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Abstract

Background

We conducted a systematic review to assess the effectiveness of smoking cessation, physi-
cal activity (PA), diet, and alcohol reduction interventions delivered by mobile technology to
prevent non-communicable diseases (NCDs).

Methods

We searched for randomised controlled trials (RCTs) of mobile-based NCD prevention inter-
ventions using MEDLINE, EMBASE, Global Health, CINAHL (Jan 1990-Jan 2016). Two
authors extracted data.

Findings

71 trials were included: smoking cessation (n = 18); PA (n = 15), diet (n = 3), PA and diet
(n=25); PA, diet, and smoking cessation (n = 2); and harmful alcohol consumption (n = 8). 4
trials had low risk of bias. The effect of SMS-based smoking cessation support on biochemi-
cally verified continuous abstinence was pooled relative risk [RR] 2.19 [95% CI 1.80-2.68],
12 = 0%) and on verified 7 day point prevalence of smoking cessation was pooled RR 1.51
[95% Cl 1.06-2.15], I = 0%, with no reported adverse events. There was no difference in
peak oxygen intake at 3 months in a trial of an SMS-based PA intervention. The effect of
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SMS-based diet and PA interventions on: incidence of diabetes was pooled RR 0.67 [95%
C10.49, 0.90], I? = 0.0%; end-point weight was pooled MD -0.99Kg [95% CI -3.63, 1.64] 12 =
29.4%; % change in weight was pooled MD -3.1 [95%ClI -4.86- -1.3] |2 0.3%; and on triglyc-
eride levels was pooled MD -0.19 mmol/L [95% CI -0.29, -0.08], I = 0.0%. The results of
other pooled analyses of the effect of SMS-based diet and PA interventions were heteroge-
nous (I? 59-90%). The effects of alcohol reduction interventions were inconclusive.

Conclusions

Smoking cessation support delivered by SMS increases quitting rates. Trials of PA interven-
tions reporting outcomes >3 months showed no benefits. There were at best modest bene-
fits of diet and PA interventions. The effects of the most promising SMS-based smoking,
diet and PA interventions on morbidity and mortality in high-risk groups should be estab-
lished in adequately powered RCTs.

Introduction

The World Health Organization (WHO) estimates that 38 million deaths occur each year due
to non-communicable diseases (NCDs)—principally cardiovascular diseases, cancer and
chronic respiratory diseases. Approximately 42% of NCD deaths are premature (i.e. occur
before the age of 70 years) [1]. Although the number of NCD deaths has increased in every
world region since 2000, the burden is greatest among people of low socio-economic status.
Nearly three-quarters of NCD deaths occur in low and middle income countries [1]. These
inequalities also exist within countries, with higher NCD mortality among people with lower
education, income, or social class [2].

Physical inactivity, unhealthy diet, tobacco use and the harmful use of alcohol all increase
the risk of developing and dying from NCDs. The Global Burden of Disease Study estimated
that in 2010, 12.5 million deaths were attributable to dietary risk factors and physical inactivity,
over 6 million deaths were attributable tobacco smoking (including second hand smoke), and
over 2.5 million deaths were attributable to alcohol use [3]. Encouraging health care consum-
ers to adopt healthy behaviours can prevent the onset or progression of NCDs and reduce
mortality [4, 5].

Recent systematic reviews have concluded that there are benefits of interventions delivered
by mobile phone targeting smoking cessation, physical activity and diet [6-13]. However, the
meta-analyses reported in existing reviews include self-reported outcomes [6-10, 13]. Self
reported outcomes in trials of behaviour change interventions where participants are not blind
to allocation can be prone to bias and overstated benefits [14]. Some reviews of diet and physi-
cal activity interventions included non randomised studies, which are prone to bias [9-12]. In
some reviews the effects of interventions delivered partly by mobile phone have been pooled
with those delivered wholly by mobile phone, making it impossible to judge the effects of the
mobile phone based components [10-12]. Our previous systematic reviews of interventions
delivered by mobile phone relied on objective measures of outcomes reported in randomised
trials, but the searches for this review were completed in September 2010 [15, 16].

We aimed to provide an updated review of the evidence base for interventions delivered by
mobile phone for the prevention of non-communicable disease.
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Methods

This review includes eligible trials identified in the previous comprehensive systematic review
that included studies published between 1990 and September 2010 and in further searches
conducted to identify studies meeting the inclusion criteria that were published between Sep-
tember 2010 and Jan 2016 in MEDLINE, EMBASE, Global Health and CINAHL [15, 16]. The
search strategy for MEDLINE is provided in the Supporting Information (S1 Text). The search
terms were adapted for use with other bibliographic databases in combination with database-
specific filters for randomised controlled trials, where these were available. Two reviewers
independently scanned the electronic records to identify potentially eligible trials. We followed
the protocol provided in S2 Text, however, we did not include trials targeting disease manage-
ment due to resource limitations.

Participants were men and women of any age. We included all controlled trials employing
any mobile phone interventions (mobile phones; PDA phones [e.g., BlackBerry, Palm Pilot];
Smartphone [e.g., iphone]) targeting behavioural risk factors for non-communicable diseases,
i.e. tobacco use, harmful alcohol use, physical inactivity, and unhealthy diets.

We included studies in which the intervention delivered by mobile phone was the primary
intervention component under evaluation. We excluded studies evaluating either mixed
mobile phone technology and non-mobile phone technology-based interventions in which the
treatment and control group both received the mobile phone technology-based component, or
interventions in which treatments between the treatment and control groups differed in addi-
tional ways besides the components delivered by mobile phone, such as interventions involv-
ing face-to-face counselling with a text message intervention compared to a control group
receiving information only. We excluded interventions which can be but do not need to be
delivered by mobile phone such as websites, social media and email, except where these were
provided in addition to an intervention delivered primarily through mobile phone technology.
Interventions employing devices that linked to the mobile phones (e.g. phone-linked activity
trackers) were included as these were considered an extension to the mobile phone
technology.

For the purpose of this review, primary outcomes were defined as any objective measure of
outcomes related to the specified NCD behavioural risk factors, including objective measures
of the behaviour and the distal biometric or health effects of the behaviour. For example, objec-
tive measures of the behaviour would include salivary cotinine levels for smoking cessation,
and step counts for physical activity; biometric measures of effect would include blood pres-
sure, weight, and VO2 max (e.g. for fitness); and health effects would include incidence of dia-
betes or cardiovascular disease. Secondary outcomes were defined as self-reported measures
relating to NCD-related health behaviours, health status, and cognitive outcomes. Studies
reporting outcomes for any length of follow-up were included.

Two reviewers carried out the data extraction-this involved each reviewer extracting data
independently from half of the studies, and then checking each other’s data extraction against
the original papers. The following data was extracted from eligible studies: number of rando-
mised participants, intervention, intervention components, user involvement in intervention
development, mobile devices employed, mobile technology functions used, sequence genera-
tion, allocation concealment, blinding of outcome assessors, completeness of follow-up, evi-
dence of selective outcome reporting, any other potential sources of bias, and measures of
effect using a standardised data extraction form. Where outcomes were measured at multiple
time points, we extracted data for the final point of measurement. The authors were not
blinded to authorship, journal of publication, or the trial results. All discrepancies were agreed
through discussion, and involved a third reviewer when necessary. All analyses were
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conducted in STATA v 14. We calculated risk ratios and mean differences. We used random
effects meta-analysis to give pooled estimates where there were two or more trials using the
same mobile technology media (e.g. SMS messages) and targeting the same behaviour (e.g.
physical activity) and reporting the same primary outcome. We examined heterogeneity visu-
ally by examining the forest plots and statistically using both the y2 test and the I2 statistic.

The behaviour change techniques used in behaviour change interventions were classified
according to Abraham and Michie’s taxonomy of behaviour change techniques [17]. Risk of
bias of each included study was assessed independently by two study authors according to the
criteria outlined by the International Cochrane Collaboration [18]. Disagreements were
resolved through discussion, and with input from a third author where necessary. We used a
cut off of 90% complete follow-up for low risk of bias for completeness of follow-up. We
applied the GRADE criteria [19] to assess the quality for evidence for all outcomes pooled in
our meta-analyses.

Results

The combined search strategies identified 42,268 electronic records which were screened for
eligibility (Fig 1). The full texts of 723 potentially eligible reports were obtained for further
assessment. Out of the 723 potentially eligible reports, 72 met the study inclusion criteria and
were trials delivered to health care consumers to improve health behaviours. Two papers
report on the same trial involving an intervention targeting smoking cessation and an atten-
tion-matched control receiving messages promoting improved diet and physical activity.
Ybarra (2013) reports on the smoking outcomes and Filion (2015) reports on the physical
activity/diet outcomes. Therefore, in total, there were 71 unique trials. 18 interventions aimed
to increase smoking cessation; 44 aimed to increase physical activity, improve diet, or a combi-
nation of both; 2 aimed to increase physical activity, improve diet, and increase smoking cessa-
tion; and 8 aimed to reduce harmful alcohol consumption.

Characteristics of studies

Smoking cessation. There were 18 randomised controlled trials with parallel groups
which aimed to increase smoking cessation (Table 1). The smoking cessation trials included a
total of 17857 participants, with sample sizes ranging from 31 to 5800. Twelve of the smoking
cessation trials were delivered by SMS, three were delivered by voice calls, one by interactive
voice response, one by a combination of SMS and video messages, and one by a mobile appli-
cation combined with voice calls.

With the exception of one study carried out in Turkey [20], all trials were conducted in
high-income countries.

Physical activity. There were 15 randomised controlled trials which aimed to increase
physical activity (Table 2). The physical activity trials included a total of 1416 participants,
with sample sizes ranging from 36 to 174. In four trials the intervention was delivered though
a mobile application, seven trials were delivered by SMS, one through SMS and voice calls, one
via fitbit with linked smartphone app, one via SMS with a linked pedometer, and one through
audio files uploaded to mobile phone. All physical activity trials were conducted in high
income countries.

Diet. We identified three trials which aimed to improve diet (Table 3), including a total of
906 participants with sample sizes ranging from 41 to 808. In one trial the intervention was
delivered through a mobile application, in one trial through SMS with a web-based tool, and
one was delivered through personalised emails sent to smartphones based on participants’ salt
intake. All three trials focusing on diet were carried out in high income countries.
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Physical activity and diet. There were 26 trials which targeted both physical activity and
diet (Table 4). These trials included a total of 4092 participants, with sample sizes ranging
from 24 to 502. Eleven trials tested interventions delivered via SMS, six trials were of interven-
tions delivered through mobile applications, eight involved interventions delivered by a
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Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

PLOS |ox

)

Sunjows jmb juedmon.red

ay da1] p[nom 31 moy

JO 1X3}U0D Y} UIYIIM S}Iqey
Ayanoe reorsAyd pue doofs
Ssiuedonred Suiaoxdwr je
pawre sem safessaur Jx2) )
JO JUIUOD “T2AIMOY SUIAIDIAT
sem dnoid uonessad Sunyows
31} JeY[} UOTJUSIJE JO [IAJ]

a1 yojewr 0} 1opo ut dnod
uonessad Junjouws o)

se 9)e1 dwes Y] Je saessawr
1%} paaradar dnoid Lyianoe
/daars ot ut syuedonreg

-amypoiq a8ed £ e ur
uoneurtojur Surymb erousd
uaA13 a1om sjuedionieq

10jexedwo)

+00¥ 1086810"3uod [euinolyL L€ 10 1/B10"1op//:sdpy

"UoTONPAI [enpeld Pa[npayds YOS SISIAPE UOTJESSID FUDYOWS Y)§ 90TATAS 93eSSIW 1I0YS ‘SIA[S ‘UOTIRIAID PIEPUE)S ‘(IS ‘[ELI} PI[[OIIUOD PIZIWOPUET ‘DY

"Gz-81 pade aydoad Sunoh ym (F = u) ANqIqrsesy
[ea130[0uyd3) JO §159) pUE (O = U) UILd) AIOSIAPE JUS)U0D
(6¢ = u) sdnoid sno0j SHUSWISSISSE SPIIU PIA[OAU] “S[)

ur s1aows Jnpe Sunod 10J PaULI SEM UOTJUIAIIUT VS
Sunyowg L] dojg :3uawdO[OAIP UT JUIUIAJOAUT 13S()
syuowr

€ UOTJRIN(] *SI2INO0SAI [eUOnIppe papiaoxd a31s qa
193(01d v “Surae1d e ySnoxy yuedonred oy urday e
pawre SIS puewap-uo erpaww] (q) Luwerdord ayy
Surump Asnowfuoue 310ddns 10§ 191J0UE U0 SAS P[NOD
Aoy os 0y paudisse sem juedionted e jey) weidoxd oy

ur uosiad 1ajouy (&) 03 ssaooe pey syuedonred dnoid
uonuaazau] -a8e)s Sumymb oy Surproooe parrea sofessour
J0 ouanbaiyg “3ummb o) Jrurwrosar woaty Jurdey

uo pasnooj Jey) SIS asdepa1 juas arom Loy ‘Suryows
pairodar syuedionaed j ‘snje)s Sunjows 1Y) payse jey) £
pue ¢ e 3IN)-1504 3 SINS paaraoaz syuedonred *(aseyd
MY 2387 Ay} Io 7§ 03 ¢z Ae( 10 oseyd 3mQ) A[req oy

10 17 03 GT Ae( ‘oseyd ymQ)-a14 a3 10 HT 03 T Ae(q “277)
ssaoo1d Summb a1 ut a10m syuedionred sraym o3 pazorrey
Sem Jey) Juajuod ym werdoxd uonessad Suryows yoom-9
& 01 pasodxa a1om syuedionred dnoid uonesseo Sunjowg

‘syuawasoxdur

J10J SUOT}EPUaWILI0d3 pue 1[1qeidadoe uonuaAIaul

UO UOTII[[0D ejep papnjour pue [err) Jofid e sem sy}
JISAIMOY] "PaJels Jou :JUdWdO[2AIP UT JUSUWISAJOAUT IS}
sypuowr ¢ :uonjern(] ‘Aep 1ad SIS T Juds a1om syuedmonred
2I9UM Y29M ISt 3 [nun umop 1adey 03 ueSaq

sagessoul Jo JoquINU ) USY) pue ‘I1d)je Aep oy pue

Aep b a1 uo juas sem sadessawr jo Joquunu 3saY3IY oY,
‘payoeoadde Lep 3mb a1 se SNS 210 PaATEdaT ULY) pue
aseyd ymb-a1d oy ur Lep 12d QINS § paaradar A[rerouad
syuedionaed ‘sym 9 10§ SIS A[1ep paaradas syuedmdnreq

UOT)UIAINU]

‘syinpe SunoL
105 swrwrerdoad uomnessad

Sunjows paseq-SALS
©159) Jo1id pue dofaasp o,

‘Bumas ursisey

SIPPIIA & ut swwrerdoxd
uoTjessad Juryours
Paseq-SIN'S & Jo £oeotgye
a1} e Sunjoof [e1m a[ess
-[rews e ym [ern 1a8re

® 10 stsATeue Jomod ©
WIOJUT 19133 0) 3ZIS 123JJ2
Jo sajewunsa apraoxd o,

surry

'sAep (g 1xou

oy} ur Sunjows Surpb noqe Sunyury
A[snotras papnpur ety AiqSng
"S)USUWIASTIISAPE YSNOIY) PIIINIOaY
'069" € UOTIUIAINU] 9% FF [0T)UOD)
$9eWd] “(1°7 dS) 91T UONULAIIU]
(1'z ds) 91z [onuo) :33e ULy

A 81 < paSe s1oxjows Jnpe Sunok $91

" sAep g1 3xou o) ur Sumymb

Jnoqe unjury) A[snoLIas, papnpour
eLISILD AI[IQISI[H *SJUSWISIIISAPE pue
yoeanno uosiad-ur ySnoyy paymiay
“06T'9% UOTIUDAIU] 94 7¢ [0UOD)
$9[eWd] *(G'6 AS) 1°9€ UORUAINU]
(€01 ds) 9°s¢ [0nu0) 28

uedJy A 1 < pade s1oxous Jnpe 1G]

sjuednireg

ouoydapa) a[IqoN

ouoydapa) a[IqoN
2901A9(T ‘Aayan ],

I1A3(] ‘A13uno)

[z€] €10T
erreqx

[oz] zrOT
viIRqX

Apmg

(panunuoD) ‘[ I[qe],

12/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801.t001
https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

PLOS |ox

)

(panunpuoD)

‘[enuewW [BUONONNSUT
Sunyrem e pue 1939wopad
® paaradal syuedonied

“1o[ye3] uonowoxd

3s1019%2 Ue UaAIS pue [eod
3s1019%a Ue se (sdals 00001
Jo 1usreamnba aty) Lj1anoe
[ewrou 11y y3m Suore Aep
1ad saynurur ()¢ reuonIppe
ue yem 0} padernooua
a1om syuedionreq

'y d Sursearour jnoqe
UOTJEWLIOJUT AUB PIIdJJO JoU
2IoM pue saniAnoe [esrsAyd
[enSN II9Y) YIIM dNUIIUOD

03 payse sem dnoid joxuo)

‘ydeipnoy

a1} uo pasrdsqo sdays

uo paseq ‘ssacoxd Sumnjes
-1eo8 jot1q & pajordwod

osye Aoy, *sdays Sursearour
10§ sdny yim s[errojew
pajunid pue 1939twopad
o1seq ® paAradar syuedmonred
dnoi8 1930wopag

10jeredwo)

Juawadeuewr JySom 03 paje[or sjxa)

SUNIIM SI9SN USWIOM 7 PIPN[OUT PIOUIAT YDIBIST
snoradxd oy, 'yoIeasar snoradxd pasn 3ot uo pafepow
2I0M $)X2) e[} S]] :JUSWO[IAIP UT JUSTUIA[OAUT J3S()
M 9 :uoneang m 1ad shep ¢ ‘Aep 1od SIA'S [euoneAIOW
¢ PaAT2a1 syueddNIE] ‘[ENURW [EUOTIONISUT

Sunjrem e pue 1)owopad e pasredar syuedionreq

'sdde a[qefreae A[rerrowrwoo

—pa3e1s Jou :JUIdO[2AIP UT JUSUISAJOAUT JS[)

MM g suoneIng

"Jopyea] uonowoid as119Xa Ue udAId pue [eoS ISIIIXD
ue se Lep 1ad sdays 00001 2421YoE 03 £13 03 pagernoous
‘saanjeaj AI[Iqesn s31 ur pajonxsur pue uoresrdde
suoydjrews e 0} ssa00e UIAIS a1om syueddnreg

‘sdde s[qe[reae AerIswmod

—Pa1e1s 10U JUIdO2AIP UT JUSUWIDAJOAUT IS}

M g :uoneng

‘synoxIom a1 ySnoy) Aem Iy yIom pue yoom 1od sawr)
¢ dde 1oy asn 0y pademoous a1,9m syuedonred “(3s

03 yoeoo-Juruuny 390)) dde SAISISUIWI-UOU B PIATIIAT
dnoi3 puodas ay ], "A103s © 0jur pappaquur sem werdord
Sururen a1 s1oym USIsap paway) swes e paIn)ed) Yorym
(juni ‘sarquioz) dde aatsrourwur ue paAradar dnoid sy
oY, "unyg uni 0} A)iqe pue ssauyyy daoxdwr o) paudisap
werdoxd Sururen yeam g pajewone A[[nj & paure;uod
yorym dde ue paaredar yjoq sdnoid uonuaazaul ¢ Y],

Pa1e1s 10U JUIdO2AIP UT JUIUWIDAJOAUT IS}

SYM 9T :uoneIn(J "(}oeqpady [eInolaeyaq juanbaiy Sumyas
1808 “83) s[ys A103e[NS21-J[2S IOYIO YIIM PIUIqUIOD
urrojiuow-Jas Surajoaur Yiomawely (TI-OTVD)
PAUIjay—UOPUOT PUE ‘UIPIIQY ‘ATIUIA0D) 3} UO

Paseq sem UOTJUIAISIUT dY ], *9}ISqOM dY) UO J[QB[IeA. dIe
suayjed [erodurs) pue sanisuajur yJ pue Ledsip s 1oxoen
3y} uo umoys a1e ejep Arewrwng 9x00d e ur paserd

SI 10 “e1q 10 pueq)stem ay) 03 sdrjd Je]) 22149 paseq
-I9)9WO0I3[9008 Ue 9UQ) QI & PaAradal dnoid Sunyden
paseq-qam ay) ut syuedonred “Aep/sdays 00001 yem

pue VJAIA JO Yoam/sanurwa 0GT uriofiad o) paxyse azom
yiog *(dnoiny 130wopay) 13owopad Sununods-dags siseq
e jo uorstaoxd (7) pue (dnoio Sunyder], paseq-qapm) SIS
uonen3a1-J[2s/SULIO}TUOW-J[3S UO PISNO0] UOT)UIAIIIUT
Vd Paseq-1qg ‘4onoj-mof e (1) paredwod Apnjs sty

UOTIUIAINU]

*INOTARYI( ISIDIIXD
aw-21ns13] pajrodai-yos
uo SIA'S JO $103352 Y Apmys
03 sem wre A1epuodas

V 'SUBDLIDWY UBLY
Suramp-Arunuruod 19po
Guowre yunoo days asearour
PINOM UOTIUIAINUI SIS

