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Abstract

:

Diet-related chronic disease is a global health epidemic giving rise to a high incidence of morbidity and mortality. With the rise of the digital revolution, there has been increased interest in using digital technology for eating behavioural change as a mean of diet-related chronic disease prevention. However, evidence on digital dietary behaviour change is relatively scarce. To address this problem, this review considers the digital interventions currently being used in dietary behaviour change studies. A literature search was conducted in databases like PubMed, Cochrane Library, CINAHL, Medline, and PsycInfo. Among 119 articles screened, 15 were selected for the study as they met all the inclusion criteria according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) search strategy. Four primary digital intervention methods were noted: use of personal digital assistants, use of the internet as an educational tool, use of video games and use of mobile phone applications. The efficiency of all the interventions increased when coupled with tailored feedback and counselling. It was established that the scalable and sustainable properties of digital interventions have the potential to bring about adequate changes in the eating behaviour of individuals. Further research should concentrate on the appropriate personalisation of the interventions, according to the requirements of the individuals, and proper integration of behaviour change techniques to motivate long-term adherence.
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1. Introduction


Eating behaviour is one health risk behaviour that can have a major effect on health and vitality. Poor nutrition may lead to chronic diseases such as diabetes, cardiovascular conditions, hypertension, osteoporosis, cancer, and even dental caries [1].



An ideal diet consists of whole grains, various fruits and vegetables, protein, oils, and fat-free or low-fat dairy products. Ideal eating behaviours include reducing the sodium content in food and avoiding solid fats, which are the primary sources of trans fatty acids and saturated fatty acids [2]. An unhealthy diet may result in caloric intake in excess of caloric expenditure, which may ultimately result in obesity. In children and adolescents, lack of proper nutrition may lead to decreased cognitive performance and other developmental problems [3]. Childhood obesity is detrimental to proper physical and mental health development in children, and may lead to health problems including early-onset puberty, respiratory conditions such as asthma, dermatological infections, predisposition to cancer, and development of type-2 diabetes [4]. Obesity also may affect mental health by contributing to psychological conditions including poor self-esteem, anxiety, eating disorders, and being overly conscious about body image [5,6]. Longer-term effects of childhood and adolescent obesity include an increased likelihood of adult obesity, lower life expectancy, and the compounding effects of additional comorbidities [7,8].



The UK is currently suffering from an obesity epidemic. According to reports from the National Health Services (NHS) England, 27% of adults living in the UK were classified as obese in 2016 compared to only 15% in 1993. From 2016–2017, ~617,000 patients admitted to the NHS had a primary or secondary diagnosis of obesity [9]. The UK has the highest incidence of adult obesity among all Western European countries, and the Organisation for Economic Co-operation and Development (OECD) report predicts that 50% of the UK population will be obese by 2050 if adequate prevention programs are not implemented soon [10]. Obesity is strongly associated with social deprivation, as the prevalence of obesity among children who drop out of school in economically disadvantaged areas was 24.7%, but was 13.1% in the least disadvantaged regions [11]. It is essential to implement effective strategies to slow down the drastic growth of the obese population.



1.1. Changing Eating Behaviour


The optimal strategy for addressing the rise in obesity and related chronic illnesses is to cultivate significant changes in the dietary behaviour of children and adolescents, as well as adults. Effective behaviour changes that are relevant to everyday life are challenging because these behaviours do not occur in isolation but are part of a complex system. Historically, knowledge of the nutritional value of food was believed to be sufficient to change dietary behaviours because researchers assumed that greater nutritional knowledge would automatically encourage people to consume a healthier diet. However, extensive studies of the available literature have shown that educating people about the health benefits of nutritious food is not sufficient to effect necessary dietary changes [12]. Behavioural science is useful for creating specific strategies that will be necessary for productive behavioural changes.



Mediating variables, which can be personal, physical, environmental, behavioural, or familial, are important in the formation of dietary behaviours [13]. The most effective way to install changes in dietary behaviour is to alter one or more of the mediating variables [13]. For example, most children readily eat fruits and vegetables that they are familiar with [14], which may limit the variety of choices available to them. By exposing children to a greater variety of fruits and vegetables by increasing availability at home that offer a greater variety of fruits and vegetables, that is, by changing the mediating variable “environment”, children are more likely to change their dietary behaviour and consume more fruits and vegetables [15,16].



Designing interventions to change dietary behaviour is a complex process, which includes identifying and prioritising all mediating variables, defining the types of change that are needed, and then implementing appropriate policies. Change cannot be achieved without sufficient qualitative research involving focus groups and exhaustive interviews with the target population [17]. Most strategies are currently based on intuition and the social, cultural, and economic characteristics of the target population rather than evidence-based interventions. Because different individuals may respond differently to the same message, additional research in the area of behavioural science is needed to develop strategic policies that will be effective for the majority of people in the community.




1.2. Digital Behaviour Change Interventions


In the modern digital age, many people are connected to the internet by various technologies. Between 20% and 80% of people use the internet to monitor their health and for other health benefits [18,19,20]. Therefore, digital interventions offer an ideal opportunity to engender necessary changes in dietary behaviour. A digital behaviour change intervention (DBCI) is defined as ‘…a product or service that uses computer technology to promote behaviour change’ [21]. These interventions are accessible through wearable devices, computer programmes, cellular phones, smartphone applications, and various websites. Designing DBCIs involves an interdisciplinary approach, which harnesses expertise from disciplines including computer science and behavioural science to develop a collective approach for engaging the target population. An effective DBCI is designed by connecting knowledge of computer programming, content of the intervention, design of the interface, and delivery by human–computer interaction [22].



Research shows that DBCIs can induce individual changes by inspiring people to lead healthier lives, potentially helping millions. DBCIs have been effective in facilitating health behaviour change for weight management [23], smoking cessation [24,25], increasing physical activity [26], decreasing alcohol consumption [27], and self-management of chronic conditions [28]. The effectiveness of DBCIs depends on a commitment to, and continual interaction with, the target population [29]. For example, websites and mobile apps have been developed to help people quit smoking, manage anxiety disorders, or ensure timely administration of medications. In many cases, these websites and mobile apps function as personal therapists by offering motivation, feedback, and knowledge in response to personalized lifestyle information from the patient. Thus, DBCIs may prove quite valuable for providing interactive support services to public health campaigns [30].



Despite the immense potential of DBCIs for implementing changes in dietary behaviour, important limitations include access to the internet using appropriate tools such as a smartphone or computer and the ability to utilise these technologies or spend time learning their operation.



Another major limitation is the time commitment required for digital interventions to be effective. Users must enter all data into the system, otherwise, the DBCI will be no more beneficial than static content such as printed material. Continuous updating of data by the user is a ‘hassle factor’ that can gradually erode the effectiveness of a DBCI [31] and result in people dropping out of online programmes as they lose motivation. Meanwhile, individuals need to use DBCI for a minimum amount of time to have any meaningful effect on behaviour, and users need to remain motivated during that time. As with any behavioural change, there is an opportune (teachable) moment when the user is most amenable to make behavioural changes or is at risk of a setback. Digital interventions are unable to identify and act appropriately on these moments, which decreases their efficacy. The introduction of sensor technologies can reduce the ‘hassle factor’, and devices such as GPS, accelerometers, and galvanic skin response (GSR) sensors may be able to identify the most favourable moments to effect behavioural change; for example, by gauging the moment when a user is susceptible to stress build-up and helping them take steps to de-stress [32].




1.3. Rationales behind the Study


Obesity and overweight are now considered leading risk factors for mortality [33]. Obesity and overweight may lead to cancers of the ovary, kidney, thyroid, breast, uterus, pancreas, gall bladder, stomach, oesophagus, bowel, liver, as well as myelomas and meningiomas. The prevalence of many cancers is increasing due to the rise in obesity [34]. According to the OECD, cancer causes ~222 deaths per 100,000 people in the UK, making the UK the 11th highest among all OECD countries in cancer mortality [10]. Of these cancer cases, 6% have been attributed to obesity [35]. Similarly, the number of caesarean births in the UK rose by 11% in five years to 28% in the year 2016–2017, and this unprecedented increase has been partially attributed to the rising prevalence of obesity, as 1 in 5 women have a BMI > 30. Nearly 25% of the total adult population in the UK are obese, which has been estimated to cost the NHS £ 14 bn per year. In the absence of effective action to address this situation, this amount is predicted to rise to £ 50 bn by 2050 [36].



Similar to adult obesity, childhood obesity in the UK has risen steadily in recent years. Reversing obesity in adulthood has proven to be exceedingly difficult; therefore, it is essential to develop programmes to prevent childhood obesity. Although various environmental, behavioural, and genetic factors are known to contribute to childhood obesity [37], behavioural and environmental factors likely play a predominant role [38]. Sedentary lifestyles, lack of physical activity, addiction to video games, television and smartphones, and rapidly transforming dietary behaviours are major factors contributing to the obesity epidemic [39]. The ease of availability and intensive marketing of high-calorie food products aid in increasing obesity levels, as seen in developing countries such as India, Mexico, and Brazil [40]. In developed countries like the UK, the high purchasing potential of consumers, the availability of inexpensive energy-rich food products, and the popularity of high-sugar-content carbonated drinks have accentuated the obesity problem [41]. In the absence of comprehensive structural changes, the already struggling NHS will be unable to cope with this epidemic.



