text review.

2425 records could not be procured during the process,

Two full-tex
despite efforts to contact their respective authors, as these were not
available through our institutional holdings. However, upon further
examination, it was discovered that both were conference abstracts.

2629 \were

Upon completion of the full-text review, four studies
included in the systematic review. The bibliographies were consulted
for each of the four included publications, however, no further
relevant citations were identified.

The inter-rater agreement during the title/abstract and full-text
phases produced a Cohen’s kappa of 0.355 (small agreement) and 1.0
(perfect agreement), respectively. The disagreement during the title/
abstract mainly stemmed from differing interpretations of the in-
terventions and population groups. However, these were resolved

during the subsequent full-text screening phase.

4.2 | Characteristics of included studies

421 | Methods

The characteristics of the included studies are summarised in
Table 1. The four studies, all two-arm parallel RCTs, were con-
ducted between 2012 and 2016 in China,2%?? Germany28 and
Turkey?” and were all published in English. Three studies?”2° had
intervention durations of 1 month whilst one study?® was

3 months.

422 | Participants

The total number of participants in the studies was 343, of which
173 and 170 were part of MHI groups and control groups,
respectively. All participants were recruited from outpatient care
settings; MHI groups ranged between having 17 and 96 partici-
pants. Two studies?’?? included adults with AR (both perennial/
seasonal), one study?® included adults with CRS (23/29 had nasal
polyps) after functional endoscopic sinusitis surgery, whilst one
study?® included children and adolescents with ARC (moderate-to-
severe).

Previous medical histories and skin prick tests were used
to determine diagnosis of AR and ARC,?72? whilst medical
history, nasal endoscopy and CT scan were used to determine
CRS.2



BAXTER ET AL

yyuow T :dn-mojjo4

ONU p3ajeyxa

pue Aduajed |eseu ‘9jed dn-moj|oy
‘SwoldwAs Yy :2wo021no AIbpuodas
9dualaype SON ‘awod3no Aibwilid

yjuow T :dn-mojjo4
‘wioyyed sorjewnojul
3y} Jo uonenjeas juaijed ‘9duey
-SISaJ [BSEU [B10} pUE MO |ESEU
|e303 ‘D¥V JO S8pajmou| ‘|oJjuod
9seasIp DYV aWodIno AIbpuodas
2oUaJaYpe SHN 2W023N0 AIDWLId

syjuow ¢ :dn-mojjo4

s3uipuy d1dodsopus pue
700D 2y12ads-SyD :aWo023no AIDpuoIas
9dualaype SON :2wod3no Aipwilid

yyuow T :dn-mojjo4

*SHSIA dn-moj|o}
JO JaquInNN :aWo23no AIppuodas
700D 2y12ads-yy :2woo3no Aipwiid

dn-mojjoj/sawiodInQ

(%0°82)
0S/6€ (el

(%0'92)
Gz/6T D

(%0°08)
Sz/0T

(%0°06)
0£/€9 eyl

(%¥'T6)
Se/Ze D

(%9°88)
Se/1€ 1

(%9°06)
T€/6T ‘IB30L

(%£°98)
ST/ET D

(%T16)
LT/9T 1|

(%8'TL)
161
/6€T €101

(%L°€S)
G6/15 D

(%L16)
96/88 ‘|

dn-moj|oj je
sjuedidiyied

anbiuyoay Aeuds

papusWWOIa. pue swoldwAs ¥y

SulA4apun swsjueydaw Suip.aesad
uol1eanpa paAlsdad sjyueddiied ||y

(sg=u)
SIAIS SuUlAI923J INOYIIM BJeD |ensn) D
(sz=u)

SDON Paqiiosaid a3e} 03 Japuiwal
e se SIAS Ajlep e Jo Suipuas ay] :|

(e =u)

uonedidde |\ InOY}M 3.ed |ensn D
(GE = u) SISpulWDI SB JUSS oM
S}I3|e SIAS "ejep junod usjjod
pue agpajmouy] DYy Suipiroad
os|e 1S[Iym ‘swoldwAs Dy
pue a2uasaype SHON 3ulsa3si3au
Joj uoijouny Aselp yym uonedljdde

paseq-gam (INY) JOHUONASID|IY, |

(ST = u) uoneoyjdde
1eYyD3/M INOYUM aJed |ensn D
(£T = u) snbiuyd9y Aeuds
1994402 pue juswieal] ploJals
|eseueJjul Jo sduelodwl ‘SYD
1noge uonjewJojul Ajlep Suipiaoad
uoljedijdde sjiqow 1eydap |