SINS
‘eIpaN ouoydara)
SMIQOIA 20182

918 UOTIUSAINU] 9508 [01IUO0D)
sorewrd] *(g°4 S) 4 €69 UONUIAINUL

suoyd s[Iqowr [euoOnEATIOUT (' as) £ §'04 [onuo)) :a3e uea]y YSQ Anuno) [1%]
® JT QUTWEXD O, ‘£ 09 < paSe sueouowy-uedtyy 9¢ | {10y dnoid [ofjereq | 107 winy
048/, UOTIUIAIIU]
-axed Arewad {04 TS [OTIUOY) ‘04F9 :sa[ewd, | a1emijos uonesrddy
ur £31anoe [ea1sAyd asearout (11 as) £ 7 vonuaarauy (11 dS) ‘eIpaA ouoydara)
0 uonyeoridde suoydyrewss | £ 9 [onuo) (11 OS) £ #¥ :29e ueapy S[IQOIAl :201A9(J
© JO SSOUIAIIOIO ‘pueaI] JO 3s9M 3y} Ut axed Arewrtrd spueai] :Anunoy) [o%]
o) ajen[eAd O, [BINI WO} SIS JIeWs proipue 06 | 1Dy dnoid [ofered | HLog Ui
S[AJ] OT:orewa,
Vd pue ssaujyj pasoxduir (2€'1)SS°ST :o8e uBaAL
03 Anqrnuod Aewr ursap 81 :dnoid jonuo)
dde a1 Jo saanjesj oy 0T :9Tewag (LIINIV)
JO UYOIYM 935 0} A[pu0d3s (#0'1) 69°ST :98e uea]y ssaul1y paaordur
puy -ordoad 3unok 91 :uonpuaaIdjur dde aArszowrwIr UON 10 uonjeorjdde
Aqireay aanyoe ApuamdIINSUT 6 :orewd,] J[IQOIAl :BIPAIN
Jo ssauyyy L10jeardsazorpres (I1T'1)84°ST 288 ueapy | suoyd jrewrs :019(]
uo (Suruuny £1 :uonuaazauy dde aarszawruy pueeaz
190) pue uny ‘sAIqUIoz) (A[rep VA AN Jo sutw MIN :A13uno)
sdde suoydyrews ¢ | 09) suonepuaUIIOd Y SUIASIYIE OU 104 [6€] sTOT
JO 10910 9} SUTWLIAIAP O, | S0 Jeak £T-%T pade ajdoad 3unoA 1¢ | dnoin) sa1y) [oyereq oyaIIq
(5°2) €719 (as) 28e ueay
9z = u :dnoid 1939wopag
(59) 98¢ (as)
vduo | 98 ueoaw Gz = u :JunpoeI) paseq-qapm
UOTJUSAIIUT Paseq-JIqIL] *A[oyes aS1DI19X
© JO 109]J9 3y} () pue pmoo pue 9a[qey/1mndwod e paumo Sunpen
SUdWOM 3590 /JYF1oMI2A0 ‘SI9ST JOUIAIU] Te[NFI 21oM OYM Paseq oM “BIPIIA
‘resnedouaunisod Suoure (VAAN) L1anoe [eorsfyd snosoSia QI 201A9(
NqQig ays jo Aypiqeydaooe 0] 9JRISPOW JO YIOM/SANUIUL ()9< vsn Anuno) | [8€] ST0T
ap (1) dururexa Sururroyrad uswom [esnedousunsod [eLL], pazIwopuex wrensag
0} 21€ [eL1) STy} JO SwIe Y], 9ySramIano 16 a1om syuedionreq dnosg poqeaeq | -snwpe)
BIpIJA pue
1A3( ‘A13uno)
swry syuedpnieg uisag Apmig Apms

*fy1a115¢ [ed1sAyq :suonuaAIduI dJueyd INolARYdq YI[eaY Jo s[ern) Jo uondrsaq 7 dqe,

13/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

PLOS |ox

)

(panuguoD)

'318D $3)9qEIp PIEpUE)S

"soJessowr

1x2) ou pue Juppen
Aytane papuryq 01 pajedofre
a1om dnoid jonuo)
*3s1019Xd pasiatadns
sap1aoid yey) qnpd

SeIpaed [ed0] e urof 0} 1950
ue pue aA1o® A[reorsdyd

2q 0} JusurafeInooud
‘SUOISSS UOLBINPI

D paseq-Arunuwurod

ur upedionred saajoaur
A[reord4£y sty , -asn 03 paysim
Aoy ey 310ddns 10 201108
D Aue ur syedonred

03 2213 21oM syueddn)IRg

syjuour
€ 1S11J J0J SooM T A12A3 [[ed
suoydapa) JusuradIoJuIay
“Sururen) asI9x0 Junyem
aUIOY JOJ SUOTONIISUT
uapum Surpnpur ‘QAQd

® pue japyjooq sururexdord
UOT)BI[IqRYDI JWIOY © [IIM
papraoad a1om syuedonreg

10jeredwo)

*Pae)s 10U JUSUIdO[2ASD UT JUSUISA[OAUT T3S ()

)M T uoneIn( "2AToR 3q pue 1ajawopad

a1} Team 0] way) SUrpuTwaT 93esSAU 1X2) [BUOTJBAT}OUT
Ap1eam e paatadar syuedonaed 'sdags 0000 58] 18

Jo [eod Arep e yam 1ajowopad uado ue arom syuedronreq

* UOTJUIAISIUT [J[BaY I
paudisop-uemisdyd, Juowdo[oAsp UT JUSWSAJOAUT IS}
M

G :UOHEIN(] '$JX3) OU JO SIX) JTBWS JALIII O} PIZIUIOPUELI
a1am syuedronred papurqun o) oseyd yoam-g puodas 3ty
uj ‘Sunyoer) papuIq 10 PIPUI[qUN 0} PIZIWOPUELI IIM
syuedionaed <eseyd yoam-g 1sI1J 9Y3 UJ "UI-UNI PapUIq
Yoom-1 ay) Jaye saseyd Apnis om) 190 parndd0 Apmg
'$)X9)

ou pue 1ayde1) £31a10e papurjqun :g dnoid uonuaAIduy
$JX9) JIewrs

pue 1axoen A1anoe papurqun :1 dnoid uonuaarajuy

‘Teo8 Aep/sdais 000 01 ©

m sx030ef [euosiad 91 pue ejep A1anioe swm-Teax Suisn
ury)rioS[e paseq-£109y) ‘uspyum-uenisLyd pajewroine
Amy & £q sdooy yoeqpa9y 3urra)soy pue JuswaSemnoous
[eNpIAIPUI Je paure Aep/sawi) ¢ SUIYOIBOD PIISAIPP
-suoydirews papraoid §)xa) Jrewrg 's)X9) OU IO $)Xd) JIeWS
9AT9091 JOUJID 0] pasTwropuel uay} axom dnoid papurjqun
oy ut syuedonred “oejrajur suoydirews e ySnoiy

ejep £11a1308 0} $$3508€ snonuruod pey sjuedonred
Sunyoen papurjquq) “Sunpen papurq pue papuriqun

0} pazrwopuel a1om syuednred “Sunxs) pue Sunpen
—sjuauoduiod 2100 7 pey UOT)USAIUT Y)[ed UI Y],

"JUSJU0D U0 Ydeqpad) ap1aoid 0}

Aaams suruo pajardurod syusnyed YD) 07 “(SMIIAIaIUT pue
sdnoig snooj) yoI1easar sArneyIfenb dArRULIO} UT SISINU YD)
¢ pue syuanjed YD) §¢ JUaWdO[OAIP UT JUSWISAJOAUT TS}
M FT

:uoneIn(J “INOTIABYSQ ISIDIOX FUISLaIouT Je paulre SIS JO
a3exed pajewoine ‘pazijeuosiad e paaradar syuedonreg
"as1019x9 pastatadns sapraoxd jey) qnpo derpaed [edof e

urof 0} 19jjo ue pue aanoe A[ed1sAyd 2q 0} JuswaFernoous
SUOISSIs UOIeINPd YD) paseq-Arunurwod ur Junedonred
saAjoAut Aeord4) sty g, asn 0) paysim Lo yey) 1xoddns

10 9014198 YD) Aue ur ajedonred 0) do15 a19m syuedodnred

*pa3e1s Jou :JudWdO[2AIP UT JUSWISAJOAUT IS}

L1

:uoneIn(y "pagueyd ssoujyy se sypuour ¢ L1940 sjeridordde
se paguey sem d1snw a1} jJo odwa) oy, *duoyd

sniqour e uo pakerd orsnwr ypim paads ur Sunyrem £q
Sururer) asm1xa sd>ueMpud A[rep paurtoyrad syuedonreg

UOTIUIAINU]

sajoqerp

1 2d£) M syuaosaope
ur Lyanoe resrsAyd
asearour Surdessowr
Jx3) pue s1ajawopad
ISYJIYM SSISSE O,

“Ay1anyoe TeotsAyd asearour
pmom syuauodurod

Sunxs) pue Sunpen Pim
UOTJUIAINUT (I[Bo W)
[)[e3Y J[IqOW pajewone
ATy © 19U319YM d1eN[EAS O,

"SIOIAIDS

jua1myd 0} paredurod
s[oAd] Ay1anoe [eorsAyd pue
Kyoededs ssorexs aaorduwr
0) QHI yam ardoad 103
swrwresdoxd YD) asoIaxd
PaI2AIdP -auoydafe)
3[IQOW € JO SSAUIATIOJD
-JS0D pUE SSIUIATIOJD

1) QUIULIIP O,

"suoyd o[rqowr &

1A pasiazadns swrwrerdoxd
Sururen asvI19X2 paseq
-owoy e jo Ayiqeoridde
pue souerdwod ‘Aoesiyo
[ESTUT[D 3} JUSWNOO(T

swry

pueedaz

MIN] UT SIDTAIIS S9JaqeIp JUadSI[0pe

[euor3ax  ut orurp juanedino

Surpuane £ g1-11 poSe sjusdsa[ope g/

%09

(S1%3}) UOJUIAINU] (9% :(SIX3 oU)
UOTJUAINU] {04FF [0IIUOD) :SIA[RW]
(8 AS) SS (S1%91) uonUAAINU] (8

ds) 86 :(s1x9) ou) UOLIUIAINU] (£ (OS)
09 :[onuo)) :93e ueay -auoydirewrs

s[queduwoo-(193auo1a[a0oe)
83ng-11g, e pasn oym s1eak

69-81 paSe anuad uonuasaxd qAD
srwapeoe ue Jurpuane syusnedino gy

%61 Sofeurag

“(68) 7' 19 UORUSAIU] £(S°6 OS)
65 [o1U0D (€6 AS) 709 25e UL
"qHI Y £ g1 < pade sympe 141

(£1as)

A1 uonuaazauy (g1 AS) £ 8°TL
[onu0)) 93 UBDA "UORIPUOD J[qe)s
ur 4 o < pasde syuaned 40D dew 09

syuedpnaeq

SINS ‘BIPIIN
©ouoydara a[IqoIN
101A9(J ‘pueedZ
MaN Anyunon)
<10¥ dnoid prereq

[s¥] 600T
UOIMIN

SIS BIPIN
"suoyd afrqour

PUE 19)9WO0IA200Y
20180

VSN Anunon
<10y aseyd

om) dnoi3 [afereq

[¥¥] s102
unIep

SIS BIPIIN
©ouoydara a[IqoIN
1901A9(J ‘pueedZ
MaN Anyunon)
<10¥ dnoisd pyrereg

[ev] ¥10T
uoSIpPEIN

orpne/cdIN

reIpajq uoydapay

S[IQOIA] :901Ad(T
uemre], :Anuno) [zw]
$10Y dnoid presed | 800z nry
BIpI]N pue
I1A3( ‘A13uno)
uSisag Apmig Apmg

(penunuoD) °Z AqeL.

14/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

PLOS |ox

@.

(panuzuoD)

‘(Aue

ULIOJ 0] PaYSE 10U 919M Inq)
suonuajur uonejuawa[dwr
Sururrog jo syyouaq

3Y} JO POULIOJUT JTOM

pue yoam 1ad sauury ¢ 3se9]
Je urw () 10§ SUISIOIoXa
JNOQE SUOT)EPUIUWUIOIT
peai1 (7) quaunean

ou (1) :sdnoi3 jonuod omJ,

‘[020301d

(.ddLS) uondisaig
aspIaxy pue 3591, doig
a3 03 Surpioooe jsiferdads
as1019%2 ue £q paqridsaxd
sem werdoid asoraxs
paIo[Ie} & pue passasse
sem ssamyy syuedionred
S[oeus pazipiepuels

981 e Sumoyrog

QUON

10jeredwo)

‘pare)s Jou JuaWdOaAdP UT JUSWIA[OAUT JS()

M § :uonjean(q “A[uo [eod asI1axa ay) Sursryoe

10§ suonjuajul uonejuawd[duwr paurioj (¢) ¢(paurioy
SUOTJUIUT UOTjeJUdWIdWI OU) ISTDIIXI 0} SIIPUTWAT
SIAIS () ‘suefd asat]) Jo IopUTWAI SIS AT 0)
Arunyzoddo pazagjo a1om pue [eod as1o10xs 9y Surasryoe
10§ suonjuajur uoneudwa[durr pawrog (1) :sdnoid
UOTJUSAISUT 3311 ], Yoam I1ad sawun ¢ Jsea] Je urw (g

10 SUTSIDIAXA JNOQE SUONEPUSTU O3 pear syuedionied

*pa1e1s Jou :JUdWdO[2AIP UT JUSWIAJOAUT IS}

MM g6 :uonem(q yuowr 1od

95U0 3[2S SWIOY UMO I3} Y3im JYStom £poq aunsesawr pue
“oam 1ad sawum a1t aso0onyS pooyq Jumnsey pue sssaid
poojq aInseaur AJrep as1o10xa pue sdajs 1a1ouropad
ndur 0 syuedonred paxmbai [000j01d Surroyruowr
-owoy 3y, '[00) Juswageuew-Jas e se Aqrrewrrid
papraoxd arom satdojouyda) yieaw ay T, “(uwede(

0J04Y ‘0ST-(H ‘uosw) 1a3owopad e pue (Y ‘BUOZLIY
‘uosony, ‘c0-80-IMd ‘s M dewkoq) 11depe
Lpoolang |im (VSN ‘eruroyied sendjiy < .zenjn
[onoJ, dUQ UeISIT) I0Jawodn|3

© (VS “BIUIOJI[RD) 950( UeS 1.gdL9/-V TeIIPIN

d % V) I0jiuowr a1nssaxd poo[q pajqeus , y1003an|g

© ‘(epeue)) ‘OLIBIUQ ‘WePIey “oUu] sa1So[ouyda],
uSisorq) uonesrdde Suriojruowr yieay a1oymAURYI[EIE]
i paddmba (pggg 10 00€8 24D @AII2QRI) [e30d
ejep suoydirews e papnul YoIyMm 4uy € pasradar dnoid
uoTjuAAIAIUI [Y[edw oy ur syuedonred ‘vondrrosard
3812199 3y} 03 uonIppe uf ‘[020301d (, d4.LS)
uondrsaig asoroxy pue 153, dayg ayy 03 Surproooe
ystperdads aspIaxa ue Aq paquidsaid sem wrerdoxd
9SIDIOX2 PAIO[IE] B UL Passasse sem ssauyly juedionred

"paje)s Jou JuawWdOaAdP UT JUSWIA[OAUT JS()

sypuowr 9 :uoneIn(

‘[re3op 210w ut swa[qoxd ssnostp 0} s[red suoydayay

10 3sInU ApN3s 9} £q USNLIM SIAS JUSIDTLIN0OUD

pue oeqpasy Ap[eam pazijeuosiad paAredal

pU® UOnRWLIOUT 3SDIAX? pue wojdwds qJOD panrwuqns
() “A[uo UOTIEWLIOJUT J} 10 WIAY[} YUET[) 0] YoM

10d A[dax SIS T paatedax pue suoyd y(d oY) UO SIS BIA
asp19x0 pue swoyduwds qJOD 119y} INOQE UOTJULIOJUT
Aqrep panrwiqns (1) :sdnoid UOT)UIAISNUT OM ], "SISIIIIXI JO
sa1n3o1d pue $921M0s31 [ed0] ‘sd0] 3SIIIIXA [IIM SISP00q
POAI2I2I PUE SUOISSIS G 0} ¢ UT Yoom Jad 2s1019%2 AJ1suajur
-9)eISPOW JO UTW ()G] Op 0] payse a1am syueddnIed

UOTIUIAINU]

s1opurwaI agessour

1%3) M Wy Suturquiod
£q pauaySuans

3Q UBD 3SIDIIXI UO
suonjua)ur uonejuswWAdwI
JO 10910 3 JOYIAYM 1S3,

‘dn-mofjoy

JO SY99M TG PUE FT I2A0
20URUJUTEW ULID)-SUO]
[} SUTWEXD 0] ‘PUOIIS pue
‘porrad (Yoom-71) WiId)
-110Ys ® 1040 uonduosaxd
3s1019X3 3} A[uo

Suraraoax dnoid jonuod
aan)oe Uk 03 paredurod
UONJUIAIIIUI ISIOIIX
payoddns e ©

JO 30910 o} 23edNSAAUT O,

uoneyiqeya1 Areuowrnd
Jo uonarduros urmoroy
AdoD ym syuaned 10y
UONUIAINUT 25U)sIsId
3sI019Xd paseq-auoyd
a[Iqour e jo £oeoryye pue
Ayiqrseay oy suTwWINA

swry

%8S SA[eW (9% AS) 8°€T
a3e ueapy M 12d sowy ¢ uey) SSI[
as1o19%2 oym £ @1 < pade sympe GG1

%EEL

TUOTJUIAIANU] £94/°G/ [OTYUOD) :SI[BUID,]
(T°0T AS) £'SS uonuaAIU] (L8

as) 84S [01uo)) :a5e ueagy 's10)0ef
[SLI SWOIPUAS DI[OqLIOU OM] SB[

e [Im s1eak 0£-81 pase sinpe 6H1

9€9 7 UOIJUIAINU]
04,9 T UOTJUIAINU] :Sa[RW] (T

as) £ ¥9 (INS-2[190IN) ¢ uonuaAI}u]
(6 as) £ ¢, (O-21190) T Uonu2AIIU]
:23e UBSTA] "UOHIPUOD QIS

s £ of pase siusned AdOD L1

syuedpnaeq

SINS

eIpaIN ouoydapey
S[IQOIN] :921A3(T
SN :Anuno)

<1.0Y dnoid [ayrereq

“1939wopad
19)owwoon(3
ro3ruowr

aimssaxd pooiq
Ppa[qeus yroolanyg
Quoydyrews :201A3(J
“epeue)) :A1uno)
<10y dnoisd payrereg

ERICIN
‘SIS ‘@IBMIJOS
uonesr[ddy :erpapy
uoyd y(d 2019
VSN :Anuno)
<1.0Y dnoid [ayrereq
BIpI]N pue

I1A3( ‘A13uno)
uisag Apmig

[8¥] 600T
PIMIsaId

[zv] ¥10T
L ICRIER |

[9¥] 6002
uwasngN

Apms

(penunuoD) °Z AqeL.

15/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

PLOS |ox

)

*Apmys a1 Jo uoneINp A}
105 Aep L1945 BJEp prordn
pue 11 UQ NI Y}
IBM 0} NUTIUOD 0} PIYse

os[e a1om dnoid onuo)

“fypiqereduwos 10y

+£epoy op nok [iim £1anoe
JeYM,, ‘sdnod uonuaazaur
oy ut pasn aseryd

3Y} JO JudWd[d [euly oy} A[uo
Sursn ‘[ennau sem sadessawr
3537} JO JUAJUOD YT, *(2IM
12d 1) saSessowr omy 03
poyruI] Sem SIY} “TOAIMOH
‘porrad p-$T sures

31} J9A0 saZessaul Jx3) SIATS
paA1ada1 osye syuedonred

"S[oA3] AMATIOR

eo1sAyd papuswrurosar
199U 0 YPoM

13d p 6 uo UTW ¢ I5BI
Je 10J AP[SLIq Y[em 0) A1}
03 payse a1om syuedonreg

10jeredwo)

*pa1e)s 10U JUSUIdO[2AIP UT JUSUIIA[OAUT 1S [)

"$M 9 uonean(y “Apnis

ay) noySnoayy AepL1aas ejep 1oy peofdn o) payse a1om
pue syoom 9 10J Aep € saFessour Jxa) PIJEWOINE ¢ PIATIIL
os[e Loy ], *Aep/urur (9 :Aep pI[e A 'S[9Ad] VJ dul[aseq
ssa00® 0} sAep / 10§ Apua1mouod +x¢ 10 ydeidnoy pue

I Qa1 210Mm syuedodnIe “safessaw 1X9) SIS PIATIIAT
pue ouo 1IqIL] 210m dNoIS UOIULAIU] "SILIBWILINS

A[rep ssa0oe 03 moy pue ejep peoidn 0) Moy ‘+X¢ 1D
ydeiSnoy pue auo JIQIL] 9} Jeam 0} MOY PAJRIISUOTUIP
[euuosiad Apmg ‘speod Sunjes uorudAISIUT UTW

S M epuade yJ © 19s uay) A9y, ‘paInseswu pue paySrom
a1om ‘arreuuonsanb surpaseq pajorduros syuedonreg

*S)USPYS ULIOJ YIXIS GT
ys3uowre sadessaur ay) Jo AJIpI[eA 58] Y} SSISSE 0} Pasn
sem £pnys joqid [[ews :Juatwrdo[eAdp UT JUSWSAJOAUT IS}
M 7 suonyen(y ‘porrad uonuaAIaIuL AY)

ul pajuasald d1om 7 pue | SUOTIUIAIIUT WO} sagessawu
Jo raquinu [enba uy "y 4 sno1oSia pue ajeropour rensax
M pajerdosse sureS eJudwWnI)Sur 0 DANIYJe Y}
1oy12 SurpreSar syuawaje)s papnput sadessawr x93 SIS
‘dno18 UoTIULAI)UI [BJUSWNIISUT PUL JATIIPJE PIUIQUIOD
ay} 104 _;Aepo) op nok [im AjIAnoe Jey M “AYI[eay 1reay
1moA doayy ues fyianoe [ed1sdyq,, pue  ;Kepo) op nok [iim
Ayanoe yey p 1yStom Ayireay e urejurews djay ues £j1anoe
[eo1sAy g, “o1e sadessowr asatp Jo sapdurexy "y snoroJia
pue ajeropow 1e[nSa1 YIIm pajerdosse sured [ejuswINISUL
o) SurpreSax syuowaeys papnpour dnoid uorusAIA UL
[eyuawnasut A3uts ay) 10y safessaur 1xa) SIS YL,

*pa3els Jou JUdWdO[AIP UT JUSWSA[OAUIT IS}

MM § JUOnRIN(] )ISqIM

21m23s e ydnoayy SINS Jo Louanbaiy pue swn Guaju0d

ay) aueyd pnod pue £pmys ym-§ oY) Surmp Iopururax
SIAS T 1s89] Je paaradar syuedionred ‘eod Sunyem ystiq
3Y} JO SISPUISI GIN'S PAAIDAI (7) ‘sueld ayj Jo s1opurwax
SIAIS PaAIa2a1 (1) :sdnoid uonuaarajur oM, oam 1od
sAep 210w 10 G UTW ¢ JSBI] I J0J JuD[[em JOJ SUOT)U)UT
uonejuawa[durr paurioj pue 10§ sfeod 3os syuedmonred

UOTIUIAINU]

*S)[Npe 359q0
pue 1yS1oMI240 UT Vq
asearour 0} Surdessawr 1x93
(SINS) sad1a13s aessawr
yIoys pue (SuQ NQI)
90TAIP/IOSUS A[qRILIM

© Jo asn a2y 23e31)saAUT O,

*SJUIDSI[OPE UT S[2AI]

Vv d aseaur 0] £3a3e11s

® se sadessowr aAnoayge
SuIsn UOTUSAIUI [2A0U
® Jo Aoeoy30 pue A[Iqrseay
a1 joqid pue dofaaap o,

sdures paseq-juapnis e

ur Sunj[em sLIq paseardut
steo$ 1o sue[d Jo s1opuTwIax
soessour 1%} [PIm
suonuajur uoneyudwa[dur
paired yeyy

SUOT)USAIUT IOYJAYM 1837,

swry

200¥ 1086810'auod [euinolyL /€10 1/BIo"lop//:sdpy

‘9688 UOTIUIAIINUT {96 [0IIUOD
S9[eW] (G TT (S) €6 UonUAINUI
{6’11 dS) T°L¥ [0Tu0d :a3e uea|y
‘sID[owWs-uou ydq

Suraoxduwi jo A)[iqe pey pue AW
JO Yoam/utw 051> Sutop zw/3Y 57<
IING ® yam s1eah 69-81 pase synpe £9

ouoyd

sniqow [euosiad e jo uorssassod ut

pue uonesNPa JAYLINg du) [[nJ ur ‘A 61
pue 91 usamiaq pade syuedionred oz1

%¥9

T UOTJURAIAU] 949G T UOTIUSAINU]
9689 [01UOD) :SA[EW] (6'9 (1S) & ¥HT
(ropurwax [0S SIAIS) T UOTIUIAISIU]
(05 as) 4 z'ze (1purwal

ue[d SINS) T UOTIUAIANU] £(S°F

as) £ 9°¢g [o1u0)) :23e UL *S[PAI]
Ayranoe TesrsAyd mof yim sympe 6§ 1

syuedpnaeq

SIS BIPIIN
(+X€1D

pue ydeidnoy)
13)WI0IA[IDY
ouoyd jrewg
QU0 NI o1

BOLIDWY :A13UNoD) [1€]
10Y dnoin prrereq | s10T Suem
SINS
‘eIpaIN ‘ouoydape)
S[IQOTA] :901A3(T
21N Anunod | [0s] 010T
<1.0Y dnoid [oqrereq LIEYARAIN
SIS "eIpPIN
ouoydaya) oIqoN
101A9(T N Anunon [6%] 0T10T
<1.0Y dnoid [arered | Yoimysaig
BIpI]A pue
I1A3( ‘A13uno)
‘ugisaq Apmis Apmg

(penunuoD) °Z AqeL.