In 2006, the UK Department of Health estimated that £187 bn were spent each year for treating preventable conditions [42]. In recent years, the realisation that money could be better spent on social campaigns for promoting healthy lifestyles has resulted in a government policy shift from curative to preventive medicine.



Public health promotion campaigns motivate the target population to change their behaviour using the reward and punishment (or incentive and disincentive) method, such as preventing alcohol abuse in young people by portraying alcohol consumption in a negative light. Several strategies, tools, and theories have been used to create these campaigns, which follow the 4Ps commercial marketing strategy to maximize effectiveness, and include: product, price, placement, and promotion [32]. Certain campaigns that focus on motivation and creating awareness of specific health issues provide special telephone hotlines or referrals to health care centres or other facilities to support early diagnosis and increase survival rates for potentially fatal conditions. Evidence suggests that health promotion social campaigns can influence ~5% of the population on average [43], but the percentage may differ depending on the population or behaviour being targeted. For many health-related behaviours, even small changes such as 5% in the behaviour of a population can produce considerable impacts on public health.



Although social campaigns may create awareness and motivate people to change their habits, certain behavioural changes such as substance abuse, addictions, smoking, mental health, and dietary changes are difficult to address. Convincing someone to initially adopt a healthy lifestyle has proven to be easier than maintaining motivation to continue practising healthy lifestyle behaviours. For certain behavioural changes, interventions must be tailored to personal lifestyle, tastes, habits, desires, time constraints, and location. However, social campaigns cannot create a personalised healthy diet according to personal tastes, needs, and preferences. In 2011, Cugelman et al. [44] demonstrated that although social campaigns have the ability to affect 5% of the population, digital interventions could affect behavioural change in 10% of the population. Advantages of the digital world in customisation and personalisation have more significant impacts in achieving difficult behavioural changes such as altering dietary habits. In addition to efficiency, digital interventions are more cost-effective than other types of personalised support. For example, a personalised digital anti-smoking intervention is the least expensive, but personalised print interventions cost 5-40 times more and personalised assistance by telephone is 150–250 times more expensive [45]. Thus, the efficacy, reach, and low cost of DBCIs make them ideal for effectuating dietary behavioural changes and improving public health.



In this paper, we reviewed the literature on digital dietary behaviour change interventions. The aims were to: (1) Compare different types of digital interventions available to the public; (2) Gauge the efficacy of each type of intervention on dietary behaviour changes by studying effect sizes; (3) Recommend policies and formulate strategies for further interventions.





2. Materials and Methods


This systematic review followed the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) and has been registered with the International Prospective Register of Systematic Reviews (PROSPERO; registration number CRD42019120085).



2.1. Search Strategy


Information sources were obtained from a literature search of the electronic databases PubMed, CINAHL, PsycInfo, MedLine, and Cochrane Library using the search terms ‘digital interventions’, ‘smartphone apps’, ‘diet’, ‘digital’, ‘behaviour’, and ‘dietary behaviour changes’ with a search filter restricted to English. Query results were downloaded and then combined and sorted to remove duplicates using the reference management tool EndNote X7.0.1 (Clarivate Analytics, Philadelphia, PA, USA). Since digital interventions only started appearing in recent years, there was no restriction on publication time.




2.2. Inclusion and Exclusion Criteria


The criteria for article selection were: (1) Full-length articles published in peer-reviewed journals; (2) Articles describing all types of clinical trials, randomized controlled trials, and other trials; (3) Use of a digital intervention to change dietary behavior; (4) Sample population consisted of healthy adults, children, or adolescents.



The criteria for article exclusion were: (1) Reviews, incomplete trials, and studies where only abstracts were available; (2) Sample population suffering from illness or disorders such as diabetes, cardiovascular disease, depression, or other mental health conditions; (3) Studies where a diet or digital intervention was present but were not present together.




2.3. Data Extraction and Analysis


Data were extracted and analysed using the PRISMA guidelines. The flow diagram of the search strategy is provided in Figure 1. Table 1 lists the articles that were selected for the review. Effect sizes used in this review were extracted from each study when available, or were calculated from available information (means and standard deviations, t-test p-values, and correlation coefficients) if not specifically reported using the formulae described by Lipsey and Wilson [46]. Two reviewers independently performed data extraction from September to December 2019. Quality assessment was further analysed by a third reviewer and finalized by consensus. Due to the limited number of articles and high heterogeneity among studies, a narrative synthesis was performed.




2.4. Quality Assessment


Risk of bias was assessed by two reviewers independently, then the agreed assessment was further entered into the Risk of Bias (RoB) tool [47]. If agreement was not achieved, a third reviewer would contribute to the assessment. Other discrepancies were resolved by discussion among the reviewers. There are six domains for quality assessment: (1) Randomization process; (2) Deviation from intended interventions; (3) Missing outcome data; (4) Measurement of the outcome; (5) Selection of the reported results; (6) Overall bias. Each judgement has three options: low risk, some concerns, and high risk.
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Table 1. Characteristics of the articles selected for analysis.






Table 1. Characteristics of the articles selected for analysis.





	
Author, Year

	
Target Population

	
Intervention Type

	
Eating Behaviour Change

	
Effect Size






	
Personal Digital Assistant (PDA) as intervention




	
Acharya et al., 2011 [48]

	
192 people with a mean age of 49 years and BMI of 34.0 kg/m2

	
Self-monitoring PDA

	
Increased consumption of fruits, vegetables and decreased intake of refined grains

	
Effect size for fat intake was 0.25; for fruit servings 0.36; vegetable servings 0.32; whole grain servings 0.1 and refined grain servings 0.2




	
Ambeba et al., 2015 [49]

	
210 overweight adults (BMI ≥ 34.0 kg/m2)

	
Daily tailored feedback on diet intake using a PDA

	
Significant improvements in intake of fats and carbohydrates

	
Effect size calculated between groups receiving feedback versus not receiving feedback

(i) 0.32 for reduction of fat intake

(ii) 0.34 for reduction of energy intake




	
Burke et al., 2010 [50]

	
Healthy adults (18–59 years of age) with a BMI between 27 and 43 kg/m2

	
Self-monitoring diet and exercise using a PDA with or without feedback

	
Higher proportion of the group using PDA and feedback had a significant weight loss (5%) after 6 months by monitoring calorie intake in their diets

	
An effect size of 0.3 in change in total fat intake was observed between the paper record group and group using PDA + feedback




	
Atienza et al., 2008 [51]

	
27 healthy adults aged ≥ 50 years

	
PDA monitoring their daily diet, providing feedback and answering questions

	
Target population reported higher intake of vegetables and dietary fibre in their daily diet

	
Effect size of 0.9 for vegetable serving and 0.7 for dietary fibre intake was calculated




	
Olson et al., 2008 [52]

	
Adolescents visiting 5 rural primary care practices in the USA

	
PDA-mediated questionnaires, health behaviour assessments and counselling

	
Increased intake of milk

	
Effect size of change in milk intake between the PDA group and non-PDA group was 0.365




	
Online education as intervention




	
Schwarzer et al., 2017 #1 [53]

	
454 adults (18–65 years of age)

	
Online platform delivering a lifestyle intervention following Mediterranean diet

	
Overall improvements in Mediterranean diet

	
Various effect sizes on dietary behaviour were observed; R2 = 0.14 for positive outcome expectancies; R2 = 0.12 for dietary action control; R2 = 0.13 for dietary planning and R2 = 0.17 for stages of changes




	
Kattelmann et al., 2014 [54]

	
1639 college students

	
10-week intensive intervention focussing on eating behaviour, physical activity, stress management via e-mail and the internet

	
Small changes were observed in fat intake and inclusion of fruits and vegetables in the diet

	
Effect size of fruit and vegetable consumption between control and experimental group was 0.05




	
O’Donnell et al., 2014 [55]

	
Students from 8 participating institutions in the USA (18–24 years of age), BMI ≥ 18.5

	
10 online lessons with feedback, facts and interactive questions

	
Setting of goals increased intake of fruits and vegetables by the participants

	
Effect size of fruit intake before goal setting and after 10 weeks of goal setting is η2 = 0.09




	
Grimes et al., 2018 [56]

	
Child–parent dyads from 5 government schools in Australia

	
5-week intervention programme delivered weekly via an online education programme to reduce salt intake

	
Increased knowledge, self-efficacy and behaviours related to salt in children but no reduction in salt intake was observed

	
An effect size of 1.08 was reported in change in dietary behaviour pre- and post-intervention




	
Video games as intervention




	
Zurita-Ortega et al., 2018 [57]

	
47 university students, average age 22.53 years

	
12-week intervention by active video and motor games

	
Quality of diet was improved

	
Effect size of diet change post intervention versus pre-intervention was 0.68.




