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                                                         A Systematic review
        Examining the Effectiveness of Behaviour Change Interventions Tackling obesity
                                               Background Literature

       This literature review seeks to establish the effectiveness of behaviour change interventions tackling obesity.  As, statistical data is frequently increasing for obesity within all age groups in the United Kingdom and globally. The World Health Organisation (WHO) classification of obesity is when an individual’s (BMI) Body Mass Index is 30 or more and if your (BMI) is between 25 and 30, this would then be classed overweight World Health Organisation, (2013). As well as being a risk factor for general health and certain conditions. Obesity is well recognised as having a negative effective on people’s psychosocial health.  Obesity is a risk factor for the onset of chronic health conditions such as cancer, (CVD) cardiovascular disease, diabetes, depression, and early death.  Obesity also has an adverse effect on the individuals outlook on life particularly their mental health. As cited by The WHO in 2010 43 million children were severely overweight or obese. De Onis et al., (2010), by 2025 it is expected that 70million children will suffer from obesity (World Health Organisation, 2015).
         In the United Kingdom (UK) 10% of the population of children are diagnosed as being obese Public Health England, (2017).  Whereas locally in Merthyr Tydfil, Wales 17.5% of children had been diagnosed obese in 2018, however 27.1% of reception age were either overweight or obese. Comparable outcomes of English reception age children were 22.6% were either overweight or obese.  
      Public health England, 2017 stated that nearly 63% of the adult population had amassed a (BMI) beyond 25. The statistics documented in England classified as obese increased by 13.7% from 1993 to 26.9% in 2015 for men, for women the increased was by16.4% in 1993 increasing to 26.8% in 2015. Statistics for obesity are continuing growing. Men tend to have higher risk factor for obesity than women.  Obesity figures in 2015 were 58% and 68% for women in England. The National Health Service (NHS) estimates that obesity will cost £9.7 billion by 2050(Guest et al., 2015). Obesity is responsible for 30,000 avoidable deaths each year (Scarborough et al., 2011) 
      Marmot report Strategic Review of Health Inequalities in England post-2010, (2012), found that inequalities relating to social status were identified as risk factors for obesity.  Also relating to social status where Ethnicity alongside poverty are key matters in being obese.  Children habituating within the socially deprived subjective norm environment are at greater risk of becoming obese.  Data from the National Child Measurement Programme (NCMP) discovered that children’s obesity incidence for primary aged children is correlated with poverty  (Dalrymple et al., 2017a). The occurrence of obesity was found to be two-fold that of 10% children living in social deprivation compared 10% of children living with higher social status (Dalrymple et al., 2017b). 
       The rationalisation for selecting this topic is that it’s a current challenge for public health and a crisis here in the United Kingdom and globally. Obesity is growing alongside correlated chronic disease, cancer, diabetes, and mental health problems that are all interlinked and is well recognised within the literature.  The importance of this systematic review has been established, the next section explains the aim and objectives.

                                                       Aims and Objectives

         The role of this systematic review is to collect the pre-existing literature and outcomes on effectiveness of behaviour change interventions tackling obesity on the general population. By limiting the search strategy and viewing data on effectiveness of behaviour change on obesity interventions this can be validated as effective or not for general population obesity reduction. 