16/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801.t002
https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

PLOS |ox

)

"poypour [ouad
-pue-1aded feuonipen

e 3uisn A[rep oxejur
Areja1p p1oda1 0) pauren)
{(vd) dnoid 1aded oy,

‘saareuuonsanb

auruo Jno payy £a) ‘g

pue T syoam 1y JYSomIan0
Suraq pue 0133597010 Y31y
U29M12q UOTIBIDOSSE I} UO
pue pajeInjes ur Mo Ja1p
Aqyreay e jo soueyrodwr o)
UO UOTJeULIOJUT [EUOTIEINPS
paaradar syuedonIeg

“UOT)EIIPOT
914159311 U0 JuryEsUNOd
[enrut paaradar syuedonred

10jereduro)

‘dde aqereae Ajperorowwoos

—paje)s Jou :UatdO[PASP UT JUSWIA[OAUT 13S()

sym g wonean(y ‘dde j3y 9soT,,

3]} OJUT PAId)UD 2IOM BIEP ATEISTP UM EIUT JLIO[ed
Surpredai ypeqpasy sjerpawuul paAradar syuedonied
asa1)) “Taaamoy ‘dnoid gy oty 03 papraoid sem ao1ape
Areya1p oN "e1ep otmawodoryiue [enpIAIPUT PUe (YM/q]
1) 1208 ssof 1yStom paynuapi-a1d e U0 paseq Iasn ) 10§
juaunjore A31ous Arep oy pajemores dde ji 250, oy,
"PaI131Ud 919M SPOOJ S STUT}-[eaT UT paseaou Jeryy oryderd
28ned ar1o7ed AJTep © JO ULIOJ 3} UT YoBqPady A)RIPIUIUT
papraoid osfe 1] ‘uorsesd0 Junes yoes Je Arerp e

0} Ppe PUE [2J1e3s 0} SIS 10J SPOOJ PIUINSUOD A[UOWIIOD

Jo aseqejep adre[ e papraoid yorym voeyrayur dde jiy
9507, o) Sursn axejur £1e391p papI1odar dnoid v oy,
"poypour [uad

-pue-1aded Teuonipen e Suisn Arep ayejur £1e3a1p pI0daI
03 pauren} (yJ) dnoid zaded a1y pue ssouoydyrews

119} UO WOT)OUNJ OTUSW 3} Jo 3asn ySnoxy) ATrep

ayejur Arejarp yoeq) o) pauren () dnoid owow ay)
«Arep dde 1 9s07,, Sunpoen-1a1p a1} asn 0 pauren) (Jv)
dnoi8 dde oy :sdnoid ¢ ojur pazrwopuer syuedonieg

*pajess Jou Juardo[2A3p UT JUSWIIA[OAUT IS}

SYM § uoneIn g

‘sue[d I19Y]) JO SIOPUTWIAT JX3) JATIDAI 0) PUEBQ JWIT) B
9501D pUe J2qUINU J[IQOW IIY) paI1djud udyy syuedronaed
‘uorssas Juruuerd oy Sunsduwros 193y *T uonULAINIUT

ur se 00} uruue[d paseq-qam dures ayy pasn syuedonIR]
(7) "porrad yoam-¥ a3 Surmp way a3ueyd o) werdoxd
3 JIS1A21 03 3[qE Jou a1om syueddnred ‘pases pue uasoyd
a1om sared asay 20U 'sited uoTN[OS-UOHENIIS ¢ JSBI]

je 919[dwros 0) payyse a1om syuedionred ‘suonnjos ¢1 jo
JSI[ B WO Inoraeyaq 119y 28ueyd 03 yoeoxdde ue asooyd
uay) pue A[Iyireayun jed 03 paydurd) axom L3 yorym

ur suorenIs ¢ Jo ISI| & WoIj 103[3s 03 [00] Suruueld
paseq-qam e pasn syuedonred (1) :sdnoid uonyusaraur ¢

"pate)s Jou :Juatrdo[oAdp UT JUSUIDA[OAUT JIS[)

M § ruoneIn(y "sawm O] [rews sauoydirews

BIA 9YBJUI J[BS 20N PaI 0) 2duepIng pasijeuosiad

PIATS02I PUE UOTIUIAISIUT JO YO9M ]SB] PUB IST

Surmp uonaIoxXa J[es A[Tep I19Y) P2INSeaW ‘U0 eIYIPOur
3[4159J1] U0 SUI[PSUNO [eI}TUT PAAISIAI syueddNIE]

UOTIUIAIIU]

‘spoyjowr Aus pue
Surppesunoo jarp [euonIpEIn
01 paredwod ssof 1ydrom
pue 3uriojruow-jjos A1e3arp
103 dde suoydyrewrs repndod
® JO 95N 31} $S3SSE O,

™
¥ 1oA0 sadueyd az1s uoniod
pue O)e1ul JeJ pajeInies
pajrodai-ypas “oxejur

JeJ pajernjes agueypd o}
UOTJUSJUT UO SISPUTWI SIS
pue [00) Suruuerd pajewojne
Ay paseq-qap & Jo Joeduwr
paurquod ay) a10[dxa o,
‘souotdape) afrqour

0} JUds s[rewra pasieuosiad
BIA UOTJEDTUNWIUIOD pUE
UOoN2I0X3 Jes A[rep Jojruour
0} JOSUIS }[s JTUOIIId

ue ursn g uo weidoxd
UOTIUIAISIUT UOTIONPAT J[es
20B[dYI0M € JO SSOUIATIOIYJD
ay) 9ednsaAur o,

swry

*J31(] :SUOTJUIAIINUT IFUeYD INOIARYDQ I[eaY JO s[ern) Jo uondrsaq ¢ d[qe],

€00} 10868 L0"auod-[eunol/|2¢ 10 1/B10°10p//:sdRY

%¥'S1

dnoi3 uonusarajur owawr suoydirewrg
0%'89 dnoid uonuaarayur dde suoydy
$%L°9C [01U0D $3[eW] (0% AS) ST
dnoi8 uonuaarayur owawr suoydyrewg
«(5°¢ gS) £'¢¥ dnoid uonuaarayur

dde suoydy ¢(8'¢ IS) 8'0F [0NUOD

:a8e ueapy “Lyrunurwod sndured e woy
paynioax Ama\wx 0%7—S7) IINg [ewiou
m s1eak G9—g1 pade synpe /g

(48 AS) £ 8'SH ¢ UONIUIAIAU] (9°8
as) £ 7op 1 uonuaazau] (58 AS)
£ 6°c¥ [onuoD (98 aS) 4 9y 25e ueay
£ 05 < paSe synpe JySamIa10 808

(L8 as)

£ ¢"gp uonuarzu] (58 AS) £ I'L¥
[onuo) :93e ueayy ‘Auedurod peofrer
e ur Sunjrom safew aarsua}IadAy 1§

sjuedpnaeq

uonesr[ddy :erpapy
ouoyd)rewrg
201A9(]

VSN :Anunon
<1.0Y dnoid [orpereq

00}
paseq-qam ‘SINS
rerpajq “1oindurod
[euosiad ‘ouoydarey
S[IQOIA] :01Ad(T
SN Anuno)

1.0 dnoid [ayrereq

[rewa
reIpagq ouoydapay
S[IQOIA] :21Ad(T
suede( :£njunon
<10y dnoisd payrereg
BIpIJA pue

1A ‘A1puno)
uSisag Apmig

17/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801.t003
https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

@ PLOS |one

(ponuguo))

"110ddns [eros 10y wnioj

JUIDU] UE 0} $S3008 UIAIS a1oM pue
potrad [ern a1 1240 pairsap Aoty se
UONW SE J[ 35T 0} UIY} PUE YIIM E I0]
Kep L1249 yuowrdmba Apmys a3 asn
0 pajonIsul a1om g pue | sdnoid
[onuo)) ut syuedmdnIed "9}1sqaM
$90IN0SAY SO IS AN Y3 0 $59008
sypuowr 9 Surpraoid 1ayonoa e usArd
a1om sjyuedonaed () (1o0jenoyes

® pue 9{0oq Sununoos-a1Ioed

e ‘Axerp pooy 1oded e uaard arom
syuedpnaed (1) :sdnoid joryuod om,

swwrerdoxd yuswraoe[dax

[eaW 3] YIIM S[qR[TBAB UOTRULIOJUT
a1} paonpordar jey) aremyjos
uoneodidde paaradar syuedonred
-swurerSoid yuouwraoedar

[eoUT Sqe[TRAR A[[RIDISWITIOD B MO[[O]
0) pajonasut a1om syuedonred

‘dde suoydyrews oN yruow Y19 3y}
0] pug 2y} 0] AP[PaMIq PUE [IUOTT
1811 2} 10J AP{ooM [DL0D JSTUONLIINU
B WOJJ UOT)UIAIUT SUI[oSUNod
2s1019%2 pue Juryes Ay[eay dAISU)UI
PAYSI[qeISS UB PIAISIAT [O1JUOD Y],

10yereduro)

"pae)s Jou :JUaUIdO[2AIP UT JUSUIDA[OAUT JIS[)

sypuow 9 :uonemn(J Jroddns

[BID0S 10J WINIOJ JOUIU] UE 0] $S900€ UIAIS 21om syuedionreq
‘potrad [e1n) 2y 1240 PaIIsap A3y} Se Yonul se 31 Isn 0) UIY) pue
Yoam & 10J Aep £19a0 Juswudinba Apnys ayy) asn 03 pajonrsur arom
syuedonred Juawdmba oy ur Sururen pazipIepue)s paAadal
syuedionaed ‘papeojumop-a1d aremijos uoneordde ssop jySrom
o) M duoyd afiqowr a11sa(] DIH © UaAIS atom sjuedionied

*Pa1els Jou :JUdWdO[AIP UT JUSWIIA[OAUT I3S()

M g :uonen(y 321p pue JySom jo Jurrojyruour

-J[os pue s1opurwar ydnoy) uonoeraul remdax paydword pue
1Inoraeyaq aanisod papremar Gurp1odar axejur pooj payrduirs
‘uonjeurroyur papiaoid aremijos uoneoridde oy, -onunuod

03 pajuem L2y 1 umo 112y aseypand o) pey syuedonred

SYM § PU023s o) Ul pue papiaoid arom sjuawaoe[dar

[eawr sym § 3511y a1y Surn(g “aremgos uoneoridde yustuase[dax
[eaw paaradax syuedonred “swwrerdord juswaoe[dar feawr
S[qe[reA. AJ[BIDISUILIOD & MO[[O O} PAJONIsur a1om syuedodnreq

‘dde sjqeqreae

A[TeroIouwrurod—paje;s 10U Juatrdo[oAsp UT JUSTUIA[OAUT I35 ()
SYIUOUI 9 :UOTeIN( "AU0 UOTJUSAIIUT

suoydirews urroyruowr-yjas (¢) ‘wonuaAIuI suoydirewus
Surroyruow-jjas snjd SUI[PsUN0D ISIOIIXD PUE JITIP JAISUIUT
s3] ® () ‘uonjuaAIdul suoydirews uriojruowr-Jas snid
Surpresunod asmIaxa pue A1 (1) :sdnoid wonuIAIUT 1Y,

UOTJUIAINUT

‘[ern) 193xe] e Sururroyur
0) M31A B )im sauoyd
3[IqOW 0] 31eM]JOS
uonestjdde ssof JySrom
JO (dUaIYpE pue
qnodoip quaunmioar)
Ayqiqiseay pue
Amqeidadoe a1y 1893 0,

‘paseq

-paouapIAD SEM B}

pue Ja1p € Uo Junjrequra
senpiarput payroddns
jet)) sauoydaey aprqowr
10§ axemyjos uonestdde
UOTJUSAIUT SSO[-1YS1om
2)enfead pue dofoadp o,
*A3o[oua)

suoydirews £4q
PAIAAT[2P SUOTJUIAISIUT
[eInoTARYDq

paseq £[[eona10ay) Jo
Koeongo Areurwurpord pue
“hnpqerdasoe Aypiqrsey
3} 2JeNn[eAd O,

swry

%LL

safewag “(9°01 as) &
6'T% T 100u0D ('8 AS)
A 6T 1100U0D (S8
as) £ ¢'1% uonuaAIIU]
6 as) 4 ey

a3e ueapy A 1 < pade
S)Npe JYS1oMI2A0 Q7T

%001

safewa] 'A 7§ a8 ueay
" 61 < pade sympe
952q0/1yS1oMI240 8G

048/ SI[EWd,]

(11 as) 6%k

o8e ueay ‘A 17 < paSe
S)Npe 35990 §9

aIeM1JOS
uoneorddy :erpay
©ouoydayay aIqoIN
20149 I :Anuno)
<10y dnois ayereq

aremyjos uonedrddy
‘eIpaJAl ‘ouoydape)
S[IQON 921A9(
cerensny :Anuno)
<109 dnoid [ofrereq

218M)JOS
uonesrddy :erpay
ouoyda[ay a[IqoN
201A9(T V'S :Anuno)
<109 dnoid [orrereq

BIPI]\ PUB 1A

syuedpnaed | ‘Anuno) udisaq Apms

[65] €10T 19302D

[8] €107 repurtg

[£S] €102 wapIY

Apmig

*pauIquIod 131p pue AJIATIOR [eIISAYJ :SUOTIUIAIdIUT ISUeYD INOIARYI] YI[eay Jo sferr) Jo uonduosaq *§ 9[qe],

18/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

@ PLOS |one

(panupuoD)

“Areoyroads

saqe3adaa pue symig jo uondunsuod
a3 jo doueyroduur oy pue

[e1ouad ur Ja1p AYI[E3Y B UO PISNO0J
7 UOISS3S "INOIALYDQ ATeJUIPIS JO
SYSLI 2} pue dur) U105 SuISLaIdap
“Ayianoe [eorsfyd Sursearour

Uo pasnooj T uolssag wreidord

SIN'S 2y m Sururen) pue jnoqe
UOTJBWLIOJUT P3[IBISP PAPN[OUL [DIYM
¢z uorssas ur pajuasaxd sem sdnoid
[0I)UOD PUE UOTIUSAIIIUT Y} UIMI]
P2IJJIp Jey) [eLIa)eur ATUo oYy,
'syst3ojoyoAsd paurer g £q pajeyrioey
pue jeurroy dnoid e ur pajuasaxd
SUOTSSIS [RUOTIEINPI AINUTW-(9

¢ ut pajedoned uaappiyd [y

*SYIUOW ¢ J& UOTUSAIINUI SIS
suoyd s[Iqow [euUOnIppE OU YIIM
uonUIAIIUT S[A)sayT] orneIpaed

NSGIM SHAOIW 243

woIj eyep AJIA1IO8 PEO[UMOP O} UIed)
Apms o) pamorre pue syuedonaed
[T® 03 S[qISIA SeM SNy} pue

(9oureysTP pUE AYISUAIUT ‘UOHRIND
fouanbaiy) £y1anoe 1101 paojruowr
Asnonunuoo dde sty "souoydyreurs
1121 03 (SEAOW) dde Sunpen
Ayanoe ayy Surpeo[umop ut pajsisse
Apreqruurs a1om dnoid onuoo o

ur syuedonied ‘S[IEW-3 [BUOTJEATJOWT
oy 10 sdde sure31oxa oy} 2A19021
jou pip sjuedonred dnoid joruo)

10yereduro)

"Pa1e1s 10U JUIWAO[2AIP UT JUSWISAJOAUT 1S}

SYIUOW ¢ :U0TeIn(J ‘SIAOBILYD

09T Jo Jruri] & pey sadessaur yoeqpaa “INOIARYI] PAJRIOLIIP 10
pasoxdwr uo paseq Juswdo[aadp aanisod ao10jurax pue jroddns
0} pue [0S [BINOIABY2] (DB YI.I 0) UIP[IYD 2FeIN0OUD pUe
2]eATIOW 0] PAWITE $ITLSSIW NIBQPIJ YT, ‘saZessaur }oeqpasy
PaA122a1 uIpIYd Ay, 'souoyd aprqowr s yuared 1oy Suisn SIS
IA JEULIOJ PIEPUE)S B UT BJep 110daT 0] PI)onaisul a1om UdIp[IyD

*pa3e)s Jou :JUIUIdO[2AIP UT JUIUISA[OAUT IS ()

syjuow

6 :uonen(] ‘JurpuodsaI-uou Jo oM | I2)Je IIPUTWAI SIS

ue Surpuas £q paoueyuo sem dduerdwoy) asuodsar ur yoeqpasy
SIAIS pa1o[Te) paaradar syuedionaed “s3uraay 10 ‘syySnoy
‘$JUAAd 1] 2a1eSaU 10 2ATIs0d AU JNOQE UOEITUNIUIOD

JO paau ut 39§ £y} JT SIN'S Os[e p[nod syuedonred

"SINS BIA s12)ourered jueasyar

uo ejep 3uriojiuow-J[as APoam puas o) payse a1om syuedionreq
*3ST $)1 UO PAJONIISUT 1M Pue duoyd S[IqOU © PIAIII
syuedronIe “UONU2AIUT J[A1SaJ1] SLrjerpaed I1aY) 0JUT SYUOUT
¢ uonuaarur SIS duoyd afrqour ayy wedaq syuedonreg

‘dde sqeqreae

ArerIaururoo—paje)s Jou :Juatrdo[2Ap UT JUSUISA[OAUT TAS[)
SYIUOW ¢ :UOTjeIN( "S[Tew

-3 [euonjeATIOW APjoom paATadax osfe dnoid uonyuaAIajur oy}

ur syuedonred ((STAOW) dde Sunpoen L1anoe ue jo peojumop
3Y) UT Pa)sIsse Os[e a1oM syueddnIe] "3SIDIXI J0J URT JO PIY[eM
Aoty uaym sxoam 7T 1xau oy J0y sdde oy asn 0y pajonysur
a1om syuedonaed sdde 7 o) uoam3aq 20101 € UIALS o10M
syuedionaeq ssuoydirews 1oy uo paoerd sdde sureSroxy g oy
Jo auo pey dnoid uonuaAIAUI 3Y) 0] pazrwopuel sjuedonreg

"P[IOM 3]} dABS 0} IOPIO UT PAISAI[AP 3q Isnur Jey) aFexoed e rim

payse) st oym Joke[d oy 0 saSuayreyd pue saposida sjuasard
Je) dwed 2INJUIAPE OIPNE UE ST Y[eAL Y], *3SIDIX3 £31]) Se
sarquioyz, £q payoeyre Suraq proae pue sariddns 1097[0d 0 sxakefd
S)ONISUT JBY) 2INJUIAPE OIpNE pue dured Juruun sAIsIawW
U ST {UMY ‘S91qUIOZ "saweS 2INJUSAPE UOT)IE J[qe[IeA.
Arerorowrwod y3oq axe 3say T, ‘Apnis Areurwrpaxd o) uo paseq
Pa199[3s ([eM Y], pue juny ‘sarquioy) sdde sweSroxg oy,

