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Abstract

Background

Excessive exposure to ultraviolet radiation increases the risk of skin cancer and other condi-

tions. SMS text reminders may be a useful tool to improve sun protection habits due to its

massive reach, low cost, and accessibility.

Objective

To perform a systematic review of randomized controlled trials (RCTs) that evaluated the

effects of SMS text reminders in promoting sun protection habits.

Methods

We performed a systematic search in PubMed, Central Cochrane Library, and Scopus; fol-

lowing the PRISMA recommendations to perform systematic reviews. We included RCTs

published up to December 2018, which evaluated the benefits and harms of SMS text

reminders to improve sun protection habits. Random-effects meta-analyses were performed

whenever possible. The certainty of the evidence was assessed for RCTs estimates using

the Grading of Recommendations Assessment, Development, and Evaluation (GRADE)

methodology. The study protocol was registered in PROSPERO (CRD42018091661).

Results

Five RCTs were included in this review. When pooled, the studies found no effect of SMS

text reminders in “sunburn anytime during follow-up” (two studies, risk ratio: 0.93; 95% confi-

dence interval: 0.83–1.05). Contradictory results were obtained for sunscreen use (three

RCTs) and sun protection habits (two RCTs), however, they could not be meta-analyzed

because outcomes were measured differently across studies. The certainty of the evidence

was very low for these three outcomes according to GRADE methodology.
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Conclusions

RCTs that assessed effects of SMS text reminders did not find a significant benefit on objec-

tive outcomes, such as having a sunburn, sunscreen use and composite score of sun pro-

tection habits. Since certainty of the evidence was very low, future high-quality studies are

needed to reach a conclusion regarding the balance of desirable and undesirable

outcomes.

Protocol registration number

PROSPERO (CRD42018091661).

Introduction

Excessive exposure to ultraviolet (UV) radiation increases the risk for developing severe dis-

eases, such as skin cancer (especially melanoma and basal cell carcinoma) [1], macular degen-

eration, and cataracts [2]. Sun protection habits to diminish this exposure include sunscreen

use, wearing a hat, wearing sunglasses, wearing clothes that protects vulnerable skin areas,

avoidance of exposure during peak UV hours around solar noon, and seeking shade or staying

indoors [3]. Accordingly, educational interventions to enhance compliance with sun protec-

tion habits have been proposed, and considerable effects have been observed in certain groups,

such as melanoma survivors, parents of young children, and medical professionals [4–6].

Evidence about the effects of mass media interventions in health outcomes, such as oral and

print-based health promotion campaigns, suggests their usefulness, but is limited by the study

designs and problems in the measurement of the outcome, moreover, these interventions are

not usually tailored [7]. In this way, there is growing interest in technology-based interven-

tions, such as the use of mobile applications [8], electronic mails [9] and short message service

text message reminders (SMS text reminders) [10, 11]. Some systematic reviews have synthe-

sized the evidence of the effects of SMS text reminders and mobile applications in medication

adherence and management, in adolescents [12–14] and adults [15], supporting their feasibil-

ity and acceptability. Nevertheless, all of those reviews recommended future studies with a

more fitting design.

Using SMS text reminders can be an appropriate strategy to improve sun protection habits

due to its massive reach, low cost, accessibility in space and time, the potential for tailoring,

and the possibility to interact with the sender [8, 16, 17]. Additionally, an increasing number

of people are using mobile devices to obtain health information [8]. Consequently, SMS text

reminders have been used in the management of several diseases, such as diabetes and asthma,

and on the improvement of different habits, such as weight loss, smoking cessation, exercising

or physical activity [8, 18] and sun protection [6].

The effects of SMS text reminders in sun protection habits have been evaluated through

randomized controlled trials (RCTs). However, their results have not been synthesized, which

hinders the decision-making process on this subject. Thus, the objective of this study was to

perform a systematic review of RCTs to evaluate the effects of SMS text reminders in promot-

ing sun protection habits.
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Methods

Protocol and registration

We performed a systematic review and meta-analysis following the Preferred Reporting Items

for Systematic Reviews and Meta-analyses (PRISMA) recommendations [19]. The study pro-

tocol has been registered at PROSPERO (CRD42018091661).

Information sources, search and study selection

For this systematic review, we included all RCTs that directly evaluated the effects of SMS text

reminders on outcomes related to sun protection habits in the SMS receivers.

Searching was performed in two steps: 1) a systematic search in three databases, and 2) a

review of all documents that have cited any of the studies included in step 1, and of all the ref-

erences of the studies included in step 1.

To carry out step 1, we performed a literature search in three databases: PubMed, Central

Cochrane Library (CENTRAL), and Scopus. No restrictions in language or publication date

were applied. The last research update was performed in December 2018. The detailed search

strategy for this step is available on S1 Material. We downloaded all found references to an

EndNote document, and eliminated duplicated articles using this software. After that, we

assessed titles and abstracts to identify potential studies for inclusion. Lastly, we assessed the

full-text of these potential studies to determine their eligibility. The complete list of articles

that were excluded in the full-text assessment is detailed in S2 Material.