(G6 = U) sjUBWAINSEIW SWOIINO
dn-mo||0} pue sul|aseq Joj pasn
AjuQ "uonedijdde-13d0Od ay3
JO UOISJSA pajiwl] YHM aJed |ensn 1D
"(G6 = U) SON paqudsaid axey
03 sjuanjed Suipulwad os|e Is|iym
JUS3U0D |BUOIIBINPS puUE [euol}
-eAljow ulieys ‘snjeis yyeay
juaijed oeuy o3 Ajjige Suipiroad
uoped|jdde ajiqow ,13d0d, ‘I

SUOIJUDAJI1U|

4V yum sjusized

Ul S9WO0INO0 JUSWIIES.] |BUDASS

pue juswjieal} 0} aduaiaype uo

Japulwau S|AS auoyd sjiqow Ajlep
e SuIAI923. Jo 1oedwi a3 93en|eAs o

‘JusWieaU) 0} SdUIIBYpPEe ddUBYUD
Aews si3IAIIdUN[uOdOUIYL D1849) |
Y3IM uaJp|iyd Jo uoseas usjjod
-ssed3 ay} Sunp Suliojiuows|a}

paseq-19uJaiu| JaY1aym aulwexa o]

*A1984ns snuis d1dodsopua
|euonypuny 3uimol|o) sjusijed
S¥YD Ul SON 03 Sduasaype arosdwi o)

‘Juswa3e3us juanjed sjiqow

ul s92130e4d 159q SUIWISISP 0

Bulwie Yy ul SSWod1N0 Yyijeay uo

uoljedljdde juswage3us jusijed
9|iqow e Jo 3oedwi sy} aunseaw o

swie Apms

‘09-8T usamiaq pasde sjualjed
(Jeuoseas/juajsisiad) ¥y Hnpe 0g

DYV 2J9A9s/3)BI9pOW
Y3Mm sJedk gT-G usamiaq
pase sjuadsajope pue UaJp|Iyd O/

'sJedh 96-G¢7

pa8e sdAjod [eseu 3noypmM/yim

SYD yum sjuaijed Aisduns snuis
o1dodsopus |euoijduny 3sod jnpe ze

VY Jua3sisaad ym suedA 0G-12
usamiaq pade sjualjed jnpe 6T

sjuedidijied

euly) :Aauno)

RICHE
Juaeding :Buias
YV ‘uoipuoy

1D¥ dnoug
|9]|eaed :uBisap Apnis

Auewan) :A1uno)
21U12
jusnedinQ :8uas

1Dy dnougd
19]|e4ed :usisap Apnis

euly) :Asauno)

o1uld juaizedino

pue (jeyidsoy)
aJed Asenua) :Buijes
SYD :uoiipuo)

1D¥ dnoug
19]|eded :uBisap Apnis

Aayan] :Anuno)
21Ul
Juajeding :Buiras
YV ‘uofipuo)y
1Dy dnous
|19]|eaed :uBisap Apnis

AJ1unod
/3un3as/uonipuod
/usisap Apms

183
3uepp

gz 13
llinzziq

oz I
Sua4

nm._m pEe]
18uD

al Apms

Sa1pn3s papnoul Jo soisIBIdeIeYD T 379V L



7 of 16

2
EAACI

BAXTER ET AL

dde
paseq-gam ay3 ysnouyy
papaau i uepisAyd J1ayy

UM Jeyd pinod sjuediilied

‘dde
paseq-gam ay3 uo a|ge|ieae
Aj9a4) sem ejep us|jod Ajleq

uolydo a3essaw jua3in ue
UM doue)SISse ajelpawiwl

JoJ yse pue ‘suepisiyd
U}IM sa8essawl A2 pue

s p|nod ey uoiPuN.
Jl2s)1 dde ay3 uo uoiduNy puss pjno3 jeyy uoouny

A9y e sem dn-moj|oy
pue aul|aseq je painsesaw
Juswissasse DTOY =Yl

suolpuny LYo

1eyd e pey sjuedpilled

Joddns |euoissajold

J|9s} a8essawl SINS

3y} Jo 3ed jou sem ng

‘anbiuy29} Jajeyul 3294402

pue SON YV Uo uoieanpa

/Uoljewiojul 908)-03-308)
9A19234 pIp sjuedpied |

X X

*93pajmou

YV uo suolisanb Ajiep

papnjoul pue ¥y Inoge sdiy
93pajmous paJtaAlldp dde sy

*193U3sSaW eIpaw [B120S
1eYD3M 3U3 EIA paJaAlsp
sem anbiuyoday Aeads
1934102 pue juswiealy
SON Jo 9ouejiodwil