UOTJUIAINUT

*SINOIARYDq

yieay aowoid 0y
urexdoxd ay jo £oeorge
Areurunaad oy ax0dxe
03 sem Apmys joqid

a1} Jo wre A1epuodas

V "walsAs yoeqpasy
pue Surrojruowr
Pa3seq-SINS 24y}

)IM UOT}ORJSTIES pue 0}
uaraype syuedonred
a10[dx2 0} paury

“UOT)UDAIIUT Y} (M
souerduros ayenfead

0} OS[Y "USIP[IYd
952q0/1YS1oMIIA0

ur Jeaf T 1933e Jnodoip
JUSUI)BDI) SIONPAT

Pue ‘SAS-INg sage
Apaantsod uonuaarajul
a[ysayry ornerpaed

e Surmp uonuaAI UL
SIS duoyd aprqour

© IOYISYM JJENJEAD O],
*3STDIIXD

0] UOTJEAT)OW pUe
3SI019X0 JO JuduIfofua
uo sdde swreSroxg

Jo asn o] yo Joedwr

3} JO UOTJBUTIIEXD

o3 papnput

sure feuonIppy ‘dnoid
[onu0d © 0} paredurod
Ayanoe reorsAyd

ur aseadour 193ea1d e
9ABY P[NOM SYoM T I0]
soureSI9Xy 3y} 9A10031
0} pazIwopuel s)npe
je pazisaypodAy sem

1] Surd3of pue Sunyem
Areoymads Aanoe
[eo1s£yd ur wonedonred
asearour pue afeInoous
suoneordde suoydirews
owedIaxy IaY)oyMm )59}
0) SEM “910J2191]} ‘Apnis
sty jo asodand oy,

swry

*04F°9€ UOTIUSAIIIUT
£06£°99 [013UOD
S9EWR *(€°0 AS) §'6
UOnULATSIUT (30 OS)
96 [013U0D :3Fe UL
‘Tednizog

ede1q ur sassepd [00Yds
opeid p 7 ur 01-8
paSe syuedonred gf

‘0579 UOTJUIAIIIU]

999 [013U0D

‘%¥9 safewd,] (€' AS)
£ 101 uonuaAIU] {(¢'1
as) £ g6 100u0) (¢'1
as) £ 66 28e ueapy

A £ < pade ua1ppyo
953q0/1YS1oMI2A0 THT

*0506 UOTIUIAINUI 0508
[onuoo :saewdg *(8° 1%
‘6'€7) §'T€ UOBUIAINUI
HEXSAVETA () )N K43
Tonuoo :93e UeIpaIN
s1eaf ¢ rorxd

oy} uryym aanpasoxd
Gunuays L1euoiod 1o
‘A193ms ssed4q L1ayre
Areuo1oo ‘uondIeJUI
[erpesofur e pey

jou pey pue Ajanoe
Testsdyd uo suoneyruury
pasodur-uerdsiyd

ou pey ‘urrojjerd (1a1e]
10 0°£ SOI) duoydt 10
(1938 10 (') proipuy
a3 ym duoydyrews

® 0 ss200¢ Ie[ndar pey
‘69 pue g7 jo sade oy}
usamiaq syuedonred op

sjuedpnieg

SINS *BIPaN

auoyd S[IqOIN 90149
1eSmuiog £nuno) [29]
10 191sn[0 Y99M 8 G107 IydeUSSE]

SINS :BIpaJA ouoydajay

S[IQOIN :921A9(J

‘sspuepIayiaN :£nuno)
<10y dnoid [ofrereq

[19] 210Z 30IN 2d

ddV 2A10BIU] BIPI]N
suoyd a[iqour 90149

VSN :Anuno)
ey dnoid

-[errexed ‘pafjonuod
‘pazrwiopuel Yoam-z1 | [09] ST0T A19pmoD

BIPI]\ PUE 90143
“Anuno) ‘udissq Apms Apmig

(panunuod) “y3qeL,

19/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

@ PLOS |one

(panupuoD)

‘suors1aA ad£yojord

uo Yoeqpady aaneyenb papaoid syuedonied o1 -suoneosrddy
"Pare)s J0u—-saFessau 1X2) Judwdo[PAIP UT JUIWIA[OAUT 13S()
SYJUOW ¢ :uoneIng

‘sautPpms

yireay uonendod 03 20UaI2J1 UT YIBQPIIJ SE [[9M SB DIIAPE
[EUOTJEATIOW PAIO[TE) SNOJUBJUBISUI JATIIAIT UIY) 0] PUE (S[EAW
Kemeaye) Jo quau0d Jey pue A310u0 pue ‘Aousnbaiy Apjoom

10 ‘sa[qe1adaa pue 3y Jo s3urazas Arep ‘paurrojrad sanianoe
Tea1s£yd jo saynurwr Arep “3-9) INOTARYAq 1197} PI0IAT 0 SIasn
pajqeus uonesrdde yoey *(1moraeyaq 1od auo) s1ojednsaaur

oy} £q padofaaap axom suonyesridde suoydyrews anog
uonesrddy

a8essowr 1x9)

Surpuodsa1105 3} UT 0) PAIIAJOT SeM Jel]) UOTJBULIOJUT [EUOTIPPE
PaUTLIUOD S[TeW-3 JWOS * B} 1X3), JNOYIIM [[1 UI UILIM D)ep
pUE JWT) dUres ) Je [TRW-3 UL SE JX3) [od PIAIdaI syuedionreq
-a3uey Jo sageys ydnouyy Jusurasow

31eJ1[Io8] 0] $3s59201d [eInoIALYaq 0) 2ATTUS0D Jurssaippe

WIOIJ PIAOW PUE [SPOJA [EIT)2IOSYISUBL], Y} UT PAYIUIPT

uennalp e YiIM UoIssas pue Jo00qg wwﬁwﬂu Jo sassadoxd 9] 0] palo[re] aIom sagessowr IXaT,

“(puequr ‘Djofeu1ag ‘py eIaU]

deperon) eouereq jySiop, swrurexdoid ssof JySrom padofassp

A[TeroIouwurod—paje;s 10U Juatrdo[oAsp UT JUSTUIA[OAUT J3S ()

‘1eaf T :uonen(] 'ssa13oid ssof JySrom ma1a 03 231sqom

2IM3s B 0) $S900€ pey os[e syueddnIed "SJISIA JTUI A[JUOW-¢

1 JySram 10818) 21) 3sn(pe pinod syuedionred “L1anoe reorsAyd

3SBAIOUI/YEIUT SLIOED 9oNPaI 0} MOY U0 sdr) SIS PIATIII OSe

syuedonred 1ydrom 1o81e) Suryoear mun Sururewrar sep sfedy]

"dn-mofjoy yyuow 71 pue 1981e) 1830} pue Ja1p [eurtou o) paredwod uondumsuod pooy
aurpaseq Je $YISIA dTul Jurrojiuour | ur uononpal Juddiad ayy eos jey) 03 ssaxSoid pue jySiom jo81e)
pey A[uo pue juounear) oN |  Arep e Juresrpur SIS parewroine A[rep e paaredal syuedonied

“MI1AI J12dX2 JuamIapuUN USY) pue saNTe[[0d pue BIIeqX

£q padofaaap Arentur axom safessatu 1x9) ‘urre L)1an08/doars

31 10 *(2A0QE ‘€10 “elreqx 10j paqriosap) sadessour Sunjouus

10J JUSWIIA[OAUT 135() JUIWAO[IAIP UT JUIUIDA[OAUT IS}

SYIUOW ¢ ‘UOTJRIN(] "SIDINOSII

[euonippe papiaoid 231s qapp 199fo1d v “Suraesd e ydnory

juedonred oy urdjay je pawre NS PUBWIIP-UO D)eIpaUII]

(q) owrurexdoid ayy Surmp Asnowduoue jroddns 10§ 19T30UE

Sunyows ymb juedonied ayy djpy Ju0 SIS P[nod A3y} os 03 paudisse sem Juedonred e jey
PINOM 3T MOY JO IXJUOD ) UTYIM urex3oxd oy ur uosiad 1ayjouy (&) 03 ssadoe pey syuedoed
sy1qey £1anoe [eorsAyd pue doays | dnoxd uonuearsyuy o8eys Surpmb 03 Surpioooe parrea saessowr
syuedonaed Suraoxdu je pawre J0 Aouanbaxg ‘Summb o3 yrwrwosar wory Surdjey uo pasnooy
sem safessawr 1x2) 3 Jo Jujuod | Jey) SNS asdefar juas a1om Loty ‘Sunjowrs pajrodar syuedopaed
<19A9M0Y ‘3UTA12O21 sem dnoid 31 'smyeys Junjows I12y) pay[se Jey) £ pue g Ae( 3d-1s0 Ie
uorjessad Junjows a1 Jey) uonude | SNS paaedar syuedonred ‘(aseyd 3m) 23eT ay) 10 7§ 03 77 Aeq
JO [2AS] a1} Yojew 0] 1opio ut dnoid | 10 ‘eseyd ynQ) Ajreg oy 10 17 01 6T Ae( ‘eseyd ynQ)-21J aY) 10
uoressad Junjows Jy) se ajer dwes | F 03 T ke “o1) ssaoo1d Sumymb oy ur axom syuedonred aroym
a1} Je saessowr 3x9) paardoar dnoid 0) PaIO[IE) SeM Je]) Judjuod yym werdoid uonessad Sunjouwrs
Ayanoe/daars oy ur syuedonaed | }am-9 e 03 pasodxa arom syuedonred dnosd uoryessad Sunjowg

10yereduro) UOTJUIAINUT

*dnoid

[o1u0> © 0) paredurod
[(gSS) saSeranaq
pauajeams 1e3ns pue
s[eaur Aemeaye) asuap
-£310ua ‘sajqeadan pue
JINIJ JO 3¥eIUT “INOTARYD]
Areyuopas pue Ly1anoe
TeorsAyd -o°1] swruresSoxd
oy £q passaippe
SINOTARYDQ J[AISAJI]
oypads oy pue (JNg)
xopur sseur Apoq JyStom
£poq uo sururerdoxd
UOTJUSAISIUT (J[BA W &
JO 103)J2 Y} 2INSLAW O],

sjnpe

JySromiaso Ayjreay
Suowre swrwrer3oxd
sso[-1ydrom auoyd
J[IqOW € JO SSAUIATIIIJD
a1} 9jednsaau]

“UOTJUIAIIUT

uopjessad Junjous e

ur Sunedonred sioyouws
jmpe SunoL jo ajdures
reuoneu ‘g e Suoure
s)1qey £1anoe [eorsAyd
pue doays Suraoadur

UI UOTJUSAISIUI [OI}UOD
2AT)O® paseq-adessour
JX3) B JO SSOUIATIOD
a) paururexs Apnjs sty [,

swry

968 UOTIUSAIIIUI 069/
[01U0d :sarewWwd] ‘(7'
as) £ 9°77 uonuUIAIAIUT
(reas)dree

[onuoo :a3e uesI
's1eak

G¢-gT pade jyels pue
sjuapn)s AJIsIoATuN) 16

*046/ UOTJUIAISU]
969, 10TU0D)

‘safewdg “(L'y AS)

£ 1°g¢ uonuAAIU (£ ¥
as) £ g¢ fonuo) :a3e
uedN A -Gz pade
sInpe (;w/3Y 9¢-57
IIN9) WS1eMI240 67T

'049°CH UOTJUIAIN U]
%¥ ¥b [013U0D
isoewag (1'7 dS) 9'1¢C
UONUIAINUT (17 AS)
9'1Z [0TU0D) :23e ULdN
A 81 < pade sijows
jnpe Sunof $91

sjuedpnieg

WINIOJ JouId)ul

pue uoneordde

‘[rewd ‘SNS “BIPIN

©ouoyd [IqOIN :991A9(J

cerensny :Anuno)
<10Y dnoid arereg | [S9] FTOT UIPQIH

SIN'S :eIpaJq ouoydafe)

S[IQOIA] :921A3(T

spueur] :£nuno))
<109 dnoid orrereq | [#9] 6007 eredeey

SIN'S :eIpaJq ouoydafe)
S[IqOIA o189

fysn :Anunod 10y
dnoas8 porrereq (€102
‘e1req) v Sunjowg
A doig o) woiy eyep
Jo sisA[eue £1epuodag

[£9] S10T woIILY

BIPIJN PUE 1A
“Anuno) ‘udissq Apms Apmig

(panunuod) “y3qeL,

20/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

@ PLOS |one

(penunuo))

*A03-a1e[dAurmmm

wroyj unes Ay3eat] uo ynopuey
[euoneonpa aded-1 € paaedax
syuedonred [re 91s1a dn-mofjoy
uow-¢ a3 3y Judwudisse dnois oy
pue dde ayj jo sureu ay) 03 papurq
OS[e 919M JJe)s oTurp pue s1apraoxd
‘dnoid jonuod 3y Jo UoRUIUILIUOD
szrwrurw o, “dde oy jo swreu oy
03 papur[q a1om Jnq dde sso-jydrom
e jo Apmys e ur Sunedionred arom
Aoy yeyp axeme arom syuedonred
dnoid jonuoy ‘suonuaaza)UI
remoned Aue Surdjoads noyim
9ySrom 3s0[ 03 1] p,NOA SANIATIOE
Aue asooyp, 03 syuaned dnoxd
[0I3U0D P[0} SJUBISISSE YDILISIY

‘sagessowr

X3} paIo[Te} drjewoine SuIAIda1
jou jo uondaoxa ay) yym dnoid
uonuaAIduI 3y} se 310ddns [eonyuopr
paareoar dnoid uostreduros ay,

10yereduro)

‘dde

s[qeqreae APrqnd—pajess J0u :Juatrdo[oAIp UT JUSUIIA[OAUT JS()
syjuowr 9 :uoneIn(

*pooJ 1191} S0[ 0} SISPUTWIAI J3S 0) PUL SPUSLIJ Y)IM dINJLdJ
SunyIom)au [e100s 3y} asn 03 pademoous arom syuedonred
Apmg *ssax301d I1oy) aIeYS pUE SPUSLI PUIY 0} SIOSN SI[RUD Jey)
21M19) SUD{IOMIAU [BID0S B PUE SPOOJ 1YSN0Q-9103S J0J IOUULDS
9po> req e sapnpur osfe dde sy, ‘(wnrpos jo surerdiru pue
urajoxd pue ‘sajerpAyoqres ey jo surerd ‘opdurexs 105) Ja1p T2y}
JO SALIBUITUNS [RUONILIINU pue “yoam Jsed a1 ur ayejur drIofed
‘puay Jydrom 112y s1asn Surmoys syrodax swmy-[ear sajerousd
OSTe A ‘Te0S S1I0[ed PIZI[eNPIAIPUT ‘Arep JIoy) Jasn ay)

smoys uaty dde N YL, (1M/3 06°0 03 £2°0 03 payrwy]) ssof
JyS1om jo a1ex [eod pue Gudrom [eod ySrom JuLId I12Y) IAJUD
SI9s() "3S1019Xd pue pooj Furd3o[ 10§ spooy Jo aseqejep e sapraold
dde oy, “Sununos arofes 10y dde ue syea1d 03 suennaIP

[JIM UOTJRIOQE[[0D UT SI9oUI3Ud a1emjos £q paudisap sem JIN
-dde a1y ypm swapqoad [estuyda)

Aue [IIm 1SISSE 0] JUSW[OIUD IdYJE YoM | JULISISSE [DILasal
aures o) woJj s auoyda[a) & paaredar osye syuedronred

389 [, "dAIN 4q podo[aAsp 03pIA [RUOHOINIISUT UE PIMOYS PUE
suoydyrews 112y 0) uo dde (JIIN) [edSSPWILIAIN 2} Peo[umop
syuedronred dnoi8 wonuaaroyur djoy syue)sisse yoreasay

"Jua)u0d 9Jessour 1xa) dojaasp

0} Pa1eIOqR[[0D SURNNAIp ¢ pue stierydAsd 1 ‘suenrsdyd
A[rurey 221y [ —pajels 10N JUWdO[AIP UT JUIUIIA[OAUT I3S[)
‘Syjuow 9 :uoneIn( ‘syuswaInseaur dsrndwodoryue

pue suonjeururexa A10)e1oqe[ £q passasse a1om Jery) safyod

[SLI df[oqeIaw pue sarreuuonsanb oy sosuodsax ursn spaAd]
Ayanoe eorsAyd pue sioraeyaq Arejarp renpiarpur syuedonied
0) paio[re) sem jey uonedsridde paseq-aSessour 1x9) v

UOTJUIAINUT

*sSO[ 1ySrom
10y dde suoydyrews
2215 0} syuanyed ared

Areurtzd umnpoxur
JO 19312 Y} 2JeN[EAd O],

‘uoneInp
sypuour 9 jo wexoxd
$SO[ JYSToM )ISI0M

e ur syuedonaed

S[ew 35240 10§
uonuaazajur Jurdessaw
-JX9) paIo[re) € Jo
Koeonyo o) SUTWEXD O,

swry

'05(0/ UOTJUSAIIUT
949/ [01U0D)

safewa (Y1) 1'eh
uonuaAIUl {(ST dS)
7'¢¥ [onuo) 28 uedan
*2I0W I0 NE\mx (o4

JO IING YiMm sjnpe Z1¢
*045(0 UOTJUIAINUI 040
[0TU0 :sa[eUId] *(78°9
ds) 70’ Ty uonuaAIauI
(86'9 AS) SS°T1¥ [011U0d
:a3e ueayy ‘sreardsoy je
SUOTJRUTUIEXD [EITPIUT
[enuue pazipIepue)s
SuroSropun
suonynnsur o1qnd

Jo saakordura spewr g0z

uoneorddy :erpapy
ouoydaa) o[IqOIN

220149 VSN :Anuno)

<10y dnoiS [ofrereq

SIS ‘BIPaIN

:ouoyd a[Iqowr 90149
210) :£13uno)

<109 dnoid [orrereq

BIPI]\ PUB 1A

syuedpnaeq | ‘Anuno) udisaq Apms

[£9] ¥10T Sure

[99]s10T W

Apmig

(panunuod) “y3qeL,

21/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


http://www.myplate.gov/
https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

PLOS |ox

)

(penupuoy)

‘aualbAy dea|s pue ‘esioloxa
‘Bunes Ayyeay ‘uswebeuew
ssaljs 1o} suonsabbns

papnjoul soido | “euoydyews
9y} 0} paIaAIap S|lew-a

1o sabessaw 1xa} BIA UOjew.ojul
yieay paniadal dnoub |ojuoo
uoneodnp3 yjesH paydjew
-uoiuape ay) ul sjuedioied

‘uennaip

B UHM UOISSOS Xoeqpas)

Jolq B puUe S|elajew [euoneonpa
|euollppe paAledal syuedioiied
‘USIA Yluow-9 8y} 1y "S[elslew
[euol}eONPS [BUOIIPPE POAISDSI
syuedioied pue ‘pajonpuod
SBM JUBWISSOSSE 211}8Wolq
uosiad-ul ‘USIA Yjuow-g ey} 1y
‘SYUoOW g pue ‘g ‘g 1e susiA dn
-MO[|0} JO} UIN}D. O] POYSE BJoM
sjuedioiied ‘SUOIEPUSWIWO0D8I
9s1019Xa |BjuswuIanoh
SNSUSU0D pUE plwelhd apiny
poo4 ainynouby jo Juswyedsq
SN @y} uo paseq juedioied
yoea Joj ue|d |04u09 Jyblam

B PajonJisuod Ueiielp a8y
“1919Wwopad [eubip e pue ‘Alainoe
[eaisAyd pue ja1p uoO sjelsrew
JeuolieoNpa ‘sniels yiesy

119y} mainai 0} ueraisAyd Apnis

B UIM UISIA B ‘UBlISID B UM
UOISS8S 9UO-U0-8U0 S)NUIW-0Z B
Jo BuSISUOD JUBWISSASSE [BDIUI[D
[enul ue paAi@oal sjuedioiied

Jojesedwo)

"PaJe)S J0U :JuUBWdO|aABP Ul JUSWSBA|OAUI J8SN

syuow

€ :uoneIn( "Joj|asunod J1vay} Aq 8|qISSa00e SEM JBy)}
8}ISgoM B 0} BJep 8y} pajiwsuel} uayl yoiym ‘1endwos
pajgeus-}aulalu| Ue Uo JaAIgISURI} B 0} 8]edS 8y}

w0} eyep J1ay} papiwsuel} A|ssajaiim pue Aj[eoijewoine
Jey} way} o} papinoid ajeas wooiyred e uo Ajrep yblom
0] pajonyisul sem Juedioiued ay| "[eob siy) easiyoe 0}
suoneziueflo [euoljeu Jo sauljepinb ay} YIm Jusisisuod
‘Rep/sdais 000‘0 | Buinaiyoe jo [eob e yum ‘Auanoe
[eaisAyd Buiseasoul Ajjenpe.b uo souepinb paiedal
pue JaIp 81i0[ed M| e paquosaid alem syuedoied
ssouews ‘ssuoydyews Jo saniqeded eipawinw
8y} BIA |[BLIS}EW UOSSS| pUB SUOIIBPUSWILWOIS)
swieal) pazireuosiad Jo Aiaaep sy pue ssaiboid

Jo Buioyuow ejowal sepiroid wiofie|d ssojuewS By |

‘PaJeIS JON :JUBWdO|BABP Ul JUBWAAJOAU JBSN

‘syuow g e

dn-mojjo} Jeul ‘(ewoono Arewnd Joy) syuow 9 :uoieing
‘sewl}

daajs pue ‘youn| ‘exem s uedioied yoes 0} paziwoisnd
‘sinoineyaq pajabie} asayy o) Bulurepad sabessaw juas
aJam syuedioiued ‘syjuow 9 104 ‘suondo g Buowre sjeob
ens|al Ajleuosiad 1sow g 8y} Jo uoiog|es suedpied
Aq uswijolus je palojie; welboid sbessaw 1xa1

yjuouwl-9 ‘palewoine ue paAladal osie ing ‘dnoib j01juod
9JBeD pPJEpUEB]S BY] SE S[eldiew PUe ‘SUolepuSWWO02al
‘JuBLISSasSe awes ay} paAieoal dnolb uonuaaialul 8y

uoljuaiau|

‘Apnis

1011d ® Ul ‘uonuaAIBUI
sso| ybiam
paseqg-auoydyews

B ‘|NSSsouews

J0 Aoeole ayl 1sa |

‘synpe
ueolBWY UBdLYY
9s9q0/1yBIamiano
Buowe aJeo prepuels
0} pappe usym

ss0] JyBlem aoueyus
pINOM UOUBAIBIU
yiesy 8jiqow peseq
-Aoay} [einoineyaq
B Jaylaym
ajebisanul 0]

swiy

*94,08 UolUaAIBIUI
{9, Gg |0Jju0d
selewa4 *(£9'2 As)
9'G{ UoljusAI8lul
(e9zas)

