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Abstract

Background: Antiretroviral therapy is effective in preventing the progression of HIV to AIDS, but adherence to HIV
medication is lower than ideal. A previous Cochrane review concluded that SMS interventions increased adherence
to HIV medication, but more recent trials have reported mixed results. Our review aims to provide an up-to-date
synthesis of the effects of interventions delivered by mobile phone on adherence.

Methods: We searched Cochrane, Medline, CINAHL, EMBASE and Global Health for randomised control trials (RCTs)
of interventions delivered by mobile phones, designed to increase adherence to antiretroviral medication. Risk of
bias was assessed using the Cochrane risk of bias tool. We calculated relative risk ratios (RR) or standardised mean
difference (SMD) with 95% confidence interval (Cl). Trials were analysed depending on delivery mechanism and
intervention characteristics. We conducted meta-analysis for primary objective outcome measures.

Results: We identified 19 trials. No trials were at low risk of bias. Interventions were delivered as follows; nine via text
message, five via mobile phone call, one via mobile phone imagery and four via mixed interventions. There was no
effect when interventions delivered by text message were pooled in the RR1.25 (C1 0.97 to 161) P =0.08. The SMD 042
(0.03 to 0.81) p =0.04 showed a moderate effect to improve adherence. There was mixed evidence of the effect of text
messages delivered daily, weekly, at scheduled or triggered times, however, messages with link to support, interactivity
and three or more behavior change techniques (BCTs) all improved adherence. Of the five trials delivered by mobile
phone call, one reported a reduction in HIV viral load. One trial using mobile phone imagery reported a reduction in HIV
viral load. Three trials that delivered interventions by text message and mobile phone counselling reported improved
biological outcomes.

Conclusion: Specific interventions, of proven effectiveness should be considered for implementation, rather than
mobile phone-based interventions in general. Interventions targeting a wider range of barriers to adherence may be
more effective than existing interventions. The effects and cost-effectiveness of such interventions should be evaluated
in a randomised controlled trial alongside long term objective and clinically important outcomes.
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Background

There are currently over 36 million people worldwide liv-
ing with HIV [1] with the majority from middle and
low-income countries. Almost 70% of the global HIV dis-
ease burden is in Sub-Saharan Africa [2]. Treatment with
antiretroviral therapy (ART) enables people living with
HIV (PLWH) to lead healthier and longer lives since the
life expectancy of someone who responds to treatment is
the same as the general population [3]. Currently, 59% of
PLWH have access to ART [1].

High adherence to ART is required to suppress viral
replication, to slow the progression of HIV, and further
reduce transmission [4]. Poor adherence can also lead to
drug resistance [5]. UNAIDS aims to ensure 73% of
PLWH achieve viral suppression which is thought to be
2 to 3 times higher than current levels of viral suppres-
sion [6] and the World Health Organisation (WHO) es-
timates that only one-third of the population adhere
appropriately [7].

Factors influencing adherence include individual factors
such as lack of knowledge, misunderstandings about ad-
ministering medicines, lack of skills in developing regular
medicine taking habits (remembering), concerns about side
effects, and social support for medicine taking [8-10].
Medicine related factors, which affect adherence, include
pill burden (number of tablets, intense dosing schedule,
meal time restrictions, medicine side effects) [11-13]. Ser-
vice and structural factors also play a role, such as the
availability of medicine and cost of training health care
providers [14, 15].

Interventions that have demonstrated efficacy in increas-
ing adherence to HIV treatment have had multiple compo-
nents including providing education, counselling, social
support, feedback and additional supervision [11-13].
However, in most settings these have proven too costly or
are unfeasible to deliver in routine service settings.

Mobile phones are a potentially useful, low cost, platform
for delivering health interventions [16]. The World Bank
estimates that 93 in every 100 people are subscribed to mo-
bile phones [17] with low-income countries being the fast-
est growing sector [18]. Interventions delivered by mobile
phones have the potential to target many of the factors in-
fluencing adherence such as knowledge, attitudes, concerns
about medicines and difficulties in developing regular
medicine taking habits [8—10]. They could enhance links to
services so participants can obtain support and advice when
needed, such as if they are experiencing medicine side ef-
fects [19]. Where mobile phones are owned and used by in-
dividuals, privacy can be maintained which is vital for
stigmatised diseases like HIV. Mobile phones are carried
with people wherever they go, so advice and support can be
provided in real time in the patient’s environment [20]. Mo-
bile phones also have the potential to provide support and
training to health care providers, allow remote monitoring
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of medicine taking and monitoring of drug supplies with
the potential to reduce drug stock.

A 2011 Cochrane systematic review of trials conducted
between 1980 and 2011, included two trials of interven-
tions delivered by mobile phone and concluded weekly
messaging is effective in increasing adherence to ART [19].
Other systematic reviews that have looked at text message
also support these findings; Finnitis et al. [21], Mayer et al.
[22] and Thakker et al. [23] suggest text messaging im-
proves adherence. Wald et al. [24] looked at the difference
between one-way and two-way message and found the lat-
ter improved adherence.

Our review aims to provide an updated synthesis of
RCTs of interventions designed to increase adherence to
ART medication delivered to patients via mobile phone.
We aim to describe the effectiveness of interventions
which employ different delivery mechanism (SMS, voice
calls, application software) and different intervention con-
tent or frequencies of contact (weekly, daily contact). We
will explore if the effects of interventions vary according to
if they employ interactivity, links to support or use three or
more BCTs.

Methods

This review was conducted in accordance with the
PRISMA guidance. The flowchart can be found in Add-
itional file 1.

Inclusion criteria

Participants — Men and women of any age infected with
HIV who are on or due to start ART. There was no re-
striction of age or stage of treatment.

Intervention — All controlled trials employing any mo-
bile technology to deliver interventions to improve ad-
herence to antiretroviral medication.

Study design — Randomised control trials.

Outcomes — Primary outcomes were objective mea-
sures, which include Medication Event Monitoring Sys-
tem (MEMS), pill count and biological outcomes (CD4
count and viral load). Secondary outcomes were subject-
ive measures (self-reported adherence).

A review protocol does not exist. There were no lan-
guage, geographical or publication status restrictions.
We excluded trials that included more than one disease
and all non-randomised trials including observational
and cross-sectional study designs.

Search strategy

We searched; Cochrane, CINAHL, MEDLINE, EMBASE,
and Global Health databases from 1990 to October 2017.
The EMBASE search strategy of medical subject headings
and text-words can be found in Additional file 2. These
terms were combined with the Cochrane pre-set search
terms for controlled trials. RS searched the reference lists
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of included papers to identify additional studies for this re-
view. Two reviewers independently scanned the electronic
records to identify potentially eligible trials.

Data extraction

Two reviewers independently extracted data on the
intervention delivery mechanism (e.g. text message,
phone call), intervention characteristics, trial quality and
on measures of effect. Sensitivity analysis was run look-
ing at intervention characteristics, defined as:

(i) Link to support - an intervention that was linked
to a health professional was considered as support,
e.g. the provision of a telephone number.

(ii) Interactivity - when an intervention required the
participant to respond once the intervention has
been received for e.g. sending a text message back
that “everything is okay”. Also referred to as two-
way text message.

(iii) Behaviour change technique - authors description
of interventions according to Abraham and Michie’s
taxonomy of BCTs [25], Additional file 3. An
arbitrary measure of three or more techniques
were used as a cut-off as we estimate that this
number is indicative of interventions which have
considered behaviour change and a wider range
of factors influencing adherence.