The subsequent objectives form the structure of the review.
    Conduct a Systematic literature review 
    Recognise and critique appropriate research
   To identify recent data on effectiveness of behaviour change outcomes tackling obesity on general population.
   To analyse and measure the psychometric data of effectiveness of behaviour change tackling obesity. 
  Make recommendations on outcomes of obesity interventions.
What is already known on this subject? 
      Although there is acknowledged health benefits of regular exercise, only a small percentage of adults participate in adequate levels of physical activity.  Previous systematic reviews have established that the effectiveness of behaviour change interventions in tackling obesity. 
What does this systematic review add? 
  This systematic review includes randomised controlled trials, cross sectional study and quasi experiment and a non-randomised control trial. 
    Though the studies included in this systematic review do show some indication that behaviour change interventions work in the fight against obesity. More research is needed to develop this further. This review emphasises there is a need for additional intervention, based studies to be developed, to appraise the efficiency of behaviour change interventions in tackling obesity. 
                                 Systematic review guidelines
       Systematic reviews aim to deliver Class 1 empirical data founded on a recognised precision and convey outcomes in a comprehensive way, and consequently predominantly applicable to Practitioners and fellow researchers. Clinicians expect excellence in systematic reviews are required to keep up with the latest research and to make knowledgeable decisions involving diagnosis, disorders and risk assessment with appropriate interventions and treatments. Academics place their trust on superior systematic reviews to compete for research funding, proven efficacy for studies, and to meet mounting requirements of evidence-based interventions. Though, unsatisfactory systematic reviews are undertaken, and the methodological consistency and superiority can be lacking. So, the use of PRISMA guides must be sought to identify quality research papers and interpret the results ensuring high standards (Gates & March, 2016).
                                                         Methodology                                                     
                                            Literature Search Strategy
         A tactical search of the digital databases that are accessible within the library of University of Wales Trinity Saint David electronic library portfolio was accessed. The online databases were searched using key words specific to enable a systematic search of literature around topic area. A comprehensive search strategy was established using a mixture of keywords search were behaviour change interventions, tackling obesity app. Databases that were searched were Pub Med, Science Direct, Sage, Pro Quest, Directory of Open Access Journals and Springer Link.
                                                   

                                                   Search Terms
Key Words: behaviour change interventions tackling obesity app
Inclusion Criteria: Primary research around behaviour change interventions on obesity
Exclusion Criteria: Obesity articles that were not related to behaviour change interventions.
Databases Searched: Pub Med, Science Direct, Sage, Pro Quest, Directory of Open Access Journals, Springer Link.

       Literature was further reduced by looking only at Peer reviewed and empirical research.  Literature then was evaluated alongside the exclusion and inclusion that was previously set out. The literature inclusion criteria were focused on must be peer reviewed with no systematic reviews or literature reviews to be included only empirical research. The years searched were from 2015 to 2021, this will give a sound up to date understanding of what is currently happening in this field of study. Both qualitative and quantitative data will be sought and analysed, by looking at mixed methods research design we can recognise and identify the target populations needs specific. Healthcare research is multifaceted and complex De Maeseneer & De Sutter, (2004),and Mixed methods research has been promoted to deliver novel understandings into this intricacy (Borkan, 2004) . Mixed methods research data collection is broader and gives an additional understanding of the problem and hypothetical answers Incorporating both quantitative and qualitative techniques can optimise the scope of study (Vedel et al., 2019). 
      Peer-reviewed studies printed in English up 2015 to 2021 were retrieved. This included reference lists of incorporated studies and correlated systematic and literature review articles were manually reviewed for additional important articles. However, with the search strategy identified and organised research articles initially identified were references identified through electronic databases n=293
                                           
                                                Inclusion, exclusion criteria
Studies were included within this systematic review if the following inclusion criteria was met: 
       Reported outcomes designed to tackle obesity intervention  
       Conducted on general public 
      Included an outcome psychometric measure of behaviour change intervention  
Study of mixed methods or qualitative or quantitative research design
        This systematic review concentrated on individual outcomes measured on effectiveness of behaviour change interventions on tackling obesity. As there is an abundance of previous research on effectives of behaviour change on obesity regarding psychosocial measured outcomes.
      Studies that did not conform to these conditions were not included in the review. There were no limitations on the base of cohort sample size, participant demographics, nature of intervention, and study timeline length or follow-up.  Studies were deemed suitable if they consisted of an intervention cohort or control group or other intervention group. There was one Quasi-experimental study included purely because it meet the inclusion criteria Behaviour change interventions where the main purposes occurred to decrease BMI and increase overall wellbeing. were included in this systematic review if they stated an outcome measure relating to study subject’s obesity status. 
                                      Flow chart showing study selection processReferences identified through electronic databases
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                                                                                       Total number of studies meeting inclusion criteria n= 7



Figure 1.