€'6 |0ju00 :abe
ues|\ ‘sieak gg 0}

81 pabe (;w/Byse-G2
IING) sHnpe asaqo
pue yblemiano o

"%G"06 UohUBAIBU|
‘%/8/ [01Ju0D
‘sejews (£'g1 AS)
2’6 uohuaialu|
(oeras)ees
Jjosuo) :abe ues|y
'SayoINyd Wouy
paNIoal /g< Xapul
ssew Apoq B yum
‘sieak | g< pabe
s]inpe ueduBWY
uBdLYY Y2k

sjuedioied

{104 dnoib [9esed

Burioyuow

ajowsal ‘s|ieo suoyd
‘rews ‘1xa} :elpa|

{(euoyduews)

auoyd
9|Iqo :801A8Qg
‘vsn :Aiuno)

‘104 dnoub jeliered | [69] sLOZ ulel

sobessaw 1xa}

‘eIpa\ ‘euoyds|e}

9|IqOI\ :921Ae(
‘vsn :Aiuno)
[89] 5102 U

eIpajy pue

‘@o1naq ‘Aipuno)

‘uBisaq Apnis Apnmis

(penunuod) 'y ajqeL

22/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

PLOS |ox

)

(panunuo))

. uolrewiojul jo Ayjigesn pue ‘uonuaie Jiay pjoy ol Aujige
‘s1deouo9 jo Buipuelsiapun ‘|aas| Buipeas Buipiebai
sjuaosa|ope Jo dnoib asIaAIp e woly Indul Jayje pasinal
pue paiojid, sem Jusuod aseyd Juswdojaasp ayi Buung
:Juswdojanap Ul JUBWBA|OAUL 1SN

‘uoissas dno.b yoes ui pajelbajul osje

219M SBI)IAIOE [eoISAyd pue suolieljsuowap UoRUINN
syjuowl g1 :uopeinq ‘sue|d

SINS predaid pue sauoyds|el sjigow Yyum papiroid atem
sjuedioiued ‘suonsanb pey Asyj Ji 10]j@SuUNod yyeay

B UM SIS BIA 91EDIUNWIWOD OS[Ee P09 sjuedidiued
‘uonuaAIBIUI 8y} Jo Aep yunoy ay} Aq alsgem ey} o}

uo 60 jou pip wedoiued ay) Ji Juss alem SIAS Jepulway
‘s[eob uonuaAlaiul pue sebus|ieyo Apjeem

0} paie|al 1eyl ym Jad SINS € JO WNWIUIW B pue ‘s}eays
diy pajrew Ajyiuow ‘sjelioin) gem si pue aysgem welboud
8y} 0} sse22e pey sjuedidiped (g) "abueyo snoineysq
Ayyieay yum 1sisse 0} S|elalew Jaylo Jo S}00q¥009

se yons soaziid 1oy A18110] B pue seAiuasul abes|iw

'8Jed Jo yum papiremal aiem suoissas dnoib ayy ui uoiredionied

psepuels Ayunwwod Buireasid pue aouepuany ‘saibalelis [einoireyaq Buiolojuial
8y} payoa|jal siyl “jrew pue [euoln] gem ayj ul pajuasaid sydeouod Buimainal
Aq s190ys di Alyluow panigdal J10||@suno9 yijeay ay woly sjjed sauoyd Ajyiuowiq

sjuedioiued "s)m 9 1sii} 8y} (uiw pg~) Jouq panieoal sjuedioiued "s|eloin) gam ay}
Buunp suoissas uonnu dnolb | wouly s|s [ednoineyaq sy} passnasip Aay) aiaym sjualed
y | @81y} pualie o} pabeinoous 118y} puUe sjuadsa|ope O |-G Jo suoissas dnoib uiw
aJom sjuedioiued "UoBIooSSY | 06 Alyluow pue ‘syeays di pajiew Ajyiuow ‘sjeLioin) gem
JeaH ueduawy ayi pue | S} pue ajsgem weiboid ayy 0} Sse09€ pey sjuedpiued
UOIJeIO0SSY Sa)18gelq ueouawy | (g) "sjenon} gem sy pue ajsgem welboid ay) 0} sseooe
ay1 Ag paonpoud sjeusiew | pue ‘sj@ays di pajiew Ajyjuow ‘sjiews Ui-308y9, Apjoem
pauld uaalb alem syuedioiied paniaoal sjuedidiped (1) :sdnoib uonusisiul 8aiy |

"Pa1els Jou :Juawdo|aAap Ul JUBWBA|OAUI JBSN

M@ :uoleing "SIA'S BIA pajediunwwod yoddns [eroos
pue ‘Bulioyuow-yes ‘Buies-eob :syebiey uonusrisiul
usALIp-A|[eolia108y) [BUOIIPPE PaAIadal os|e sjuedioiued
‘(uonreuIWBIUOD SSOJD JiWI| 0} g PUE | SUOIIUSAISIUI

Jo} pasn aiam sdnoib sjesedss) | uoiuaaIalu|

10} PaQUIOSap UBIUOI BWeSs 8yl yim dnoib yoogaoe
aleAld e 0] SS820E paAledal sjuedidiped (g) eam

Jad ulw 0Gg 1se9) Je 1o} 8s101axa AjIsusiul ajelapoul

ul Buibebus o 1obue) syl yum Auanoe [eaisAyd Jiayy
aseaJoul Ajlenpe.b o} pabeinoous alem sjuedioiued ‘jrew
yoogeoe pue sbunsod dnolb eia Jusjuod uoUBAIB)UI
Mmau Jo Ajjigejiene ay) 0} paua|e alam sjuedioiued
‘puodsal pinod Asyy yoiym o} sjuane Bunes 1o

Aunijoe Ayyeay pue sjjod 0} ss809e pey os|e sjuedioiied
*(syseopod pue sjnopuey "a'l) JUBIUOD UOIUBAIBIUI BY}
$s900® 0} [epod ay} se panias dnoib yoogeoe ayeaud
ay “1senbai ay} 1deooe o} pajoniisul pue dnolb syeald
ay1 Ag . papusuy,, aiam syuedioiied sbumes Aoeaud

pue dnoub yoogaoe aleAld sy} Inoge uonew.oul
s|0Jju09 1s1| Bunrepn paniaoal sjuedioiped (1) :sdnoib uonuaniajul om ]

Jojesedwo) uoljuaiau|

asaqo/ybiamiano
ul SINS pue ‘sjuated
pue sjusoss|ope

dnoib ‘gam ay}
:saljl|lepow aaiy} Jo
suoljeulquwod ybnouyy
paJaAlep UolUSAIBIUI
Ue JO SSBUBAI0BY0
By} eenjens 0]

%9°9¢ solewed
(5’1 as)Aey) obe
uea\ A g| < pebe
SJUS9Sso|ope 8S8qo
AybBremieno Lo

"JUSU0D SSO|-1yBlom
paseq-aouapine
paidepe buisn
syuapnis 869)j00

Joj uonuaniajul

ss0| JyBlem paseq
-ABojouyosy ‘|onou e
j0 Aoeoiye Areulwiaid
pue ‘Ayjigeidadoe

%S98 s9ewe

uea\ A g| < pabe
sjuapnis Alsianiun

8y} 81enjens 0 | 8s8qo/yBIamIano g

90I0A ‘S|lewa
‘elsqem ‘SINS
BIpa|\ eindwod
[euoslad ‘auoydsjel
9|Iqo\ :921neQ
‘'vsn :Anunod [12]
*104 dnoub js|jesed €102 Mdoued

SINS ‘Burjiomiau
[B100S 21U04108|3
‘eIpa\ ‘euoyds|al
9|Iqo\ “4eindwod
|euoslad :901n8Q

‘vsn :Anunod [oz1€102
{104 dnoib [9esed ouepjodeN
elpa|y pue

‘@o1naq ‘Aipuno)
‘uBisaq Apnis Apnmis

(penunuod) 'y ajqeL

23/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

PLOS |ox

)

(penupuo))

"%9'8E
UolUdMIBIUI 1%9'8E
|0JjUOD :Bjewa
"(e8'8as) Asesy
uonuandlul (g6,
as) A 1g'ey [04u0d
:obe ueay\ "seoINIBS
ABojouroopus
wienedino
"sjusied 8say} yum ‘ueisiyed [endsoy ey}
S10BJU02 duoyd ajIgow ou 81am "pajels Jou :JuawdolaAap Ul JUSWBA|OAUI 189S jo seale [ein) | o} Bunuesaid %0'8<
a1y} pue o1ulo 8y} ul AjredisAyd syuow | ut Buia syueied (INQ) OLYQH ‘SnHlIBIN
syjuow ¥ Jaye pue Ajleiul | :uoneinq ‘paulwexa AjjeaisAyd aiem pue Bunes Ayyesy snyij|aN selegelq sajeqelq g-adA
pauiwexa sem dnoib |01ju0d ‘Auanoe [eoisAyd ‘suoneoipaw Jo axyeul ‘esoon|b poojq 2-adAyuIo1ygH ‘ueispied Jo seale
8y 's|oAs| 8s0on|6 J1dy} Joyuow Bunoyuow-§as ay} Inoge payse alem Aay ] ‘syluow | uo uonuasidiul duoyd | |euns up Buipisal ‘ebe
0] payse pue Ja}awoon|b o pouad e 1o} sAep G| Aians Ja)je auoyd ajiqow ajiqow Jo 1080 | Jo sieak 0/—g| pabe
e uanib a1am sdnoub yjog uo Apoauip pajeo aiam syuaned dnolb uoiuaniaul 8yl EMETTEE e | sjuedoed Oy

"PaJels J0U :JuBWdO|aASP Ul JUBWBA|OAUI J8SN

sleak g :uoneinq -ebueyo [einoineysq
1O [9POW |ED}BI08YISUEI] B} UO PasEq Sem Jusjuod SINS ‘90uelI9|0} (8'¥as)
‘Ananoe [eoisAyd pue ‘sHqey Alejalp Ayyeay pue Ajanoe [eaisAyd urejurew asoon|b pasredwi A 6°Gp uonuaniay|
191P INOQE UOBWIOUI USHLIM 0} pajeAllow urewsal pue asdejal pioAe 0} seibejens UlM UsW ueISy 9y as)
pue ‘sa|diound ajhisay| Ayyesay pue ‘seonoeud Arejaip Ayyeay pue Auanoe [eaisAyd uelpujuiselageipg | A 19y josuo) :abe
1N0Oge UOoIBAIJOW pue Uuoleonps Ue)ls 0} sand ‘1a1p pue Anaioe [eaisAyd jo syyeusq | adAyjuspiour eonpal | ues|y “A gg < pebe
pasiieuos.ad Jo pajsISuod siy | ay) ‘alA1say| Ayyeay INoge uoiewIOUl PaUIRIU0D | PINod abueyd ajAisay) aoueJ9|0} 8s0on|B
"99IApE uoledlIpoW ajA1Sayl| SINS "sjensaiul Juanbaly je SINS paniedal sjuedioied | pabeinoous ey SNS pasredw yum
pJepuels pan@oal sjuedioied ‘@0IApE UoledlIpoW B]A1S8)I| pJepuels 0} UolIppe U] Jayleym ssasse 0| uswi Bupjiom 2£G
Jojesedwo) UOIUBAIR}U| swy sjuedioied

s||eo auoyd

‘BIpa\ ‘euoyd

alIgow :891A8Q
‘ueised :Aiunod [9s]

'104 dnoib g|esed 5102 Plyeys

SINS
‘eIpa\ ‘euoyds|e}
3|IqOI\ :821neQ

‘eipu| :Aiunog [esl eLo2
{104 dnoib [g|esed | ueipueyoewey
elpa|y pue
‘@o1naq ‘Aipuno)
‘uBisaq Apnis Apnmis

(penunuod) 'y ajqeL

24/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

PLOS |ox

)

(panunuo))

Areip Jaded e ul

sinoineyaq 1ob.e) paplooal pue
suoissas dnoub papusie (g) pue
‘{Aluo suoissas dnoib papusiie
(1) :sdnoub jo5u0d g a1om

a1ay] "dnoib uonuanisyul 8y}

se suolssas dnoub [euoneonpa
aWes 8y} papusle saljiwe

"9[eos [enbip

e uanIb a1om 9eos & aAeY Jou
pIp OyMm 8soy} pue Jeyowopad

e uanlb a1am sjuedidied
'$90In0s ajqe|ieAe Ajoignd
9|qIpa.o WoJj uonewIoul

Vd PUB 18Ip Ylim S1ape|smeu

-9 Alyyuow panieoas syuedioiued

Jojesedwo)

"PaJe]S J0U :JuUBWIdO|aASP Ul JUSWBA|OAUI J8SN

M g :uoneinq "Aep snoinaid

8y} 0} uosuedwod ‘1ow sjeob Jo Jaguinu 8y} uo paseq
wyuoble ue Buisn aseqelep e wolj pajosjes sabessawl
3oBqpos) PajeWOINe POAIBIa] UaIP|IYd pue sjusied awl}
U9.9s JO S8INUIW By} ‘pawNsuUod sabelanag pausloams
-rebns Jo Jaqwnu sy} {(Jeyawopad Aq painseaw)

uaye} sdals Jo Jaquinu ay} :pjiyd pue jualed sy} 4o}
Ajeresedas Buiuodal ‘weay Apnys ayj o3 Ajlep SINS g puas
0} pajonJisul a1em siied plIyo pue jualed "(UOISINS|B}

10 J8Indwo2) awi} usalos pue uoidwnsuod abelanaq
paualeams-1ebns Buionpal ‘Alanoe [eaisAyd Buisealoul
uo suoissas dnoib [euoneonpa g papusaine saljiwe

LJwa)sAs ay jo sadAjojoid payse) osje sjuedioied

dnoJb snoo4 "weiboid sso| ybiem e ul papnjoul aq
pinoys 1eys seaJe oido} paje|al-uoiiinu pue ‘sso| Jyblom
Jo} |nydjay sabessaw ainjoid pue 1xa} Jo Aouanbauy

pue adA} ay; ‘sygey abessaw ainjoid pue 1xa)] pue suoyd
alIgow Jua.Ind ‘sinoineyaq Arejaip Inoge oeqpas)
1101|0S 0} UBWIOM pUE UsW JYBIomIano Yim yoseasal

aAllewlo} yum uebaq waisAs ay Bulubisaq, :[e 10 Youyed

0} BuIp102Y "JUBIU0D (6002) S.IB 18 Youled payipow
Jolpzixal, uoiuanIaul :Juawdo@Asp Ul JUBWSA|OAUL 18SN
syuow g| :uoneing "Keyo ybiam [euosiad

e pue ‘sbo| yd pue pooj ‘sadioal ‘sdi yyeay papinoid
eyl alsgem e 0] SSadoe pey osje Aay] 's92Inos
a|qe|reAe Ajolignd 8)qIpaIo WOy UOIBWIOUI Yd pue

191P YHM S1apo|sSmau-a Ajyiuow paiedal sjuedioiued
yoam Buiwoodn ayy Joj [eob Jayewopad Ajlep

e (g pue ‘s)yeem g snoinalid ay pajoidep 1eyl sueyds SWIN
[eoiydesb deys pue ybiom Apjeem (| :eia ssaiboid uo
yoeqpas) pazijeuosiad panigoal sjuedioiued ‘(Apeam)
ybBiam pue (Ajrep) Junod dajs palsanbal ejep Buuoyuow
-J|os 1o} SINS "8jeos [eubip e uanlb aiam a[eos e aAey Jou
pIp oym asoy} pue Jayawopad e usalb alom sjuedioiued
"awl} Jano yoeqpasy [eolydelb deisaybiam pue sainjoid
|04ju00 uoiuod papnjoul SN “sdeis pue Jybiem uo

elep Buloyuow-jjas 10 ‘suoisanb abpajmouy 0} siemsue
Bunsanbal sebessaw ‘uoneAiow ‘syoey ‘sdn ;papnjoul
SINS “Aep/sawn & SININ PUE SINS paAledal sjuedionied

uoljuaiau|

abueyo

Inoineyaq Auanoe
|eaisAyd pue Areleip
Uo pue uaJp|Iyo ul
weawabeuew yblom
0] pajejal sinoineyaq
Bunioyuow

-}18s U0 SNS

10 10edW 8y} sSsassy

'sso| 1ybiom
Joj uonuanialul
SINS Ue 81enjeAs o

swiy

"%/ UonuanIdu|
(%6 [04ju0)
‘se[ewed *(g'z AS)
A '8 uonuanIalu|
(ezas)

£ g6 (frep Joded
pue suoissas dnoib)
Zlonuo) (g2

as) Ag'g (suoissas
dnouib) | jonuo)
:ebe ues ‘A gL—G
pabe uaip|iyo 85

%/,.9 UoljusAialu|
‘%¥9 |03U0D %G9
elews (¥’ 1 AS)
A 1'gp uonuaniajy|

(1gLas)

A 6°0% 101u0D (8L L
as) £ 61y ebe
uea\ ‘A Lg < pebe
s}jnpe 8saqo
AybBremiano 0/ |

sjuedioied

{104 dnoub jojeied

{104 dnoib [9esed

SINS

‘elpa ‘euoyda|e}

9|IqOI\ :821neQ
‘vsn :Aiunod [e2]

800z oJideys

alsgem ‘SN ‘SINS
reIpaj\ 4eindwiod
[euosiad ‘euoyds|e}

8GO :21neQ
‘wsn :Anuno) [22]

¢lLoz ondeys
eipa\ pue

‘@o1naq ‘Aipuno)

‘uBisaq Apnis Apnmis

(penunuod) 'y ajqeL

25/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

PLOS |ox

)

(penupuo))

-a19|dwoo sem Apnis ay}

Jaye uonuaniaiul buibessaw 1xa}
98U} JO UOISIBA YlUoW-g B 818091
0} uondo ay} pey ing ‘pousad
Apnis ay) Buunp Buibessaw

18} ou panlgdal sjuedioiued
wJe |josuo) "Aep Jad sdays
000°01 Ylem o} uonduosa.d,

e () pue ‘s1e1owopad (g)

{|loge| pooy} sjoB} UoHINU B peal
0} MOY PUE ‘Suoljepuswwodsl
asiolaxa ‘Jebuny buiziuboos.
‘sano Buies ‘suseyed

Bunes Ayyeay se yons soido}
PaJaA09 1By} SYIUOW € 1B SOBPIA
jJo19s e (2) ‘syjuow g Je Jayjoue
pue 8U||9SE( JB U0 ‘SUOISSaS
uoiyeonpa dnoib uosiad-ui g (1)
PaAI90a) WIE |0J]UOD UOIEINPa
8y} 0} paziwopuel sjuedionied
‘yoeqpas} pue Buibessaw

1x8} elA Buioyuow-yes

‘sreob abueyo Jnoireyaq sy}
9]E|0S| pUB JOBJUOD 10} |0JJUOD O |

‘wesboud ssoj wbram ayy

Buimoyjo} shep o€ 104 SIS UHESY
[esauab pan@oal sjuedioiied

Jojesedwo)

"pajels 10U :JuaWdolaAsp Ul JUSWBA|OAUI J8SN

syuow g :uoneing ‘gAq buiures

s||Ms e pue ‘suoissas dnolb aoe}-0}-a90e} g ‘JI9}ewopad

e ‘s|eob [einoiAeyaq INOge S19ays UOIIBWIOUI PBAISIA)
os|e sjuedioiued “Ajoaioadsal ‘|rews pue Buibessaw
X8} BIA YorQPas) Apjeam pue Ajiep pazijeuosiad pue
Buibessaw 1xa) ybnoiy; sjeob abueyo Inoireyaq palojiel
jo Bupjoesy Ajiep papnjoul (uejd adeys) uonuaniaiul 8yl

‘uonUBAIBUI
uo yoeqpas} aAljelenb aneb oym sjuedioied

91 yum Apnis jojid :Juswidoljansp Ul JUSWBAJOAUI 189S
sAep og :uonein( ‘suoneidwa) Buipione pue

aJn|iey Bunuanaid uo pasnoo} JUBU0D SNS "SSO| 1yBlom
uresns 0} papasu sinoireyaq 1ybiem Apoq jo Buuojuow
pue 1a1p Ayyeay auojed mo| e ‘Ajanoe [eoisAyd

Je|nbal pajebie) ey} sebessaw panigoal sjuedidiped (g)
"JJosauo Buipsemal pue sseoons Buijowoid uo pasnooy
JUBU0D SINS "SSO| yBlom ulelsns o} pepaau sinoineyaq
wbram Apoq jo Buuoyuow pue 101p Ayjesy auoes

moj e ‘Auaioe [eoisAyd Jejnbai pajabie) jey) sebessaw
paniaoal sjuedioiped (1) :sdnoib uonuaniajul om ]

uoljuaiau|

‘uswIoM

yoe|q Ajjueuiwopaid
Buowre sso| ybrom
1o} uopuaAIalUl
Buibessaw

18} e Jo Ayjiqisesy
8y} eyenfens o

'ss0| 1ybiom

UIE]SNS S[enplAIpul
djay 01 A1oay} Snooy
Aojejnbal Buisn
SINS Alrep jo Aoeoyje
pue ‘Ajiqisesy
‘Ajjigeldeooe

ay} erenfens o

swiy

Ag g :obe

ues\ "gw/B Gz 0}
[enba 1o ueyy Jeyealb
(Ing) xepul ssew
Apoq e yum ‘sieah oG
—Gg pabe uswom 05

%08 ¢ uonjuaAiau|
%€9 | uonuanIa|
%19 |01u0)
:sefewad *(§'S1 AS)
A €S g uonuaIlu|
‘(6cLas)

A 071G | uonuaniBu|
(651 as)

A8y 101u0) (5°G1L
as) A gg abe uesy
‘awwelboid buusius
aouls ybram

Apoq 40 %G 180

pey oym swwelboid
Juswabeuew sso|
1ybBiam |enuapisal

© Je Juswieal}
Buinleoal synpe 0z |

sjuedioied

SINS :elps ‘euoyd
9|Iqo\ :821AeQ
‘vsn :Aiunod

{104 dnoib [9|ered

[cz]
€10z Biaquiels

SINS

‘eIps|\ ‘ouoydaley
9|Iqo\ :821A8Q
‘vsn :Aiuno)
{104 dnoib [9esed

elpa|y pue
‘@o1naq ‘Aipuno)
‘ubisaqg Apms

[v.]1 €102 meys

Apmg

(penunuod) 'y ajqeL

26/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

PLOS |ox

)