All discrepancies were agreed by discussion with a
third reviewer.

Risk of bias was assessed according to the criteria out-
lined by the International Cochrane Collaboration [26]. A
cut off of 90% complete follow-up was used to determine
low risk of bias for attrition.

Data analysis and synthesis

All analyses, including meta-analysis were conducted in
Cochrane Review Manager [27]. All outcomes have been
analysed as intention-to-treat. All loss to follow up has
been treated as non-adherent. We calculated risk ratios
(RR) and standard mean differences (SMD). We used ran-
dom effects meta-analysis appropriately to give pooled esti-
mates of primary outcomes where there were two or more
trials using the same mobile phone delivery mechanism
(e.g. SMS messages) and the same measures of adherence.
We examined heterogeneity visually by examining the for-
est plots and statistically using both the x> test and the 12
statistic. We assessed evidence of publication bias using
Funnel plots.

Results

The combined search strategies identified 511 electronic
records. These were screened for eligibility and the full
text of 46 potentially eligible reports were obtained for
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further assessment. Nineteen reports met the review in-
clusion criteria and represented 19 trials, the PRISMA
flow diagram can be seen in Additional file 1. Trials that
were excluded from this review can be found in Add-
itional file 7. Three trials were excluded in meta-analysis;
Nsagha [28] and Kebaya [29] only reported subjective out-
comes and Hardy [30] had an intervention as part of the
control group.

Trial characteristics

In total, the 19 trials included 2650 participants. Sample
sizes ranged from 21 to 538 people, the median was 119
participants. Studies took place in South America (Brazil =
1), North America (USA = 4), Asia (India = 1, Pakistan =1,
Malaysia =1, China = 2), Africa (Nigeria =1, Cameroon =2,
Uganda =1, South Africa=1, Kenya=3) and Australasia
(New Zealand =1). All were presented in English. Most tri-
als recruited men and women, however, two groups in-
cluded only women [29, 31].

Interventions - delivery mechanism

Nine interventions were delivered via text message [28,
30-37], five interventions were delivered via mobile phone
call [29, 38—41], one via mobile phone imagery [42], and
four mixed interventions (one automated voice call with
pictorial text [43]), two with counselling and text message
[44, 45] and one with SMS and telephone call reminder
[46]. In all but one trial the control was usual care [30].
The interventions lasted between 6 weeks and 96 weeks.

The maximum number of BCTs employed was 6 [41]
and the median number was 2. The most commonly used
BCTs were: social support (13 interventions), association,
for example prompts/cues (11 interventions) and feedback
& monitoring (8 interventions). More than three BCTs
were used in 5 of the trials [34, 35, 38, 40, 41]. Four trials
specifically reported being based on behaviour change the-
ory [33, 35, 41, 43] and these include social cognitive the-
ory of planned behaviour [43, 47], health belief model
[33], individual change model [35], and behavioural
self-management [41].

Of the 19 mobile phone interventions, five were inter-
active [30, 35, 43—45]. A link to support was provided in
six trials [33, 38, 39, 41, 44, 45].

Details of the interventions, as described by the au-
thors are described in Table 1.

Outcomes

Fifteen different adherence outcome measures were re-
ported. Primary objective outcome measures reported in-
clude six trials recordings MEMs, seven viral measures (5
reported viral load and 2 viral failure) and three trials
measured pill count and CD4 count. The most frequently
reported measure of adherence was the subjective



Page 4 of 15

(2019) 19:915

Shah et al. BMC Public Health

35BD [eDIPaWl ‘9DIAISS
Aujeads ‘a1ed Alewnd AlH

podal aouewopad
AQ papInb Joj|esunod

e punxan
1oddns |epog  [euondalipig — AlADRISIU|

pue pooul ‘9duaiaype
14V Jo sausnb Ajieg

uodal aouewiopad

AQ papInb Joj|esunod

B UM UOISSaS Bul||asunod

pa1abiey Ajjeinoineysq

paAIaal - 9456 >

9DURI3YPR JI DUl AJYIUOW

e "SWI1 950P Pa|NPaYdS

-1 paseq Aloay e jo
Aoeoa Areutwijpid ayp 153

%L6€ +81 by
‘syuedipiled €9

‘Bul||asunod pasueyus
p1ep PaleIsuab ||IdasIpn
Yum pajdnod siapuiuai
auoyd (|95 pasabbuy buisn
¥OBQP3) SUII-[BaI JO 194
9Y1 $5955e 0 "IN220 Aoy}
uaym sasde| 01 asuodsai EVEN
102JIp Ul pUB QW B3 9| 'OE ‘@dUaliaype

Z1L ‘(euibaip) X33 SINS (g€l
VSN 1DY  pslewony  GLOg [losisbul

e UM UoIssas buljlesunod  uoddns enog 150d SUIW Q€ 1D919P Ul PRISAIIDP UDYM SAIIDIYD Jo0d jo
pa12bie) AjjRinolneysq 1"/ 1dwoid 01 pa|le) WISAS ||IdaSIA SY3 90 01 A|2YI| uonedNPa S 18 pawadp
PaAIDIAL - 9456 > 7' INoIneySq USYM Japujwiai suoyd SIS  pue UuoewIOUl SOUISYPe +8| 9by yiuow JETINIVIEY [r€]
2DU3JRYPe JI DUl AJLIUOW Uo oeqpas4 pue Bu|||9suNod dUIYPY 1ey1 pazisayiodAH  siuedpiled gL 6 eulyd 1Dy %31 SINS 510z uiges
EJEWEN EEI
ulw G| A1ans das|q 06€ "ddUIYpe 9 ‘abessaw
PINOM 1| "UOIEDIPaW ‘9bessaw sabpajmousde 12daaq e SNSIOA | Yy 0558 URYd ‘suoyd
‘syeadal Bupel a1am Aay) wiuod Juaned | Ul 01 ddUSIRYpe BupPURYUS Ul SS3| ING SYIUOW 3|Igow
OU U3y} S OE J0oJ 9dDUO 01 J9PIO Ul SNS ue G| A1ona doaq ‘fousnbal)  (puiwal ) WISAS JSpulal € 15e9)| 1@ 10} ‘(uo3s0g)
sdaaq ‘Bulsop Jo awly ay1 Yum puodsal 03 paonisul  Buisop [yy ysiew o3 Ajiep auoyd ||9> pazijeuosiad 14V U0 ‘synpe edlaWY abessawl [og]
1e J2daaq Jopulwal Jadasg |/ sxdwoud Juedpiued - Ayanoessul  sabessaw 131 Pasieuosiad e Jo Adediye syl aledwlod 0]  PaIAYUl AIH €7 104 [9]]eed %31 Ajle@ 1 10T ApleH
djay papaau Asus Ji yoeq EJEWEN syuowl
|[ED PIN02 A3y3 Jagqwinu "9dUdIBYpe 0G°€/ "puoW 9 ‘obessaw
auoyd e pauleuod anoidwi 01 suoyd | JoJ 1YV uo %31 ‘auoyd
'/ SIS - woddns o1 3u] 3|IqOW PIA S9DBSSBW 1X3) U] ‘9A0QR pue 3|Igow
abessaw sidwoud ‘¢ "abueyd InoiARYSq 96BSSaW 1X2) [PUOIIBAIIOW  [PUOIIBAIIOW A]yoam BUIpuds SIeak |7 'synpe ‘uoosaue) obessawl [e€l zioz
1X1 OU pue aJed plepurls  uoddns [e1pog JO |9pow Ja119q yieaH PaSIPIEPURIS APOIAL  JO SSAUDAIDRYS 9Yr 1521 0] aAMsod AH 00Z  ‘1DY [9]|eded 11 Apjoapn megbenqgiy
‘eAUSY Ul DIUID EJEWEN SHOIM 8f sbessawl
‘Aouanbauly Apeam o Ajlep |eans e Buipusne syusned 0499 ‘obe syiuow  ‘SINS ‘Quoyd X3
I/ e 1e JUSS pue Buoj| IO UOYS Buowe Yy 01 (9%06) € UYL SS3| 1Hy 3|lqow ‘eAUY Buo| pue
sydwoud ‘|'¢ 12U 249M 1BY3 JapulWal 9DUIDYPR UO SISPUIWID)  Paieiiul ‘synpe 'swie G [DY  Hoys ‘Aliep [zel Loz
sabessow NS ON  woddns [e1os SING paAlddal syueddiled  SIAS JO ADBDIYS 9UL 1591 O] PadRul AIH Ly dnoub |9jjeied ‘ApPapy Soyooj3-dogd
‘sabessaul
Bulwodul 01 193dsal yim
399M Bupiom Y3 buunp  uondeysies pue uoissaldull
SAep aleusalje pue ‘Aepung 119Y1 pue suswibal |4y
‘Aepinies 1uas "Aep 9y} 0} USLIOM Uel|izelg pa1dajul
Buunp aupIpawW Jo 3sop e -AIH JO (%G6) @ouaiaype Jruow FEEI
sabessaw '/ 10} W P3INPaYDS Ise| 4yl 31 $358IDUI SAS 3|Iqow Sewa)  ‘SNG ‘suoyd e sown
1X31 OU ‘9duepualle sydwoud ‘¢ 21097 UlW O¢ sobessaw UO paseq Wa1sAs buluiem %001 ‘Synpe dlIgow G abessawl [Le] zioz
Areuydpsipiinw Ajyauoly  1oddns epog SINS PaAIddal suedidied B JOYIdUM SS9558 O] PRIdJUI AIH 1T ‘l1zeag 1Y VY] £150D Qg
IDVYSSIW 1X3L
yi1bus)
UONRUSAIIU|
"BIPSN
Awouoxe | uoddns '321A8Q
SIYDIN - 01 yull ‘ANARDRISIUl ‘AlosY | ‘Aunod)  wisiueydaw
Joleiedwod)  pue weyeiqy abuey) |einoineysg UORUSAIDIU| Swiy syuedpiyed ‘'ubisap el ISENEe! [euy