                                                        Results 
Included studies 
     A total of 7 studies met the inclusion criteria. Details regarding the process tracked within this review and a selection of the studies are presented in Figure 1 flow chart. Following selection, studies were collected into various styles of intervention: (1) physical activity/fitness app/activity tracker (including interventions such as active travel, stair walking interventions, and exercise classes; n=6) (2) health promotion messages/information interventions/ social policy (n = 1). 
Behaviour Change Interventions consisting of app, tracker, or social policy
     Six of the studies were characterised as physical activity/fitness app/ activity tracker  Carter et al., (2017),   Samantha et al., (2019),  Bevelander et al., (2018),  Shin et al., (2017), Parkinson et al., (2015),  Pittman, (2020).  Fernandez., (2016)
Table 1
Quality Assessment of studies included in the Systematic review using (CASP) Critical Appraisal skills Programme Criteria  
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NB: Y = Yes; N = No; = Can’t tell; ++ = High Quality; + = Medium Quality; - = Low Quality 

                                                 Study characteristics
      The sample size of these studies ranged from 43 to 953 participants with five randomised control trials and one cross sectional study. One of the studies was a randomised control trial and focused only on female participants n= 43, 77% of these were white n=33, the other 23% other ethnicity. Mean age of female study participants 41 and ran for a period of six months (Carter et al., 2017).   Carter et al., (2017)  investigates the corelation between frequency and usage of digital diary and self-monitoring. This study was based on being randomised pilot trial looking at three comparing three ways of self-monitoring which included mobile phone app, paper diary and Web-based. Trial lasted was 6 months. The mobile phone app My Meal Mate featured a digital food diary and supports participants into self-monitoring their nutritional consumption. Participant’s food intake information was saved in time and date rotation. Post hoc regression analysis of usage within app patterns were found to be (n=43; female in the My Meal Mate group 33/43; 77% white 100%, 43/43; mean age of 41 with a body mass index (BMI) mean 34, standard deviation (SD)of 4kgm².

Table 2 Baseline characteristics of all participants enrolled in the My Meal Mate trial. 
Participant’s demographics   Mobile phone (n=43)   Diary (n=43)                Website (n=4
Age                                         41.2(8.5)                            42.5(8.3)                     41.9(10.6) 
mean (SD) [95%CI]               [38.6-43.9]                     [39.9-45.0]                    [38.6-45.2]

Weight (kg)                        96.4 16.0)                        97.9 (18.7)                     96.4 (19.9)                                 
Mean (SD) [95%]              [91.9-101.8]                      [92.2-103.6]                    [90.2-102.6]
Body mass index kg/m2.             33.7 (4.2)                      34.5 (5.7)                          34.5 (5.6)
Mean (SD) [95% CI]          [32.4-35.0]                       [32.7-36.2]                        [32.7-36.2]
Sex (female), n (%)                 33 (77)                            33 (77)                            33 (79)
Race (white) n (%)                 43 (100)                           35(83)                             39 (93)
Smoking status
Current smoker n (%)               2 (5)                                8 (19)                              2 (5)
Occupation a n (%)                  32 (74)                             22 (51)                           20 (49)
Has a university degree, n(%)  31(72)                             24 (56)                           22 (53)
Owns a mobile phone n (%)     18 (42)                           19 (44)                             14 (34)






Table 3 Baseline characteristics of different categories of subsequent My Meal Mate use. 
Participants characteristic         Category of frequency of my meal mate use (days of dietary self-monitoring) 
                                                    Low (≤42) n=14                    Moderate (≥43 to ≤128) n=14                    High (≥129)n=14 