	
Shiyko et al., 2016 [58]

	
47 healthy, highly educated women, average age 29.8 years, average BMI 26.98

	
Computer game called Spaplay with real world play patterns and linked to real-life activities like healthy snacking

	
60% of participants were contemplating, 34% were preparing to and 4% demonstrated nutritional behaviour change

	
Effect size of nutritional knowledge gain was 0.86




	
Smart phone applications (apps) as intervention




	
Duncan et al., 2014 [59]

	
301 adult male participants age 35–54 years

	
IT based 9 month intervention called ManUp influencing dietary behaviour and physical activity

	
Increased intake of high fibre bread and low-fat milk

	
Effect size was 0.07 for low fat milk intake and 0.2 for high fibre bread intake




	
Ipjian and Johnston, 2017 #2 [60]

	
30 healthy adults, average age 34.4 + 15.7 years, average BMI 25.3 + 4.3 kg/m2

	
App called MyFitnessPal aiding in reduced sodium intake

	
Those using the app reported lower urinary sodium levels

	
Effect size for the study was reported as η2 = 0.234




	
Mummah et al., 2017 #3 [61]

	
135 overweight adults 18–50 years of age, BMI 28–40 kg/m2

	
Vegethon mobile app enabling setting goals, self-monitoring and feedback

	
Significant increase in daily vegetable consumption in the intervention group

	
Effect size Cohen’s d = 0.18 for primary outcome measures after the 8-week trial and d = 0.2 for 24 h recalls




	
Wharton et al., 2014 [62]

	
57 healthy adults 18–65 years of age, BMI 25–40 kg/m2

	
Use of ‘LoseIt!’ diet tracking app

	
Weight loss was similar across groups using the app, memos or papers; healthy eating habit values decreased for app users; more app users completed the trial

	
Effect size of healthy eating index was 0.089








#1 = Effect size represented as R2 which is based on the variance; #2 = Effect size represented as η2 which is the ratio of the variance; #3 = Effect size represented as Cohen’s d, which is the difference between the experimental and control mean divided by a standard deviation for the data.













3. Results


Following screening, 15 articles were selected for inclusion in this review. During the screening process, care was taken to include studies that demonstrated or targeted a direct change, or intent to change, and eating behaviours of the sample population. Most studies investigated the effect of the interventions on other behaviours, such as physical activity and self-monitoring. Studies in which changes in dietary behaviour were also responsible for weight loss in the experimental groups were preferred over studies in which weight loss was attributed to regular exercise or other behaviour changes. Although various intervention strategies employed digital media, the selected articles covered four broad categories: use of a personal digital assistant (PDA), use of smartphone applications, online education or web-based intervention, and use of video games.



3.1. PDA


In 2008, Atienza et al. [51] observed in a randomised trial that use of a PDA compared to written nutritional, educational material precipitated a significant change in dietary behaviour. The intervention group was exposed for eight weeks to a hand-held device that monitored their intake of vegetables and whole grains twice daily and provided individualised feedback and support to help establish goals. The intervention group demonstrated an increase in consumption of vegetables and dietary fibre with a high effect size. Using the ‘Healthy Teens counselling approach’, Olson et al., [52] found that a PDA could assist clinicians in implementing dietary interventions. In this study, a screening tool based on a PDA was used as an office intervention at primary care centres involved in adolescent health behaviour counselling. The 6-month intervention resulted in an increase in milk consumption and physical activity. PDA use by adolescents reduced time spent by staff and clinicians in making individual reports and enabled clinicians to address sensitive issues concerning eating disorders.



Feedback is essential in a PDA-based intervention. Several studies have demonstrated improvement in interventions that have used a PDA coupled with feedback. In 2011, Acharya et al. [48] reported an increase in fruit and vegetable intake and a decrease in fat and refined grain consumption in a group exposed to a PDA compared to a group using paper records (PR). The software programme used by the PDA provided immediate feedback to the user regarding nutrient content and calories ingested, so that individuals could modify their next meal to meet daily nutrition targets. This approach resulted in greater adherence to the programme and attainment of goals. In the PR group, self-monitoring was conducted manually, and the time commitment increased with the number of target nutrients. The nutrient database included in the PDA made it easier for users to learn about the nutrition content of food; whereas, participants in the PR group expended greater effort to acquire knowledge about appropriate food choices. In addition, the portability and social acceptability of a PDA made it easier to use in any setting or environment.



In another study, Burke et al. [50] observed greater weight loss by a group using a PDA coupled with feedback compared to groups using only PR or a PDA. Secondary analysis of the Self-Monitoring and Recording using Technology (SMART) trial confirmed the importance of daily feedback in a PDA-based intervention. Ambeba et al. [49] reported a reduction in calorie and fat intake over a 24-month period when participants received remotely-sent daily feedback. Effect sizes for an increase in fruit and vegetable intake and a decrease in fat and energy were low to moderate (0.1–0.3) in most studies, except that of Atienza et al., a small study (n = 27 adults) where effect sizes were higher (0.7–0.9). A comparison of these articles is presented in Table 2.




3.2. Online Education


Web-based intervention or nutritional education has been observed to positively affect different age groups. A study involving 1639 college students revealed that a 10-week intensive web-based intervention, consisting of 21 short lessons and regular e-mail messages called ‘nudges’, increased fruit and vegetable intake in the intervention group [54]. Although no net change in BMI or weight was observed, this positive dietary behaviour change had an effect size of 0.05. A study by O’Donnell et al. [55] explored the advantages of setting goals and the effects of web-based interventions on changing dietary behaviour of students. The intervention consisted of 10 online lessons with data for weekly goals and behaviour. Intake of fruits and vegetables increased significantly with time in the intervention group (p < 0.001) with a moderate effect size (η2 = 0.09). Elapsed time also significantly affected goal attainment (p < 0.001). Schwarzer et al. [53] investigated the effects of a lifestyle intervention delivered by an online platform, which addressed four psychological constructs to change dietary behaviour in adults. Using a Mediterranean diet adherence screener, participants who had lower expectancies of positive outcomes gained more from the intervention. Grimes et al. [56] studied the influence of a web-based salt reduction programme (DELISH) in children on knowledge, attitude, and behaviour regarding daily salt-intake. The trial tested child–parent dyads and observed increases in knowledge of high salt foods and changes in salt-related dietary behaviour, with high effect sizes of 1.16 and 1.08, respectively. However, actual salt intake was unchanged. A summary of the results of these studies is represented in Table 3. The overall effect sizes in these web-based interventions were relatively low, but the high effect size 1.08 [56] for increase in nutritional knowledge supported the importance of the internet for disseminating knowledge.




3.3. Video Games


The effects of a 12-week video game-based intervention consisting of active and motor video games targeted at changing dietary behaviour were examined in university students [57]. Students displayed moderate adherence to a Mediterranean diet, but individual nutrients were not measured. Another trial targeting adult, highly educated women showed a high effect size (0.86) for nutritional knowledge [58]. The intervention consisted of a social online video game known as ‘SpaPlay’, which was developed to cultivate healthy eating and exercise in women. Participants had the option of personalising and individualising the content, which resulted in a longer-lasting impact. Effect sizes in these studies for nutritional knowledge and dietary change were high (0.6–0.8; Table 4).




3.4. Smartphone Apps


A randomised controlled trial (RCT) known as ‘ManUp’, which examined the effects of a web-based and mobile phone-based intervention in changing dietary behaviour in middle-aged men, was delivered to participants by print (control group) and information technology media (intervention group) [59]. Change in consumption of dietary fibre and milk from baseline to 3 months showed a low effect size; however, this change was not sustained throughout the study and no differences were observed between the intervention and control groups.



Another RCT involving overweight adults exposed to the ‘Vegethon’ mobile app over a 12-month period demonstrated an increase in vegetable intake by the intervention group with an effect size of 0.18 [61]. This was the first study to examine the effects of a standalone mobile app, which incorporated theory-based information and feedback/goal setting, on dietary behaviour change. High rates of adherence in this study suggest that participants were motivated to lose weight because they had already enrolled in weight loss programmes.



A small pilot study of a mobile app called ‘MyFitnessPal’ examined sodium intake of 37 healthy people [60]. A moderate to high effect size for decrease in urinary sodium levels was observed in the intervention group, suggesting that smartphone apps are capable of potentiating dietary behavioural changes. In an 8-week weight loss trial, Wharton et al. [62] reported that smartphone apps were better suited for self-monitoring than improving dietary quality. In this study, three participant groups using (1) a memo only, (2) paper and pencil, or (3) the mobile app ‘LoseIt!’ were followed to assess self-monitoring of daily food intake. The memo group and the paper/pencil group also received counselling, while the app group received feedback but no counselling. Results indicated significant weight loss, excellent self-monitoring, and a higher rate of trial completion by the app users. However, healthy dietary behaviours decreased over time in the app group, but did not decrease in the other two groups, indicating the importance of counselling in instilling eating behaviour change. Although effect sizes for this intervention ranged from low to medium, sodium intake was significantly reduced in two studies [60,62]. The results of these studies are summarised in Table 5.