salpms papnpul Jo sjielad L alqel



Page 5 of 15

(2019) 19:915

Shah et al. BMC Public Health

'/ UIM SIUSS9|0pe Paldajul "Pa129Ul
sidwoud ‘|'¢ 'SISlLIBQ 9DURIAYPe SS2Ippe  AJH Ul 1YY JO uonensiuiupe  Ajjeyeudad alom
1oddns |eppos ‘Sjeldjal O} S3JIAISS O) Palidjal pue -J|9S |NJ$$930NS 01 pes| yinok aya JeH SYEETY
‘7'z Bunoyuow 1ueAljR. bulinpayds yoddns buiajos-wsjgoid p|NOM 1usWabeuew AlH 'S9|PWID) DIOM 8p ‘s||ed
pue pue buiajos wajqoud papiroid ‘Usel aJam  Bupiel pue 21eD-43S pUNOJe  04p/€ "DURISYPE  3DJ0A ‘Buoyd
SoegpPaR4 ‘9’| 'M3IAS1 UOHRIpaW SUONEDIPAW JI PAWLUOD) siapinoid aied-yieay -uou jo Aloisiy 3jlgow
‘7’1 Buiuueid e pip Jojell|ioe) dUBIBYPE  ABp B 3DIM] JO DUO IYLD UHM UOIeSISAUOD auoyd  ‘AJH YUM (FZ-GL  ‘eduawy 1Dy ||ed [8£]
21eD |ensn pue sjeon - yoddns o1 yun Aepli4 01 Aepuoly s||ed -|192 Ajlep 41 SUIWIL1Sp O] obe) yinoA /& |euipnibuoT suoyd Ajieg 107 19299
TIvD 3DI0A
'$10||25unod Jaad aApisod JUSS abesSSaW 1%}
AIH AQ paianiiag 14V - awi Buisop pajnpayds S}NPe UedLy YINos SAIRU
BupuWIWOD JO Yiuow JO UIW O Ulyum pauado Yy Ul UoiNJSXS adUaIaype 208 Ueyl
1511} 9Y1 UIYUM 10 31049G |'/ 1dwoid 10U 2DIA3P JI pUB SNT  Ajlep |[eian0 aacidwll pjnom 210w dUBIYpPY SYEET
SUOISSas ssaupaledald 7'z Jnolneyaq SU3 Ul paplodal awpn bujsop  sasop passiul Aq pasabbl ‘9PWR) 9%7'S9 87 "oy abessawl /€]
juauiean dnoib ¢ Uo 3oeqpas Ajlep pauajeid syuedpited  abessawl 1xa I dUIWIRISJ "DNBU 1YV 0€C yinos 10y VET] S10Z [|2HO
oualaype
UOOJSWED) JO  9G6 A0 pue
uolbas MN 241 Ul 21ed pue  g| pabe ‘djeway
JUSWIeaIY I3y} 03 syuaned %19 "Yyiuow |
SAIY pue AlH JO (9%56) 10} AHY UO U99q
SYEEI Soualsype syl snoidwl pey oym sy yiuow
{7 10} 329M B SaW} N0y 03 sabessawl 1xa1 auoyd |90 pue AlH Yum | ‘uooiauled) abessawl 8]
S|Ie12p OU — 3Jed [ens |/ 1dwoid 'sobesSaW SIS 9AIIBDNPT  JO SSaUNyasN 2yl ssasse 0] buial sidoad 06 104 SINS 9107 eybesN
AJUO 2dU3IBYpPE SWN [l (€
ddualaype
aw |eal + Japoddns |enos
01 1U3S SIAS SYIUOW 9 1se)
‘Buisop Jo y g uiyum [eubis
ou Ji Ajuo SINS pai2bbul (¢
BulIo}UOW dUIBYPE
obessowl 1xa1 e awn [eal + Y g [eubis ou epuebn
pey Japoddns 41 19uoddns [e1D0s 01 SNS Ul 1YY Buneniul sienplaipul
[e1>os pue ‘y gz ulyum [eubis ou Ji Buowe sduaIaype
|'/ 3}dwoid ‘'€ AJUO SUIUOW 9 1XaU 3Y3 10} anoldull 03 Buloyuow ‘s;ouoddns
1oddns |eppos uay} ‘sLpuow ¢ 1oy Apaam SOUISYpPER SWIL [BaJ pUB  [BID0S J1RY) pue
SI9PUILIRI SNG  ‘Z°Z dnolneyaq U1 ‘Yyiuowl | 1oj Ajlep  SINS UO paseq SUORUSAIIUL  3BWd) %59 ‘AIH Syuow 6 abessawl [og]
Ou DduUaiaype swl |esy U0 Xoegpao4 SIS = SINS P3Inpayds (| josadfysdinuiyo 1Dy yum idoad 79 ‘epuebn ‘DY SIS 910¢ JeioqeH
|opow abueyd 95N 9DURISNS pue |oyod|e
Buljjasunod [enpIAIpU| “A103Y) UonDe poouwl ‘buisop uoledpaw AIH Yum aidoad buowe 4O syunowe
asnge aoueisgns |7/ idwoid ‘¥’ [_IDOS pUE SdUBIBYPE JO 4Jo suodai oy syuedpiued 3SN SDURISYNS puUe SUSIA  AfSl Juelp pue
pue aJed [ed1bojoydAsd  $90USNDISUOD  [SPOW S||S INOIARYS] pue AQ s2bBSSOW UORUSAIDIUI 218D PassiW ‘@dualaype  sbnup 321jj1 pasn
‘Loddns duasaype [PUONOWS  UOIRAOW ‘UOIRWION| — 1U9BURUOD JUSS 1YV UO UONUSAIRIUI  9DUBIBYPE 956
1sipeulieyd quawabeuew  jo buuonuopy  Aloay] abueyd JnoieySg  UIS1SAS 9] "9SN aouUrISgNS 9bPSSOW 1X91 [PUOIIDAIIP  URY) SS9 "9|PWID) SEEI abessawl
yi1bus)
UONRUSAIIU|
"BIPaN
Awouoxe | uoddns '321A8Q
SIYDIN - 01 yull ‘ANARDdRISIUl ‘AlosY | ‘Aunod)  wisiueydaw
Joleiedwod)  pue weyeiqy abuey) |einoineysg UORUSAIDIU| Swiy syuedpiyed ‘'ubisap el ISENEg! [euy