Age (years), a mean                       9.1 (34.4, 43.8)                     40.4 (34.9, 45.8)                                        44.1(39.7, 48.4)              
(95% CI)
Baseline weight (kg),a mean        96.8 (88.2, 105.3)                 100.5(90.1,110.9)                                       93.5(84.8, 102.1)                           
(95% CI) 
Baseline BMI (kg/m2),a mean      33.8 (31.1, 36.4)                  34.8 (32.3, 37.2)                                          32.7 (30.6, 34.9)
 (95% CI) 
Conscientiousness score,a mean   76.5 (66.1, 84.8)                  76.1 (70.0, 82.2)                                         81.2 (76.0, 86.5) 
(95% CI) 
Score for CFC,a,b mean (95% CI)   31.9 (28.2, 35.6)                33.7 (29.4, 38.0)                                         28.2 (23.8, 32.5) 
Weight change 6 weeks,a mean        −1.8 (−2.7, −0.8)             −3.4 (−5.0, −1.7)                                         −3.6 (−5.0, −2.2) 
  (95% CI)
Sex (female),c n (%)                            11 (79)                               10 (71)                                                      12 (80) 
Race (white),c n (%)                            14 (100)                             14 (100)                                                     15 (100) 
Managerial and professional                10 (71)                               10 (71)                                                       12 (80) 
occupation,c n (%)
 Has a university degree,c n (%)            12 (86)                               8 (57                                                         11 (73) 







Table 4 Regression analysis of category of My Meal Mate use as a predictor of follow-up weight (adjusted for baseline weight) in the My Meal Mate arm of the pilot trial. 
Category of adherence                    n                 weight loss coefficient (kg) (95% CI)   P value
Low (≤42 days of dietary self-monitoring)    14                                                                                                             _
Moderate (≥43 days to ≤128 days of dietary     14                             −1.8 (−5.3, 1.8)                                                      .33 
self-monitoring 
High (≥129 days of dietary self-monitoring)     15                             −6.4 (−10.0, −2.9)                                                 .001 

        Regression analysis indicated that those in the highest frequency-of-use group (recorded ≥129 days on the mobile phone app) had a −6.4 kg (95% CI −10.0 to −2.9) drop follow-up weight (amended for baseline weight) than persons in the lowermost frequency of use classification (recorded ≤42 days; P<.001). Continuing weighing at regular intervals over 6 months showed superior mean weight loss than other forms of electronic self-monitoring compared with weighing within a shorter timescale. (Carter et al., 2017) states that there were no association between baseline measures of weight, age, sex, or ethnicity with level of self-monitoring. 
Table 5 Regression analysis of pattern of My Meal Mate use as a predictor of follow-up weight (adjusted for baseline weight) in the My Meal Mate arm of the pilot trial.
Pattern of adherence                                 n        Weight loss coefficient (kg) (95% CI)                   P value 
 Stopped early                                          11                                                                                        _
Moderate                                                   9         –3.1 (−7.4, 1.2)                                                      .16
Long but intermittent                               11        –7.5 (−11.6, −3.4)                                                   .001 
Long consecutive                                      12       –3.2 (−7.2, 0.8)                                                        12 