3.5. Study Quality Assessment


Figure 2 shows the risk of bias across all included studies. All studies were classified as low risk in the “selection of the reported result” and “measurement of the outcome” domains. Two studies [54,55] were considered high risk in the “missing outcome data” domain, as outcome were only measured for part of the participants randomized in the studies. Three studies [52,55,58] were rated high risk in the “deviations from intended interventions” domain due to lack of appropriate analysis (e.g., sensitivity analysis) to estimate the effect of assignment to intervention which has a potential substantial impact on the results. Those rated as some concern in the same domain [51,53,54,56,57,60,62] also lack appropriate analysis, but without a potential substantial impact on the results. All studies rated as some concerns in the “randomization process” [56,57,58] were not fully randomized while the one rated high risk [52] were also not fully randomized, and the baseline differences between intervention grouped suggested a problem with the randomization process.





4. Discussion


A sedentary lifestyle, combined with a diet rich in calories and added sugar, have resulted in the emergence of obesity as a major health problem that is globally associated with increased mortality and morbidity, as well as an increased prevalence of chronic diseases [63,64,65]. The number of obese people in the world is predicted to increase to 3.3 billion by the year 2025 [65]. A high prevalence of overweight or obesity negatively impacts the economic health of many countries, accounting for ~7% of all health care expenditures throughout the world [66]. In 2010 alone, a high BMI was associated with 3.8% of disability and 3.4 million deaths worldwide [67]. Therefore, maintaining a healthy weight is extremely important and research has shown that even small amounts of weight loss can result in a considerable reduction in mortality, morbidity, and health care costs [68,69,70,71]. Loss of 1 kg of body weight has been shown to reduce the risk of developing diabetes by 13% [72]. Lifestyle interventions required for weight management include improved dietary quality, increased physical activity, and a restriction in the number of calories being consumed.



In the modern digital age, digital interventions are becoming increasingly popular for effecting lifestyle changes. This review presented various studies in which digital interventions have been used to produce dietary behaviour changes. The 15 articles selected for analysis concentrated on specific categories of interventions and studies that described direct effects on dietary behaviour were included. An overall effect size was not calculated because parameters of change in dietary behaviour were not identical in all studies; however, individual effect sizes for each trial were calculated and reported. Use of a PDA coupled with personalised feedback appears to have had the optimal effects on implementing dietary changes. In general, all interventions showed improved results when coupled with counselling and feedback. Adherence to the programme was a significant issue in all trials. Hence, it is necessary to employ interventions that sustain interest and motivation and support participants through each step.



A major component of the dietary behaviour change technique (BCT) is routine self-monitoring of daily diet [73,74] because it increases awareness of the food being consumed and helps elucidate impediments to positive dietary behaviour changes. Once these obstacles are identified, corrective actions can be taken to correct them which will help in achieving the goal of a better dietary quality [75]. The conventional and most common manner of self-monitoring is recording daily dietary intake and other observations using a diary or memo, which is then presented to the interventionist weekly or once every two weeks for feedback. However, over time participants find it difficult to sustain this routine of self-monitoring [76]. Thus, directive and supportive feedback may be reduced when self-monitoring is discontinued. Maintaining a PR also entails manual calculations and finding information regarding the nutrient value of foods, which requires time and becomes tiresome for the user [74]. Substitutes for the paper record, such as a PDA and an online diary have become popular. Studies indicate that PDAs have been used to record food intake [77] and other data such as total amount of energy consumed in 24 h [78]. In 2004, Glanz et al. [79] revealed that PDAs consisting of dietary software programmes can be successfully employed for self-monitoring and consequently help in attaining established goals for dietary behaviour change.



Advances in technology have given rise to devices originally known as Personal Information Management (PIM) gadgets, which gave access to a portable collection of data [80]. These devices have evolved into PDAs that now include ‘smart’ watches, ‘smart’ pagers, internet appliances, cellular phones, palmtops, pocket computers, tablet PCs, hand-held computers, and wearable computers [81]. State-of-the-art devices are equipped with networking, voice recognition, and wireless capabilities, which increase their value in the healthcare industry. Although PDAs are rapidly replacing the antiquated PR system for storing data, PDAs have limitations. Despite the immense potential to improve dietary quality, simplify self-monitoring and increase programme adherence, using a PDA may prove difficult for the elderly and those with low literacy. However, these difficulties may be overcome with help from the interventionists.



Internet delivery of web-based behaviour change interventions focusing on smoking cessation and weight loss has been reported in a number of studies [82,83,84]. Virtual interventions have recently become popular for disseminating health information [85]. Studies included in this review found that internet use significantly increased nutritional knowledge of the target population [56], but interventions must be customized to the target population. For example, as college students are known to spend on average 6.5 h per day on the internet [86], web-based interventions are more likely to be successful in this population [54,55].



Interactive video games combined with external counselling provide an effective intervention capable of increasing programme adherence while maintaining motivation and support. Video games should be targeted to the participants based on characteristics such as interest in specific types of games or maturity and technical skills required for use [57,58].



The ubiquitous presence of mobile apps makes them a cost-effective form of intervention that is readily accessible by all participants at any time, and can be personalised, deliver feedback, and maximise interaction to increase effectiveness [87]. However, internet-based interventions should include counselling in order to sustain beneficial effects [62]. The recent increase in the number of health-promotion apps appears to have been beneficial to users [88], though evaluation of these apps in RCTs is still in progress and it will be necessary to incorporate theory-based behaviour change strategies [89,90,91]. Besides, it is important to take other mediating variables (e.g., social and environmental variables) into account while designing DCBIs, as they also contribute to individual behaviour change [13]. However, even with the social and environmental considerations, it is still hard to achieve sustainable behaviour change via DCBIs, if the environmental context is not optimised. For example, it is unlikely to adopt a healthy diet if the availability and accessibility of healthy food are low. Consumer-led changes and advancements in the food industry and government policies are required to provide a healthy and sustainable food environment [92].



There were several limitations of the study. Almost half of the studies included were rated as “some concerns” in the “overall bias” domain in the quality assessment, mainly due to biases in the randomisation process and lack of appropriate analysis to estimate the effect of assignment to intervention. In future, this limitation could be eliminated by restricting inclusion criteria with more precise outcome statistics, although that could require an extension of publication period to increase the number of studies available, considering the limited number of studies found in this review. Another limitation is that grey literature was not included in this review due to the level of skills required to make accurate interpretation. This may have contributed to a decrease in outcomes of the review and also to a skewing of the outcomes by not providing unpublished information, leaving the review vulnerable to publication bias. Finally, the results of the review could not be generalised to all digital dietary behaviour interventions because of the several populations excluded from the study (e.g., populations suffering from illness or disorders such as diabetes, cardiovascular disease, depression, or other mental health conditions). Due to the differences in the required dietary management (e.g., type of diet, intervention method), the evaluation of digital dietary interventions on these populations should be addressed separately.




5. Conclusions


An integral part of dietary interventions in weight management is the participant’s role in self-monitoring, goal-setting, and awareness of their dietary nutritional value. This review found that any type of intervention should be combined with appropriate feedback and counselling in order to sustain the desired effects. Many trials reported that delivery of personalised feedback messages in real-time was critical for supporting self-regulation during the weight loss programmes [49,50,51,52]. A study by Spring et al. [93] reported that when a diet-tracking system employing a PDA was used in conjunction with a telephone-mediated counselling programme, weight loss was significantly greater over a 12-month period than a counselling programme alone. Thus, future research on other lifestyle changes such as sleep quality and hygiene should focus on use of mobile technology to deliver tailored feedback messages.



Furthermore, as structural factors run hand in hand with behaviour factors in the global obesity crisis, more research effort on relevant structural factors is needed to strengthen the existing behaviour change interventions. It is also essential to explore the comparative efficacy of digital dietary behaviour change interventions in settings with or without adequate structural changes (e.g., public policy on unhealthy food marketing).



Digital interventions have the advantages of being (i) convenient to use, (ii) available in many geographic locations to a large number of people, (iii) customizable, (iv) sustainable (keeping users motivated and adherent to the programme), and (v) cost-effective. Of all these characteristics, customization, sustainability, and cost-effectiveness require further development. The Transtheoretical Model of Behaviour Change [94] proposes that an intervention will be most successful when it matches the behaviours and cognitions of the participants. Personalisation of health behaviour interventions according to the readiness of each individual will help place that person on a trajectory that leads to behavioural change. The human genome sequence and the recognition that genetic composition may influence health and diet has opened new opportunities for personalising interventions based on genetics [95]. Finally, adherence to, and sustainability of, interventions require additional study. One strategy that may increase adherence and sustainability is to promote social interactions between participants [96].



Thus, future research should concentrate on developing scalable and sustainable digital interventions that are tailored to the target population and integrate effective BCTs.