‘SYD Inoge a3pajmouy

‘sjualjed sy} 03 sadessaw
uoljednpa/uoljew.oul
|edaua8 jo Sunsod ayy

Se ||oM se 9duapuodsatlod
jun aJed-o3-jualyed

/ A

1o} pamojje yjoq dde sy

uoryeanp3

SIAIS BIA JUSS SEM Japujwal
Allep 7 A Hapuiwial uopdipajp

X X ‘Aipip 50| SON

'SAep 9AIIND3SUOD OM] J0J
ejep uoljedIpaw pajJasul
pue Je[ndo ‘jeseu uo jou pey sjuedidiyied
AJeip 30| o1u043I3|9 Ajlep J1 JUSS Ssem Japulwal
e 3N0 ||y p|nod syueddilied  SIAS VA L2pUlLla UOIIDIIPaIN

swoldwAs |elyduouq

"2H{ejul SON
uo pJed AJelp 21u0.3d3[9
Aliep e 1no ||y pjnod
/ sjedpied 4 :Aplp 80 SON

*198uassaw

1eYDIM UOo a8essawl

BIA JUSS SEM J3pujwal
Allep 7 4 :apuiwa.l uoiapaipajn

X X “Aiplp 50| SON
91epdn sniels
J910e4eYd-0fT B 2Jeys
pue uodiows ue Yyim
(peq AjpwaJixe = Q pue
poos AJsA = 9) a|eds juiod ‘dde

-/ B UO snjels yyeay Ajlep 9Y3 EBIA JUSS SEM Japulwd
e Jwgns pinod syuedpiyed  Ajlep /A Hapuilial uoppdipaj

“Adeip 80| SON € Ul ||y pnod
/ swedpiied 4 Aol 8of SON

Aselp 30| swoydwAsg Japuiwad

uonjesipaui/Aselp 80| SON

SNOUO.IYDUASY

‘:uonbalunwiwo)
@N._m 1°

SINS A1aAljag 3uepn

SNOUOUYDUAS
:uorLIIUNWIWIOD)

SINS + (J0NUOINASID||Y)
dde paseq-gap\ AdaAl2g

gz 18 3°
1inzzid

SNOUO.IYDUASY
:uonpIIUNWIWOD)

(3eYyDaM)

J98uasssw

elpaw |e1nos/dde
auoydyiews :AAlfpg ' 33 Sua4

SNOUOJYDUAS
:uoleslunwiwo)

(13d0d)
dde suoyditews Al e 39 18UID

uonesIUNWWod ai Apnis

/321A9p Jo adA)

$24N31E3) UOJUSAISIUI Y)esHW 7 J19V L



8of 16 | )

BAXTER ET AL

EAACI

423 | Interventions

2627 one used a web-

Of the four MHI, two used smartphone apps,
based application + Short Message Service (SMS)?® and one used
SMS?? as shown in Table 2. One smartphone app?’ and web-based
application?® used synchronous communication, as two-way
communication was included between participants and physicians,
whilst the other smartphone app?¢ and SMS intervention?’ purely
relied on asynchronous communication, exclusively utilising one-way
messaging sent from researchers/physicians to participants.

Educational and motivational content, mainly focussing on the
importance of adhering to NCS and correct spray technique, was
delivered through the mHealth platform in three of four in-
terventions.?¢2® Whilst not delivered through an mHealth device,
Wang et al.?? delivered face-to-face educational content as part of
the wider intervention. No studies reported on educational or any
other interventional content being based on any behavioural change
models. Daily medication adherence reminders were a key function in
all the included interventions.

Two interventions included the daily tracking of participants’
symptoms and medication adherence through the mHealth

platform.?”-28

Furthermore, two of the study reports?”-28

mentioned offering
training/walk-throughs in using the mHealth platforms prior to study
commencement.

