Chapter 1: Introduction
Childhood obesity in recent times has become a major public health concern around the world. It does not only present a profound health challenge for the individual but also a hefty economic burden for the society as a whole (World Health Organisation, 2020). A child is said to be obese when their Body Mass Index (BMI) is at or above 95 percentile for age and sex of a specific growth chart (Center for Diseases and Growth Prevention,2011). In simple terms childhood obesity, the accumulation of body fat among children and adolescents. In the United Kingdom (UK) the trajectory of childhood obesity shows an alarming rate. According to the National Health Service (NHS,2022) 20.5% of year 6 children age between 10 to 11 years were obese whilst about 14 percent were overweight. This shows that 1 in 3 children leaving school is either overweight or obese and therefore presenting a major public health concern both for today and in the future (NHS Digital, 2022).
The causes of childhood Obesity is including genetic predisposition, socioeconomic and environmental factors. However, dietary factors have been identified as a major risk factor especially the consumption of Sugar Sweetened Beverages (SSBs) (Malik et al, 2013). SSBs are soft drinks which have sugar added to their contents. Examples includes carbonated drinks, fruit drinks, energy drinks and sports drinks. These drinks have high sugar content making it more absorbable by the body however due to its low nutrition value it provides little or no satiety (Hu,2013). This suggest that regular and consistent consumption of SSBs increases the risk of Obesity especially in children and adolescent as this age group are most likely to consume SSBs in large quantites (Vartarnian, et al 2007). This also shows that there strong evidence linking childhood obesity to the high consumption of SSBs
To curtail the situation fiscal policies such as the sugar tax has been implemented in many countries around the world. The idea is to have low consumption of sugar through the taxation of SSBs (Backholer et al, 2016). In the UK the policy was introduced in 2018 to help manufacturers reduce the sugar content through product reformulation, portion control, and encouraging consumers to make healthier choices. This literature review will examine if the sugar tax policy has been effective in reducing child obesity since its implementation.
1.2 Background and Current Context
Globally the prevalence of child obesity is alarming with estimated 390 million children affected. This translates to 1 in every 10 children. Statistically, child obesity has quadrupled from 1990 to 2022 rising from 2.1 % to 9.1% in boys and 1.7% to 6.9% in girls. These figures are more significant in regions of low socioeconomic regions such as Africa and Asia (World Health Organisation 2022). In Europe, UK has the highest prevalence with projection suggestion that nearly 25% of young reception children and over 40% of year 6 children will be affected by 2040 (UK Health Forum,2014). Even though child obesity has an immediate effect on the individual, it also present long-term effect. According to Simmonds et al (2016) obese children are more likely to grow into obsessed adults with increase premature morbidity and mortality.
Child obesity poses a hefty economic burden on the National Health Service (NHS) with an estimated direct cost of £6 billion annually. In the same way indirect cost such as such as lost in productivity is also estimated to be over £27 billion annually (Public Health England,2017). As it has been suggested by Simmonds et al (2016), today’s obese children are more likely to grow into obese adult,  suggesting that these figures are more likely to increase the economic burden in the future unless a robust health intervention is implemented. Again, the socioeconomic gradient also reflects the level of exposure to child obesity. As shown by Mammot et al (2010), child obesity is more prevalent among children from low socio-economic background as compared to children from affluent background. Mammot and his colleagues cited that some of the factors that underpins this disparity includes limited access to physical activity, lack of access to healthy foods and exposure to marketing of unhealthy foods such as SSBs.
Currently the role of SSBs as a major risk factor in child obesity have been recognized worldwide. To put this epidemic in check many governments have implemented fiscal policy in the form of taxation. The aim is to make the consumption of sugar less attractive especially among children of low economic background (Backholer et al, 2016). In 2014 Mexico became the first country in the world to implement such measure followed by Finland, France, Hungary and some states in the United States. Studies conducted after post implementation of the taxation policy in these countries showed that increase taxes have a negative relation in the consuming of sugar (Colchero et al, 2016).
In UK the tax on SSBs was announce in 2016 and implemented in 2018 following the Child Obesity Plan (HM Government, 2016). The objective of this fiscal policy was to encourage reformulation of products by manufacturers, encourage manufactures to produce healthier products and reduce children exposure to the consumption of sugar. Comparing the UK sugar taxes to other countries where taxes are paid by the consumer, UK taxes were levied to manufacturers and importers of SBBs(Scarborough et al, 2020). 
The design of the Soft Drink Industry Levy (SDIL) in the UK differs from other countries in many ways. For instance, it only applies to drinks with added sugar, and it exempts fruit juices and milk-based drink. This was to ensure that the nutrition values of natural drinks are maintained. The design also stipulated that manufactures who reformulate their product by 5g of sugar per 100ml will have no levy or pay less levy for 8g per 100ml (Scarborough et al, 2020). Finally, the funds generated from the levy will be used to fund school clubs and sports activities creating a dual benefit between the manufactures and the consumers (Children and adolescents) (HM Governments,2018). Early evidence according to Patell et al, (2021) reformulation occurred before the implementation of the SDIL came into force and manufacture reduce their sugar content by 50% in drinks that will have been levied.