For step 2, during February 2019, we reviewed all documents that have cited any of the

studies included in the first step, using Google Scholar (https://scholar.google.com.pe/), and

we reviewed all the references of the studies included in step 1. Later, we collected all articles

that met the inclusion criteria.

Both steps were performed independently by two reviewers (DCM and WAT). When dis-

agreements occurred, they were discussed by all authors and resolved by consensus.

Data extraction

Two independent authors (DCM and WAT) extracted the following information of the

included studies into a Microsoft Excel worksheet: author, year of publication, title, population

(inclusion and exclusion criteria), setting, intervention (duration, frequency, and activities),

comparator (duration, frequency, and activities), time of follow-up, and effects of SMS text

reminders. When disagreements were found, the full-text articles were reviewed again by the

authors.

Risk of bias and certainty of the evidence

To evaluate the risk of bias of included RCTs, we used the Revised Cochrane risk of bias tool

for randomized trials version 2.0 (RoB 2) [20], published in October 2018. This tool assesses

the risk of bias in five domains per outcome of interest: bias arising from the randomization

process, bias due to deviations from the intended interventions (effect of assignment to inter-

vention), bias due to missing outcome data, bias in measurement of the outcome, and bias in

selection of the reported results; and one overall judgment. For each of the domains, the overall

risk of bias (low risk, some concerns, and high risk) was established according to the judgment

of their signaling questions.

To assess the certainty of the evidence for each outcome, we used The Grading of Recom-

mendations Assessment, Development and Evaluation (GRADE) methodology [21], which

evaluates the risk of bias, inconsistency, indirectness, imprecision and publication bias.
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Statistical analysis

For each outcome of each study, we calculated and reported the intervention effects as mean

differences (MDs) or risk ratios (RRs) along with their 95% confidence intervals (95% CIs).

When two or more studies presented the same outcome in a similar fashion, we performed

a meta-analysis using random-effects models (Mantel-Haenszel method) due to heterogeneity

across studies interventions [22]. Meta-analyses were performed using Review Manager Soft-

ware Version 5.3.

We assessed heterogeneity using the I2 statistics, and we considered that heterogeneity

might not be important when I2 < 40% [23]. Publication bias was not assessed since the num-

ber of studies pooled for each meta-analysis was less than ten [23].

Results

Studies selection

We found 1,333 records in databases searching. After duplicates removal, we screened 1,092

records, from which we reviewed 34 full-text documents, and finally included six papers [24–

29]. Later, we searched documents that cited any of the initially included studies as well as the

references of the initially included studies. However, no extra articles that fulfilled inclusion

criteria were found in these searches (Fig 1).

The six included papers reported results of five RCTs since two papers reported results

from the same RCT: Youl 2015 [26] and Janda 2013 [27]. We will cite only Youl’s paper to

refer to this study since it was the one that presented results of interest.

Characteristics

Of these five RCTs, three studies [24, 25, 29] were performed in the United States and two

studies [27, 28] in Australia. Two studies [24, 28] were performed during summer months

according to its hemisphere. Regarding the population characteristics, three studies [27–29]

were performed in community dwellers; the female proportion ranged from 8.4% to 100%,

and the mean age ranged from 31.6 to 44.2 years.

Regarding the intervention, it consisted of delivering SMS text reminders on sun protection

habits, such as sunscreen use and skin self-examination, with heterogeneous frequency (range:

three to seven days) and duration (range: one to twelve months). Of the five RCTs, two of

them tailored the messages according to the baseline characteristics of participants, using the

health belief model constructs [24, 25].

The control group received a 30-minutes educative PowerPoint presentation in one study

[24], while in the other four studies [25, 26, 28, 29] this group received SMS text reminders

about other topics, such as physical activity or sex protection (Table 1 and S3 Material).

Risk of bias

The risk of bias was assessed using the RoB 2. Regarding the randomization process, three

studies had some concerns, while three studies had a high risk of bias in the measurement of

the outcome. Only one study had a low risk of bias in most domains [29]. Four studies had a

high risk of bias in the overall judgment (Fig 2).

Outcome effects

Several objective outcomes were reported by the included studies. Some of them were the

number of sunburns, sunscreen use, sun protection habits (protecting clothes, wearing
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sunglasses, wearing a hat, etc.), skin self-examination, attempted suntan and adherence rate of

sunscreen application.

In Darlow’s study [25], only two results are briefly presented in the paper text, but the num-

ber of participants in each group could not be extracted, so we could not calculate MDs’ confi-

dence intervals (Table 2).

Although many outcomes were assessed, only sunburn anytime during follow-up was mea-

sured similarly in two studies [24, 26], so we could perform a meta-analysis. Although Duffy´s

study had two comparisons, we used only the one that did not include mailed sunscreen for

meta-analysis, because we considered that this comparison was the most similar to the result

of the other study. The meta-analysis showed a pooled RR of 0.93 (95% CI: 0.83 to 1.05) (Fig

3). This result had a very low certainty of evidence (Table 3).