 
      The results of this studies post hoc trial analysis signify that time and frequency of usage of app is correlated with better weight loss, but further research is required to identify whether there are participant characteristics that would reliably predict those who are most likely to regularly self-monitor their diet. 
        Study My Movez project by  Bevelander et al., (2018) consisted of a cross-sequential design, following two study cohorts with age ranges of children’s (8-12 and 12-15 y/o) which runs for three years. Schools contacted parents for permission to participate from 267 schools, only 21 schools participated with 2425 households of students contacted of those 820 gave parental consent to take part 820. Children participants were n=792, this was slightly reduced by n=28 so meant that n=764. There are five data collection points during week1, week 2, and week 3 in the first year, followed by week4 in the second year and week 5 in the third year. Outcome measures include social network and social media usage, physical activity, food, and drink consumption. Participants weights and height were taken as baseline measures and then weight repeated at Week 2, 4, and 5.
      This study was based on mixed methods design and had six focus groups sessions in the first year at two schools (n= 14; 12–14-year-olds and n= 28; 12-14 year olds, correspondingly); with groups of boys or girls only and one mixed group at each school) to collect data about their social media usage and to test the application of the social network functionality Social Buzz.  The focus group studies provided useful understandings on youth’s attitudes concerning the design of the research function and realistic knowledge about the use of the Wearable Lab. Data collection involved clear self- and peer-reported survey measures this consisted of short digital questionnaires controlled via the smartphones objective measures were real- time data, photos activity tracking, Social Beacon Network, cycling and Social Buzz data), To establish and determine what influences establish youths’ network positions and well as their energy consumption and outlay. Various SPSS analysis was conducted including multiple linear regression, multilevel regression analyses, (SEM) structural equation models, alongside mixed effect models were used to test the data with theoretic hypotheses, and to predict relationships. 
     After-effect variables included social network usage, physical activity, food intake alongside the psychological theory of Theory of Planned Behaviour (TPB) and motivational measures, were measured at each data collection evaluation. 
     Samantha et al., (2019) study aims to measure the possibility of trial intervention of the Impulse Pal app. This consisted of being a randomised control nonblinded feasibility study.  Consisting of both quantitative and qualitative research design methods, qualitative data was collected from participants via open ended questionnaire for comments. The criteria for eligibility comprised of being aged 16 years≥, being a body mass index (BMI) of ≥25 kg/m2 and being an Android-based device owner. Baseline measures of weight were recorded and monitored at month 1 and month 3. Study subjects were randomised to a 2:1 ratio allocated to the Impulse Pal app intervention. Data was collected at two points within the study. o. Statistics for participants was a mean age of 46.8years, with a mean BMI of 33.3kg/m² with 67% of participants having a BMI of 30 or above being classified as obese (59/88), 65% of participants were female and white. 
      Statistical analysis consisted of ANOVA which to compare the variance in weight loss (reported as mean difference with 95% CIs) within the intervention and control groups at month 1 and month 3 against baseline measures of BMI.  Usage of app information were analysed and reported descriptive statistics of median and interquartile ranges, usability and satisfaction questionnaires were analysed using descriptive statistics, reporting means, and SDs.
Samantha et al., 20l9, study allocated 58 to the intervention group by randomisation and a further 30 to the control group. Data collection at 1 month 84% and 76% at month 3 revealed participants from the intervention group (n=43) lost 1.03 kg (95% CI 0.33 to 1.74) more than controls (n=26) at 1 month and 1.01 kg (95% CI -0.45 to 2.47) more than controls (n=43 and n=24, respectively) at 3 months.  
      Parkinson et al., (2015)  study was to test the feasibility of Body Image Scale using digital technology alongside the perceptions of parent’s willingness to recognise their children’s weight. Most of the participants were white no exact data for percentage of white or another ethnicity were available.  Data collection was limited here as the researcher had issues with getting the kids to stay still to record measurements, so data is only available for from 388 children (211: 4–5-year-old, 53% boys, 7.6% overweight or very overweight; 177: 10–11-year-old, 45% boys, 26.0% overweight or very overweight). 
       Study consisted of five focus groups which included six interviews with parents’ proportions of 27 mothers and 6 fathers, one focus group was accomplished with four health professionals who specialised in childhood obesity.
     The secondary outcome measures included awareness of the effects of childhood obesity, intention to alter routine behaviours and/or seek advice, perceived control, action planning, coping planning, seeking support behaviours, and the child’s body weight position at 12-month follow-up. Limitations of this study were it only had white participant’s so is limited in giving a wider understanding of the population.
     Pittman, (2020) study used Bandura’s social cognitive theory is the basis and theoretic model used within this study Bandura, (1998). The health promotion behaviour change is physical activity PA recorded by the activity tracker and measured by the willingness of PA through self-efficacy. This study lasted from September to December 2016 in a school in Texas with 650 student participants. Criteria for eligibility were being between 11–15 years, proficient to read English, and access to a mobile phone with unlimited texting for two of the three groups. Three groups partook in the quasi-experiment. Group 1 were assigned and wore the activity tracker. Group 2 received an educational text message intervention to increase PA. Group 3 wore both the activity tracker and received the text message intervention. After 10 weeks, the Activity tracker cohort received a text message and the Text Message cohort wore the activity tracker for 10 weeks, Pittman, 2020   first Hypothesis which anticipated that using the tracker and receiving the text message would produce a positive outcome on physical Activity on self-efficacy, was not proven. Pittman found there was no significant difference in before and after scores in the activity group with the paired difference text message cohort.
Table 7. Demographic Data. 
                                                                                         Teams
                                                                 AT                   TM                                  AT   + TM
Variable                                              n = 33              n =31                               n =34                   p Valuea 
Grade        
   7                                                         17 (52)             17 (55)                          19 (56)                 .933 
   8                                                          16 (48).            14 (45)                          15 (44) 
Gender
Female                                                  17 (52)              18 (58)                        18 (53)                .859 
Male                                                       16 (48)               13 (42)                       16 (47)                    
Ethnicity
 Asian                                   2 (6)         1 (3)                   2 (6)          .520 
Black                                    7 (21)       5 (16)                 6(18)
White                                  14 (42)      16 (52)             22 (65)
Hispanic                              10 (30)      9 (29)               4 (12)
Free lunch
Yes                                       19 (58)      21 (68)             18 (53)         .467 
No                                        14 (42)      10 (32)              16 (47)
Age
11.00                                     1 (3)              0 (0)              1(3)           .707 
12.00                                  15 (45)           13 (42)          17 (50)
13.00                                  13 (39).           16 (52)          13 (38)
4.00                                      4 (12)               2 (6)              3 (9)