Since the implementation of SDIL some researchers have shown interested examining its effectives in reducing child obesity.( Bandy, et al,2020 ;Scarbourgh et al, 2020;White et al,2020;Craig et al, 2020). Their studies have examined the various aims of the SDIL. However, to give a clear and unambiguous evidence as to if the Implementation of SDIL had really help reduce child obesity still remain a gap. This is because many other interventions are running concurrently to bring the situation under control. For instance, the Government Obesity Plan puts restriction on advertistment that encourage children to eat food that contains high fats and salt whilst encouraging clearer food labelling and promoting more physical activities. In the same way, voluntary food reformulation has been encouraged among manufactures. Therefore, to attribute changes in child obesity to a one specific policy presents a challenge.
1.3 Rationale
The effectiveness of the SDIL in the UK underpins why this literature review is been conducted. since the implementation of SDIL, many researchers have examined its effectiveness and have presented their evidence. However, not only have they focused on different outcomes and used different methodologies, but also their evidence has been presented in many journals.  Given the ongoing debate of the effectiveness of the policy, this systematic review will synthesis the available evidence into a comprehensive analysis as to whether the policy had really worked to reduce childhood obesity in the UK.
1.4 Research Question
Has the implementation of SDIL reduce child obesity in the UK
1.5 Research Aim
To examined and analyse the available evidence on the effective of SDIL in reducing child obesity in the UK.
1.6 Research Objectives
· To identify and appraise studies that have examine the effectiveness of SDIL in reducing child obesity in the UK
· To synthesis the evidence on the post implementation of SDIL on SSBs consumption, purchasing and consumption pattern of sugar among children and adolescence
· To identify gaps in the knowledge and provide recommendations for policy makers, health care practice and for future research.
1.7 Chapter Summary
In this chapter child obesity have been defined as the accumulation of excess body fat and it is noted that it is global epidemic affecting over 309 million children. Emerging evidence suggests that there is a strong link between child obesity and consumption of SSBs. To curtail this public health issue many governments around the world have implemented SDIL. Whilst international government levies the consumer, in UK context the manufacturer is levied. The rationale of this literature review aims to analyse the effectiveness of SDIL in reducing child obesity. It has a clear research, rationale rational aims and objectives to help guide to the next chapter. Chapter 2 will present literature review of the current knowledge of SDIL both in the UK and international.

Chapter 2: Literature Review
2:1 Introduction to literature review
In this chapter scholarly and academic literature relevant to SSDIL will be examine. The chapter will begin by exploring bodies of evidence and theoretical frameworks that helps fiscal policy intervention in health. the link between SBBs and child obesity will be also explored to establish why SBBs a priority in policy making as far as child obesity is concern. Also international evidence of SDIL in other countries will also be reviewed. Finally, the UK SDIL will be reviewed including its design, implementation and early evaluation.
2.2 Literature Review
2.2.1 Fiscal Health Policy for SSBs intervention for obesity
Fiscal health policies for health intervention are tools like taxes, incentives and spending that the government uses to improve behaviours for positive public health outcome. These tools are well established in the control use of commodities such as alcohol and tobacco (Adreyeva et al 2010). This idea is based on the concept of price elasticity. In simple terms the higher the price the less demand for the product. It is well evident that consumers are more responsive to price changes in products. In systematic review of price elasticity for SSBs both Powell et al (2013) and Backholer et al (2016) demonstrated that there was a mean change from-0.8 to -.1.2.  This change means that consumers were more responsive to the price change especially among consumers of low socio-economic background. Therefore, it be deduced that price increase for SSBs could have a positive impact on consumer behaviour. For instance, Thaler and Sustein (2009) noted that increase in the price of unhealthy products is interpreted by consumers a signal from the government, warning of the health risks associated in purchasing the product.
Primarily, fiscal health policy works by transferring the tax to the consumer, however in the UK SDIL taxes are levied to the manufacturer or the exporter. According to Scarborough et al (2020) this approach is important for product reformulation where manufacturers reduce the sugar content in their product without reducing the consumption of beverages. Scarborough and his colleagues argued that in a monopolistic market dominated by small number of large manufacturers, product reformulation will create tax incentive and therefore the price of the product does not increase. On the contrary, some critics also argues that the regressive nature of consumption taxes such as value added tax and sales tax means people of low socio-economic background bear hefty financial burden relative to their income. Nonetheless the tax only focusses only SSBs potentially overlooking other foods which my have high sugar contents (Zeng et al 2021).
2.2.2 Link between SSBs and Child Obesity
There is a wealth of evidence that indicates that there is a positive relation between the consumption of SSBs and child obesity. Zeng et al (2017) conducted a systematic literature which identified 15 random control trails (RCT) that examined the consumption of SSBs and weight gain. They found that a reduction in the consumption of SSBs significantly reduced weight particularly in overweight individuals. Also the DRINK trial which was conducted by Ebelling et al (2012) also showed that children who were randomly selected to receive intervention on the consumption of SSBs had weight loss almost 30% as compared to the control trial. Also, in a systematic review and meta-analysis conducted by Malik et al (2013) synthesized that daily consumption of SSBs is associated with 0.8kg/M increase in BMI of children where lower or no consumption has an inverse relation to weight gain.