Sunscreen use was assessed in three studies [24, 28, 29], but was measured in different

forms, so meta-analysis could not be performed. Of these studies, only Armstrong found a sta-

tistically significant benefit [29]. This study had a shorter follow-up (six weeks versus 4–5

months in the other two studies), a smaller population (70 versus 358–535 in the other two

studies), but it used a more objective measurement of the sunscreen use: sending a message to

the study central when the cap of the container of sunscreen was removed by the participant,

while the other studies just assessed the self-report of sunscreen use. However, this result had a

very low certainty of evidence (Table 3).

Fig 1. Flowchart of study selection.

https://doi.org/10.1371/journal.pone.0233220.g001
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Table 1. Study and participants’ characteristics in the included RCTs.

First author, year

(country)

Design Study settings Follow-up

period

Intervention details Funding

Duffy, 2018 (USA)

[24]

Parallel

RCT

Outdoor workers 5 months Messages guided by the health belief

model constructs

The Blue Cross Blue Shield of

Michigan Foundation

Darlow, 2017 (USA)

[25]

Parallel

RCT

Young adult women from a

metropolitan region of the USA

northeast

4 weeks Messages guided by the health belief

model constructs

The Aetna Foundation

Youl, 2015 & Janda,

2013 (Australia) [26,

27]

Parallel

RCT

Community dwellers

(participants from the

Queensland electoral and

Medicare rolls)

3 & 12

months

Personalized messages based on the social

cognitive theory, which used a

conversational tone

Australian National Health and

Medical Research Council (NHMRC)

Gold, 2011

(Australia) [28]

Parallel

RCT

Community dwellers 4 months Humorous, short, used informal language

and were linked to particular annual

events where possible

• VicHealth Discovery Grant

• The Australian Government

• Monash University Faculty of

Medicine

• NHMRC

Armstrong, 2009

(USA) [29]

Parallel

RCT

Community dwellers 6 weeks Two components: a text detailing daily

local weather information and a text

reminding users to apply sunscreen

Information Systems Council of

Massachusetts General Hospital and

Brigham and Women’s Hospital

�First arm: SMS + mailed sunscreen + education, versus mailed sunscreen + education. Second arm: SMS + education, versus education only

SSE: skin self-examination

https://doi.org/10.1371/journal.pone.0233220.t001

Fig 2. Risk of bias of the included studies.

https://doi.org/10.1371/journal.pone.0233220.g002
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Table 2. Characteristics of the included studies.

First author, year

(country)

Number of participants at

baseline (intervention/

control)

Frequency and duration of SMS Gender

(female %)

Mean age in

years

Follow-

up

Outcomes effects

Duffy, 2018 (USA) [24] First comparison: 93/87,

second comparison: 86/911

Three random weekdays during 5

months

8.4% 44.2 5

months

• At least one sunburn:

• First comparison1: RR: 1.09 (0.84–

1.41)

• Second comparison1: RR: 0.85 (0.68–

1.08)

• Sunscreen use (5-point Likert scale: from

never to always):

• First comparison1: MD: 0.1 (-0.3 to

0.5)

• Second comparison1: MD: 0.2 (-0.2

to 0.6)

• Number of sunburns:

• First comparison1: MD: 0.0 (-0.4 to

0.4)

• Second comparison1: MD: -0.2 (-0.6

to 0.2)

Darlow, 2017 (USA)

[25]

104 participants distributed in

4 groups

Every day during 2 weeks 100% Not reported 4 weeks The paper does not bring enough information

to assess the effects of SMS in any outcome

Youl, 2015 & Janda,

2013 (Australia) [26,

27]

187/183 Weekly for the first 3 months and

monthly during the following 9

months

67% • 31.6 (sun

protection),

• 31.8 (control)

3

months

• Sun protection habits index (4-points Likert

scale): MD: 0.02 (-0.07 to 0.11)

• Any skin self-examination (SSE) in the past 3

months: RR: 1.13 (0.84 to 1.51)

• Whole-body SSE at time of the last SSE: RR:

1.02 (0.66 to 1.57)

12

months

• Sun protection habits index (4-points likert

scale): MD: 0.13 (0.03 to 0.23)

• Any skin self-examination (SSE) in past 3

months: RR: 1.22 (0.95–1.56)

• Whole-body SSE at time of last SSE: RR: 1.27

(0.72 to 2.25)

• Any sunburn in the past 12 months: RR: 0.96

(0.84 to 1.10)

• Two or more sunburns in past 12 months:

RR: 0.88 (0.67 to 1.16)

• Attempted suntan in past 12 months: RR:

0.95 (0.58 to 1.57)

Gold, 2011 (Australia)

[28]

200/158 Fortnightly during 4 months 39.9% Not reported 4

months

• Preference for a dark tan: RR: 1.13 (0.59 to

2.16)

• Consideration of the long-term

consequences of prolonged UV exposure:

RR: 1.01 (0.84 to 1.20)

• Usually/always wears hat: RR: 1.11 (0.80 to

1.52)

• Usually/always wears sunscreen: RR: 0.95

(0.73 to 1.23)

• Usually/always seeks shade: RR: 1.00 (0.77 to

1.31)

• Usually/always wears deliberately skimpy

clothing: RR: 0.96 (0.66 to 1.41)

Armstrong, 2009 (USA)

[29]

35/35 Every day during 6 weeks 70% 32.9 (SMS) / 34.3

(control)

6 weeks Adherence rate of sunscreen application: MD:

11 (6.5 to 15.5)

1First comparison: (intervention: SMS + mailed sunscreen + education) vs (control: mailed sunscreen + education). Second comparison: (intervention: SMS

+ education) vs (control: education only).