(ponuiuoD) SeIPNIS PPNPUL JO s|ieleq L dlqeL



Page 6 of 15

(2019) 19:915

Shah et al. BMC Public Health

abessaw

KIan9 Jo K10H31D IDAI9D31
9y} 01 Pappe dam
10e1U0D 2uoyd SIayDIRas)
- yoddns 01 3ul

uonewlojul Jo buljiesunod Bujjjasunod
J2Yuny Joj pasau a1ed1pul EREIE o)) 2duUlype
pue SNS Jo 1diadal -uou Jo Syuow Ajyauow
JUNOD (D) JO JUDWISSISSe sbpajmousde 01 sisquinu IYYVH 01 dualaype  AIOISIY ‘SYIUOW  f ‘SISpUlLUR) pue
Alauenb 1 si0100p Aq 950U1 01 SNG U puds 1o SI9pUlUIR) 9brSSaW UOYS sjuaned buinoidwi Ul € 1oy JYyVYH uo abessawl obessawl
1USWHRINODUD [PUOISEDD0 '/ ,Ysey, ‘||ed> 01 pabeinodus AP29M 9DIM] pUB ‘UIW 09 SISPUIWSI 9DBSSIW 1Xa) pue  Uaaq aAISOd Al MOys ‘suoyd  1x31 399m
‘uonedNPa Yijeay sydwoud ‘¢ aJom syuedpied - G paIse| eyl Buljiesunod Bul||esunod adualsype Jo '3]eWdy) 9%/95 3|Igow e 92IM] [sy]
papn|aul- a1ed piepuels  woddns |e1oos [el1 - AJADRISIU|  SDUIBYPE A|YIuow - paxI 109449 9y 91elsuowsp o] ‘sjuedpdied 0L ‘eRBIN ‘1DY -PAXIN - £10T BYNPeN
aaxiw
'S
2ouanbasuod Buiop a1om syuedpined SyIUOW
|eanieN ‘z’e MOY UO Ul 323> pue  'UOISSaS
‘1€ poddns S|[eD Pa3eniul IO|[9SUNoD SAIV/AIH Yum Buiy ajdoad CJEEN Buljjosunod
[eI0S ‘€7 - poddns 01 jun ApPam-1g Ul 92U3J2Ype UO[RDIPAW  94GE "9dUalaype auoydael
‘7' buloyuow 9OUISYPR UONEDIPRaW  2I9M UDIYM ‘S|jed 1unod |id anoidwi 01 paubisap pawodal ‘suoyd UoISSas
“BUl|[9SUNOD JO 9DUBIYPR  PUR YDBGPIS 4O s|opow uonenbas  Jaye Bul|dsuUNod sdullaype UOIIUSAIDIUI SDUJaype -J195 %56 ueyl dligow  buyj|sunod
Uo 3oegpasy ou ‘suoyd ayy ‘'] buluueid  -j9s ‘lopow 1uswabeuew pue %2eqpas) Yim paJaAlRp-auoyd |92 Jalq SS9 YUmM Synpe ‘(e3uepy)  ||ed> suoyd [L¥] LLOT
19A0 PAYI3YD SIUNOD ||id pue sjeon 4195 [RINOIARYDE  UOISSIS DUI[9SUNOD UIW G B JO 10912 9yl dulllexa 0]  aAmsod AH O eouawy ']y Apjoam-ig uewydley
SYIUOW € 15e9) 1e
'/ 'S9IIUSD JusWIeal)  JO) aullbal Yy
sidwoud ‘¢ Ul SAIV/AIH yum siusied ul uo aAISOd AlH - S@am Q| ‘||ed
1oddns |epog suswibal |4y 01 dUalaype 'S9lPWIR) 04697 DI0A ‘duoyd  SISpuIUR)
v Bujuued Bujjjesunod aunnol pue  Buiroidudl 1o SUORUSAISIUL ‘syuedpied dlgow  ||ed> suoyd oy
Bul||asunod auinoy pue sjeon SIapulwal auoyd ApiRapn 4O AoBDIYD A3 SSs55E O 1npe 9/  ‘ueisiied ‘1DY APo9M | 10T ewzn
“UOISSIWISURIL PIYD ‘ul aJed SJURJUL SHIMQ ||ed
01 Joyow Jo uonuaAaid Ul uonulal pue sixejkydoid pasodxa AlH ~ 9210A ‘suoyd  ||e> auoyd
's|jed> auoyd UO pue Japulwal paseq dAN 1UBjUI 01 SdUIBYPE ul ‘saed ueyul 3|lgow 3JIgow 62
Ou ‘a1ed Yijeay piepueis |/ sxdwoud auoyd ajigow Ajpybiunio pauodal-f9s a1edwod o] -J_dy10W 0S| ‘eAuay ‘[DY  Apybiunoq 10z eARGRY
“SANNJYIP ‘syuaned CIEIET
pa1ej21 pue Jusuwsbeuew PaoUBLIRAXS-1USWIIRRIY 967G "PadUSLIRAXD
43 Jaguinu auoyd ajigow -J|9S ‘suonedIpaWl ssnasig pue SARU-1USWIRSI] JO 1USWIB3J} PUB  SYIUOWI € ’||eD
yoddns |e1pos e pue Jaguinu suoyd ‘lpuuosIad Yyesy /asinu - JOD PUB [YY 01 9dUaJaype  SARU JUsSwWieas)  3DI0A ‘auoyd
1uawWieall pue SAIV/AIH ‘L'z butoiuow |eudsoy e uaAlb aiam pasaisibal Ag syoamz  UO uopuaAIUl [|ed auoyd e y10q ‘syuaned digow  ||ed suoyd l6€]
UO [BUONEDNPS - 3JBD [BNS()  pue 3oegpas  sludned - yoddns 01 Ul AIaAd ||ed sauoyd JSpuiulay  JO S1D9449 9yl 21ebNsaAuUl O] 2AISOd AIH 961 UIYD ‘1DY  ApybiunioS €107 bueny
(%06 >)
9oUaJaype uonedpaw Jood
yi1bus)
UONRUSAIIU|
"BIPaN
Awouoxe | uoddns '321A8Q
SIYDIN - 01 yull ‘ANARDdRISIUl ‘AlosY | ‘Aunod)  wisiueydaw
Joleiedwod)  pue weyeiqy abuey) |einoineysg UORUSAIDIU| Swiy syuedpiyed ‘'ubisap el ISENEg! [euy