Lastly, no peripheral devices (e.g., sensory wearables) were used
in any of the included studies and all interventions utilised the par-

ticipants’ own phones throughout the study duration.

424 | Comparisons

In all but one study, the comparators were patients without access to
the mHealth platform used in the interventions.?4?%2° In the
remaining study,?” the control group received a limited version of the
smartphone app which exclusively enabled participants to complete
an electronic AR-specific quality of life questionnaire (RQLQ) at
baseline and follow-up.

Twi 027,29

studies also reported delivering educational content
focused on mechanisms underlying symptoms and recommended use

of NCS to the control groups as well.

4.3 | Primary outcomes

4.3.1 | NCS adherence

Three of the four studies reported on NCS adherence?¢282?

as
shown in Table 3. Of these, one study used a participant-reported
assessment, using number of days being non-adherent to NCS,2?
whilst the two other studies utilised objective dose-count assess-
ments; one based on the amount of spray puffs remaining at

follow-up,?® the other on canister weight at follow-up.®

All three trials found strong evidence to suggest that NCS adher-
ence improved among the participants in the intervention groups
compared to those of the control groups. More specifically, Feng
et al.?% found a positive 17.3% absolute mean difference (F = 90.88,
p < 0.001) between mean NCS adherence rates of the intervention and
control groups at the end of the study after 3 months. Similarly, Pizzulli
et al.2® reported strong statistical evidence of association using Chi-
square test and t-test/Mann-Whitney U test (x2, p = 0.002; t-test/
Mann-Whitney U test, p = 0.037) between NCS adherence and study
group, favouring the intervention group.

Wang et al.??, using self-reported days being non-adherent to
NCS, used odds ratio to measure the difference between the inter-
vention and control groups. Implementing an adherence cut-off at
95%, the intervention group had almost fourfold higher odds of being

NCS adherent compared to the control group.

432 | Symptoms
Two of the four studies reported on symptoms, using the five-item
Allergic Rhinitis Control Test (ARCT) questionnaire?® and Visual
Analogue Scales (VAS)?° to assess ARC disease control and AR
symptoms, respectively.

Pizzulli et al.2® reported no statistical evidence for a difference in
the mean ARCT score between trial groups using the Chi-square test
and t-test/Mann-Whitney U test (output not reported).

Wang et al?? did find strong evidence to suggest that the
intervention group had a significantly improved mean VAS score
compared to that of the control group using t-test/Mann-Whitney U
test (p = 0.031).

4.3.3 | Quality of life
Three studies reported disease-specific QoL assessments.2428 These
included the Rhinoconjunctivitis Quality of Life Questionnaire for
adults (RQLQ)?” and for adolescents/children (AdolRQLQ)?® and the
SinoNasal Outcome Test-20 (SNOT-20).2¢

Feng et al.?% and Pizzulli et al.?® did not find any statistical evidence
to indicate any difference in disease-specific QoL scores between
intervention and control groups, using the SNOT-20 (F-test = 0.043,
p = 0.988) and AdolRQLQ (output not reported) assessments.

Lastly, Cingi et al.?” found strong evidence for a positive differ-
ence in RQLQ scores between the MHI group and control group
using the Mann-Whitney U test (p < 0.001).

4.4 | Secondary outcomes

441 | Nasal patency

Two studies reported on nasal patency, measuring nasal airway

28,29

resistance (NAR) by a rhinomanometer as shown in Table 4.
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(Continued)

TABLE 3

Outcome summary

Outcome measures

Reference Assessment methods

Outcomes

The intervention group had a lower median RQLQ score

Self-reported questionnaire: Rhinoconjunctivitis Quality Median RQLQ score:

Cingi

compared to the control group (median 28.0 (16.0-
46.0) versus median 39.0 (30-55.0)), with a Mann-

Median 28.0 (16.0-46.0) in intervention group (n = 88)

of Life Questionnaire (RQLQ)

et al?’

versus Median 39.0 (30.0-55.0) in the control group

(n = 51).
Mann-Whitney U test (p < 0.001)

Whitney U test providing strong evidence to support

this difference (p < 0.001), favouring the intervention

group.

Neither study reported significant differences in NAR between study
groups based on Chi-square test, however, specific statistical outputs

were not outlined in the study reports.

442 | mHealth acceptability

Only Cingi et al.?” reported on participant acceptability of the MHI,
which was measured on a 6-point scale (5 = very good and
0 = extremely bad) for the MHI group only. Out of the maximum six
points, the MHI group participants ranked the mHealth device with a
median of 4.0 (range: 2.0-5.0).