The risk ratios (RRs) and mean differences (MDs) were unadjusted.

Statistically significant results were in bold.

https://doi.org/10.1371/journal.pone.0233220.t002
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Composite sun protection habits were assessed in two studies [26, 28]. One of them used

sun protection habits index claims (score range 1–4) and found no difference at three months

of follow-up, but found a slight difference at 12 months (2.63 vs 2.50 on average). The other

study did not find differences in the assessed outcomes (wearing a hat, seeking shade, or using

skimpy clothing). This result had a very low certainty of evidence (Table 3).

Additionally, we found other outcomes that were not included in the Summary of Findings

(Table 3): having a sunburn, number of sunburns, UV radiation exposure behaviors, wearing a

hat, skin self-examination, attempted suntan, believe about risk of cancer, usually/always seek-

ing shade, usually/always wearing skimpy clothes and adherence of sunscreen application.

Only the UV radiation exposure behaviors and adherence to sunscreen application showed lit-

tle differences between groups. The outcome effects are presented in Table 2.

Discussion

Summary of the results

We found five RCTs, all of them were performed in the United States or Australia. Studies had

high variability in terms of interventions, control groups, assessed outcomes, and follow-up

period. In the overall assessment, four studies had a high risk of bias and one study had some

concerns.

We only could meta-analyze one outcome (having a sunburn anytime during the follow-

up), in which we did not find a statistically significant effect. Among the three studies that

assessed sunscreen use, only one had a statistically significant effect (the one with the lowest

population). Among the two studies that assessed a composite score of sun protection habits,

one did not find an effect while the others find a small statistically significant difference. The

certainty of the evidence was very low for these outcomes. Altogether, these studies do not

show compelling evidence of any beneficial effect of text message reminders.

Previous systematic reviews

Although we did not find previous systematic reviews that have assessed the effects of SMS for

sun protection habits, we found two previous systematic reviews that have assessed similar

questions.

The first systematic review [11] assessed the effectiveness of SMS text reminders and similar

electronic technology interventions to promote skin cancer prevention. This review describes

the results of its included studies without performing any meta-analysis and concluded that

there was a lack of effect of their assessed interventions in skin cancer prevention outcomes.

Fig 3. Forest plot for the effect of SMS messages in having a sunburn anytime during follow-up.

https://doi.org/10.1371/journal.pone.0233220.g003
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This conclusion is similar to ours, although our systematic review only included studies that

have assessed SMS, and our outcome definition was broader.

The second systematic review [12] explored the effectiveness of SMS text reminders and

mobile applications to improve adherence to preventive behaviors (sun protection, mental

attention, the continuation of contraceptive pills, the use of condoms, among others) in adoles-

cents. It included experimental and pre-post studies and did not formulate a clear conclusion

regarding SMS for sun protection habits.

Characteristics of SMS text reminders

Personalization of the SMS content is an important element to ensure the engagement with

the intervention [30], since it may influence the attitudes, motivation, and attention of the par-

ticipants [31]. Among our included studies, two studies (Darlow and Gold) [25, 28] developed

the intervention messages using focus group feedback, while the Youl study [26] collected a

pilot survey to estimate the participants’ preferences of the SMS text messages content.

For tailoring, two studies (Darlow and Duffy) [24, 25] used the health belief model profile

of their participants to create the messages. The health belief model profile consists of four

constructs: perceived susceptibility to ill-health, perceived severity of ill-health, perceived ben-

efits of behavior change, and perceived barriers to taking action [32]. Since these psychological

aspects can influence the participant’s perception of the message, tailored messages using the

health belief model profile are thought to have a greater impact.

In the included studies, the frequency of SMS ranged from every day to weekly. Although

there are no uniform recommendations regarding this topic, some authors have proposed that

Table 3. Summary of findings.

Outcomes Absolute anticipated effects (95%

CI)

Relative effect

(95% CI)

No. of participants (Trials) Certainty of the evidence

(GRADE)

Control

group

Intervention group

Sunburn anytime during follow-up

(follow-up: from 5 to 12 months)

722 per

1,000

672 per 1,000 (600

to 759)

RR 0.93 (0.83 to

1.05)

487 (2 RCTs: Duffy, Youl) (24, 26) ⊕◯◯◯ VERY LOW a,b

Sunscreen use (follow-up: 6 weeks to 5

months)

Of the three RCTs that assessed this outcome, only one

(Armstrong, the one with the lowest population)

found a significant difference between intervention

and control group.