(ponuiuoD) SeIPNIS PPNPUL JO s|ieleq L dlqeL



Page 7 of 15

(2019) 19:915

Shah et al. BMC Public Health

"Aep yoea uonedIpaW
11341 uye) pey A3yl usym
pI0d31 P|NOd SJU3lled

‘|{Y 01 SdDUIdYpe DURYUD
01 uonoa10id-aunNwWW|

‘9Inpayds Buisop 1Yy Ajlep ‘uonda10Jd SuNWIWI Yl puUB [9A] UOBDIPaW INoge syuowl
syuedpiped ayy buikeidsip pUE |4V JO UOIIRIIU3OUOD UOIBULIOMUI SUWII-[ed YHM ¢ 'Aabew)
20|> uonedIpaw ewse|d pa1ewiss ualnd  Aiabew [ensia palejal Yijeay ElIEE ‘uoned|dde
Y-z e pasudwod ydiym |/ sadwoud s uedipied pajensn)|l pazijeuosiad bunelodiodul %/ ‘Syiuoul suoyduews
‘uoned|jdde suoyduews ‘g’z buuoyuow 1ey1 s3uauodwod paulrIuod uonedljdde suoyduews 9 1583 1 10} ‘puejea7 puibewl [ev)
JO UOISIDA pJEpURIS  pUB 3Deqpa UOISIOA payuawbny e Jo Adedia 2yl aululexs O] |4y UO Synpe 8¢ MIN ‘1DY Ajle@ #7107 eI249d
SNIDVYWI
(SUSIA SHIIM 77
€ JO WinWIUIW) SYISIA [eDIUID ‘s;oublaio) pue  ‘BuljleSUN0d
Buunp BuljjsUNOd 19ad eISAR[RI\ Ul |HY PaLIRIS3I/U0 9ouUIaype
pue syuswiulodde dlulp 1Yy uo swuaped sapisod AlH - Apeadje siuaned + Jopulwal
SIUBISISSe YDJeasal PaINPaYDS 404 (SINOY ydun|  HBuowe SUOdINO JusWIeall AlH/Aueubaid  |je> suoydsel
Bujulely omy Aq Buiinpayas voddns [euoiippe BulNp S 06) SIOPUILIRI pue aoualaype buiroidwi papn|PX3 pue Japuiwal
1uauwiulodde paseq Jaded 104 32€Q 1%} P|NOd |[e> duoydaje ‘dde o3 Ul buljasunod J1oad pue  9ewd) %7 | IHY  SING ‘elsAeely ||ed
pue Buj||asunod axualaype 1ng puodsal 01 Alolepuewl  Joud sAep € SINS Japulwal SIopujwal suoyd algow 01 Mau aAisod ‘| DY papulg  suoydalel [ov] /10T
2UNINOJ — 3Jed plepuels |/ 1dwoid 10U - yoddns o1 3jun UOBDIPAW APOaAN  JO SSDUDAIDDYS SY) 91en|en AIH YNPY ¢ 3|buls pue SNS  uewyelnpay
‘PaUIRIqO Sem asuodsal e SYEEI
[lUN Spew a1om sydulene 06 abessaw
SYluow 9 2J0W 3244y} UL} ||ed ay3 14y pauels siusned |euoiid abessawl
KISAS S1UBWISSAsSe pue dn 0} 95U0dsal OU Sem Iy} pa109jul A|H Buowe aunjiey pue ||ed 3D10A leuopid
MOJ|04 ‘BUljaseq 1e bunssy 4| -Buisop sAep snojaaid ‘sauoyd 3jiqoul |e216OJ0IIA 95B2109P SNy} pajeulolne WEEI
Q| puUe [edlul|> aulNOo. '€ Inoge puodsal 01 Jusned  spusned syl 01 Apieam 1uUss pue Adeiay) 01 sduUaIsype ‘suoyd  + sbesssw
‘14V Jo uoneniur ayy 01 - uoddns epog paJinbal - AAndeIaIU| sbessawl |eloild e pue 9A0JdWI PINOM SISpUILIR) USWIOM 94€°Eh 3|lgow 92/0A
Joud suoissas buljPsunod ‘'z buloyuow InojABYSq pauue|d  J9PUIWISI DIOA pajewolne  auoyd 3]Igow PasILIOISND  ‘SHNPE AU | HY ‘elpul ‘1Y IEEI IS4
€ PapN|DUl 31ed plepurlS  pue ydegpas4  JO AI03yl dARIUDOD [BDOS 9AI1DBIDIU ‘PASILIOISND J9YIdYM SS955B O] ‘PR1djul AH L€9  dnoib |9jjeied  pareuloIny 102 1_YS
yoddns paseq
auoyd Jo Wayl papuiual
SIS - woddns 01 3ul
‘puodsal "PeO| WNY L-AIH
“A>ewieyd Jo djulp Ayl Ul 01 pajle} OYM 3SOY3 JO ewse(d jo uojssaiddns pue
sbnip ay3 Jo uonesuadsip 30eq Wayl pajjed uepiuld ‘sJuaied pue siIom  dduUlsype Brup parociduwil
bulnp pspirnoid 9y} wajgoid e pey 2Jed Yiesay usamiaq eAUSY Ul 1Yy Buneniul syuow 7|
9IS Yoea 1e Huljjdsunod 1ey3 asoy] ‘wsjgo.d e pey uoneduNwWWod suoyd syualied pue siayiom ‘SIS ‘suoyd  paiinbai ji
JaUQ [RUOIIPPY “IGOJIEN A3U3 J1 JO [|om Bulop alom 9)Igow PaIn1dNS Y 8 2JeD-U1|Pay U99M1SQ "3]eWad) %969 3Igow  Buyj|Psunod
ur om1 pue opifey| ul '€ AUl Jl y gy Jaye puodsal  ulyum asuodsal e palinbai UO[EDIUNWIWIOD auoyd  Synpe aAl_U Yy ‘eAUSy 1Dy  + abessawl [
SUOISSaS Bul||PsUNod aUuQ  woddns [eIDOS 01 PAIdNIISUl - AUAIDRIDIU|  1eyl s9BRSSaU SIS A9 J[IQOW JSYIDYM SSSSY ‘Padadjul AlH 865 dnoub |9]jeted 11 Apoapn 0107 121597
yi1bus)
UONRUSAIIU|
"BIPSN
Awouoxe | uoddns '321A8Q
SIYDIN - 01 yull ‘ANADdRISIUL ‘AIosY | ‘Aunod)  wisiueydaw
Joleiedwod)  pue weyeiqy abuey) |einoineysg UONRUSAIRIU| Swiy syuedpiyed ‘'ubisap |eu ISENEe! [euy

(ponuiuoD) SeIPNIS PPNPUL JO s|ieleq L dlqeL



Shah et al. BMC Public Health (2019) 19:915

secondary outcome, self-reported adherence, in 14 trials.
A complete list is found in Additional file 4.

Trial quality

A risk of bias summary for each trial is presented in
Table 2 with comments in Additional file 5 [48]. No tri-
als had a low risk of bias for all criteria assessed. A fun-
nel plot to show publication bias can be found in
Additional file 6.