       Pittman, (2020) hypothesis 2, which suggested that using the tracker and text messages would achieve a positive effect on physical wellbeing, was partly held. Physical wellbeing had been measured by generating a sum score using fitnessgram. Push-up score and curl up score before the intervention and after. Pittman, (2020) found a significant increase in in the AT cohort post scores, Pittman also found no significant change in before and after physical fitness scores in the activity tracker and text message group. Pittmans Hypothesis 3, which suggested that the use of the activity tracker and text messaging would improve the physical self-efficacy, physical wellbeing, alongside body fat ratio of participants, was not proven. As the activity cohort had a substantial rise in body fat proportion.  
       Shin et al., (2017) Objective was to stage a randomized trial assessing the feasibility and effectiveness of an intervention which combined Smartcare with an incentive of money.
The research design used for this study is it was a three-arm, open-label randomised controlled trial designed encompassing traditional education, Smartcare basic no incentive and Smartcare with the use of nudge theory involved using financial incentives in this study. The last cohort were the group that received financial incentives that depends daily achievement of physical activity goals alongside target weight loss.  Male students from the university (N 5 105) that had a body mass index (BMI) of 􏰏27 were registered. 
       Weight loss results in the traditional education setting part of the SmartCare basic, and SmartCare cohort with the use of financial incentives cohort was 20.4, 21.1, and 23.1 kg, respectively, with a significant better weight loss in the third cohort (both Ps < 0.01). The end weight loss objective had been accomplished by 0, 2, and 10 partakers in the traditional education setting, SmartCare, basic and SmartCare with the use of financial incentives cohort (odds ratio for the SmartCare with financial incentive vs. Smartcare57.27, 95% confidence interval: 1.45–36.47). Intensities of physical activity were s higher significantly in this cohort. In conclusion by using financial incentives as an additional aspect of Smartcare it was then more efficient by increasing physical activity levels thus then reducing obesity. 
      Fernandez et al., (2016) study the Eat Well Campaign (EWC) was established by Health Canada and became a social marketing campaign. The aim of the study was to describe factors that influenced cross-sector partners’ choice to accept the EWC. Accepting of the EWC by HC’s cross-sector partners was explored as part of the process on the impact of evaluation of the EWC. Qualitative data collection was the research design used so data collected was analysed to understand what factors had influenced the cross- sector partners’ decision to accept the EWC. Theories alongside keywords from Rogers’ Innovation-decision process model was used   to sway and persuade the organisations to make the decision to accept this innovation of the EWC. Of this theory the key constructs examined were prior conditions, characteristics of the accepter and characteristics of the innovation. 
      Thematic analysis was used to understand and evaluate based on Roger’s diffusion of innovations decision process model. Interviews were telephone semi-structured with Health Canada’s cross-sector partners (n = 18). 
        Results: Prominent themes prompting cross-sector partners’ choice to adopt the EWC were high compatibility with the organisation’s values; being correlated with Health Canada; and low perceived complexity of actions. Several participants implied that social norms influenced their decision to take part as they knew that other businesses in their area were involved in the co-operation played a substantial role in their choice to partake, specifically for food retailers. The idea of being a functioning association Health Canada and other associations was understood as a noticeable comparable gain by many establishments. Participants were characterised as having high community contribution and positive health belief attitudes alongside fresh notions towards health Canada. The was minimum media channels used to spread the campaign and this hindered the attitudes of the people concerning Health Canada and were blatant complications recognised by a section of health organisations, which contested the choice to accept the EWC.  Other barriers were contemplated as minor tasks and did not seem to obstruct the EWC development. 
       To understand the influencing factors in this cross-sectional study for the public to accept nutritional initiatives that have the potential to help target decision makers the most suitable partners to advance public health goals. Government health organisations are probable to find convincing partners in organisations who share the same vision as the initiative, that have positive health belief attitudes towards health, are particularly associated in community work that values the idea of enterprise. 