(ponuuop)

“ayeIur £18321p

119} SULI0)TUOW UT WA} JSISSE 0}
Po0J Jo sjunowe wrerd jej pue ALI0[ed
)M Y0O0q & PaA1adax syuedonred
‘sonsst Jurajos-waqoid pue s1dtireq
Suruwoo1aA0 uo pasnooj pue Jseopod
oy} Jo uonrod 3SOIIXS pUE UOHLINU
oy} AJUO paurejuod 9—¢ SYIuOW

UI POIIAT[IP $1s8OPO{ "ANATIOR
Sumoes-Teos e pue ‘erado deos

e qyS1om 9s0] 01 SUIA1} UBTUOM B IO
uew e Jo 30[q oIpne Ue ‘WO BULIOJUT
Ay1anoe TeorsAyd pue wonrnu

UO WOT}D3S & PAUTEIUOD SYIUOW

€ 1SI1J 9Y) UT PIIIAI[IP SISeIPOJ
-191ndwod e uo jseopod ay) 03
A[I0211p US)SI[ 1O IDTAIP S[IqOUI IO}
Sursn jseopod oy 03 aquIdSqNs pnod
Koy ax9ym 118 Jseopod oryrads
-dnoi3 e 0y ssaooe pey syuedonreg
"(yoea saynurwr § A[ewxordde)
9—¢ SyjuowW 10y yoom 1ad
syseopod-Turur g pue (yoea sajnurw
61 Aperewnrxordde) syyuour ¢ 10§ ym
1ad syseopod g pasredar syuedonieg

*JOJJUOW-}|aS 0}

POYSE JOU 9JaM PUB UOIUSAIBIU
OU PaAIa0al 8SIMIBY}0

g (/W09°oUBIOWBAOWBWSIED
‘MMM dny)

weiboid QN 810\ SAON HEWS
123 ay} wouy Auaioe [eoisAyd
pue Bunes Ayjesy uo sinopuey
9aly} uanib aiam dnoub josuo)
8y} 0} paziwopuel sjuedioied

Jojesedwo)

‘ured) YoIeasal

£q padopaaap 3seopod “(1105°121095)e]) A[qe[IeA. A[[RIDISWUIOD
sem ddy—pajels JON JUSWAO2AIP UT JUSUISAJOAUT TS}
‘sypuow 9 :uonen(J ‘sadnoerd asIXs

9Jes U0 UonewLIoJul paAladal syuedonaed [y syuedonred

Aq pajenrur suorssnosip ur aedonred jou prp 10jeurpIood Apns
Y[, "'PAZI[ENPIAIPUT JOU dIoM N UOTJEITUNUIIO) PageInodus
Ppue “IorAeyaq sso[-1ydom o puajre 03 sydurord srom safessour
[oNg 'ssof JYSToM UT JSISSe P[NOM JeYj} JIOYJOUE dUO YIIM sad1dax
pue sdn axeys 0} syuedonred padeinoous pue ‘UOISSNOSIP
ayeyoey 03 dnois oy 0y suonsanb pasod ‘syseopod ayy

woiy saessowr passojurax Yorym ‘dnoid ayy 03 Aep 1od saFessowr
7 INO JUIS JOJBUIPIOOD APN)s ], “IdY0oue U0 MO[[0j 0} dnoid
3} UTYIIM SUOAIIA MO[[E 0} PIsn 210M saInpadoxd Je[ruwis pue
Apnjs 9y} U1 2U0AI9A3 MO[0] 0} payse a1am sjuedonred ‘9-¢
sypuowr unn(y “Iayjoue

9u0 SUIMO[[0] SeMm 1I0Y0D UJBd UT JU0AIaAd [jun sjsanbax

1dasoe 0y pue syuedonied o) sysanbar mofoy puss 03 papurwax
9IoM PUE 9I0Y0) II9Y) UT 9UOLIIAd MO[[O] O} PaIONIISur

5IoM 9I0Y0 IIY) UTYIIM SITBU IS TOJIM ], S, 9UOLTIAD

J0 3sT] & Juas a1om £a1]], *a7doad ZT-TT JO $110Y0D Io)IM ], 911D
03 sdnoi$ 3 ojur papriatp a1om syuedonred ‘¢—( syyuowr Sunng
*(0s op 0 as01 £a1]) J1) 23eALId JUNO0DDE I9)ITM T, TTST]) et

0} MOY[ UO PIJONISUI d1oM pue (Auapl 11oy) 109)01d 03) pajuem
Aoy swreu 1osn Lue asooyd pnood syuedionaed “1onImJ, 0y A[rep
3589] 1€ J50d 0} SIA[ASWAY) PASLIN0dUd JI9M pUE ‘I0JRUIPIO0D
Apmys a3 woiy paysod saSessawr pear 0y A[rep a0U0 Jsed] e
Io1IM ], 0] U0 S0[ 0] P[0} 9TOM “IONIM], UO JUNOIDE IIST B PAJLId
syuedionaed *22149p d[Iqowr 119y} 03 uonesridde (1911M],) s, 2918
Sunyromjau [ewos e pue uonesrdde Surtojruowr A1anoe resrsAyd
PUE J21p © PEOJUMOP 0] PajonIsul os[e a1om syuedonied “dnoid
uosLredwod aY) UT S §)SedPoJ JTES Y} paATadal syuedonied

“JUBWIINIOBI

Joj salfajel)s AJUO JO UOIUSAIB)UL JO JUBIUOD PaWIOUI
SIY} JUBIXS JeyMm 0} Jeajd Jou JanamoH ‘sjuedioiied

€€ yum sdnoub snooy xi15 'uebaq |eu} sy} alojaq Jeak ay}
ul pa1onpuod alam eyl sdnoib snooy ybnoayy paureiqo
uoireindod 1861e) 8y} wouy iIndul yum paubissp aiom
suonuaAalul yjog,, :JuawdojaAap Ul JUBWSA|OAUL J8SN
syjuow g :uopeinQg

's}NsaJ 8y} Uo %oeqpas) pue Jojuow-jjas o} sidwoid
wanbauy yum ‘Ayanoe [eoisAyd pue ‘exeiul Aiejaip ‘Wybieam
Bunjoesy Ag pansiyoe sem suoyduews Aq Bulojuow-y8s
's|eob [euosiad Buines eIA Ajuiew pasInd20 UoUBAIBIUI
d0D ayr uiyum Buuoje] sidwoud jo Aousnbauy o Buiwin
8y} U1 8210y & 8ARY Jou pip siuedioiued ‘9|npayos UsALp
-|0o030.d € 0} Buipioooe dde ay) Aq pardwoud Ajjusnbaly
pue Aleinbal alem 49 4o} sinoineyaq juswebeuew-jog
1uedipiued Appng paubisse Ajwopuel e 0] sabessaw
pauiwalep-aid Jo abueyoxa pamoje Jeyy WaisAs
Appng, e ybnoiy} poddns |ejoos pue ‘saweb abus|eyo
‘Bumes [eob papnjoul yoiym dde suoyduews paubisep
-lojeBisanul ue ybnoiy} pasaAliop Sem UoiudAIalul 8Y |

uonuaAIBlU|

*sso[ JySrom ur odoad
jsisse ued Suriojiuowr
91p 9[iqowt pue
‘uoryesrunwiwod yroddns
siqowr ‘unsespod

JO UOTBUIqUIOD

B IOYISYM JUTWEXD O,

‘syinpe BunoA

Ul SUOIIUBAIBIUI SSO|
yBram jeinoineyaq
(uesHw) paseq
-ABojouyoa) sjiqow
10 1ybBiam uo 10848
8} uIwW.eep 01

swiy

(£01

as) £ 9'zy uonuaazaIU]
{11 as) £

7'¢h [onu0)) 23k uedy
A g1 < pade sympe
952q0/1yS1oMI2A0 96

"% 6°89 :dnoib
UoNUBAIB| (%169
|04JU0D) :S8eWa
(evas)eez
:dnoJb uonuanialul
auoydyews
(e'vas)oee
|oJjuo) :ebe ues|y

JW/B G2 < ING Uum

sleah gg—g| pabe
synpe BunoA gog

sjuedioied

Sunjromjou

[B1008 DTUOI3[F
oremyjos uonesrddy
958OpOd ‘SIS BIPIN
<1ondurod euosiad
Quoydaey S[IqON

1901A3(T V'S Anuno)

<1.0¥ dnoid [arrereq

uoneo)ddy

eIpa ‘euoyd
Jews :901n8Q
'vSn :Aiuno)
{104 dnoub |9|[ered

elpayy pue
‘@g1naQ ‘Aipuno)
‘ubisag Apms

(penunuoD) * ajqeL

27/71

AASLIDOW-ToUIN ],

January 5, 2018

5102 fav1ens

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


http://www.eatsmartmovemorenc.com/
http://www.eatsmartmovemorenc.com/
http://fatsecret.com
https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

@ PLOS |one

(panunuop)

aIed fens)

10jereduwro)

(01 = u) s1asn

s Sunsa) joqid pue Aiiqesn 1ayyan, “syeuorssajord ares 91
pue syuaned 6T Y3m sdnoid snooy pue smataTa)UT £q paurIofut
Juatwdo[oAdp UOTIUGAISUT :JUSTUAO[PAIP UT JUITWISAJOAUT IS}
sypuowt 6 :uonein( ‘dde gopy painoos

B UO N Y} J0J [qISIA 2I9M SUOISSIS NJO[RIP 0 SIoMSUB

pue s)[nsax AJIAT}OR ‘UOTIUdAIIUT 211U ) Sunn ‘Teod Arep
oy aadryoe 0y uerd £y1anoe ue dn Jas 03 uoissas andoferp e ur
payse sem juedionred oy “1oA0210]A TeoS [euosiad a1 0) paje[or
JUIS 919M $95eSSIW NIBPIIJ PIjRUIOINE I9YJedIdH “dSS Y}

JO UONJB)[NSUOD PUOI3s A UT 125 sem [eod L)1anoe [euosiad oy,
‘[eo3 [euosiad e 03

uonepax ut ‘dde gapy pue auoyd a[rqour oy} Uo AJ1AnOE sno1oJia
0] 9JEIOPOW JO SAINUIUI UT AT0)STY PUE S) NS AJIATIOR SUIT)-[edT
I197]) 938 P[nod £aYJ, sI1seq A[Tep © U0 JOJIUOW AJIATIO® 3Y) Team
0} payse axom syuedonred “dde qap e pue ‘dde suoyd srqowr

B “I0JIUOW A)IAT)OR ((J€) [BUOTSUIWIIP-DIY) B JO SISISUOD [00) Y],
'SANIATIOR YV J paziuedio A[eoof jo

IS B pue Y Sunueyug-yiedH SSasSy 0} 2ITBUUONSINY) 110YS
o) SUrurE)U0d UOTIUSAIUT Y} JO ISINOD A} JNOQE JAP[00q
UOTJRULIOJUT Ue PaATdaI syuedionred ay) s1r] “sypuowt 9—f
Id)Je pue ‘SYJUOW ¢—7 JAJE SYOOM T Jo)Je “[99M ISITf U} UT N
3] YIIM SUOTILI[NSUOD [ENPIAIPUT IN0OJ JO pajsisuod werdoxd oy,
dSS

UOIJUIAIU]

‘pajenyead sem Jss
a1 jo doy uo 003 sty
Sursn jo 103y [eUONIPpE
3} QIOWLIAYN] "dIed
Arewnad ur (zNQ) ¢ 2d&y
$932qeIp pue (dd0D)
aseastp Areuownd
JAT)OINISQO DTUOIYD

m syuanyed plo-reak
0Z-0F UO UOIJUIAINUT
PpajeoeyIW STY)

J0 5309330 [eurpnyISUo[
31} 9JeN[EAD 0] WY

sty

%Y HS d[eWa] ('L
ds) 7'6s uesw 38y

89 = u ¢ dnoin

"%LY detag

HOR

as) 695 ueaw 23y

99 = u 7 dnoin

29¢€7CS drewa]

02 aS) §°LS 23e weay
69 =u 1 dnoin

‘[ensn se

218D PaA1adal ¢ dnorn
ur saonpoeld seazoym
ATUO JSS 91} PaAIadaI
7 dnoin ur saonoerd
“(dSS pu® [003 orqpad)
pue Suriojruour)
uonuaAaur 3ardwod
a1} paaradar T dnoin
“Apusmorgns a3enuef
YOIN(T Ay} Id)SeW pue
UOT}IaUT0D JAUINU]

ue ym 19ndwod

© $5900€ 0} 9[qE 3q

0} papaau syuedonreg
‘uowniSar Snip

3[qEIS B UO PUE ‘SyooM
9 3SB3 JE 10j UOTOUNY
Aroyexrdsar arat) ur
3[qeIs 2q 0} umMowy ‘¢—|
a8e3s eLIAILD-TOD
a1y 03 Surprodoe
dOD Jo sisouserp
[eorurp e ‘syuanyed
adOd 2y3 10 pue
‘67< (INg) Xoput ssewr
£poq e sem syuaned
TN Y} 10§ BLIILID
uoisnpul [euonippy
*(329m 33 Jo skep
2I0W IO G UO AJIATIOR
reo1sAyd snoxoSia 03
2JRISPOW JO SANUIW ()¢
Jsed] Je Suraey) asmIoxy

Ay)[esq] 10§ ULION

g yum Adwos ou dde
PIp OYyM pue ‘\qdQD | ‘BIPAN -duoyd spiqow
10 ZIN YIM plo s1eak 120149 '13[qe) pue
0/ PUE (f U22M}2q d1oM suoyd afrqowr :e1paIy

syuedionaeq -ojedonted | “spuepayjoN :Anuno) [82] s10T

03 paaxde saonoerd 7 | "1 Ioisn]d wire 221y ], | UdSIIM JIPp UBA
BIPIJA pue DI12qQ
syuedpnued | ‘“Anuno) ‘udisag Apms Apmsg

(panunuoD) ¥ 3[qeL

28/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

@ PLOS |one

(ponuuo))

sdn-ysnd pagrpowr pue syenbs
s)yS1om ‘spueq 2OUL)SISAT IOMOI
‘[rupeary ordurexa 10 ‘GurajoAur
sournor SuruayiSuans pue
Ie[nosesorpied papnpout swrwerdord
o[, "aress s 31oq 03 Surpioooe
Ayisuayut (€1-11) SyeIdpowt 03 (01-9)
1481 Jo swrwresSoid asvIaxa paseq
)OI ‘pasiatadns ‘pasienprarpur
ue pamoy[oj syuedponeg

"3[qe[reae duresdq syusunurodde
2I)U2D 2DUO PIDUIWIWOD SUOISSIS
9STDI9X3 AP[2aM-201M]) PUE YD)

0} PI[OIUI 2DUO SUOISSIS UONBINP
parress syuedioned sanuad
Ayunwurod 1o1sI(] 99TAISS YI[EIH
1IN0J JO AUO J& SYIM 9 10J SIseq
AP[ooM © UO SUOISSIS [BUOLBINDD

{ [ pue 3s1919Xa pasiazadns om)

Jo pasudwos swrmrerdoxd YD I, YT,

‘Auedwod surfIre 9y} UIY)IM S[qe[IeA.
Apeaife sem jeyy uoneWLIO U
paje[a1-yieay pue andney
‘PaIO[IE}-UOU DISBQ PIUTLIUOD YIIYM
331sqam 30aoxd ay jo 3aed aandas

® 0] $S900€ 3} SUIMO[[ UOT}USAISJUT
[ewrtura uaArd arom dnoid jonyuo)

10jereduwro)

‘saurfopmg

pUe[EaZ MAN PUE BI[eIISNY JO £19100G dRIpIe)) oY) pue
BI[RI)SNY JO UONEPUNO,] 11e[] [euonjeN o) Surpiodde padofaasp
swrurerSord-paye)s Jou JUSWAO[IAID UT JUSTWIAJOAUT IS}
syuowr

9 :uonem( ‘paxmbai Ji rern) ay) Surmp 310ddns suoyd [esruyoey
pue ([enuewr uonoNNsur 39143p  £q parroddns) asn ASofourpray
uo Sururen) aoej-03-90ej Jo Y | pue uoneurojur sururerdord
pa[relap paatedal syuedonted [Ty “1939wo1s[adoe Img-ut s suoyd
oy} ySnoay) snewoine sem (AJISUAJUT pue UonLINp IIqUINU
days) Sunroyruowr L)1a10Y *(119do1g oTess sisk[euy Apog

sse[D)) a[eds JySrom pue {(pyT L1 SI[qIXa[ puowR-/D dYyned
SIXV) Iojtuour (Jq) amssaid poojq ‘suonesridde (yoreasay
enjoN “Tauno)dag) Surrojruowr £1anoR pue (YoIeasay

ED[ON “AIer(Issaua ) A1erp yireay qim pafressutoad (dug enjoN
‘96N eON) suoydirews e yyrm paddmba sem juedionred yoeg
‘suone)nNsuod AP[aam apraoid 0y sxojusux

105 eyep juedonred yym rejrod qam e papnpur wiroprerd oy,
‘(uawaSeuewr pue swoydwAds (AD) 2SLISIP IBNOSEAOIPILD
Surpueysiopun Surpnpur) sa[yj 0apIa pue orpne pajejsuraid

pue safessour 1xa) e1A syuedonaed o) s[eLIa)eW [eUOTIEINPS

pue [euoneAIOW JO AISAT[2P pUE ‘FULIONUOW ISIIIIXD

pue yieay 10y auoydirews e pasn urtofje[d YO-JvD Y,
‘Aueduros aurpare ay)

JO sIap[oyae)s JusaSeueur A3 YIIM SMatATUI pue ‘sjofid o¢
Jjo ojdures wopuer e y3m smararur dnoid snooy 1a)3e padofassp
19)3e padofaasp dde Justdo[oASp UT JUSWAJOAUT 1S}

sypuowr 9 :uone(J (skep  1od JI9[e [ "Xeur ‘Spue[IayloN

a1} apisino paatire Juedonred oy J) s1iefe Surousyoad

pue syoom ¢ Uet]) 193UO[ 0§ J1 U0 Ua3q Jou pey| a1 J1 dde

91} WOIJ SISPUTUIST PITWT) PAAI2IAI os[e sjuedionied “Aianoe
[eatsAyd pue uoninnu ‘ornsodxa JySikep pue doays wo paseq
91APE 2500T]D OS[e P[NOJ A3, "9WOY| [EALLIE PUE PLOIqe IoA0Ke]
Surmp juads owm ‘owoy woiy uoneredaid oy 10§ o1ApE
euoszad asooyd pnod A3y, ‘uondnisip uerpesad pue andey
9onpai 0} dnsLIAloRIRYd euosiad pue sanpayds JYSI[J 0) paiofre)
2o1ape paurejuod dde ay 1, *dnoid uonuaaraiur £4q parajud

2q ATuo pnod yorym 331sqam 192(o1d a1y Jo UONIIS 3IND3S

& pue uoneorjdde ajiqour e 03 s[rejap UISO[ YIIM PI[IEWS U]
a1am Aoy, arreuuonsanb surpaseq e ut 3red Yooy sajedonred

UOIJUIAIU]

syuaryed [A-3s0d

ur (¥D.1,) swweidoxd
Paseq-21}uad ‘[EUOTIPET}
® )M paredwod
SIWOJINO [J[e3Y pUE 5N
YO U0 (YO-dvD) ¥D

JO (WIOJje[J JUSUISSISSY
a1eD)) ATIAT[2P 901AISS
awoy paseq-auoydireurs
®© JO 109330 3]} 21eSnsaAul
0} swre £pn3s Iy,

‘syoqid

surpare Jo uondaorad
yyreay aaoxduwr pue
anSnej pue swajqord
doors Suronpax £qaroy
INOTARYDQ PajeaI-[i[eay
aaoxdur 03 urwre
uonNu pue £1anoe
Teors£yd “doays 9ydilep
03 amsodxa ZurpreSax
UOTIUSAIIUT ([ WU
JO 109JJ2 ajen[eAd O,

sty

*046 UOTJUIAIIIUL
€06/ T [01IUOD

dTewdd (96 AS) 675
UONULAINUI {(T°0T (S)
7'96 [01u00 :25e UL
‘souoydjrews /a[rqowr
M duarradxa ou

PeY JO [eLI) J9YJOUE Ul
PSAJOAUL 219M 10 YD T,
puaye 1o (quaunrredu
£yurayxap 10 aantugod
‘Surreay] ‘uorsIA

*89) Tewn jo sasodnd
105 suoydyrews serado
‘Spaau a1ed [edIpaw

0y anp sowrwrergoxd
JusursSeuew-J[as

ur ojednred o) 9[qeun
a1om £aT]) JT papnpoxd
s302(qng "uonedmonied
10J PIOPISUOD dIoM
D 0} paridyar syuared
TIN-150d [V "sa01A198
PesH

Arunwwo)) x Arewrrig
woyj syuaned y6

0% :oeUId]
(8

as) £0v :28e aferoay
1S ;[onuo)

% 1Tt

(08

as) 0°'1¥ :98y a8eroay
16T {UOTJUIAISIU]
JUSUIINIIT

JO JIE)S JE S29M F U]}
9I0UI JOJ ABI[ YJIS UO
Jrayedonred Jou pnod
"19[qe} 1o suoydirews
Surumo syonid zos

sjuedpnreg

‘SuUOTe)NSU0d Ajoom
apraoxd 0) s1ojudw 10§
ejep juedonred yim
reaxod qam e papnpout
urIojye[q "SIl 0IPIA
pue orpne ‘sagessow
1x9) ‘Sunrojruowr
suoydjrews :eIpajy
"auoyd 3[IqOJA] :901Ad (]
‘erensny :£nuno)
109 dnois aqrereq

9)1sqom pue uoneoridde
SIQON “BIPIIN

PIqeL

/auoy 1IeWS :901A(J
spueIayaN Anuno)
LDY dnoio ojrereq
BIPIJA pue DI12qQ
“Anryuno) ‘udisag Apms