Interventions delivered by text message

Nine trials evaluated interventions delivered by text mes-
sage [28, 30—37] which reported a total of 26 outcomes.
An improvement in adherence was measured in seven of
the 19 objective primary outcomes and two of the seven
subjective secondary outcomes. The pooled measures of
text message interventions to improve adherence mea-
sured as MEMs was RR 1.25 (CI 0.97 to 1.61) P = 0.08, ob-
served heterogeneity I? is 74% [31, 32, 34, 37] and SMD
0.42 (CI 0.03 TO 0.81) P = 0.04, I* 28% [35, 36].

There was substantial variation in all the text message
interventions. The frequency of text messaging was
observed in Pop-eleches trial [32] which compared weekly
and daily messages with the length of the message (long
/short). Of these arms, only weekly text messages showed
a significant result, which was not consistent in the Mbug-
baw trial [33] where weekly text messages were also

Table 2 Summary risk of bias for each trial

Page 8 of 15

delivered. Three trials looked at daily text messages [30,
32, 35] of which two improved adherences [30, 35]. Some
text message interventions were coordinated to their ART
regime (scheduled) [30, 31] and others used real time
monitoring which only sent a text reminder if the partici-
pant failed to open the medication device (triggered) [34,
36, 37]. Haberer [36] specifically looked at this function
and split participants into scheduled and triggered. In this
trial scheduled showed an effect, which was also supported
by Hardy [30]. Triggered interventions showed an effect in
two trials [34, 37]. Some trials only included participants
with poor baseline adherence [30, 34, 35] and all of these
trials reported that the intervention improved adherence.
For biological measures, neither Orrell [37] or Haberer
[36] reported a statistically significant HIV RNA suppres-
sion, however the Orrell trial [37] did report a statistically
significant odds ratio for virological failure which has been
asterisked in Table 3.

Interactivity was identified in 2 trials [30, 35] and both
reported statistically significant improvements in adher-
ence. Three or more BCTs were identified in 3 trials [34—
36], all of which reported an improvement in adherence.
Mbuagbaw [33] and Ingersoll [35] stated a behaviour
change model that underpinned the intervention. Link to
support was reported in one trial [33] which had a statisti-
cally significant effect when the adherence threshold was
reduced from 95 to 90% for Visual Analogue Scale (VAS).

Trial Randomisation  Allocation Blinding — primary  Blinding — secondary Incomplete Selective ~ Contamination ~Other —
concealment  outcomes outcomes outcome outcome general

reporting bias
Abdulrahman 2017 Low Low Low High Low Low Unclear Unclear

Belzer 2014 Low Unclear Low High High Low Unclear High
Da Costa 2012 Low Unclear Low High High Low Unclear Unclear
Haberer 2016 Low Unclear Low Low Low Low Unclear Unclear
Hardy 2011 Low Unclear Low Low High Low Unclear Unclear
Huang 2013 Low Low Low High High Unclear Unclear Unclear

Ingersoll 2015 Low Low Low Low Low Low Unclear Low
Kalichman 2011 Low Unclear Low Unclear Low Low Unclear Unclear
Kebaya 2014 Unclear Unclear Unclear Unclear Unclear Unclear  Unclear Unclear
Lester 2010 Low Low Low High High Low High Unclear
Maduka 2013 Low Low Low High Low Low Low Unclear
Mbuagbaw 2012 Low Low Low High High Low Unclear Unclear
Nsagha 2016 Low Unclear Unclear High Unclear Low Unclear Unclear
Orrell 2015 Low Low Low Low Low High Unclear Unclear
Perera 2014 Unclear Unclear Low High Low Unclear Unclear Unclear
Pop-Eleches 2011 Low Unclear Low Low Low Unclear Unclear Unclear
Sabin 2015 Low Low Low Low Low Low Unclear Unclear
Shet 2014 Low Low Low Low Low Low Low Unclear
Uzma 2011 Low Unclear Low High High High Unclear Unclear
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Table 3 summary tables of primary and secondary outcomes of interventions delivered by text message

Frequency of Interventions Trial outcome RR SMD LCl uc P value

delivered by text message.

Primary outcome
All text Pop-eleches Medication Events Monitoring 1.17 092 148 0.20
Weekly text Pop-eleches Medication Events Monitoring 1.32 1.02 1.70 0.03
Short text Pop-eleches Medication Events Monitoring 1.16 0.89 1.52 0.27
Long text Pop-eleches Medication Events Monitoring 1.17 0.90 1.53 0.24
Daily text Pop-eleches Medication Events Monitoring 1.01 0.76 1.35 092
Weekly text Mbuagbaw Pharmacy refill data 0.1 -023 043 0.62
Scheduled/5x week Da Costa Pill count 1.35 061 3.00 046
Scheduled/5x week Da Costa Mediation Events Monitoring 1.39 0.73 265 0.31
Daily text Hardy Medication Events Monitoring System 334 14.1 52.6 0.00
Scheduled/ Daily Hardy Pill count 13.7 —6.7 34.1 0.15
Scheduled/ Daily Hardy Composite adherence score 271 7.6 46.6 0.01
Triggered Sabin Medication events Monitoring 1.69 1.28 2.20 0.00
Scheduled Haberer Medication Events Monitoring 12.00 1.83 2217 0.03
Triggered Haberer Medication Events Monitoring 0.00 -12.28 12.28 1.00

Haberer HIV RNA Suppression 0.14

Daily Ingersoll Pharmacy refill data 12.20 1.11 23.29 0.04
Triggered Orrell Medication Events Monitoring 1.02 0.90 1.15 0.73
Triggered Orrell Suppressed HIV RNA <40 copies 1.05 093 1.18 046
Triggered Orrell Virological failure *OR 2.03 1.1 3.9 0.034

Secondary outcome
Weekly text Mbuagbaw Self-reported adherence 1.01 0.87 1.16 0.94
Weekly text Mbuagbaw Visual Analogue Scale > 95% 1.07 0.89 1.29 048
Weekly text Mbuagbaw Visual Analogue Scale > 90% 1.14 1.01 1.30 0.03
5 times a week Da Costa Self-reported adherence 1.06 083 1.35 0.65
Daily text message Hardy Self-reported adherence 202 -18 421 0.07
4 times a week Nsagha Self-reported adherence 1.53 1.02 2.29 0.04
Triggered Orrell Self report/ tablet return 1.00 1.00

Clinically significant results (P < 0.05) have been highlighted in bold
* refers to odds ratio

Figures 1 and 2 Forest plot of primary outcome adher-
ence (measured as MEMs) in interventions delivered by
text message. Relative risk and SMD.

Interventions delivered by mobile phone call

Five trials evaluated interventions delivered by mobile
phone call which reported a total of 12 outcomes [29, 38—
41]. An improvement in adherence was measured in one of
the 6 objective primary outcomes and in three of the 6 sec-
ondary subjective outcomes reported. One trial [38] showed
a reduction in HIV viral load. The Huang [39] trial split the
group into treatment naive and treatment experienced.
Two trials looked at participants that were not adherent
[38, 41], only Belzer [38] improved adherence. No trials
were similar enough to pool (Table 4).

Link to support was identified in 3 trials [38, 39, 41] and
three or more BCTs were found in 3 trials [38, 40, 41]. Of
these only Belzer [38] showed an improvement in adher-
ence. Only Kalichman [41] explicitly stated a behaviour
change model that underpinned the intervention. Mobile
phone calls by nature were interactive.