Table 8 Quality assessment of selected studies: physical activity/exercise interventions 

Study                            RCT    Quasi       non RCT    groups similar   includes BCT           Cross sectional study
                                                                          At baseline.       Health promotion
Carter et al., (2017)              Y        N                  N                     Y                                Y                                           N

Bevelander et al., (2018).   N        N                 Y                      Y                                Y                                           Y
Samantha et al., (2019) Y     N           N               Y                       Y                              N 
Parkinson et al., (2015) N      N          Y                N                      Y                              N
Pittman, (2020)              N      Y          Y               N                        Y                             N
Shin et al., (2017).    Y          N          N                  Y                    Y                             N 
Fernandez., et al        N         N           Y                  N                    Y                             N
(2016)

                          Behaviour change techniques used in the interventions (BCTs) 
        Various behaviour change techniques where included within the studies ranging from Prompting self-monitoring of health behaviour, Provide instruction on how to perform the behaviour change, Goal setting (behaviour), Agree behavioural task, Set  tasks,  Stimulate  participants with anticipation of future rewards
 Provide rewards upon successful behaviour, Providing feedback on performance, Identifying barriers, Action planning, Motivational interviewing, social change, Nudge theory, Under pinned by psychological theories, Public policy
                                            
                                             Characteristics of intervention
    All the studies utilised behavioural change approaches and psychological theories to determine and change people’s health behaviour. Most of the intervention studies had been designed to target numerous health behaviours, with all then targeting both men and women. 
                                    Data extraction and quality assessment 
 The ultimate sample of selected studies was reviewed, and data extracted on the studies features, behaviour change intervention and study design, methods used to assess obesity, and the effects of each journal relative to obesity intervention results. 
     Limitations or this systematic review must be accounted for when understanding the conclusions. Firstly, this literature search had been restricted to academic journals printed in the English language with no grey literature included. Therefore, literature in other languages may have been overlooked. As this systematic review is part of a Master’s Applied Psychology at University Trinity Saint David it has been limited in time and word count of 5000 words. Consequently, as only one researcher is working on it, time also has been limited.  
                                                              Summary
      To summarise this systematic review offers a complete summary of research literature concerning to behaviour change interventions and obesity outcomes. Despite increasing of research in this subject, the reviews results emphasise some practical limitations in the current evidence based as previously identified in other systematic reviews. Therefore, it is challenging to conclude as to whether behaviour change interventions are efficient for decreasing obesity. However, the studies involved in this systematic review do demonstrate some data that behaviour change interventions can be effective, overall, the outcomes are unconvincing, and more work is required to determine which theories of behaviour change interventions are more probable to increase effectiveness and implementation within in decreasing obesity. Therefore, given the optimistic results of certain studies in this area, there is a robust case for following up more research in this subject to help public health campaigns in the fight against obesity using behaviour change techniques.
                                                        Recommendations
    More research is needed in this specific area, as obesity is a public health crisis at global a level. As all societies could benefit from an evidence-based behaviour change techniques to eradicate obesity from simple interventions. Government legislation needs to take over with their own research which will ensure adequate funding and that innovations and initiatives can be instated from government to the layman to end this public health crisis.  
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