[08]
$10T PPYUIEA

[6£] (¥102)
udpaSuoir( uep

Apmsg

(panunuoD) ¥ 3[qeL

29/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

©PLOS | ore

00V 10868 10"auod-[euinoly| L€ 10 1/610°10p//:sd1y

‘smyIfew s33aqerp ¢ 2dA) AEL SnI[ou s2)aqeIp N 0ueIa]o) 3s0on[3 parreduur <0 9SeISIp 118 JTWBYDST JH] SUOHBU[IqRY2] DBIPIED D) ‘UOTJRIAID pIepuels ‘S

{[eL1) pa[jonuod pazrwopuer ‘1Y ‘Aanse [eorsfyd yJ ©oeqpasj g oprosip Areuowrnd 2A1ONI1SQO STUOIYD ‘qJQD $9109S UOTBIAID PIBPUR)S XopUI ssewl Apoq ‘SAS-TIANG Xopul ssewr Apoq ‘TNG

*SI0}00P UMO 1121} £q 18

[ensn yim pajear) a1om syuedonieqd
'sysax (apyoxd pidiy [ny pue 3593
90UBIA[0) 2500N[3 [eI0) L10)RIOqR]
aurpaseq 12y} pey A3} uaym
UOT)BWLIOJUT INOIARYRq [J[edY pue
‘s9)aqeIp ‘sa39qeIp-a1d uo sjapjooq
UOTBWLIOJUT PaA1adal sjuedoned

10jereduwro)

"Pajels JoU :JUIWAO[2AIP UT JUSUISAJOAUT IS}

£ 7 :uonen(g

“1omnduros £q Ajuropuer pajerauad sem Juss SINS ay) Jo aouanbas
oy, "ypuowr 19d 25U0 JUBS a1oM SIS ‘Sypuow 7T juanbasqns

a1 ut pue syjuow 9 juanbasqns ayy u Yoam 12d 25U Juds 1M
SIN'S ‘sypuow ¢ Juanbasqns aY) U YoM © SIWIT) ¢ JUIS dIM SINS
SYIUOUT ¢ JSITJ ) U] 'SMO[[0J S sawir) payy1oads e syuedionred
0} Ju2s A[WOpUEI sem SIS JUQ [OIUOD INOTALYI] UO Ae)s pue
[011U0d 0} MOY JO SJUdWIAYE)s JudURYUS AJBIIJFa-J[3s (A) pue
uonedyIpour J[A1sy1[ Y} Aeraidde pnom sIa)o Moy Jo SWIOU
[B100s (IIT) “UOTEIYIPOUT J[AISIJI] INOQE UOTJRULIOFUL (I1) ‘SJ2qRIP
-a1d pue s3)2qerp JnOqe uonBWLIONUT (1) :SAWAY) PLoIq INOoj
1opun padnoid SA'S Juas axom sjuedonred ‘dnoid uostredwoos
3} SE S)9P00q UOTJRULIOJUT SUIES Y} PIAIadal sjuedmdnIed

UOIJUIAIU]

'saJaqerp
-21d Y)IM STOATIp
[euorssajoid asauryD
Suowre syjuow g pue
213 Nac L Surdopaasp
JO YSLI 3y} 2onpax

0} pue a3papmouy

N pue [D] apraoxd
01 SIS Sutsn jo £oeorgye
31} QUIULIANAP O],

sty

9%¢'6 UONUAINU] ‘0%
[onuo)) safewd (19
as) £ 1S uonuastau]
(§'9 @s) T'sS [onu0)
:23e UBSIA[ 'SISALIP
[euorssajoid ympe 01

sjuedpnreg

SIA'S :BIpaJA ‘ouoydafa)
S[IQOIN :21A3(J

ceury) :Anuno)d

<1.0Y dnois aqrereg
BIPIJA pue DI12qQ
“Anryuno) ‘udisag Apms Apmsg

[18] €10T Suom

(panunuoD) ¥ 3[qeL

30/71

January 5, 2018

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801


https://doi.org/10.1371/journal.pone.0189801.t004
https://doi.org/10.1371/journal.pone.0189801

@° PLOS | ONE

Smoking cessation, physical activity/diet and alcohol reduction interventions delivered by mobile phones

combination of media such as SMS, MMS, mobile apps, podcasts, and/or voice calls, and one
trial was of an intervention delivered through voice calls alone. Twenty-four of physical activ-
ity and diet trials were conducted in high income countries. The other two trials were carried
out in India [55] and Pakistan [56].

Physical activity, diet, and smoking. There were 2 trials [82, 83] which targeted physical
activity, diet, and smoking cessation as part broad lifestyle interventions (Table 5). One, con-
ducted in Australia, included 710 respondents and trialled an intervention delivered by SMS
[82], and the other, conducted in Iran, involved 180 participants and assessed the effectiveness
of an app-based intervention [83].

Alcohol. We identified eight randomised controlled trials which aimed to reduce alcohol
intake (Table 6). The alcohol reduction trials included a total of 4782 participants with sample
sizes ranging from 18 to 1929. In five trials the intervention was delivered by SMS, in two trials
the intervention was delivered by mobile phone application and in one trial the intervention
was delivered through interactive voice response.

All of the alcohol reduction trials were conducted in high income countries.

Behaviour change techniques. According to our behaviour change technique coding of
the studies (Table 7), smoking cessation studies included between 1 and 13 BCTs (median: 8),
physical activity/diet studies included between 0 and 9 BCTs (median: 5), the two combined
physical activity, diet and smoking trials included 1 and 11 BCTs, and alcohol studies included
between 5 and 13 BCT's (median: 8).

Outcomes

Smoking cessation. The smoking cessation trials reported up to fifteen outcomes. Pri-
mary outcomes were as follows: eight trials reported at least one biochemically verified mea-
sure of abstinence from smoking (measured using salivary-cotinine testing and/or exhaled
carbon monoxide testing)-outcomes included continuous abstinence, 7-day point prevalence
of smoking cessation, and 24-hour point prevalence of smoking cessation. Secondary out-
comes included self-reported quitting, self-reported intentions and attempts to quit, self-
reported use of nicotine replacement therapy, and cognitive and mediator outcomes such as
depression and self-efficacy.

Physical activity. The physical activity trials reported up to fifteen outcomes. Nine studies
reported objectively measured physical activity outcomes (e.g. step counts, activity time) using
pedometers and/or smartphone integrated accelerometers; five reported objectively measured
anthropometric outcomes such as BMI, body weight, and waist-to-hip ratio; and four studies
reported objectively measured medical outcomes such as systolic blood pressure, diastolic
blood pressure, heart rate, peak oxygen uptake, blood sugar control, insulin resistance, high
density lipoprotein cholesterol, low density lipoprotein cholesterol, total cholesterol, and tri-
glycerides. Secondary outcomes included self-reported measures of physical activity, body
weight, and cognitive and mediator outcomes including quality of life, depression, anxiety, sat-
isfaction, and self-efficacy.

Diet. The diet trials reported on up to five outcomes. Two trials reported on anthropo-
metric outcomes such as BMI, waist circumference and body weight; one reported on medical
outcomes specifically systolic blood pressure and diastolic blood pressure. Secondary out-
comes included self-reported dietary behaviour.

Physical activity and diet. The trials targeting physical activity and diet reported up to
twenty outcomes. Nineteen studies reported on anthropometric outcomes including body
weight, waist circumference, hip circumference, BMI, body fat percentage. Eight studies
included measure of medical outcomes including systolic blood pressure, diastolic blood
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Smoking cessation trials
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Fig 2. Risk of bias summary-smoking cessation trials.

https://doi.org/10.1371/journal.pone.0189801.9002

pressure, high density lipoprotein cholesterol, low density lipoprotein cholesterol, total choles-
terol, triglycerides, heart rate, incident diabetes, HbA1C, and glucose levels. Secondary out-
comes included self-reported measures of physical activity, diet, body weight, and cognitive
and mediator outcomes including quality of life, knowledge, depression, self-esteem, stress,
anxiety, and self-efficacy.

Physical activity, diet and smoking. The physical activity, diet and smoking trials
reported up to ten outcomes. Primary outcomes included medical outcomes such as systolic
blood pressure, diastolic blood pressure, resting heart rate, high density lipoprotein choles-
terol, low density lipoprotein cholesterol, total cholesterol, and triglycerides and biochemically
confirmed smoking status. Secondary outcomes were self-report measures of physical activity
and dietary intake.

Alcohol. The alcohol reduction trials reported up to ten outcomes—all of which relied par-
ticipants to self-report their alcohol consumption.

Study quality

Smoking cessation. The assessment of risk of bias for the smoking cessation trials is
reported in S1 Table and the risk of bias summary is presented in Fig 2. Two trials targeting
smoking cessation were at low risk of bias for all quality criteria [25, 26].

Physical activity and diet. The assessment of risk of bias of the physical activity/diet trials
is reported in S1 Table and the risk of bias summary is presented in Figs 3, 4 and 5 (for physical
activity only, diet only, and physical activity and diet trials, respectively). Of 26 the trials target-
ing both physical activity and diet, one was judged to be at low risk of bias for all quality crite-
ria [92]. None of the trials targeting only physical activity or only diet were considered to be at
low risk of bias across all quality criteria.

Physical activity, diet and smoking. The assessment of risk of bias of the physical activity,
diet and smoking trials is reported in S1 Table and the risk of bias summary is presented in Fig
6. Of the two trials, one was assessed as being at low risk of bias across all quality criteria [82].
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Fig 3. Risk of bias summary-physical activity.
https://doi.org/10.1371/journal.pone.0189801.9003

Alcohol. The assessment of risk of bias of the physical activity/diet trials is reported in S1
Table and the risk of bias summary is presented in Fig 7. None for the alcohol trials were
assessed as being at low risk of bias for all quality criteria.

Effects

Smoking cessation—primary outcomes. Interventions delivered by SMS alone. SMS-
based smoking cessation interventions providing support for a quit attempt more than

Diet trials

Adequate sequence generation
Treatment allocation concealment
Blinding

Incomplete outcome data

Selective outcome reporting

Other bias
0% 20% 40% 60% 80% 100%

Hlow MUnclear mHigh

Fig 4. Risk of bias summary-diet.
https://doi.org/10.1371/journal.pone.0189801.9004
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Fig 5. Risk of bias summary-physical activity and diet.
https://doi.org/10.1371/journal.pone.0189801.9005

doubled biochemically verified continuous smoking abstinence when measured between three
and six months [20, 25] (pooled effect estimate relative risk [RR] 2.19 [95% CI 1.80-2.68]) (Fig
8). There was no evidence of between-study heterogeneity (I* = 0%). Pooled analysis showed
smoking cessation interventions providing support for a quit attempt significantly increased
biochemically verified 7 day point prevalence of smoking cessation [20, 21, 26, 32] (pooled
effect estimate RR 1.51 [95% CI 1.06-2.15]), with no evidence of between-study heterogeneity,
when measured between three and six months (Fig 9). There was no evidence that SMS-based

Physical activity/diet/smoking trials

Adequate sequence generation
Treatment allocation concealment
Blinding

Incomplete outcome data

Selective outcome reporting

Other bias
0% 20% 40% 60% 80% 100%
B Llow M Unclear mHigh

Fig 6. Risk of bias summary-physical activity/diet/smoking.
https://doi.org/10.1371/journal.pone.0189801.9006
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Fig 7. Risk of bias summary-alcohol reduction trials.
https://doi.org/10.1371/journal.pone.0189801.9007

smoking interventions increased adverse events (car accident in which respondent was the
driver pooled RR 1.01 [95% CI 0.71, 1.42], I = 0.0%; thumb strain pooled RR 1.02 [95% CI
0.83, 1.25], I> = 33.5%) [25, 26, 32].

One trial of an SMS-based intervention promoting smoking cessation showed a statistically
significant improvement in biochemically verified smoking cessation at 6 months (time frame
of smoking abstinence not defined) [82] (Table 8).

Interventions delivered by other or mixed mobile technology media. A trial of mobile
phone-based counselling sessions demonstrated a statistically significant improvement in bio-
chemically verified 24-hour point prevalence abstinence at 3 months, but not for 7-day point
prevalence at 3 months [35] (Table 8).

Smoking cessation—secondary outcomes. Fourteen of the 63 self-reported smoking out-
comes showed statistically significant benefits and none showed statistically significant harms.
There were eleven studies reporting outcomes relating to cognitive mediators of smoking
behaviour change—none showed statistically significant benefits or harms. One study com-
pared a smoking cessation intervention delivered by mobile application with one delivered by
text message and found the text messaging arm to have statistically significantly higher self-

reported quitting rates, although those in the application arm were more likely to have set a
quit smoking date [23] (S2 Table).

Physical activity—primary outcomes. Interventions delivered by SMS alone: physical
activity outcomes. Pooled analysis of three trials examining the effect of SMS-based interven-
tions on physical activity showed a borderline statistically significant increase in objectively
measured physical activity [44, 45, 51] (change in steps per day pooled MD 1256.9 [95% CI
-159.7 to 2673.6, p-value = 0.081], with evidence of substantial between study heterogeneity
(1> = 77.8%) (Fig 10). The outcomes were measured between 4 and 12 weeks. These trials
reported 4 other objectively measured physical activity outcomes. Of these, 2 were not in a pos-
itive direction and 2 showed statistically significant benefits [44] (Table 9). One additional trial
of an SMS-based intervention demonstrated a statistically significant effect on end-line num-
ber of steps per day measured at 6 weeks (MD 1750.8 [95% CI 157.4 to 3344.2]) [41].
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Fig 8. Smoking cessation trials using SMS function-continuous abstinence (biochemically verified).

https://doi.org/10.1371/journal.pone.0189801.g008

Interventions delivered by SMS alone: Anthropometric and bio-medical outcomes. Two tri-
als of SMS interventions targeting physical activity reported 5 anthropometric outcome mea-
sures (waist-to-hip ratio, body weight, BMI), none of which showed benefits [45] [49]. Two of
the physical activity trials included 5 bio-medical outcomes (such as blood pressure, blood
sugar control, post-exercise breathlessness)-none of which demonstrated a benefit [45, 92]
(Table 9).

Interventions delivered by other or mixed mobile technology media: physical activity out-

comes. Two trials of mobile-application interventions reported 17 objectively measured physi-
cal activity outcomes-of these, one showed statistically significant improvement in change in
number of steps per day measured at 8 weeks [40] (MD 2017 [95% CI 271.5 to 3762.5]). Five of
the other 16 outcomes were in a positive direction but not statistically significant at 8 weeks
[39]. A trial of a fit-bit versus standard pedometer reported increases in physical activity which
were not statistically significant using 3 objective measures at 16 weeks [38]. A trial of an SMS
based intervention plus an unblinded accelerometer reported statistically significant increases
in 3 objective measures of physical activity at 4 weeks [44] (Table 9).

Interventions delivered by other or mixed mobile technology media: anthropometric and

bio-medical outcomes. A trial of an app-based intervention found no effects on weight loss or
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Fig 9. Smoking cessation trials using SMS function- 7 day point prevalence abstinence (biochemically verified).

https://doi.org/10.1371/journal.pone.0189801.g009

BMI at 8 weeks [40], and a trial of a fit-bit intervention found no effect on weight loss at 16
weeks [38].

A trial of an app found no effect on three medical outcomes (change in systolic/diastolic
blood pressure or change in resting heart rate) at 8 weeks [40]. A trial involving multiple moni-
toring devices connected to a blackberry phone found a small but statistically significant effect
on change in systolic blood pressure, but no effect on the other eleven medical outcomes
reported at 12 weeks [47].

Diet-primary outcomes. Interventions delivered by other or mixed mobile technology

media: anthropometric and bio-medical outcomes. One trial in which personal email advice

was sent by mobile phone in response to self-monitoring of daily salt excretion observed no
statistically significant effect of the intervention on blood pressure, BMI, waist circumference
or body weight [52]. One trial assessing the efficacy of a diet tracking application versus
instructing participants to track their dietary intake on their phone’s memo function showed
no statistically significant effect on weight loss [54] (Table 10).

Diet and physical activity—primary outcomes. Interventions delivered by SMS alone:

anthropometric outcomes. Random effects meta-analysis showed a borderline statistically sig-

nificant effect of SMS-based interventions on BMI scores measured in three trials between 6
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Table 8. Effect estimates for primary outcomes (smoking cessation trials).

Clinical
Area

Trial

Abroms 2014
[21]

Abroms 2014

Chan 2015
[24]

Chow 2015
[82]

Free 2011
[25]

Free 2009
[26]

Pollak 2013
[31]

Rodgers 2005
[32]
Vidrine 2006
[35]
Vidrine 2006

Smoking

Ybarra 2012
[20]

Ybarra 2012

Intervention
SMS versus quitting guidebook

SMS versus quitting guidebook
SMS versus self-help booklet

SMS versus usual care

5 SMS/day post quit date versus
fortnightly generic SMS

5 SMS/day post quit date versus
fortnightly generic SMS

SMS versus SMS using supported
gradual reduction

5 SMS/day versus 1 SMS/fortnight

Counseling sessions on mobile phone
versus usual care

Counseling sessions on mobile phone
versus usual care

SMS versus no SMS

SMS versus no SMS

https://doi.org/10.1371/journal.pone.0189801.t008

Outcome
Repeated point prevalence abstinence (biochemically verified at 6
months)

1 week abstinence (biochemically verified) - 6 months

Biochemically validated quit rate 12 months

Current non-smoker at 6 months (self-reported, confirmed with
breathalyser)

Continuous abstinence (biochemically verified) 6 months

Point prevalence smoking cessation (no smoking in last wk, self-reported
and biochemically confirmed)- 6 months

7 day point prevalence abstinence- 6 wk

7 day point prevalence smoking cessation—6 wk

7 day point prevalence abstinence—3 months

24-h point prevalence abstinence at 3 months follow-up-biochemical)

7 day point prevalence abstinence- 4 wk

Continuous abstinence (biochemically verified)- 3 months

RR/
MD
2.22

1.4
0.58

1.27

1.97

ucI

4.26

2.2
1.25

1.45

2.68

18.60

7.16

9.55

9.94

3.23

6.28

and 24 months[55, 81, 82] (pooled effect estimate mean difference [MD] -0.84 [95% CI -1.69,
0.01] p = 0.052), however there was evidence of substantial between-study heterogeneity (I* =
70.2%) (Fig 11). In the two other SMS based intervention trials, one observed no effect on

change in BMI at 6 months [93]. The other observed a small but statistically significant reduc-

tion in BMI when measured in percentiles (MD -0.10 [95% CI -0.13, -0.07]) but no effect

when BMI was measured using Z-scores at 12 months (MD 0.00 [95% CI -0.30 to 0.30]) [71].
Six studies examined the effect of SMS based interventions on objectively measured change
in body weight. Pooled analyses indicated effectiveness in promoting greater weight loss mea-
sured between 8 weeks and 12 months [64, 66, 68, 70, 72, 93] (pooled MD -1.77kg [95% CI
-2.95, -0.58] p = 0.004) (Fig 12). There was evidence of substantial between-study heterogene-
ity (I* = 59.8%). The effect of SMS-based interventions was also demonstrated in pooled analy-
ses for the outcome of percentage change in weight measured between 6 and 12 months
(pooled MD -3.10% [95% CI -4.86, -1.34], p = 0.001 ? = 0.3%) (Fig 13) [64, 93]. However, no
statistically significant difference was observed in pooled analyses of SMS-based interventions

when using end-point weight as the outcome measured between 6 and 12 months (MD -0.99
[95% CI -3.63, 1.64], p = 0.461, I” = 29.4%) [64, 66, 68, 81] (Fig 14). Two trials reported benefits
in percentage fat or change in percentage fat at 6 and 12 months, which were not statistically
significant [66, 94] (Table 11).
Pooled analysis of four trials examining the effect of SMS-based interventions showed no

statistically significant effect on waist circumference measured between 6 and 24 months [55,
64, 81, 82] (pooled MD -2.19 [95% CI -4.88, 0.51] p = 0.112, I? = 82.8%) (Fig 15). However,
one of these trials demonstrated a significant effect when the outcome was change in waist cir-
cumference at 12 months [64]. One trial reported a statistically significant reduction in hip cir-
cumference at 6 months [82]
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Fig 10. Physical activity interventions using SMS function-change in daily step count.
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Interventions delivered by SMS alone: bio-medical outcomes. Pooled analyses of three trials

[55, 81, 82] of SMS-based interventions aiming to increase physical activity and improve diet
found evidence of a statistically significant reduction in triglyceride levels (pooled MD -0.19
mmol/L [95% CI -0.29, -0.08, p-value = 0.001], I* = 0.0%) (Fig 16). Pooled effects were heterog-
enous (I squared 59-90%), not statistically significant but in the direction of benefit for total
cholesterol, high density lipoprotein cholesterol, systolic blood pressure and diastolic blood
pressure, with one trial reporting statistically significant improvements (Figs 17, 18, 19 and
20). One trial also found a borderline significant effect in reducing LDL cholesterol and a sig-
nificant reduction in heart rate [82]. Another of these trials showed no effect on glucose levels
[81]. A trial of an SMS-based intervention vs information in a pamphlet also showed no effect
on systolic or diastolic blood pressure [83]. Pooled analysis of two studies examining the effect
of SMS based interventions for weight management showed a statistically significant reduction
in the cumulative incidence of diabetes [55, 81] (pooled RR 0.67 [95% CI 0.49, 0.90], > =0.0%)
(Fig 21).

Interventions delivered by other or mixed mobile technology media: anthropometric out-
comes. Pooled analysis of four studies [57, 59, 67, 76] found no evidence that interventions

delivered through mobile apps resulted in greater change in weight when measured between 6
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Table 10. Effect estimates for primary outcomes (diet trials).