Interventions delivered by mobile phone imagery

One trial [42] reported four objective outcome results of
interventions delivered by mobile phone imagery. One
outcome showed a statistically significant improvement
in HIV viral load (Table 5).

Interventions delivered by mixed intervention
Four trials evaluated interventions delivered by mixed
mechanism [43-46] and reported a total of 10 outcomes.
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\

Intervention Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Da Costa 2012 6 8 7 13 10.8% 1.39 [0.73, 2.65]
Orrell 2015 95 115 93 115 34.7% 1.02 (0.90, 1.15]
Pop-Eleches 2011 136 289 56 139 28.3% 1.17 [0.92, 1.48]
Sabin 2015 55 63 29 56 26.3% 1.69 [1.29, 2.21) -
Total (95% CI) 475 323 100.0% 1.25 [0.97, 1.61]
Total events 292 185
Heterogeneity: Tau? = 0.04; Chi® = 11.55, df = 3 (P = 0.009); I’ = 74% I t t t i
Test for overall effect: Z = 1.76 (P = 0.08) il 0:1 controllinlerventiolr? 1
Fig. 1 Adherence to HIV medication measured as MEM with interventions delivered by text message RR

There were six primary outcomes and four secondary out-
comes. All of the outcomes except for the Shet trial [43]
reported improvements in adherence. The Adbulrahman
trial [46] reported a difference in mean adherence in the
intervention group as statistically significant (p =0.035).
They also reported significant biological differences be-
tween the control and intervention group - a significantly
higher rise in CD4 count (p =0.017) in the intervention
group and higher viral load in the control group (p =
0.001). In both Abdulrahman [46] and Maduka’s trial [45]
we were unable to calculate RR or MD based on the data
provided. Maduka’s report a statistically significant (95%
CI P =0.007) improvement in median CD4 count [45].
The Lester trial [44] which also involved text messaging
and telephone follow up (for those requesting it or not
responding) showed a statistically significant improvement
in adherence (Table 6).

Interactivity was identified in three trials [43-45] of
which two showed an effect. Link to support was identi-
fied in two trials [44, 45] all showed statistically signifi-
cant improvements in adherence. Maduka [45] reported
improvements in adherence in both objective and sub-
jective measures (CD4 improvement and SRA). None of
the mixed interventions used behaviour change models
or reported having more than three or more BCTs as
part of their interventions.

Discussion

We identified 19 trials that investigated the effect of dif-
ferent mobile phone mechanisms on adherence to HIV
medication. This review used a systematic approach, a
replicable search strategy and standard systematic review

methods [48] and is the first to include interventions de-
livered by mobile phone call. Previous reviews of mobile
phone interventions designed to increase ART adherence
have grouped all “mobile phone interventions that used
any text messages” together without differentiating be-
tween interventions delivered via text message and mo-
bile phone call, and BCTs used in the interventions were
not described.

We present pooled analyses of objective outcomes and
our review is the first to differentiate between objective
and subjective adherence measures. Self-reported adher-
ence outcomes may differentially overestimate benefits
in the intervention group [49] due to lack of participant
blinding, recall bias and the desire to please the provider
[7]. We only pooled objective measures of the same out-
come as such analyses allow the clinical benefits
achieved for patients to be more clearly interpreted.

We found no effect when interventions delivered by
text message were pooled in the RR, however, there was
a moderate effect in SMD. There was substantial hetero-
geneity across the trials and individual trials reported
objective improvements in adherence. It was unclear if
the delivery mechanism (daily, weekly, scheduled or trig-
gered mechanism in text messages) had an effect since,
individually, the results were of mixed statistical signifi-
cance. Text message interventions described as ‘inter-
active’ and using more than three BCTs all showed
improvements in adherence. None of the trials had a
low risk of bias.

Previous reviews have found that text messaging is ef-
fective in increasing adherence to ART [19, 22, 23],
Finitsis et al. [21], reported a pooled OR of 1.48 (1.09 to

Intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Haberer 2016 - scheduled SMS 91 9 21 79 22 21  29.5% 0.70 [0.08, 1.33)
Haberer 2016 - triggered SMS 79 18 20 79 22 21  30.4% 0.00 [-0.61, 0.61)
Ingersoll 2015 19.8 22.97 33 7.6 21.9 30 40.0% 0.54 [0.03, 1.04)
Total (95% CI) 74 72 100.0% 0.42 [0.03, 0.81]
Heterogeneity: Tau®’ = 0.03; Chi’ = 2.78, df = 2 (P = 0.25); I’ = 28% I + t t i
-100 -50 0 50 100
Test for overall effect: Z = 2.10 (P = 0.04) favours control favours intervention
Fig. 2 Adherence to HIV medication measured as MEM with interventions delivered by text message SMD
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Table 4 Summary of primary and secondary outcome of mobile phone interventions delivered by phone call
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Frequency of Interventions delivered  Trial Outcome RR SMD Lcl udl P value

by phone call

Primary outcome
Weekly phone call Uzma HIV viral load 1.04 0.84 1.28 0.74
Weekly phone call Uzma Pill identification test 1.17 0.88 1.57 0.28
Daily phone-call Belzer HIV viral load difference -1.00 -1.89 -0.11  0.03
Bi-weekly phone counseling Kalichman Pill count 6.30 -2.68 15.28 0.16
Fortnightly phone call Huang naive CD4 count 10.00 —40.90 60.90 0.70
Fortnightly phone call Huang experienced ~ CD4 count -3200 —-103.19  39.19 0.39

Secondary outcome
Fortnightly phone call Kebaya Adherence 6 weeks (questionnaire)  1.26 1.07 1.47 0.00
Weekly phone call Uzma Self reported adherence 1.1 0.90 1.37 033
Daily phone call Belzer Self-reported adherence 3 months 4.86 1.22 19.28 0.03
Daily phone-call Belzer Self-reported adherence 47.74 19.52 75.96 0.00
Fortnightly phone call Huang naive Self-reported adherence 3.20 -2.14 8.54 022
Fortnightly phone call Huang experienced  Self-reported adherence 0.10 —-0.58 0.78 0.78

Clinically significant results (P < 0.05) have been highlighted in bold

2.01) on any HIV outcome, however, objective and sub-
jective outcomes were pooled across all types of inter-
vention provided they included some text messaging.
Although pooling in this way affords greater statistical
power, use of subjective outcomes in trials where partici-
pants cannot be blinded may have resulted in
over-estimated effects and it is difficult to identify which
intervention components were effective. A similar meth-
odology was used in Thakkar et al. [23] which concluded
that mobile phone text message approximately doubles
medication adherence in chronic disease. This review in-
cluded trials [44, 45] combining text message with coun-
selling, which may have inflated results [23]. Mayer et al.
[22] also reported a larger SMD than the SMD we calcu-
late in our review (SMD 0.87 vs. SMD 0.42), however,
the authors included trials with a pre-post study design,
converted all outcomes to SMD, and pooled all trials
that included any text message.

We find the effect of text message-delivered daily
prompts to take medicines to be inconclusive. This is
consistent with the findings of other trials of text
message-delivered daily prompts designed to increase
adherence to oral contraception, TB medication, malaria
prophylaxis or antibiotics, pooled RR 1.0 (CI 0.77-1.3)

[31, 33, 50]. Intervention fatigue may explain the inef-
fectiveness of daily medication prompts.