785 (3 RCTs: Duffy, Gold, &

Armstrong) (24, 28, 29)

�◯◯◯ VERY LOW c,d

Sun protection habits (follow-up: 3 months

to 12 months)

Two studies:

• The first study used a composite score of sun

protection habits index (score range: 1–4), found no

difference at 3 months of follow-up, but found a

slight difference at 12 months (2.63 vs 2.50 on

average)

• The second study did not find differences in

wearing a hat, seeking shade, or using skimpy

clothing

728 (2 RCTs: Youl & Gold) (26, 28) ⊕◯◯◯ VERY LOW a,d

CI: Confidence Interval; MD: Mean difference; RR: Risk ratio; RCT: randomized controlled trial

For the sunscreen use outcome, a narrative summary of the evidence was performed, since each study assessed the outcome differently

Explanations:
a. We rated down two levels for risk of bias since the two RCTs had high risk of bias in the overall judgment
b. We rated down one level for imprecision due to the small number of participants that presented the outcome (less than 400)
c. We rated down two levels for methodological limitations, since two of the three RCTs had a high risk of bias in the overall judgment, and the other one had some

concerns
d. We rated down one level for indirectness, since the RCTs differ in terms of duration of intervention and in how outcomes were measured.

https://doi.org/10.1371/journal.pone.0233220.t003
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high-frequency interventions (at least five SMS per week) or tailored frequency could be suit-

able [33, 34].

However, since the studied intervention and the outcome assessment in our systematic

review were very heterogeneous, we could not assess the efficacy of health-belief-model tai-

lored SMS or intervention frequency/duration. Future research is needed in order to evaluate

and compare these hypotheses.

Implications for practice

In order to describe the rationale for going from evidence to recommendation, we have

assessed the criteria suggested by GRADE: balance of desirable and undesirable outcomes, fea-

sibility, resource use, and certainty of evidence [35].

Regarding the balance of desirable and undesirable outcomes, we found no benefit for sun-

burn and contradictory results for sunscreen use and sun protection habits. In addition, SMS

text reminders may have some potential harms that were not assessed in the included studies,

such as excessive discomfort, fear, anxiety, or great decrease of sun exposure in susceptible par-

ticipants which could alter their metabolism (which, although rare, is possible) [36]. For exam-

ple, a study in 3,194 Danish found that seeking shade and wearing protective clothing was

significantly associated with lower vitamin D levels in adults [37], and an analysis of a repre-

sentative survey in USA (US National Health and Nutrition Examination Survey 2003–2006)

found that staying in the shade and wearing long sleeves were significantly associated with

lower 25(OH)D levels, especially in individuals who reported frequent use of shade on sunny

days [38].

Regarding feasibility, a high percentage of people from developed countries have a mobile

phone: 86.2% of Canadian inhabitants in 2015 [39], 95% inhabitants of the United States in

2013 [40], and 94% of Australian inhabitants in 2018 [41].

Regarding resource use, systematic reviews of economic evaluations of text messaging

interventions found no comprehensive evidence [42, 43]. Particularly, cost studies of SMS

reminders for improving sun protection habits are needed [33], such as those performed in

SMS interventions for other topics such as diabetes mellitus prevention [44], improvement of

antiretroviral therapy adherence [45], and smoking cessation [46].

Regarding the certainty of the evidence, the very low certainty of our results suggests that

well-designed RCTs are needed in order to provide reliable estimates. However, researchers

must reflect on the need for performing more studies using SMS, since it could be descending

in favor of other messengers like WhasApp. On the other hand, nowadays the ubiquitous use

of smartphones may allow to use other tools such as ad-hoc mobile applications (which allows

face-to-face interactions, a more friendly interaction, and using videos/images) or messengers

like WhatsApp (which allows including pictures, videos, audio information) [47, 48]. Given

these alternatives, maybe studies using SMS should be limited to those contexts where smart-

phones use is still low.

Altogether (no clear benefits and unmeasured potential harms, lack of cost data, and very

low certainty of the evidence; although high feasibility), SMS interventions use could not be

recommended for improving sun protection habits.

Limitations

Since the search was only performed in three databases, we might not have found all published

studies. However, we manually searched potential studies for inclusion in the references of the

included studies and searched for studies that cited our included studies in Google Scholar;

which could ensure that all relevant studies are included, even those from grey literature.
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Moreover, it has been evidenced that adding more databases to PubMed just increases the

number of trials in 2.4% [49], and in most cases, it does not change the conclusion of the

review [50].

Additionally, the body of evidence presents important limitations: 1) the studies are hetero-

geneous in several aspects, such as the follow-up period (varies between one month and 12

months), which difficult the comparability of their results. In fact, the performed meta-analysis

pooled the result of a 5-months follow-up with the result of a 12-months follow-up. 2) Most of

the outcomes were not measured in the same way. 3) Most studies measured outcomes as self-

report, introducing a recall bias. 4) The studies had a high risk of bias or some concerns in sev-

eral domains. 5) Overall, the certainty of the evidence was low in the main outcomes, mainly

due to the risk of bias, inconsistency, and small sample size.