Author Contributions


Conceptualization, Y.C. and F.J.A.P.-C.; methodology, Y.C., and F.J.A.P.-C.; investigation, Y.C., and F.J.A.P.-C.; writing—original draft preparation, Y.C.; writing—review and editing, Y.C., F.J.A.P.-C., A.G., I.M. and H.H.; supervision, H.H.; project administration, H.H.; funding acquisition, F.J.A.P.-C., A.G., I.M. and H.H.; All authors have read and agreed to the published version of the manuscript.




Funding


This study was funded by FoodSMART project (European Union’s Horizon 2020 Programme), grant number 643999. First author Yang Chen is currently supported by the Chinese Scholarship Council.




Acknowledgments


We would like to thank Tracy Chen and Xiao Zhou for commenting on the study design and the manuscript.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



2015–2020 Dietary Guidelines for Americans. Available online: https://health.gov/our-work/food-nutrition/2015-2020-dietary-guidelines/guidelines/ (accessed on 13 March 2020).

	



Myplate.gov. Available online: https://www.choosemyplate.gov/MyPlate (accessed on 13 March 2020).

	



CDC Nutrition Facts. Available online: https://www.cdc.gov/healthyschools/nutrition/facts.htm (accessed on 13 April 2020).

	



Lee, J.; Herman, W.; McPheeters, M.; Gurney, J. An Epidemiologic Profile of Children with Diabetes in the U.S. Diabetes Care 2006, 29, 420–421. [Google Scholar] [CrossRef]

	



Gable, S.; Krull, J.; Chang, Y. Implications of Overweight Onset and Persistence for Social and Behavioral Development between Kindergarten Entry and Third Grade. Appl. Dev. Sci. 2009, 13, 88–103. [Google Scholar] [CrossRef]

	



Observatory, N.O. Obesity and Mental Health. Available online: https://khub.net/documents/31798783/32039025/Obesity+and+Mental+Health.pdf/18cd2173-408a-4322-b577-6aba3354b7ca?download=true (accessed on 13 October 2020).

	



Fontaine, K.R.; Redden, D.T.; Wang, C.; Westfall, A.O.; Allison, D.B. Years of Life Lost Due to Obesity. JAMA J. Am. Med Assoc. 2003, 289, 187–193. [Google Scholar] [CrossRef]

	



Simmonds, M.; Burch, J.; Llewellyn, A.; Griffiths, C.; Yang, H.; Owen, C.; Duffy, S.; Woolacott, N. The use of measures of obesity in childhood for predicting obesity and the development of obesity-related diseases in adulthood: A systematic review and meta-analysis. Health Technol. Assess. 2015, 19, 1–336. [Google Scholar] [CrossRef]

	



Digital, N. Statistics on Obesity, Physical Activity and Diet. England 2018. Available online: https://files.digital.nhs.uk/publication/0/0/obes-phys-acti-diet-eng-2018-rep.pdf (accessed on 13 March 2020).

	



OECD Healthier Lifestyles and Better Health Policies Drive Life Expectancy Gains. Available online: http://www.oecd.org/newsroom/healthier-lifestyles-and-better-health-policies-drive-life-expectancy-gains.htm (accessed on 13 April 2020).

	



Centre, H. National Child Measurement Programme: England 2013/14; Public Health England Wellington House: London, UK, 2014. [Google Scholar]

	



Contento, I.; Balch, G.; Bronner, Y.; Lytle, L.; Maloney, S.K.; Olson, C.; Swadener, S. The Effectiveness of Nutrition Education and Implications for Nutrition Education Policy, Programs, and Research: A Review of Research; SAGE: Thousand Oaks, CA, USA, 1995; pp. 277–418. [Google Scholar]

	



Baranowski, T.; Lin, L.S.; Wetter, D.W.; Resnicow, K.; Hearn, M.D. Theory as mediating variables: Why aren’t community interventions working as desired? Ann. Epidemiol. 1997, 7, S89–S95. [Google Scholar] [CrossRef]

	



Baranowski, T.; Davis, M.; Resnicow, K.; Baranowski, J.; Doyle, C.; Lin, L.S.; Smith, M.; Wang, D.T. Gimme 5 Fruit, Juice, and Vegetables for Fun and Health: Outcome Evaluation. Health Educ. Behav. 2016, 27, 96–111. [Google Scholar] [CrossRef]

	



Hearn, M.D.; Baranowski, T.; Baranowski, J.; Doyle, C.; Smith, M.; Lin, L.S.; Resnicow, K. Environmental Influences on Dietary Behavior among Children: Availability and Accessibility of Fruits and Vegetables Enable Consumption. J. Health Educ. 1998, 29, 26–32. [Google Scholar] [CrossRef]

	



Cullen, K.W.; Baranowski, T.; Owens, E.; Marsh, T.; Rittenberry, L.; de Moor, C. Availability, Accessibility, and Preferences for Fruit, 100% Fruit Juice, and Vegetables Influence Children’s Dietary Behavior. Health Educ. Behav. 2003, 30, 615–626. [Google Scholar] [CrossRef] [PubMed]

	



Kirby, S.D.; Baranowski, T.; Reynolds, K.D.; Taylor, G.; Binkley, D. Children’s fruit and vegetable intake: Socioeconomic, adult-child, regional, and urban-rural influences. J. Nutr. Educ. 1995, 27, 261–271. [Google Scholar] [CrossRef]

	



Fox, S.; Duggan, M. Mobile Health 2012. Pew Internet & American Life Project. Available online: http://www.pewinternet.org/2012/11/08/mobile-health-2012/ (accessed on 13 April 2020).

	



Kontos, E.; Blake, K.D.; Chou, W.-Y.S.; Prestin, A. Predictors of eHealth Usage: Insights on The Digital Divide from the Health Information National Trends Survey 2012. J. Med. Internet Res. 2014, 16, e172. [Google Scholar] [CrossRef]

	



Health, R. Digital Health Consumer Adoption: 2015. Available online: http://rockhealth.com/reports/digital-health-consumer-adoption-2015/ (accessed on 13 March 2020).

	



West, R.; Michie, S. A Guide to Development and Evaluation of Digital Interventions in Healthcare; Silverback Publishing: London, UK, 2016. [Google Scholar]

	



Perski, O.; Blandford, A.; West, R.; Michie, S. Conceptualising engagement with digital behaviour change interventions: A systematic review using principles from critical interpretive synthesis. Transl. Behav. Med. 2016, 7, 254–267. [Google Scholar] [CrossRef]

	



Liu, F.; Kong, X.; Cao, J.; Chen, S.; Li, C.; Huang, J.; Gu, D.; Kelly, T.N. Mobile phone intervention and weight loss among overweight and obese adults: A meta-analysis of randomized controlled trials. Am. J. Epidemiol. 2015, 181, 337–348. [Google Scholar] [CrossRef] [PubMed]

	



Whittaker, R.; Borland, R.; Bullen, C.; Lin, R.B.; McRobbie, H.; Rodgers, A. Mobile phone-based interventions for smoking cessation. Cochrane Database Syst. Rev. 2009, 4, CD006611. [Google Scholar]

	



Civljak, M.; Stead, L.F.; Hartmann-Boyce, J.; Sheikh, A.; Car, J. Internet-based interventions for smoking cessation. Cochrane Database Syst. Rev. 2013, 7, CD007078. [Google Scholar]

	



Muntaner, A.; Vidal-Conti, J.; Palou, P. Increasing physical activity through mobile device interventions: A systematic review. Health Inform. J. 2016, 22, 451–469. [Google Scholar] [CrossRef]

	



Natasha, K.N.; Nicola, C.N.; Anthony, S.; Paul, W.; Maree, T. A Systematic Review of Digital and Computer-Based Alcohol Intervention Programs in Primary Care. Curr. Drug Abus. Rev. 2015, 8, 111–118. [Google Scholar]

	



Jones, K.R.; Lekhak, N.; Kaewluang, N. Using Mobile Phones and Short Message Service to Deliver Self-Management Interventions for Chronic Conditions: A Meta-Review. Worldviews Evid. Based Nurs. 2014, 11, 81–88. [Google Scholar] [CrossRef] [PubMed]

	



Donkin, L.; Christensen, H.; Naismith, S.L.; Neal, B.; Hickie, I.B.; Glozier, N. A Systematic Review of the Impact of Adherence on the Effectiveness of e-Therapies. J. Med. Internet Res. 2011, 13, e52. [Google Scholar] [CrossRef]

	



Webb, T.L.; Joseph, J.; Yardley, L.; Michie, S. Using the Internet to Promote Health Behavior Change: A Systematic Review and Meta-analysis of the Impact of Theoretical Basis, Use of Behavior Change Techniques, and Mode of Delivery on Efficacy. J. Med. Internet Res. 2010, 12, e4. [Google Scholar] [CrossRef] [PubMed]

	



Wantland, D.J.; Portillo, C.J.; Holzemer, W.L.; Slaughter, R.; McGhee, E.M. The Effectiveness of Web-Based vs. Non-Web-Based Interventions: A Meta-Analysis of Behavioral Change Outcomes-0. J. Med. Internet Res. 2011, 10, e40. [Google Scholar] [CrossRef]

	



Cugelman, B. Why Digital Behaviour Change Interventions will Transform Public Health. Available online: http://www.ohpe.ca/node/13291 (accessed on 13 March 2020).