443 | mHealth activity/usage

Two studies reported on user activity during the trials,2”?® however,
these were restricted exclusively to the MHI participants. Cingi
et al.?’” reported on the total provision of optional status updates
with emoticons during the study duration,?” with a median of 12.0
status updates (range, 3.0-89.0). Pizzulli et al.?® reported on the
mean percent of days logging diary data for symptoms and NCS
adherence,?® with a mean 74.7% (SD 17.5 days, range 40%-100%)
being registered.

444 | Adverse events

No adverse events or harms were reported.

4.5 | Risk of bias within studies by primary
outcomes

The Cochrane Risk of Bias assessment 2.022 is shown in Figures 2
and 3.

451 | NCS adherence

Among the three trials reporting on NCS adherence, two trials?%28
were assessed to have an overall RoB of ‘some concerns’, whilst one??
received a ‘high risk of bias’ grade. These were mainly due to exclusion
of participants being linked to non-compliance with treatment,?42°
underreporting of reasons for participant exclusion,?® inappropriate
outcome measurements,?’ lack of analyses adjusting for missing

data?® and inavailability of study protocols.?%2827

45.2 | Symptoms

28,29

Concerning symptoms, both trials received an overall ‘high risk

of bias’ assessment due mainly to the exclusion of participants being
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FIGURE 2 Risk of bias assessment

linked to non-compliance with treatment,?’ strong likelihood of
participants being aware of group allocation when completing
participant-reported assessments,?® underreporting of the analyses

outputs?® and unavailability of study protocols.?82?

453 | Disease-specific QoL

All three trials reporting on disease-specific QoL received overall
‘high risk of bias’ assessments which mainly were based on significant
loss to follow-up,?” lack of analyses adjusting for missing data,”
omission of full analyses outputs?® and strong likelihood of partici-
pants being aware of group allocation when conducting the
participant-reported assessments.?¢28 Also, all three trials?®2® did
not have available study protocols.

5 | DISCUSSION
5.1 | Summary of evidence

This systematic review of MHI for improving NCS adherence in AR,
ARC and CRS only identified four RCTs in total.242? The findings
from the included studies that evaluated NCS adherence suggest that
MHI improved NCS adherence across various mHealth platforms
(mobile apps, web-based apps and SMS). Whilst NCS adherence
improved between trial groups, less robust findings were reported
for symptoms and disease-specific QoL and no difference was found
for nasal patency compared to usual care. No adverse events or
harms were reported.

Population groups were diverse as adults with both seasonal and
persistent AR, post-surgery CRS (with or without nasal polyps) and

children/adolescents with moderate-to-severe ARC were included.

Most of the interventions varied and utilised smartphone
apps, web-based apps and SMS, either exclusively or in combi-
nation, whilst mHealth features encompassed medication re-
minders, medication and symptom diaries, professional support
and educational content on nasal spray technique and disease
patho-mechanisms. Whilst primary outcome variables did overlap,
as either medication adherence, symptoms and disease-specific
QoL were assessed in every study, their assessment methods
differed considerably.

mHealth acceptability ratings were recorded as good, albeit in a
single study, whilst differing measures of mHealth activity generally
were reported to be high in two studies.

One notable additional outcome, not pre-specified in the review
protocol, was ARC knowledge, assessed by questionnaire by Pizzulli
et al.2% which improved in the MHI group with a higher rate of cor-
rect answers compared to usual care (83.3% vs. 67.7%, p < 0.001).

5.2 | Strengths and limitations

Our systematic review had a number of strengths and limitations.
The strengths included the use of an expansive search strategy which
yielded 776 unique records. Two reviewers independently screened,
extracted data and assessed the quality of studies, with the latter
being carried out with a novel version of a validated and compen-
dious RoB tool.

However, this study also had some limitations.