Conclusion

In conclusion, we found five RCTs with high variability in terms of interventions, control

groups, assessed outcomes, and follow-up time. The meta-analysis performed showed no dif-

ference in sunburn anytime during follow-up and contradictory results were seen for sun-

screen use and sun protection habits (very low certainty of the evidence). High-quality studies

and cost information are needed to conclude regarding the balance of desirable and undesir-

able outcomes.
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tematic review of adolescentsâ€™ use of mobile phone and tablet apps that support personal manage-

ment of their chronic or long-term physical conditions. Journal of medical Internet research. 2015; 17

(12):e287. https://doi.org/10.2196/jmir.5043 PMID: 26701961

15. Thakkar J, Kurup R, Laba T-L, Santo K, Thiagalingam A, Rodgers A, et al. Mobile telephone text mes-

saging for medication adherence in chronic disease: a meta-analysis. JAMA internal medicine. 2016;

176(3):340–9. https://doi.org/10.1001/jamainternmed.2015.7667 PMID: 26831740

16. Abroms L, Padmanabhan P, Evans W. Mobile phones for health communication to promote behavior

change. In: Noar SM, Harrington NG, editors. eHealth Applications. Promising Strategies for Behavior

Change. Routledge: Taylor & Francis Group; 2012. pp. 147–166.

17. Ryan P, Lauver DR. The efficacy of tailored interventions. Journal of Nursing Scholarship. 2002; 34

(4):331–7. https://doi.org/10.1111/j.1547-5069.2002.00331.x PMID: 12501736

18. Fjeldsoe BS, Marshall AL, Miller YD. Behavior change interventions delivered by mobile telephone

short-message service. American journal of preventive medicine. 2009; 36(2):165–73. https://doi.org/

10.1016/j.amepre.2008.09.040 PMID: 19135907

19. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al. The PRISMA statement

for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:

explanation and elaboration. PLoS medicine. 2009; 6(7):e1000100. https://doi.org/10.1371/journal.

pmed.1000100 PMID: 19621070

20. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a revised tool for

assessing risk of bias in randomised trials. BMJ. 2019; 366:l4898. https://doi.org/10.1136/bmj.l4898

PMID: 31462531

21. Guyatt GH, Oxman AD, Schünemann HJ, Tugwell P, Knottnerus A. GRADE guidelines: a new series of

articles in the Journal of Clinical Epidemiology. Journal of clinical epidemiology. 2011; 64(4):380–2.

https://doi.org/10.1016/j.jclinepi.2010.09.011 PMID: 21185693

22. Dersimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 1986; 7(3):177–88. https://

doi.org/10.1016/0197-2456(86)90046-2 PMID: 3802833

23. Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews of Interventions Version

5.1.0 [updated March 2011]. The Cochrane Collaboration, 2011. www.cochrane-handbook.org.

24. Duffy SA, Hall SV, Tan A, Waltje AH, Cooper SA, Heckman CJ. The Sun Solutions Intervention for

Operating Engineers: A Randomized Controlled Trial. Cancer Epidemiology and Prevention Biomark-

ers. 2018; 27(8):864–73.

25. Darlow S, Heckman C. Results from a tailored SMS and behavior-tracking pilot study on sun-safe

behaviors in young women. Health Education & Behavior. 2017; 44(6):937–44.

26. Youl PH, Soyer HP, Baade PD, Marshall AL, Finch L, Janda M. Can skin cancer prevention and early

detection be improved via mobile phone text messaging? A randomised, attention control trial. Preven-

tive medicine. 2015; 71:50–6. https://doi.org/10.1016/j.ypmed.2014.12.009 PMID: 25524612

27. Janda M, Youl P, Marshall AL, Soyer H, Baade P. The HealthyTexts study: A randomized controlled

trial to improve skin cancer prevention behaviors among young people. Contemporary clinical trials.

2013; 35(1):159–67. https://doi.org/10.1016/j.cct.2013.03.009 PMID: 23557730

PLOS ONE Text message reminders and sun protection habits

PLOS ONE | https://doi.org/10.1371/journal.pone.0233220 May 19, 2020 13 / 15

https://doi.org/10.1001/jamadermatol.2014.3889
http://www.ncbi.nlm.nih.gov/pubmed/25629710
https://doi.org/10.1016/j.invent.2018.06.002
http://www.ncbi.nlm.nih.gov/pubmed/30206523
https://doi.org/10.1016/j.ypmed.2016.06.037
https://doi.org/10.1016/j.ypmed.2016.06.037
http://www.ncbi.nlm.nih.gov/pubmed/27374946
https://doi.org/10.2196/mhealth.6837
http://www.ncbi.nlm.nih.gov/pubmed/28428157
https://doi.org/10.2196/mhealth.7798
http://www.ncbi.nlm.nih.gov/pubmed/28506955
https://doi.org/10.2196/jmir.5043
http://www.ncbi.nlm.nih.gov/pubmed/26701961
https://doi.org/10.1001/jamainternmed.2015.7667
http://www.ncbi.nlm.nih.gov/pubmed/26831740
https://doi.org/10.1111/j.1547-5069.2002.00331.x
http://www.ncbi.nlm.nih.gov/pubmed/12501736
https://doi.org/10.1016/j.amepre.2008.09.040
https://doi.org/10.1016/j.amepre.2008.09.040
http://www.ncbi.nlm.nih.gov/pubmed/19135907
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1371/journal.pmed.1000100
http://www.ncbi.nlm.nih.gov/pubmed/19621070
https://doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1016/j.jclinepi.2010.09.011
http://www.ncbi.nlm.nih.gov/pubmed/21185693
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1016/0197-2456(86)90046-2
http://www.ncbi.nlm.nih.gov/pubmed/3802833
http://www.cochrane-handbook.org
https://doi.org/10.1016/j.ypmed.2014.12.009
http://www.ncbi.nlm.nih.gov/pubmed/25524612
https://doi.org/10.1016/j.cct.2013.03.009
http://www.ncbi.nlm.nih.gov/pubmed/23557730
https://doi.org/10.1371/journal.pone.0233220