	



WHO Obesity and Overweight. Available online: http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight (accessed on 13 March 2020).

	



Wang, Y.C.M.D.; McPherson, K.P.; Marsh, T.P.G.D.; Gortmaker, S.L.P.; Brown, M.P. Health and economic burden of the projected obesity trends in the USA and the UK. Lancet 2011, 378, 815–825. [Google Scholar] [CrossRef]

	



Brown, K.F.; Rumgay, H.; Dunlop, C.; Ryan, M.; Quartly, F.; Cox, A.; Deas, A.; Elliss-Brookes, L.; Gavin, A.; Hounsome, L.; et al. The fraction of cancer attributable to modifiable risk factors in England, Wales, Scotland, Northern Ireland, and the United Kingdom in 2015. Br. J. Cancer 2018, 118, 1130–1141. [Google Scholar] [CrossRef]

	



Jebb, S.A.; Kopelman, P.; Butland, B. Executive Summary: FORESIGHT ‘Tackling Obesities: Future Choices’ project. Obes. Rev. 2007, 8, vi–ix. [Google Scholar] [CrossRef]

	



Karnik, S.; Kanekar, A. Childhood obesity: A global public health crisis. Int. J. Prev. Med. 2012, 3, 1–7. [Google Scholar]

	



Ebbeling, C.; Pawlak, D.B.; Ludwig, D. Childhood obesity: Public-health crisis, common sense cure. Lancet 2002, 360, 473–482. [Google Scholar] [CrossRef]

	



WHO Children’s Environmental Health: Emerging Issues. Available online: http://www.who.int/ceh/risks/cehmobility/en/ (accessed on 13 March 2020).

	



Popkin, B.M.; Adair, L.S.; Ng, S.W. Global nutrition transition and the pandemic of obesity in developing countries. Nutr. Rev. 2012, 70, 3–21. [Google Scholar] [CrossRef] [PubMed]

	



Gupta, N.; Goel, K.; Shah, P.; Misra, A. Childhood Obesity in Developing Countries: Epidemiology, Determinants, and Prevention. Endocr. Rev. 2012, 33, 48–70. [Google Scholar] [CrossRef]

	



National Consumer Council (UK). It’s Our Health! Realising the Potential of Effective Social Marketing; National Consumer Council: London, UK, 2006; p. 45. [Google Scholar]

	



Snyder, L.B. Health Communication Campaigns and Their Impact on Behavior. J. Nutr. Educ. Behav. 2007, 39, S32–S40. [Google Scholar] [CrossRef]

	



Cugelman, B.; Thelwall, M.; Dawes, P. Online Interventions for Social Marketing Health Behavior Change Campaigns: A Meta-Analysis of Psychological Architectures and Adherence Factors. J. Med. Internet Res. 2011, 13, e17. [Google Scholar] [CrossRef]

	



Strecher, V.J.; Shiffman, S.; West, R. Randomized controlled trial of a web-based computer-tailored smoking cessation program as a supplement to nicotine patch therapy. Addiction 2005, 100, 682–688. [Google Scholar] [CrossRef]

	



Lipsey, M.; Wilson, D. Practical Meta-Analysis; SAGE: Thousand Oaks, CA, USA, 2000. [Google Scholar]

	



Sterne, J.A.C.; Savović, J.; Page, M.J.; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.-Y.; Corbett, M.S.; Eldridge, S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, l4898. [Google Scholar] [CrossRef] [PubMed]

	



Acharya, S.D.M.S.; Elci, O.U.P.; Sereika, S.M.P.; Styn, M.A.P.; Burke, L.E. Using a Personal Digital Assistant for Self-Monitoring Influences Diet Quality in Comparison to a Standard Paper Record among Overweight/Obese Adults. J. Am. Diet. Assoc. 2011, 111, 583–588. [Google Scholar] [CrossRef] [PubMed]

	



Ambeba, E.J.; Ye, L.; Sereika, S.M.; Styn, M.A.; Acharya, S.D.; Sevick, M.A.; Ewing, L.J.; Conroy, M.B.; Glanz, K.; Zheng, Y.; et al. The Use of mHealth to Deliver Tailored Messages Reduces Reported Energy and Fat Intake. J. Cardiovasc. Nurs. 2015, 30, 35–43. [Google Scholar] [CrossRef]

	



Burke, L.E.; Conroy, M.B.; Sereika, S.M.; Elci, O.U.; Styn, M.A.; Acharya, S.D.; Sevick, M.A.; Ewing, L.J.; Glanz, K. The Effect of Electronic Self-Monitoring on Weight Loss and Dietary Intake: A Randomized Behavioral Weight Loss Trial. Obesity 2010, 19, 338–344. [Google Scholar] [CrossRef]

	



Atienza, A.A.; King, A.C.; Oliveira, B.M.; Ahn, D.K.; Gardner, C.D. Using Hand-Held Computer Technologies to Improve Dietary Intake. Am. J. Prev. Med. 2008, 34, 514–518. [Google Scholar] [CrossRef] [PubMed]

	



Olson, A.L.; Gaffney, C.A.; Lee, P.W.; Starr, P. Changing adolescent health behaviors: The healthy teens counseling approach. Am. J. Prev. Med. 2008, 35, S359. [Google Scholar] [CrossRef] [PubMed]

	



Schwarzer, R.; Fleig, L.; Warner, L.M.; Gholami, M.; Serra-Majem, L.; Ngo, J.; Roman-Viñas, B.; Ribas-Barba, L.; Distante, A.; Ntzani, E.; et al. Who benefits from a dietary online intervention? Evidence from Italy, Spain and Greece. Public Health Nutr. 2017, 20, 938–947. [Google Scholar] [CrossRef]

	



Kattelmann, K.K.; Bredbenner, C.B.; White, A.A.; Greene, G.W.; Hoerr, S.L.; Kidd, T.; Colby, S.; Horacek, T.M.; Phillips, B.W.; Koenings, M.M.; et al. The Effects of Young Adults Eating and Active for Health (YEAH): A Theory-Based Web-Delivered Intervention. J. Nutr. Educ. Behav. 2014, 46, S27–S41. [Google Scholar] [CrossRef]

	



O’Donnell, S.; Greene, G.W.; Blissmer, B. The Effect of Goal Setting on Fruit and Vegetable Consumption and Physical Activity Level in a Web-Based Intervention. J. Nutr. Educ. Behav. 2014, 46, 570–575. [Google Scholar] [CrossRef]

	



Grimes, C.A.; Booth, A.; Khokhar, D.; West, M.; Margerison, C.; Campbell, K.J.; Nowson, C.A. Digital Education to Limit Salt in the Home (DELISH) Program Improves Knowledge, Self-Efficacy, and Behaviors Among Children. J. Nutr. Educ. Behav. 2018, 50, 547–554. [Google Scholar] [CrossRef]

	



Zurita-Ortega, F.; Chacón-Cuberos, R.; Castro-Sánchez, M.; Gutiérrez-Vela, F.L.; González-Valero, G. Effect of an Intervention Program Based on Active Video Games and Motor Games on Health Indicators in University Students: A Pilot Study. Int. J. Environ. Res. Public Health 2018, 15, 1329. [Google Scholar] [CrossRef] [PubMed]

	



Shiyko, M.; Hallinan, S.; Seif El-Nasr, M.; Subramanian, S.; Castaneda-Sceppa, C. Effects of Playing a Serious Computer Game on Body Mass Index and Nutrition Knowledge in Women. JMIR Serious Games 2016, 4, e8. [Google Scholar] [CrossRef] [PubMed]

	



Duncan, M.; Vandelanotte, C.; Kolt, G.S.; Rosenkranz, R.R.; Caperchione, C.M.; George, E.S.; Ding, H.; Hooker, C.; Karunanithi, M.; Maeder, A.J.; et al. Effectiveness of a Web- and Mobile Phone-Based Intervention to Promote Physical Activity and Healthy Eating in Middle-Aged Males: Randomized Controlled Trial of the ManUp Study. J. Med. Internet Res. 2014, 16, e136. [Google Scholar] [CrossRef] [PubMed]

	



Ipjian, M.L.; Johnston, C.S. Smartphone technology facilitates dietary change in healthy adults. Nutrition 2017, 33, 343–347. [Google Scholar] [CrossRef] [PubMed]

	



Mummah, S.; Robinson, T.N.; Mathur, M.; Farzinkhou, S.; Sutton, S.; Gardner, C.D. Effect of a mobile app intervention on vegetable consumption in overweight adults: A randomized controlled trial. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 125. [Google Scholar] [CrossRef]

	



Wharton, C.M.; Johnston, C.S.; Cunningham, B.K.; Sterner, D. Dietary Self-Monitoring, But Not Dietary Quality, Improves With Use of Smartphone App Technology in an 8-Week Weight Loss Trial. J. Nutr. Educ. Behav. 2014, 46, 440–444. [Google Scholar] [CrossRef]

	