Clinical Trial Intervention Outcome RR/MD |[LCI | UCI
Area
Diet Morikawa 2011 Smartphone Na excretion monitoring versus usual care Systolic blood pressure (mmHg)- 4 -2.80 -10.36 | 4.76
[52] wks
Morikawa 2011 Smartphone Na excretion monitoring versus usual care Diastolic blood pressure (mmHg)-4 | -4.00 -9.35 | 1.35
wks
Morikawa 2011 Smartphone Na excretion monitoring versus usual care BMI (kg/m*)- 4 wks 0.10 -1.84 | 2.04
Morikawa 2011 Smartphone Na excretion monitoring versus usual care Waist circumference (cm)- 4 wks -0.90 -5.36 | 3.56
Morikawa 2011 Smartphone Na excretion monitoring versus usual care Body weight (kg)- 4 wks 0.20 -5.01 | 5.41
Wharton 2014 [54] | Diet tracking app versus tracking on memo phone function Change in weight (Ib) at 8 wks 3.00 -0.37 | 6.37
Wharton 2014 Diet tracking app versus tracking with pencil/paper Change in weight (Ib) at 8 wks 0.90 -2.16 | 3.96
Wharton 2014 Tracking on memo phone function versus tracking with pencil/ | Change in weight (Ib) at 8 wks -2.10 -5.71 | 1.51
paper

https://doi.org/10.1371/journal.pone.0189801.t010

and 24 months (pooled MD -1.26 [95% CI -3.01, 0.48] p-value = 0.156, I* = 67.7%) (Fig 22). A
trial of a mobile phone activity monitor intervention reported no statistically significant

sms and bmi

Study %
ID ES (95% Cl) Weight
Ramachandran 2013 — 0.00 (-0.92,0.92) 30.91
Wong 2013 * -1.07 (-2.29, 0.15) 24.23
Chow 2015 —*— -1.30 (-1.60, -0.90) 44.86
Overall (I-squared =70.2%, p = 0.035) -0.84 (-1.69, 0.01) 100.00
NOTE: Weights are from random effects analysis'

T T : T T

4 2 0 2 4

Fig 11. Physical activity and diet interventions using SMS function-BMI.
https://doi.org/10.1371/journal.pone.0189801.9011
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Study

Shapiro 2012

sms and change in weight, kg

%

ES (95% Cl) Weight

> -0.62 (-2.34,1.10) 18.02

Steinberg 2013

2.41 (-5.16,0.34) 11.34

Lin 2015
Kim 2015

Napolitano 2013

-3.40 (-5.40, -1.50) 16.26

—_— -0.15 (-1.37,1.07) 2221

-1.77 (-3.44,-0.10) 18.38

Haapala 2009

-3.40 (-5.72,-1.08) 13.78

R I (" KR [ ——

Overall (-squared = 59.8%, p = 0.029) <> .77 (-2.95, -0.58) 100.00

NOTE: Weights are from random effects analysisi

T T T T

4 2 0 2 4

Fig 12. Physical activity and diet interventions using SMS function-change in weight (kg).

https://doi.org/10.1371/journal.pone.0189801.g012

changes in weight or waist circumference at 9 months [78]. A trial assessing an intervention
delivered by SMS and app showed no significant effect on weight loss at 3 months (Hebden
etal, 2014).

There was no statistically significant change in BMI for two trials that used smartphone
weight loss applications at 6 months and 24 months [57, 59], or at 3 months in a trial of an
intervention delivered by SMS and app [65]. A trial examining the effect of a podcast plus SMS
intervention versus podcast-only found no effect on percentage change in body weight [77]. A
trial of a multi-component smartphone-based intervention involving text messages, audio and
video files, pre-installed health diary and activity monitoring, a blood pressure monitor and
weight scale reported no statistically significant change in weight or waist circumference [80].
In Martin and colleagues’ [69] study involving overweight and obese adults, intervention par-
ticipants were instructed to weigh themselves daily on a bathroom scale and to wear an activity
monitor provided to them. This wirelessly transmitted data to a website accessible to a coun-
sellor and feedback was delivered through a loaned smartphone via text, phone calls, email.
This intervention had a significant effect on weight loss (MD -7.20 kg [95% CI -8.48, -5.92]),
in addition to reductions in waist circumference. A trial of a mobile-app had no effect on waist
circumference among women, but there was evidence of a statistically significant reduction
among men [57] (Table 11).
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sms and change in weight, %

Study %
D ES (95% Cl) Weight
i
:
'
Haapala 2009 - : -4.10 (-6.73, -1.47) 4479
1
1
!
I
Steinberg 2012 — -2.29 (-4.68, 0.08) 55.21
1
1
1

Overall (l-squared = 0.2%, p =0.217)

NOTE: Weights are from random effects analysis

-3.10 (-4.86, -1.34) 100.00

Fig 13. Physical activity and diet interventions using SMS function-change in weight (%).

https://doi.org/10.1371/journal.pone.0189801.9013

Interventions delivered by other or mixed mobile technology media: bio-medical outcomes.
A trial of a mobile-app intervention showed no effect on blood pressure [67], while a study of a
voice-call delivered intervention demonstrated an effect on lowering blood pressure, HbAlc,
and LDL cholesterol [56]. An intervention delivered by mixed mobile phone media showed
statistically significant reductions in diastolic blood pressure and a reduction which was not
statistically significant in systolic blood pressure [69]. A trial of a multi-component smart-
phone-based intervention involving text messages, audio and video files, pre-installed health
diary and activity monitoring, a blood pressure monitor and weight scale, showed no statisti-
cally significant effect on cholesterol, HbAlc, heart rate, or systolic blood pressure, but had a
statistically significant effect in reducing triglycerides, and increasing diastolic blood pressure
[80].

Physical activity, diet and physical activity, diet-secondary outcomes. Of 128 self-
reported outcomes 18 demonstrated statistically significant benefits and none showed statisti-
cally significant harms (S2 Table).

Alcohol-primary outcomes. There were no objectively measured outcomes reported in
trials of alcohol reduction interventions.

Alcohol-secondary outcomes. For trials targeting alcohol consumption, one trial deliver-

ing supportive SMS observed a statistically significant increase in the number of days to first
drink after inpatient discharge but no statistically significant effect on drinking frequency or
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Study

Haapala 2009

Wong 2013

Kim 2015

Lin 2015

Overall (I-squared =29.4%, p = 0.236)

NOTE: Weights are from random effects analysis

sms and endline weight, kg

%

ES (95% Cl) Weight

-1.90 (-7.81, 4.01) 16.02

-3.44 (-7.53, 0.65) 27.62

S 1.20 (-1.37, 3.77) 46.29

-2.90 (-10.68, 4.88) 10.07

<

-0.99 (-3.63, 1.64) 100.00

-4

4 2 0 2 4

Fig 14. Physical activity and diet interventions using SMS function-weight endpoint (kg).

https://doi.org/10.1371/journal.pone.0189801.g014

cognitive outcomes [84]. A trial of an SMS-based drinking assessment intervention found a
statistically significant reduction in the number of binge drinking days and number of drinks
per drinking day among the intervention group receiving real time feedback, but no such effect
in the intervention group who did not receive feedback [86]. A second trial delivering a smart-
phone intervention observed a small but statistically significant effect on the number of risky
drinking days but no effect on continuous abstinence [87]. Another trial observed no effect of
SMS-based drinking assessments and brief interventions on drinking frequency in young
adults discharged from the Emergency Department [90]. One trial found a small but statisti-
cally significant beneficial effect of an intervention delivered by interactive voice response on a
multi-item scale measuring alcohol consumption, alcohol dependence and alcohol-related
harm [85]. A study among Swedish students assessing the effect of an application-based inter-
vention found that those in the intervention group had slightly increased alcohol consumption
[86] (S2 Table).

Quality of evidence assessment

The assessment of quality of evidence for pooled outcomes is reported in Table 12.
According to the GRADE [19] criteria (Table 12), there was high quality evidence of benefit
for smoking cessation support delivered by text message and no evidence of harms. For SMS
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sms and waist circumference, cm

Study %

D ES (95% Cl) Weight
I
i
1

Ramachandran 2013 I —_—— 0.00 (-1.32, 1.32) 31.00
1

Wong 2013 - -2.38 (-5.47,0.71) 2325
!

Haapala 2009 - -2.00 (-6.93, 2.93) 15.79

Chow 2015

Overall (l-squared = 82.8%, p = 0.001)

NOTE: Weights are from random effects analysis

'
I
—_— -4.40(-6.00,-280) 299
|
I
|
I

<>> -2.19 (-4.88, 0.51) 100.00
'
'

Fig 15. Physical activity and diet interventions using SMS function-waist circumference endpoint (cm).

https://doi.org/10.1371/journal.pone.0189801.g015

based physical activity interventions, there was low quality evidence of changes in physical
activity which was not statistically significant. For SMS based diet and physical activity inter-
ventions there was low quality evidence suggesting benefit in reducing the incidence of diabe-
tes in those with pre diabetes and modest or small benefits in change in weight (KG or %),
BMI and triglycerides. The evidence of benefit for end point weight, waist circumference, total
cholesterol, and blood pressure was very low, with one trial at low risk of bias conducted in
those with coronary heart disease reporting statistically significant improvements. The evi-
dence of benefit on HDL cholesterol was very low with one trial reporting statistically signifi-
cant improvements. The effect of diet and physical activity interventions delivered by app was
in the direction of a small benefit, but not statistically significant.

Discussion
Key findings

We identified 71 trials of interventions delivered by mobile phone targeting prevention of
NCD focussed on smoking cessation, physical activity, diet, and alcohol reduction. No trials
reported effects on morbidity or mortality.
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Study %

ID ES (95% Cl) Weight
Wong 2013 * -0.28 (-0.90,0.34) 299
Ramachandran 2013 ~+- -0.08 (-0.28,0.12) 28.76
Chow 2015 —h— -0.23 (-0.35,-0.09) 68.24
Overall (l-squared = 0.0%, p = 0.466) <> -0.19 (-0.29,-0.08) 100.00
NOTE: Weights are from random effects analy'/sis

-1

Fig 16. Physical activity and diet interventions using SMS function-triglycerides (mmol/L).

https://doi.org/10.1371/journal.pone.0189801.g016

There is high quality evidence that smoking cessation support delivered by text message for
smokers making a quit attempt increases smoking cessation in trials conducted in high income
countries and no evidence for adverse effects of these interventions. In single trials there was
no suggestion that text messages to prompt a quit attempt and link people with existing smok-
ing cessation services are more effective than a leaflet with the same content [24]. There was
low quality evidence that phone counseling by mobile phone increased smoking cessation at 3
months [35].

For physical activity interventions delivered by SMS, App or fit bit, trials reporting out-
comes at 3 months or longer showed no evidence of benefit. The effects of multiple monitoring
devices was mixed with statistically significant benefits in only one of 12 biomedical outcomes
at 12 weeks.

For SMS based diet and physical activity interventions there was low quality evidence sug-
gesting benefit in reducing the incidence of diabetes in those with pre diabetes and for modest
or small benefits in change in weight (KG or %), BMI and triglycerides. The evidence of effects
on end point weight, waist circumference, total cholesterol, and blood pressure were in the
direction of benefits, but not statistically significant and highly heterogeneous in pooled analy-
ses, with one trial at low risk of bias conducted in those with coronary heart disease reporting
statistically significant improvements. The evidence of benefit on HDL cholesterol was
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sms and total cholesterol

Study %
ID ES (95% Cl) Weight
Wong 2013 I -0.14 (-0.48,0.20) 17.61
Ramachandran 2013 -r—'— 0.00 (-0.15,0.15) 40.53
Chow 2015 —*—-r -0.23 (-0.39,-0.10) 41.86
Overall (I-squared =59.0%, p = 0.087) <>> -0.12 (-0.29, 0.05) 100.00
NOTE: Weights are from random effects analysi's

= T

Fig 17. Physical activity and diet interventions using SMS function-total cholesterol (mmol/L).

https://doi.org/10.1371/journal.pone.0189801.g017

heterogeneous and very low quality, with one trial reporting statistically significant improve-
ments. The effect of diet and physical activity interventions delivered by app on change in
weight at 6 months or longer was in the direction of a small benefit, but not statistically signifi-
cant. There was mixed evidence regarding benefits of interventions delivered by multiple
smartphone media.

There were some promising but inconclusive self-reported effects from alcohol reduction
trials.

Strengths and weaknesses of the review

This is a comprehensive review of all randomised controlled trials of interventions delivered
by mobile phone designed to prevent non-communicable diseases. Our review has several
strengths. The methods are reproducible, screening for trials and data extraction was con-
ducted by two researchers, we used standard Cochrane tools for assessing risk of bias and used
the GRADE criteria for assessing the overall quality of evidence. We only included randomised
controlled trials, which are less prone to bias than other types of controlled study. We did not
pool the results of interventions delivered by mobile phone with those delivered by mobile
phone in conjunction with non mobile phone based components, as has been done in some
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sms and HDL
Study %
ID ES (95% ClI) Weight
Wong 2013 —rf— 0.01 (-0.09, 0.11) 25.76
Ramachandran 2013 + 0.10 (0.07, 0.13) 37.68
Chow 2015 -4-E -0.01 (-0.05, 0.03) 36.56
Overall (I-squared = 90.2%, p = 0.000) <> 0.04 (-0.05, 0.12) 100.00
NOTE: Weights are from random effects analysé

-1 0 1

Fig 18. Physical activity and diet interventions using SMS function-high density lipoprotein cholesterol (mmol/L).
https://doi.org/10.1371/journal.pone.0189801.9018

previous reviews [10-12]. Only six trials did not provide sufficient data to calculate effect
estimates.

There are also a number of limitations to our review. It was not possible to contact authors
for data in this review, due to time and funding constraints. It was beyond the scope of our
review to include interventions delivered by PDA or hand held computer or to review all inter-
net or video based interventions, which in principal can be viewed on many modern mobile
phones. Our review aimed to examine the effects of interventions delivered by mobile technol-
ogies alone. We excluded interventions combining mobile technologies with additional inter-
ventions such as face-to-face counselling, which could be subject to a separate systematic
review. We only pooled the results of trial where the trial aim, outcomes and mobile phone
media used were the same (e.g. SMS, application software). Nonetheless some of the results of
pooled analyses were heterogeneous. This is likely to be due to the wide range of factors which
could influence the effectiveness of particular mobile technology interventions including: trial
quality [95], participant factors, the setting (low/middle or high income country), intervention
design, intervention components (e.g. the behaviour change techniques employed), intensity
or intervention duration. We only pooled objectively measured outcomes in meta-analyses
due to prior evidence that self-reported outcomes in behaviour change trials can be prone to
overstated benefits. Some evidence in our review supports this, for example, a smoking
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sms and systolic blood pressure

Study
D ES (95% CI)
I
;
Ramachandran 2013 | ——— 0.00 (-2.20, 2.20)
1
Wong 2013 L 1.22 (-5.54,7.98)
I
1
2
Chow 2015 —— X -8.00 (-10.00, -5.00)
I
1
1
1

Overall (-squared = 91.6%, p = 0.000) -C> -2.58 (-8.91, 3.74)

1
!
!
:
I
NOTE: Weights are from random effects analysis |
1
1
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100.00
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Fig 19. Physical activity and diet interventions using SMS function-systolic blood pressure (mmHg).

https://doi.org/10.1371/journal.pone.0189801.g019

cessation trial showed a null result for a biochemically-confirmed measure, but a benefit in the

equivalent self-report outcome [21]. Our review provides no insight into the mechanism of
action of interventions. The examination of funnel plots in exploring publication bias was lim-
ited as few trials contributed to some pooled analyses.
The scope of the review encompasses trials of novel non-communicable disease prevention
interventions delivered by mobile phone. It is plausible that in lower and middle income coun-
tries the main benefits of mobile phones would not be evaluated by RCT for example simply

owning a phone might afford the potential for the first time for people to gain information
about and access to existing health promotion interventions and services.

Discussion in relation to existing literature

We provide an updated systematic review of evidence regarding the effects of interventions for
smoking cessation, physical activity, diet and alcohol. Based on short term outcomes, self
reported outcomes and non randomised study designs previous reviews have concluded that
there are benefits of interventions targeting physical activity and /or diet. Qur review demon-
strated there is no reliable evidence of benefit for physical activity interventions delivered by
SMS, app or fit bit at 3 months or longer. Whilst some diet and physical activity interventions
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Fig 20. Physical activity and diet interventions using SMS function-diastolic blood pressure (mmHg).

https://doi.org/10.1371/journal.pone.0189801.9g020

have reported benefits, the overall quality of evidence for even modest benefits is low or very
low. Our results are similar to the findings for existing systematic reviews of alcohol reduction
interventions and show some promising findings but overall very low quality evidence for
their benefits [96]. In contrast to the existing Cochrane review of smoking cessation interven-
tions delivered by mobile phone we did not pool objective outcomes with self reported out-
comes and we examined the effects of different mobile phone media (SMS, app, video,
interactive voice and phone counselling) separately. The rational for this was that there are
important differences between different mobile phone media. For example; SMS messages are
sent directly to peoples phones, flash up on screens, and can be stored to be re-read at conve-
nient times, whilst apps are dependent on motivated participants going to the app to view con-
tent (unless apps also use instant messages), voice messages are often only accessible when sent
and cannot always be reviewed. This decision appears to be supported by the results of the
review. Our resulting pooled analyses of the effects of SMS based smoking cessation support
during a quit attempt demonstrated clear benefits without heterogeneity [13], but there was no
suggestion of benefit for smoking cessation interventions delivered by video or interactive
voice recording [13, 29].

In comparison to the findings of our 2013 review [15], this review confirms that SMS based
smoking cessation support increases quitting in those willing to make a quit attempt, with a
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Study

WONG 2013

RAMACHANDRAN 2013

%

RR (95% Cl) Weight

o 0.62(0.24,1.61) 9.89

—_— 0.67 (0.49,0.92) 90.11

Overall (-squared = 0.0%, p = 0.868) <> 0.67 (0.49,0.90)  100.00

NOTE: Weights are from random effects analysis
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Fig 21. Physical activity and diet interventions using SMS function-cumulative incidence of diabetes.

https://doi.org/10.1371/journal.pone.0189801.9021

larger number of trials now included in the meta- analysis. Since our last review trials have
been published showing that interventions designed to prompt a quit attempt have not shown
clear benefits. This review includes recently published evidence of benefits in diet and physical
activity interventions in preventing the onset of diabetes, in those with pre-diabetes. There is
still no clear evidence of benefit of physical activity, diet and physical activity or dietary inter-
ventions for other populations at 3 months or longer. There are a larger number of alcohol
reduction trials included in this review (8 compared to 1), but whilst the effects of some alcohol
reduction interventions look promising the results are still inconclusive.

Meaning of the study, implications for clinicians or policy makers

Continuous abstinence is considered the gold standard for smoking cessation trials. Estimates
of effect using biochemically verified point prevalence for smoking cessation support delivered
by SMS were lower than continuous abstinence effect estimates. This would be expected as
point prevalence estimates are diluted by quit attempts occurring randomly throughout the
follow up period in both intervention and control groups but unrelated to the intervention.
The interventions for smoking cessation included in our pooled analyses contained at least 8
behaviour change techniques used in effective face to face smoking cessation support but
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Study %
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E
Allen 2013 — 290 (-6.21,0.41) 16.18
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Fig 22. Physical activity and diet interventions using application function-change in weight (kg).
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adapted for delivery by text message. SMS support for smoking cessation is highly cost-effec-
tive [97] and has been implemented in New Zealand, UK, USA and India. In England between
60,000 and 90,000 people have registered for smoking cessation support delivered by text mes-
sage each year since 2012. An evaluation of implementation showed that the 4 week quit rates
achieved were similar or higher than in the UK trial [98]. An evaluation of implementation of
an interventions delivered by SMS in India is ongoing. Health services should consider imple-
menting smoking cessation support delivered by SMS with similar content to interventions
found to be effective in trials.

Whilst some trials report benefits, there is currently insufficient evidence of beneficial
effects on long term objective outcomes to warrant implementation of interventions for physi-
cal activity or diet and physical activity. The statistically significant effects of diet and physical
activity interventions on change in weight, illustrates the greater power of these outcomes
compared to absolute weight outcomes, which did not achieve statistical significance. The
effects of behavioural support for weight loss delivered by text message is broadly consistent
with the modest benefits achieved by behavioural support for weight loss in general [99, 100].

Few trials target smoking diet and physical activity, but there is no evidence from existing
trials to suggest that targeting multiple behaviours reduces the intervention effects for individ-
ual behaviours. Most interventions were delivered by text message. There was no good
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evidence of benefit of app based interventions for smoking cessation, physical activity, diet or
alcohol reduction.

Unanswered questions and future research

Further evaluations of the impact and costs of smoking cessation interventions delivered by
mobile phone in low and middle income settings, are needed.

There is a considerable body of existing research regarding effective interventions for
behaviour change and much of this literature suggests multifaceted interventions are required
[101-105]. Interventions should be developed using established methods including: needs
assessment, reviewing the evidence regarding factors influencing the target outcome, drawing
on behaviour change theory and evidence based behavioural change techniques and adapting
content based on user views regarding the acceptability, comprehensibility and relevance of
intervention content [106-108]. However, the impact of even the most well developed inter-
ventions delivered by mobile phone for preventative behaviours such as diet and physical
activity, which are strongly influenced by environmental factors, are likely to be modest. None-
theless, intervention delivery costs are low, so adequately powered high quality trials of opti-
mised interventions targeting diet and physical activity are required to reliably establish their
effects, especially in high risk groups such as for diabetes prevention in those with pre-diabetes.
The effects of interventions targeting diet, physical activity and smoking cessation on morbid-
ity and mortality in populations with existing coronary heart disease should be established.

Further research is required to evaluate the mechanism of action of interventions. Under-
standing the mechanism of action of interventions could inform the content of future inter-
ventions. A range of questions regarding the effects of mobile technologies remain open to
question including whether some intervention functions are more effective delivery tools than
others (SMS, video, oral communication, application software), which behaviour change tech-
niques are effective when modified for delivery by mobile phone and whether the effectiveness
of interventions is influenced by setting or participant demographics.

Whilst some trials have been conducted in low and middle income countries, the majority
of the research has been conducted in high-income countries. In view of the high coverage of
mobile technologies in these settings, trials of interventions in low and middle-income coun-
tries are required.

Conclusion

In high income settings, SMS based smoking cessation support during a quit has been shown
to result in increases in smoking cessation. Effective interventions included 8 or more behav-
iour change techniques. The effects, costs and impact of interventions in low income countries
should be established. There is only weak evidence regarding the benefits of diet physical activ-
ity and alcohol reduction interventions delivered by mobile phone. Large scale high quality tri-
als of the effects of optimised interventions on morbidity and mortality, especially in high risk
groups, are warranted.
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