5.3 | Outcome level limitations

Apart from two ‘some concerns’ overall RoB assessments for NCS

adherence, all reported outcome results were deemed to be of high
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(A) Risk of bias for NCS adherence in percent
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FIGURE 3 Risk of bias by primary outcome: nasal corticosteroid adherence, symptoms and quality of life
risk of bias. The main issues included a lack of participant blinding in unavailability of study protocols. Moreover, the lack of objective NCS
participant-reported outcome assessments, participant exclusions adherence measures that reliably track participants’ adherence pat-
possibly being linked to interventions, significant loss to follow-up, terns between study start and follow-up visits should be viewed as a

lack of intention-to-treat analyses, incomplete outcome data and significant limitation.
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In general, there was a lack of power due to small partic-
ipant numbers and short study durations which might especially
have had an influence on the varied results for disease-specific
Qol, symptoms and nasal patency as longer time periods may
be required to see the full effects of sustained uptake of
NCS.%°

The clinical importance of the findings was also difficult to
ascertain as no information on clinically relevant differences or effect
sizes were provided.

Moreover, due to the considerable heterogeneity across study
characteristics and reported outcome measures, it was not possible
to perform meta-analyses.

The small number of included studies meant that sensitivity an-
alyses were not feasible, limiting the evidence of the effects of in-
dividual mHealth features, mHealth activity and acceptability on
adherence and clinical outcomes.

In a constantly evolving mHealth field, no study was conducted
beyond 2016, therefore the effects of more contemporary MHI are

also less clear.

5.4 | Review level limitations
Only three bibliography databases were used for this review,
potentially leaving relevant studies undetected. Also, not using
country/region-specific databases might have introduced language
bias. However, MEDLINE, Embase and CENTRAL are considered the
most integral databases to search for reports of trials by the
Cochrane review group.?®

Despite contacting the authors, we were unable to retrieve two
full-text articles?*2° during the full-text screening phase, which could
be a limitation. However, these were conference abstracts and are
not likely to be available in full-text versions.

5.5 | Interpretation of results

To our knowledge, no systematic review on MHI effectiveness has
been conducted in AR, ARC or CRS. However, our findings are in
line with a systematic review by Miller et al.3* who reported MHI
(mobile apps and SMS) were efficacious in improving inhaled
corticosteroid (ICS) adherence in asthma compared to usual care,
whilst mixed results were found for disease-specific QoL and
asthma symptoms. Although the meta-analysis did provide a
positive cumulative standardised mean difference for disease-
specific QolL, one of three studies reported no improvement.
Likewise, a systematic review®2? examining the effectiveness of
reminder systems (web-based apps and SMS) for ICS adherence
in asthma, found similar improvements in ICS adherence whilst no
differences were reported for disease-specific QoL and asthma

symptoms compared to usual care. As with the current review,

both reviews reported low numbers of included studies and short
study durations as significant limitations.

As both unintentional and intentional non-adherence exist in
both AR and asthma, a multitude of strategies may be needed to
effectively improve adherence.'? In particular, education is seen as a
key tool in addressing intentional non-adherence in AR and

1133 especially if underpinned by behavioural change models

asthma,
and supported by technology.>* While educational components were
present in all but one of the included interventions, however, the use
of behavioural change models were not reported in any of the
included studies.

Overall, incorporating a diverse range of interventional com-
ponents, as included in the current review, including education,
self-monitoring, reinforcement, professional support and reminders
could improve NCS adherence in both AR and comorbid

conditions.

5.6 | Implications and recommendations

Our findings indicate that MHI have the potential to improve
NCS adherence in AR, ARC and CRS across various mHealth
platforms, whilst their subsequent effects on clinical outcomes
remain less clear compared to usual care. However, the current
evidence base is weak and somewhat outdated in the fast-paced
field of mHealth. Larger, more robust studies with longer dura-
tions and information pertaining to the clinical importance of
findings are needed to improve the applicability to patients and
healthcare providers alike.

As multifaceted interventions may help target the complex
multifactorial nature of non-adherence to NCS, future research
should carefully evaluate the efficacy of individual MHI compo-
nents to help better determine the most effective combinations of
mHealth features. In addition, the efficacy of behavioural change
models in designing educational components should be further
elucidated, including measuring the effect on disease-specific
knowledge.

6 | CONCLUSIONS

The current review highlights both the potential effectiveness of
MHI for improving NCS adherence in AR, ARC and CRS and a
range of methodological issues within the current evidence base
and thus a need for future research to fill important evidence
gaps. Due to the relative infancy of the field and current research
dearth, more robust studies are needed to properly evaluate the
long-term efficacy of MHI and their sub-components on NCS
adherence and clinical outcomes in AR, ARC and CRS. It will also
be important to understand if MHI for these conditions also

affect outcomes of comorbid asthma.
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