Philip, A.; Donald, K. Editorial: The Obesity Epidemic. Science 2004, 304, 1413. [Google Scholar]

	



Lopez, A.D.; Mathers, C.D.; Ezzati, M.; Jamison, D.T.; Murray, C.J.L. Global and regional burden of disease and risk factors, 2001: Systematic analysis of population health data. Lancet 2006, 367, 1747–1757. [Google Scholar] [CrossRef]

	



Kelly, T.; Yang, W.; Chen, C.; Reynolds, K.; He, J. Global burden of obesity in 2005 and projections to 2030. Int. J. Obes. 2008, 32, 1431–1437. [Google Scholar] [CrossRef] [PubMed]

	



Withrow, D.; Alter, D.A. The economic burden of obesity worldwide: A systematic review of the direct costs of obesity. Obes. Rev. 2011, 12, 131–141. [Google Scholar] [CrossRef]

	



Lim, S.S.; Vos, T.; Flaxman, A.D.; Danaei, G. A comparative risk assessment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 1990–2010: A systematic analysis for the Global Burden of Disease Study 2010. Lancet 2012, 380, 2224–2260. [Google Scholar] [CrossRef]

	



Knowler, W.C.; Barrett-Connor, E.; Fowler, S.E.; Hamman, R.F.; Lachin, J.M.; Walker, E.A.; Nathan, D.M. Reduction in the Incidence of Type 2 Diabetes with Lifestyle Intervention or Metformin. New Engl. J. Med. 2002, 346, 393–403. [Google Scholar] [PubMed]

	



Kaukua, J.; Pekkarinen, T.; Sane, T.; Mustajoki, P. Health-related quality of life in obese outpatients losing weight with very-low-energy diet and behaviour modification a 2-y follow-up study. Int. J. Obes. 2003, 27, 1233–1241. [Google Scholar] [CrossRef]

	



Klein, S.; Burke, L.E.; Bray, G.A.; Blair, S.; Allison, D.B.; Pi-Sunyer, X.; Hong, Y.; Eckel, R.H. Clinical implications of obesity with specific focus on cardiovascular disease: A statement for professionals from the American Heart Association Council on Nutrition, Physical Activity, and Metabolism: Endorsed by the American College of Cardiology Foundation. Circulation 2004, 110, 2952–2967. [Google Scholar] [PubMed]

	



Ryan, D.H.; Kushner, R. The State of Obesity and Obesity Research. JAMA 2010, 304, 1835–1836. [Google Scholar] [CrossRef] [PubMed]

	



Kriska, A.M.; Delahanty, L.M.; Pettee, K.K. Lifestyle intervention for the prevention of type 2 diabetes: Translation and future recommendations. Curr. Diabetes Rep. 2004, 4, 113–118. [Google Scholar] [CrossRef] [PubMed]

	



Baker, R.C.; Kirschenbaum, D.S. Self-monitoring may be necessary for successful weight control. Behav. Ther. 1993, 24, 377–394. [Google Scholar] [CrossRef]

	



Burke, L.E.; Warziski, M.; Starrett, T.; Choo, J.; Music, E.; Sereika, S.; Stark, S.; Sevick, M.A. Self-Monitoring Dietary Intake: Current and Future Practices. J. Ren. Nutr. 2005, 15, 281–290. [Google Scholar] [CrossRef]

	



Wadden, T.A.; Crerand, C.E.; Brock, J. Behavioral Treatment of Obesity. Psychiatr. Clin. North Am. 2005, 28, 151–170. [Google Scholar] [CrossRef] [PubMed]

	



Burke, L.E.; Wang, J.; Sevick, M.A. Self-Monitoring in Weight Loss: A Systematic Review of the Literature. J. Am. Diet. Assoc. 2011, 111, 92–102. [Google Scholar] [CrossRef] [PubMed]

	



McClung, H.L.; Sigrist, L.D.; Smith, T.J.; Karl, J.P.; Rood, J.C.; Young, A.J.; Bathalon, G.P. Monitoring Energy Intake: A Hand-Held Personal Digital Assistant Provides Accuracy Comparable to Written Records. J. Am. Diet. Assoc. 2009, 109, 1241–1245. [Google Scholar] [CrossRef]

	



Beasley, J.; Riley, W.T.; Jean-Mary, J. Accuracy of a PDA-based dietary assessment program. Nutrition 2005, 21, 672–677. [Google Scholar] [CrossRef] [PubMed]

	



Glanz, K.; Murphy, S.; Moylan, J.; Evensen, D.; Curb, J.D. Improving Dietary Self-Monitoring and Adherence with Hand-Held Computers: A Pilot Study. Am. J. Health Promot. 2006, 20, 165–170. [Google Scholar] [CrossRef] [PubMed]

	



Wiggins, R. Personal Digital Assistants. J. Digit. Imaging Off. J. Soc. Comput. Appl. Radiol. 2004, 17, 5–17. [Google Scholar] [CrossRef] [PubMed]

	



Flanders, A.E.; Wiggins, R.H., 3rd; Gozum, M.E. Handheld computers in radiology. Radiographics 2003, 23, 1035–1047. [Google Scholar] [CrossRef]

	



Wientt, R.; Bill, E.; Wojcik, J.; Winett, S.; Bowden, T. Guide to health: Nutrition and physical activity outcomes of a group-randomized trial of an Internet-based intervention in churches. Ann. Behav. Med. A Publ. Soc. Behav. Med. 2007, 33, 251–261. [Google Scholar] [CrossRef] [PubMed]

	



Chen, B.; Lu, Y.-N.; Wang, H.-X.; Ma, Q.-L.; Zhao, X.-M.; Guo, J.-H.; Hu, K.; Wang, Y.-X.; Huang, Y.-R.; Chen, P. Sexual and reproductive health service needs of university/college students: Updates from a survey in Shanghai, China. Asian J. Androl. 2008, 10, 607–615. [Google Scholar] [CrossRef] [PubMed]

	



Funk, K.L.; Stevens, V.J.; Appel, L.J.; Bauck, A.; Brantley, P.J.; Champagne, C.M.; Coughlin, J.; Dalcin, A.T.; Harvey-Berino, J.; Hollis, J.F.; et al. Associations of Internet Website Use With Weight Change in a Long-term Weight Loss Maintenance Program. J. Med. Internet Res. 2010, 12, e29. [Google Scholar] [CrossRef]

	



Kohl, L.F.M.; Crutzen, R.; de Vries, N.K. Online Prevention Aimed at Lifestyle Behaviors: A Systematic Review of Reviews. J. Med. Internet Res. 2013, 15, e146. [Google Scholar] [CrossRef]

	



Koff, R.N.; Moreno, M.A. Older adolescents’ perceptions of personal internet use. Coll. Stud. J. 2013, 47, 390. [Google Scholar]

	



Klasnja, P.; Pratt, W. Healthcare in the pocket: Mapping the space of mobile-phone health interventions. J. Biomed. Inform. 2012, 45, 184–198. [Google Scholar] [CrossRef] [PubMed]

	



Stephens, J.; Allen, J.K.; Dennison Himmelfarb, C.R. “Smart” Coaching to Promote Physical Activity, Diet Change, and Cardiovascular Health. J. Cardiovasc. Nurs. 2011, 26, 282–284. [Google Scholar] [CrossRef] [PubMed]

	



Riley, W.T.; Rivera, D.E.; Atienza, A.A.; Nilsen, W.; Allison, S.M.; Mermelstein, R. Health behavior models in the age of mobile interventions: Are our theories up to the task? Transl. Behav. Med. 2011, 1, 53–71. [Google Scholar] [CrossRef] [PubMed]

	



Azar, K.M.J.; Lesser, L.I.; Laing, B.Y.; Stephens, J.; Aurora, M.S.; Burke, L.E.; Palaniappan, L.P. Mobile applications for weight management: Theory-based content analysis. Am. J. Prev. Med. 2013, 45, 583. [Google Scholar] [CrossRef]

	



Pagoto, S.; Schneider, K.; Jojic, M.; DeBiasse, M.; Mann, D. Evidence-Based Strategies in Weight-Loss Mobile Apps. Am. J. Prev. Med. 2013, 45, 576–582. [Google Scholar] [CrossRef]

	



Foster, R.; Lunn, J. 40th Anniversary Briefing Paper: Food availability and our changing diet. Nutr. Bull. 2007, 32, 187–249. [Google Scholar] [CrossRef]

	



Spring, B.; Duncan, J.M.; Janke, E.A.; Kozak, A.T.; McFadden, H.G.; DeMott, A.; Pictor, A.; Epstein, L.H.; Siddique, J.; Pellegrini, C.A.; et al. Integrating Technology Into Standard Weight Loss Treatment: A Randomized Controlled Trial. JAMA Intern. Med. 2013, 173, 105–111. [Google Scholar] [CrossRef]

	



Prochaska, J.O.; Velicer, W.F.; Rossi, J.S.; Goldstein, M.G.; Marcus, B.H.; Rakowski, W.; Fiore, C.; Harlow, L.L.; Redding, C.A.; Rosenbloom, D. Stages of change and decisional balance for 12 problem behaviors. Health Psychol. 1994, 13, 39–46. [Google Scholar] [CrossRef] [PubMed]

	



Joost, H.-G.; Gibney, M.J.; Cashman, K.D.; Görman, U.; Hesketh, J.E.; Mueller, M.; van Ommen, B.; Williams, C.M.; Mathers, J.C. Personalised nutrition: Status and perspectives. Br. J. Nutr. 2007, 98, 26–31. [Google Scholar] [CrossRef]

	



Kolt, G.S.; Rosenkranz, R.R.; Savage, T.N.; Maeder, A.J.; Vandelanotte, C.; Duncan, M.J.; Caperchione, C.M.; Tague, R.; Hooker, C.; Mummery, W.K. WALK 2—Using Web 2.0 applications to promote health-related physical activity: A randomised controlled trial protocol. BMC Public Health 2013, 13, 436. [Google Scholar] [CrossRef]








[image: Ijerph 17 07488 g001 550] 





Figure 1. Flow diagram showing the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) strategy used to search the literature. 
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Figure 2. Risk of bias graph: risk assessment across all included studies. 
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Table 2. Summary of results from studies using a Personal Digital Assistant (PDA) as a digital intervention for dietary behavior change.