All text message interventions with interactivity in-
cluded in this review improved adherence, however we
were unable to pool results (differing outcome measures
and Hardy et al. [30] used an intervention as the con-
trol). This finding supports the conclusions of the Wald
et al. [24] systematic review which explored the effects
of two-way communication and interactivity in mobile
phone-delivered interventions targeting adherence to
any medication and concluded that interventions involv-
ing two-way text messaging improved medication adher-
ence [24]. Mbuagbaw et al. also showed that interactivity
improved adherence to ART [51] and Finnitis reports
that interventions which include interactivity are more
effective [21].

In our review, we distinguish between interactivity and
a specific link to support from a person. These charac-
teristics were heterogeneous, which is unsurprising given
the nature of interactivity varied e.g. texting back to con-
firm you have taken medicine rather than texting back if
you would like to speak to a health care provider, and
the nature of the link to support could require passive
or active involvement (a phone call from a health care

Table 5 Summary of primary outcome of mobile phone interventions delivered by images

Intervention Trial Primary outcome - continuous data RR SMD LCl udl P value
Daily imagery Perera Medication adherence 1.84 —-040 4.08 0.06
Daily imagery Perera Prescribed doses taken 1.56 -1.99 512 032
Daily imagery Perera Pharmacy dispensing 6.80

Daily imagery Perera HIV viral load log 10 -0.40 -0.78 -0.02 0.02

Clinically significant results (P < 0.05) have been highlighted in bold
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Table 6 Summary of primary and secondary outcome of mobile phone interventions delivered by mixed method

MIXED Trial Outcome RR SMD LCI ud P value
Primary
Twice a week text message + monthly adherence counselling Maduka CD4 count change
Weekly voice message and pictoral Shet Virological failure 1.00 070 144 099
Weekly voice message and pictoral Shet Suboptimal adherence to 1.24 093 165 014
ART (pill count)
Weekly text + counselling Lester Viral suppression 1.18 1.01 140 0.04
SMS and telephone call reminder Abdulrahman  Viral load
SMS and telephone call reminder Abdulrahman CD4
Secondary
Twice a week text message + monthly adherence counselling Maduka Self-reported adherence 1.38 1.04 1.83 0.03
Weekly text + counselling Lester [TT self-reported 1.24 1.06 1.44 0.01
adherence > 95%
SMS and telephone call reminder Abdulrahman  Self-reported adherence - good 1.81 149 220 0.00
SMS and telephone call reminder Abdulrahman  Average adherence 8.21 6.42 10.00 0.00

Clinically significant results (P < 0.05) have been highlighted in bold

provider because you requested one or because you
didn’t respond or a telephone number to call if further
advice was needed). Trials of interventions that involve
sending a text message and providing phone follow up
from a health care provider report increased uptake of
long acting contraception and increase adherence to pre-
ventative medication for cardiovascular disease, as well
as increase adherence to antiretroviral medication and
reduce viral load [52, 53].

Among the five trials of interventions delivered by mo-
bile phone call included in this review, only one reported
a statistically significant reduction in viral load post
intervention [32]. One trial using mobile phone imagery
reported a reduction in HIV viral load. It is likely that
the effect of interventions delivered by mobile phone
call would be similar to the effect of adherence inter-
ventions delivered by landline - SMD in pooled be-
havioural outcomes 0.49 (-1.12 to 2.11) 1240%, [54].
The content of calls in both our review and the
Cochrane review of phone calls was generally poorly
described and is likely to be variable, resulting in dif-
ferent effects across trials [54]. In the one trial in our
review which reported beneficial effects, the interven-
tion was well described and involved confirming if
medications were taken, providing problem-solving
support, and referral to services to address adherence
barriers if needed [38].

Of the mixed trials in our review, one trial delivered by
mobile automated phone voice messaging showed no bene-
fit, however, the other three mixed trials reported benefit,
either in increasing CD4 count or reducing viral load [44—
46]. All of the mixed interventions which included a link to
support improved adherence, however, the time and costs
involved requires clarification.

A wide range of other factors influence adherence to
ART but have not been targeted in interventions to date.
These factors include information about how medicines
work, why they are important and how to take them,
how to develop regular medicine taking habits, reassur-
ance regarding common minor side effects and informa-
tion about side effects for which help should be sought.
The interventions in this review contained few BCTs
(median 2 and maximum 6). In other areas such as
smoking cessation effective behaviour change interven-
tions delivered by text message included 19 BCTs [55].

Our review has some important limitations. With no
existing gold standard objective measures of adherence
[56, 57], trials included in this review used 15 different ad-
herence measures limiting our ability to conduct pooled
analyses of the same outcomes. There were also too few
trials to conduct a meta-regression exploring all the fac-
tors which could influence heterogeneity of outcomes in-
cluding: allocation concealment, blinding of outcome
assessors, types of participant (treatment experienced/
naive), factors influencing adherence targeted, BCT
employed, mode of delivery, and duration of follow up.

Adherence measures may be at risk of the ‘Hawthorne
effect, where participants alter their behaviour due to
awareness of being observed, especially if there is con-
siderable contact in mid-trial follow-up points [58].
Self-reported measures and measures that can be manip-
ulated in the short term such as pill count will be more
susceptible to this effect.

It is also important to consider that in RCT’s the con-
trol group may have higher adherence levels by virtue of
trial participation and increased surveillance, which may
reduce the ability to detect true differences in the trial
and thus wunderestimate intervention effects. In
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pragmatic trials there may be a trade-off between main-
taining internal validity by achieving high follow up and
achieving generalisability for “real world” purposes.

We coded the BCTs using an established taxonomy [25],
however, coding was dependant on the authors’ descrip-
tion of the intervention, which often lacked detail. More
comprehensive descriptions were requested but responses
were limited, especially for transcripts of mobile phone call
interventions. It is likely that content of mobile phone calls
differed between trials which may influence the outcome
of mobile phone counselling interventions.

Many of the trials had small sample sizes and were
therefore underpowered to detect changes in the out-
comes collected. As mentioned before, we did not pool
analyses across different outcomes also resulting in re-
duced statistical power. The median follow-up time across
trials was 4 months which is insufficient to determine the
long-term impact of the intervention - some studies sug-
gest that adherence slowly decreases with time due to pill
fatigue [59].

WHOs current advice is there is high quality evidence for
weekly text messages and they are effective to enhance ad-
herence [60] . The evidence is more nuanced than this advice
suggests, and new recommendations based on the updated
evidence can now be made which recommend only specific
interventions that have been shown to be effective.

Cost-analyses of existing effective interventions is
needed prior to considering widespread implementation.
Further clarification regarding the aims or content of
phone calls would be helpful for services considering im-
plementation. Future trials should include an exploration
of the mechanism of action of interventions. The evidence
base would be enhanced if a gold standard measure of
ART adherence were agreed internationally. Interventions
targeting a wider range of factors influencing adherence
might have greater effects than existing interventions and
should be evaluated by randomised controlled trial.

Conclusions

Our review demonstrates text message improves adherence
when measured as SMD but not RR. Interventions deliv-
ered by text message combined with health care provider
mobile phone call have benefits on clinically important out-
comes and text message interventions that include a link to
a health care professional, interactivity and three or more
BCTs all showed improvements in objective adherence
measures. The evidence supports consideration of specific
interventions shown to be effective for implementation, ra-
ther than mobile phone-based interventions in general. In-
terventions targeting a wider range of barriers to adherence
and exploring other mechanisms may be more effective
than existing interventions and may reduce the amount of
health care provider input needed. Such interventions
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should be evaluated in a randomised controlled trial with
long-term objective and clinically important outcomes
alongside associated cost-effective analysis.
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