
RESEARCH ARTICLE

The effectiveness of smoking cessation,

physical activity/diet and alcohol reduction

interventions delivered by mobile phones for

the prevention of non-communicable

diseases: A systematic review of randomised

controlled trials

Melissa Palmer1‡*, Jennifer Sutherland1‡, Sharmani Barnard2, Aileen Wynne1,

Emma Rezel2, Andrew Doel3, Lily Grigsby-Duffy1, Suzanne Edwards4, Sophie Russell5,

Ellie Hotopf6, Pablo Perel7, Caroline Free1

1 Department of Population Health, London School of Hygiene and Tropical Medicine, London, United

Kingdom, 2 King’s Centre for Global Health and Health Partnerships, King’s College London, London, United

Kingdom, 3 Division of Women’s Health, King’s College London, London, United Kingdom, 4 City and

Islington College, London, United Kingdom, 5 Notre Dame Catholic Sixth Form College, Leeds, United

Kingdom, 6 The Charter School, London, United Kingdom, 7 Department of Non-communicable Disease

Epidemiology, London School of Hygiene and Tropical Medicine, London, United Kingdom

‡ These authors are joint first authors on this work.

* melissa.palmer@lshtm.ac.uk

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],

I2 = 0%) and on verified 7 day point prevalence of smoking cessation was pooled RR 1.51

[95% CI 1.06–2.15], I2 = 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%

CI 0.49, 0.90], I2 = 0.0%; end-point weight was pooled MD -0.99Kg [95% CI -3.63, 1.64] I2 =

29.4%; % change in weight was pooled MD -3.1 [95%CI -4.86- -1.3] I2 0.3%; and on triglyc-

eride levels was pooled MD -0.19 mmol/L [95% CI -0.29, -0.08], I2 = 0.0%. The results of

other pooled analyses of the effect of SMS-based diet and PA interventions were heteroge-

nous (I2 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.

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

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801 January 5, 2018 2 / 71

Felix L, et al. (2013) The Effectiveness of Mobile-

Health Technology-Based Health Behaviour Change

or Disease Management Interventions for Health

Care Consumers: A Systematic Review. PLOS

Medicine 10(1): e1001362. https://doi.org/10.

1371/journal.pmed.1001362. The first update

including studies published between September

2010 and August 2014, was supported by funding

from the World Health Organization. The second

update, including studies published between

August 2014 and January 2016, received no

specific funding. The funders had no role in study

design, data collection and analysis, decision to

publish, or preparation of the manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0189801
https://doi.org/10.1371/journal.pmed.1001362
https://doi.org/10.1371/journal.pmed.1001362


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 χ2 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

Fig 1. PRISMA flow diagram.

https://doi.org/10.1371/journal.pone.0189801.g001
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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 BCTs (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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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].

Fig 2. Risk of bias summary–smoking cessation trials.

https://doi.org/10.1371/journal.pone.0189801.g002

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

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801 January 5, 2018 37 / 71

https://doi.org/10.1371/journal.pone.0189801.g002
https://doi.org/10.1371/journal.pone.0189801


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

Fig 3. Risk of bias summary–physical activity.

https://doi.org/10.1371/journal.pone.0189801.g003

Fig 4. Risk of bias summary–diet.

https://doi.org/10.1371/journal.pone.0189801.g004

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

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801 January 5, 2018 38 / 71

https://doi.org/10.1371/journal.pone.0189801.g003
https://doi.org/10.1371/journal.pone.0189801.g004
https://doi.org/10.1371/journal.pone.0189801


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 (I2 = 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

Fig 6. Risk of bias summary–physical activity/diet/smoking.

https://doi.org/10.1371/journal.pone.0189801.g006

Fig 5. Risk of bias summary–physical activity and diet.

https://doi.org/10.1371/journal.pone.0189801.g005
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smoking interventions increased adverse events (car accident in which respondent was the

driver pooled RR 1.01 [95% CI 0.71, 1.42], I2 = 0.0%; thumb strain pooled RR 1.02 [95% CI

0.83, 1.25], I2 = 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

(I2 = 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].

Fig 7. Risk of bias summary–alcohol reduction trials.

https://doi.org/10.1371/journal.pone.0189801.g007
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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

Fig 8. Smoking cessation trials using SMS function–continuous abstinence (biochemically verified).

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

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

PLOS ONE | https://doi.org/10.1371/journal.pone.0189801 January 5, 2018 41 / 71

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


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

Fig 9. Smoking cessation trials using SMS function– 7 day point prevalence abstinence (biochemically verified).

https://doi.org/10.1371/journal.pone.0189801.g009
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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 (I2 =

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 (I2 = 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 I2 = 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, I2 = 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, I2 = 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]

Table 8. Effect estimates for primary outcomes (smoking cessation trials).