Table 2. Summary of results from studies using a Personal Digital Assistant (PDA) as a digital intervention for dietary behavior change.





	Article
	Summary of Results
	Limitations
	Strengths





	Atienza et al., 2008 [51]
	Greater intake of vegetables per 1000 kcal and increased fibre consumption from grains in the PDA group
	Small sample size, self-reported dietary intake, absence of generalisation to middle aged and older populations and low retention rate
	First RCT to study the effect of a PDA in dietary behaviour change



	Olson et al., 2008 [52]
	Use of a PDA among teens resulted in increased milk intake; clinicians found PDA helpful in providing necessary counselling
	Lack of precision in recall measures may have obscured dietary changes; height and weight were not measured
	Use of a PDA helped clinicians in counselling, confirming the role of tailored counselling and monitoring in weight management



	Acharya et al., 2011 [48]
	PDA group exhibited higher consumption of fruits and vegetables and lower intake of refined grains compared to the PR group; self-monitoring combined with PR reduced intake of total fat, saturated and mono-unsaturated fatty acids
	Lack of extrapolation of findings to a wider population than the homogenous, predominantly white, educated, full-time employed female population studied
	Comparison of PR and PDA system of interventions along with self-monitoring and a 91% rate of participant retention after 6 months



	Burke, et al., 2010 [50]
	Self-monitoring and median adherence were higher in the PDA group than the PR group; PDA group had reduced fat and energy intake after 6 months; PDA+FB group demonstrated highest percentage of weight loss
	Only 15.2% male representation in the population; only 6 months of follow-up data were presented
	First large RCT studying PR, PDA and PDA + FB with a 91% retention rate



	Ambeba et al., 2015 [49]
	Daily feedback (DFB) group exhibited significant decrease in total fat and energy intake compared to no-DFB group after 2 years, supporting the necessity of feedback
	Fewer males, inclusion of participants of particular ages and BMI range and reliance on self-reported dietary intake
	Daily, tailored and automated feedback in real time in an ethnically diverse population studied for 2 years with a high retention rate










[image: Table] 





Table 3. Summary of results in studies using online education as a digital intervention for dietary behavior change.
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	Article
	Summary of Results
	Limitations
	Strengths





	Kattelmann et al., 2014 [54]
	Experimental group reported small increase in fruit and vegetable intake but increase was not maintained at follow up; no decrease in weight but greater planning was observed in the intervention group
	Self-selected attrition rates, self-reported eating measures and physical activity
	Intervention content was individually tailored to increase adherence, satisfaction and confidence in the intervention



	O’Donnell et al., 2014 [55]
	Goal-setting using online intervention increased intake of fruits and vegetables; goal-setting was effective for behaviour change but not for maintenance
	Goal-setting functions were not assessed; options for goal-setting were limited; self-reporting and choice of a healthy population
	One of the few studies where goal achievement was linked to dietary behaviour change



	Schwarzer et al., 2017 [53]
	Significant change to Mediterranean diet; individual psychological preferences and readiness should be considered for an intervention
	Lack of control group and randomization; self-reported dietary intake; self-selected participants; no attempt to compare cultural eating habits of different countries
	First study to examine effects of online education on 4 social-cognitive constructs and study person-specific effects of interventions



	Grimes et al., 2018 [56]
	No change in salt intake but increase in knowledge about high salt food, salt efficacy and behaviour were improved in children
	Lack of a control group, small sample size from one region and self-reporting
	Study confirmed that web-based educational programmes can increase awareness and knowledge
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Table 4. Summary of results in studies using video games as a digital intervention for dietary behavior change.






Table 4. Summary of results in studies using video games as a digital intervention for dietary behavior change.





	Article
	Summary of Results
	Limitations
	Strengths





	Shiyko et al., 2016 [58]
	Nutritional knowledge increased significantly; participants in the action stage of behaviour showed superior effects; need for individualised games; shorter activities were preferred to ones with a longer commitment
	Small exclusive group already motivated to lose weight, self-report, and lack of follow-up and a control group
	One of a few studies to investigate the effects of video games on BMI and nutritional knowledge



	Zurita-Ortega et al., 2018 [57]
	Decrease in fat mass and a shift toward a Mediterranean diet was observed post-intervention; the problematic effect of video games was not improved
	Lack of control group; study limited to university students
	Demonstrated the potential of video games in weight management
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Table 5. Summary of results in studies using smartphone apps as a digital intervention for dietary behavior change.
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	Article
	Summary of Results
	Limitations
	Strengths





	Duncan et al., 2014 [59]
	Increased consumption of low-fat milk and high fibre bread in both print and IT groups after 3 months; intake returned to baseline levels after 9 months
	Very low retention rates, limited number of observations, weight loss was not measured, and use of print materials could not be assessed
	Study of IT and print based interventions in men



	Wharton et al., 2014 [62]
	Paper, memo and app group participants lost weight but dietary self-monitoring was highest in the app group
	App users may have used other methods for weight loss; feedback given only in the form of calories consumed
	Among the few studies that have revealed that smartphone apps can act as good self-monitors



	Ipjian and Johnston, 2016 [60]
	Greater adherence and significant decrease in urinary sodium levels in the app group; body weight remained unchanged
	Use of two different data analysis techniques, no direct comparison of sodium intake over time, diet instructions differed between app and print groups and weight loss not observed
	Smartphone apps monitoring individual nutrients can effect dietary changes



	Mummah et al., 2017 [61]
	Participants demonstrated high engagement with the app; a significant increase in vegetable consumption and weight loss after 8 weeks; outcome linked to frequency of app usage and individual participant characteristics
	Lack of longer follow-up and generalisation of findings to a larger population
	Theory driven nature of the app, goal-setting and self-monitoring resulted in greater adherence; substantial sample size, randomised controlled study design, validated FFQs * and 24-h recalls







* = Food frequency questionnaires.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijerph-17-07488


  
    		
      ijerph-17-07488
    


  




  





media/file5.png
Overall Bias

Selection of the reported result

Measurement ofthe outcome

Mising outcome data

Deviations from intendedinterventions

Randomization process

o

10 20

B Low risk

30 40

Some concerns

50

W High risk

70





media/file3.png
Pubmed Cochrane library Medline
(n=60) (n=30) (n=11)

Execution of search in multiple databases (n=119)
CINAHL PsycInfo
(n=16) (n=2)

\4

Removal of duplicates
(n=4)

A 4

Screening of title and abstract
(n=98)

Excluded for absence of full length paper
(n=5)

Excluded for being incomplete trials
(n=2)

Not relevant
(n=17)

v

Excluded for being reviews
(n=14)

\4

Review of full text
(n=21)

Excluded for absence of behaviour
change interventions (n=19)
Excluded for absence of digital
interventions (n=14)

Excluded for sample population
not being healthy (n=23)

\4

v

Articles included for analysis
(n=15)

Excluded for absence of any direct
dietary behaviour change
(n=3)

Excluded for digital intervention
not being the sole form of
intervention (n=3)






media/file0.png





media/file4.jpg





media/file2.jpg
Exceution of search in multiple databases (n=119)

Pubmed  Cochranc libary  Medline ~ CINAHL  Psyclnfo
(0-60) (0-30) R )

(@=17)

Removal of duplicates
-4)

N
|
.

‘Scrcening of il and abstract

98
Excluded fo absence of ull kength paper ‘
(=5) Excluded or absence ofbehaviour
Excluded for being incomplete wils ¢ change ntrventions (+-19)
-2) Excluded for absence of digial
Excluded for being reviews | inerventions (n=14)
Ge14) Excludcd for sample population
il not being healthy (1-23)
Review of full ext
21

T Excluded for absence of any direct
jery  behaviour  change
(=3

| Excluded for digital intervention
Dot being the sole form of
inervention (n=3)

v

‘Articles included for analysis
(@15)