28. Gold J, Aitken C, Dixon H, Lim M, Gouillou M, Spelman T, et al. A randomised controlled trial using

mobile advertising to promote safer sex and sun safety to young people. Health Education Research.

2011; 26(5):782–94. https://doi.org/10.1093/her/cyr020 PMID: 21447750

29. Armstrong AW, Watson AJ, Makredes M, Frangos JE, Kimball AB, Kvedar JC. Text-message remind-

ers to improve sunscreen use: a randomized, controlled trial using electronic monitoring. Archives of

dermatology. 2009; 145(11):1230–6. https://doi.org/10.1001/archdermatol.2009.269 PMID: 19917951

30. Perski O, Blandford A, Ubhi HK, West R, Michie S. Smokers’ and drinkers’ choice of smartphone appli-

cations and expectations of engagement: A think aloud and interview study. BMC medical informatics

and decision making. 2017; 17(1):25. https://doi.org/10.1186/s12911-017-0422-8 PMID: 28241759

31. Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change

interventions: a systematic review using principles from critical interpretive synthesis. Translational

behavioral medicine. 2016; 7(2):254–67.

32. Green EC, Murphy E. Health belief model. The Wiley Blackwell encyclopedia of health, illness, behav-

ior, and society. 2014:766–9.

33. Hall AK, Cole-Lewis H, Bernhardt JM. Mobile text messaging for health: a systematic review of reviews.

Annual review of public health. 2015; 36:393–415. https://doi.org/10.1146/annurev-publhealth-031914-

122855 PMID: 25785892

34. Orr JA, King RJ. Mobile phone SMS messages can enhance healthy behaviour: a meta-analysis of ran-

domised controlled trials. Health psychology review. 2015; 9(4):397–416. https://doi.org/10.1080/

17437199.2015.1022847 PMID: 25739668

35. Andrews JC, Schünemann HJ, Oxman AD, Pottie K, Meerpohl JJ, Coello PA, et al. GRADE guidelines:

15. Going from evidence to recommendation—determinants of a recommendation’s direction and

strength. Journal of clinical epidemiology. 2013; 66(7):726–35. https://doi.org/10.1016/j.jclinepi.2013.

02.003 PMID: 23570745

36. Ramı́rez-Duarte WF, Kurobe T, Teh SJ. Effects of low levels of ultraviolet radiation on antioxidant mech-

anisms of Japanese Medaka (Oryzias latipes). Chemosphere. 2017; 181:304–12. https://doi.org/10.

1016/j.chemosphere.2017.04.078 PMID: 28448912

37. Hansen L, Tjønneland A, Køster B, Brot C, Andersen R, Lundqvist M, et al. Sun exposure guidelines

and serum vitamin D status in Denmark: The statusD study. Nutrients. 2016; 8(5):266.

38. Linos E, Keiser E, Kanzler M, Sainani KL, Lee W, Vittinghoff E, et al. Sun protective behaviors and vita-

min D levels in the US population: NHANES 2003–2006. Cancer Causes & Control. 2012; 23(1):133–

40.

39. Canadian Radio-television and Telecommunications Commission. Communications Monitoring Report

2017. In: Canadian Radio-television and Telecommunications Commission [Internet]. Canada: Cana-

dian Radio-television and Telecommunications Commission 2017. https://crtc.gc.ca/eng/publications/

reports/policymonitoring/2017/cmr2017.pdf.

40. Duggan M. Cell phone activities 2013. In: Pew Research Center [Internet]. USA: Pew Research Center

2013. https://www.pewresearch.org/internet/2013/09/19/cell-phone-activities-2013/.

41. Poushter J, Bishop C, Chwe H. Smartphone ownership on the rise in emerging economies. In: Pew

Research Center [Internet]. USA: Pew Research Center 2018. https://www.pewglobal.org/2018/06/19/

2-smartphone-ownership-on-the-rise-in-emerging-economies/.

42. Iribarren SJ, Cato K, Falzon L, Stone PW. What is the economic evidence for mHealth? A systematic

review of economic evaluations of mHealth solutions. PloS one. 2017; 12(2):e0170581. https://doi.org/

10.1371/journal.pone.0170581 PMID: 28152012

43. Badawy SM, Kuhns LM. Economic evaluation of text-messaging and smartphone-based interventions

to improve medication adherence in adolescents with chronic health conditions: a systematic review.