Clinical

Area

Trial Intervention Outcome RR/

MD

LCI UCI

Smoking Abroms 2014

[21]

SMS versus quitting guidebook Repeated point prevalence abstinence (biochemically verified at 6

months)

2.22 1.16 4.26

Abroms 2014 SMS versus quitting guidebook 1 week abstinence (biochemically verified) - 6 months 1.4 0.89 2.2

Chan 2015

[24]

SMS versus self-help booklet Biochemically validated quit rate 12 months 0.58 0.27 1.25

Chow 2015

[82]

SMS versus usual care Current non-smoker at 6 months (self-reported, confirmed with

breathalyser)

1.30 1.16 1.45

Free 2011

[25]

5 SMS/day post quit date versus

fortnightly generic SMS

Continuous abstinence (biochemically verified) 6 months 2.20 1.80 2.68

Free 2009

[26]

5 SMS/day post quit date versus

fortnightly generic SMS

Point prevalence smoking cessation (no smoking in last wk, self-reported

and biochemically confirmed)– 6 months

1.28 0.46 3.56

Pollak 2013

[31]

SMS versus SMS using supported

gradual reduction

7 day point prevalence abstinence– 6 wk 1.88 0.19 18.60

Rodgers 2005

[32]

5 SMS/day versus 1 SMS/fortnight 7 day point prevalence smoking cessation—6 wk 2.84 1.12 7.16

Vidrine 2006

[35]

Counseling sessions on mobile phone

versus usual care

7 day point prevalence abstinence—3 months 2.74 0.78 9.55

Vidrine 2006 Counseling sessions on mobile phone

versus usual care

24-h point prevalence abstinence at 3 months follow-up–biochemical) 3.59 1.30 9.94

Ybarra 2012

[20]

SMS versus no SMS 7 day point prevalence abstinence– 4 wk 1.27 0.50 3.23

Ybarra 2012 SMS versus no SMS Continuous abstinence (biochemically verified)– 3 months 1.97 0.62 6.28

https://doi.org/10.1371/journal.pone.0189801.t008
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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], I2 = 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], I2 = 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

Fig 10. Physical activity interventions using SMS function–change in daily step count.

https://doi.org/10.1371/journal.pone.0189801.g010
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and 24 months (pooled MD -1.26 [95% CI -3.01, 0.48] p-value = 0.156, I2 = 67.7%) (Fig 22). A

trial of a mobile phone activity monitor intervention reported no statistically significant

Table 10. Effect estimates for primary outcomes (diet trials).

Clinical

Area

Trial Intervention Outcome RR/MD LCI UCI

Diet Morikawa 2011

[52]

Smartphone Na excretion monitoring versus usual care Systolic blood pressure (mmHg)– 4

wks

-2.80 -10.36 4.76

Morikawa 2011 Smartphone Na excretion monitoring versus usual care Diastolic blood pressure (mmHg)– 4

wks

-4.00 -9.35 1.35

Morikawa 2011 Smartphone Na excretion monitoring versus usual care BMI (kg/m2)– 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 (lb) at 8 wks 3.00 -0.37 6.37

Wharton 2014 Diet tracking app versus tracking with pencil/paper Change in weight (lb) at 8 wks 0.90 -2.16 3.96

Wharton 2014 Tracking on memo phone function versus tracking with pencil/

paper

Change in weight (lb) at 8 wks -2.10 -5.71 1.51

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

Fig 11. Physical activity and diet interventions using SMS function–BMI.

https://doi.org/10.1371/journal.pone.0189801.g011
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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

et al., 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).

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

https://doi.org/10.1371/journal.pone.0189801.g012
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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, HbA1c,

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, HbA1c, 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

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

https://doi.org/10.1371/journal.pone.0189801.g013
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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

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

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

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

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

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

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

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

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

Fig 18. Physical activity and diet interventions using SMS function–high density lipoprotein cholesterol (mmol/L).

https://doi.org/10.1371/journal.pone.0189801.g018
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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. Our 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

Fig 19. Physical activity and diet interventions using SMS function–systolic blood pressure (mmHg).

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

Fig 20. Physical activity and diet interventions using SMS function–diastolic blood pressure (mmHg).

https://doi.org/10.1371/journal.pone.0189801.g020
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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

Fig 21. Physical activity and diet interventions using SMS function–cumulative incidence of diabetes.

https://doi.org/10.1371/journal.pone.0189801.g021
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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

Fig 22. Physical activity and diet interventions using application function–change in weight (kg).

https://doi.org/10.1371/journal.pone.0189801.g022
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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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