JMIR mHealth and uHealth. 2016; 4(4):e121. https://doi.org/10.2196/mhealth.6425 PMID: 27780795

44. Wong CK, Jiao F-F, Siu S-C, Fung CS, Fong DY, Wong K-W, et al. Cost-effectiveness of a short mes-

sage service intervention to prevent type 2 diabetes from impaired glucose tolerance. Journal of diabe-

tes research. 2016; 2016:1219581. https://doi.org/10.1155/2016/1219581 PMID: 26798647

45. Patel AR, Kessler J, Braithwaite RS, Nucifora KA, Thirumurthy H, Zhou Q, et al. Economic evaluation of

mobile phone text message interventions to improve adherence to HIV therapy in Kenya. Medicine.

2017; 96(7).

46. Guerriero C, Cairns J, Roberts I, Rodgers A, Whittaker R, Free C. The cost-effectiveness of smoking

cessation support delivered by mobile phone text messaging: Txt2stop. The European journal of health

economics. 2013; 14(5):789–97. https://doi.org/10.1007/s10198-012-0424-5 PMID: 22961230

47. Jarvis MA, Padmanabhanunni A, Chipps J. An Evaluation of a Low-Intensity Cognitive Behavioral Ther-

apy mHealth-Supported Intervention to Reduce Loneliness in Older People. International journal of

environmental research and public health. 2019; 16(7):1305.

PLOS ONE Text message reminders and sun protection habits

PLOS ONE | https://doi.org/10.1371/journal.pone.0233220 May 19, 2020 14 / 15

https://doi.org/10.1093/her/cyr020
http://www.ncbi.nlm.nih.gov/pubmed/21447750
https://doi.org/10.1001/archdermatol.2009.269
http://www.ncbi.nlm.nih.gov/pubmed/19917951
https://doi.org/10.1186/s12911-017-0422-8
http://www.ncbi.nlm.nih.gov/pubmed/28241759
https://doi.org/10.1146/annurev-publhealth-031914-122855
https://doi.org/10.1146/annurev-publhealth-031914-122855
http://www.ncbi.nlm.nih.gov/pubmed/25785892
https://doi.org/10.1080/17437199.2015.1022847
https://doi.org/10.1080/17437199.2015.1022847
http://www.ncbi.nlm.nih.gov/pubmed/25739668
https://doi.org/10.1016/j.jclinepi.2013.02.003
https://doi.org/10.1016/j.jclinepi.2013.02.003
http://www.ncbi.nlm.nih.gov/pubmed/23570745
https://doi.org/10.1016/j.chemosphere.2017.04.078
https://doi.org/10.1016/j.chemosphere.2017.04.078
http://www.ncbi.nlm.nih.gov/pubmed/28448912
https://crtc.gc.ca/eng/publications/reports/policymonitoring/2017/cmr2017.pdf
https://crtc.gc.ca/eng/publications/reports/policymonitoring/2017/cmr2017.pdf
https://www.pewresearch.org/internet/2013/09/19/cell-phone-activities-2013/
https://www.pewglobal.org/2018/06/19/2-smartphone-ownership-on-the-rise-in-emerging-economies/
https://www.pewglobal.org/2018/06/19/2-smartphone-ownership-on-the-rise-in-emerging-economies/
https://doi.org/10.1371/journal.pone.0170581
https://doi.org/10.1371/journal.pone.0170581
http://www.ncbi.nlm.nih.gov/pubmed/28152012
https://doi.org/10.2196/mhealth.6425
http://www.ncbi.nlm.nih.gov/pubmed/27780795
https://doi.org/10.1155/2016/1219581
http://www.ncbi.nlm.nih.gov/pubmed/26798647
https://doi.org/10.1007/s10198-012-0424-5
http://www.ncbi.nlm.nih.gov/pubmed/22961230
https://doi.org/10.1371/journal.pone.0233220


48. Han M, Lee E. Effectiveness of mobile health application use to improve health behavior changes: a

systematic review of randomized controlled trials. Healthcare informatics research. 2018; 24(3):207–

26. https://doi.org/10.4258/hir.2018.24.3.207 PMID: 30109154

49. Royle P, Milne R. Literature searching for randomized controlled trials used in Cochrane reviews: rapid

versus exhaustive searches. International journal of technology assessment in health care. 2003; 19

(4):591–603. https://doi.org/10.1017/s0266462303000552 PMID: 15095765

50. Halladay CW, Trikalinos TA, Schmid IT, Schmid CH, Dahabreh IJ. Using data sources beyond PubMed

has a modest impact on the results of systematic reviews of therapeutic interventions. Journal of clinical

epidemiology. 2015; 68(9):1076–84. https://doi.org/10.1016/j.jclinepi.2014.12.017 PMID: 26279401

PLOS ONE Text message reminders and sun protection habits

PLOS ONE | https://doi.org/10.1371/journal.pone.0233220 May 19, 2020 15 / 15

https://doi.org/10.4258/hir.2018.24.3.207
http://www.ncbi.nlm.nih.gov/pubmed/30109154
https://doi.org/10.1017/s0266462303000552
http://www.ncbi.nlm.nih.gov/pubmed/15095765
https://doi.org/10.1016/j.jclinepi.2014.12.017
http://www.ncbi.nlm.nih.gov/pubmed/26279401
https://doi.org/10.1371/journal.pone.0233220