The mechanism linking SSBs to child obesity is not limited to excess intake of calories but also the physiological pathway. Comparatively SSBs are liquid calories as compared to solid foods. Therefore the body quickly absorbs it and since they have no nutrition value they are also no satiable (Stanhope et al, 2011) in addition, SSBs are highly glycemic and therefore causes spike in the blood glucose, leading to fat storage and insulinemia (Ventura and Mannella,2011).
Even though there is a strong argument that links SSBs to child obesity, some critics such as Hoffman et al (2016) argues that the cause child obesity is multifactorial including lack of exercise and there focusing the policy on just SSBs is oversimplifies the problem.
2.2.3 International evidence on SSBs Taxes
Mexico was the first country in the world to introduce tax on SSB and it was dubbed one-peso-liter. It was implemented in 2014. In the short-term evaluation of the Mexican tax on SSBs, Chol Chero et al (2016) examined the purchasing data of household and found out that the purchasing of SSBs had reduced by 6% for the first year and 12% in the second year. More importantly Chol Chero and his colleagues found that the greatest change was found in people of low socio-economic background which demonstrated 9% in the first year and 17% in the second year. This suggests that taxes potentially could be used to reduce disparity in the health (Chol Chero et al, 2016). Also, in the subsequent year Chol Chero et al (2017) examined household purchasing data on untaxed beverages and found that there an increase in the purchase of water. This could suggest that taxes can be use encourage positive behaviour towards health. The long-term evaluation of the Mexican tax on SBBs has a positive trajectory in reducing child obesity. In a simulation modelling Sanchez et al (2020) estimated that if consumption levels are sustained it could help save 189000 case and saving about 20000 lives annually.
Similarly, some cities like Berkeley in California in the United States also introduced one-cent-one liter in 2015. This was a city level intervention (Fable et al, 2016). Post implementation evaluation showed that the was 21% decrease in the consumption of SSBs particularly in low socio-economic neighborhood whereas there was about 4% increment in the consumption of SSBs in areas that had not implemented the policy (Fable et al, 2016). Three years post implementation evaluation, Roberto et al (2019) has also noted there is a sustained reduction in SSBs consumption and the consumption of bottled water has increased.
Even though the US city level sound promising, some critics have noted that the effectiveness of the policy is compromise. For instance, Crawley et al (2019) noted that residents of areas where the policy is been implemented cross over to other areas where the policy is not implemented. Also, Crawley and his colleagues found even in some areas where the policy was in implemented, convenient shop owner and some retailers absorb the taxes instead of transmitting to the buyer. For the policy to be more effective Crawley et al (2019) recommended regional wide or nationwide implementation of the policy.
In Europe many countries have adopted the tax on SSBs, and it includes France, Hungary and Finland. Implementation of the policy in these countries have yielded positive results but varied experience. For instance, in France a change in the consumption of SSBs and it is attributed to the low tax imposed on SSBs (Capacci et al, 2019). However, in Hungary there have a significant reduction of not only SSBs but also other sugary content products. This is because the country impose tax on all products that contains added sugar. (Cappaci et al,2019). Similarly, in Finland the taxes were not only on SSBS but also on other products such confectionery. Although the consumption of SSBs and confectionery reduced there was increased in demand for other alternatives that weren’t taxed (Capcci et al, 2019). All in all, there has been an improve in the consumption of SSBs in the European countries, however with varied outcomes and experience.
2.2.4 UK SDIL Design and Implementation
The UK SDIL was announced on 2016 and implemented in 2018 (HM Government, 2016). Unlike other countries such as Mexico and other European countries where the taxes are footed by the consumer, the UK SDIL levies the manufacturer or the importer (HM Revenue and Customs, 2016). The UK SDIL is a two-tier layered system where SSBs containing more than 8g of sugar per 100ml is taxed at 24 pence and those 5g to 8g per 100ml is taxed 18 pence and below 5g per 100ml receives not tax. (HM Revenue and Customs,2016). Fruits juices and milk base drinks are exempted from the UK SDIL because the sugar content is considered naturally present. (Pell et al 2019).
One of the main motives of the UK SDIL was to encourage manufacturers to reformulate their products to have 5g or less sugar content (Scarborough et al 2020). Evidence from product level data showed about 50% of manufacturers reformulated their product before the implementation of SDIL (Scarborough et al, 2021), but it should be noted that some manufactures only absorbed part of the levy than bearing the full cost.(Rogers et al, 2023). 
Post Implementation evaluation of the UK SDIL has shown that purchase of SSBs decrease by 9% whilst added sugar in SSBs reduced by 49% between 2015 and 2019 (Pell et al, 2021). Again, data from the National Diet and Nutrition Survey also showed that there was a significant reduction of SSBs consumption among children however the consumption of sugar did not decrease. This because other sugary products were consumed (Bandy et al ,2021).
Albeit UK SDIL is deemed encouraging as it is fulfilling its motives there are some limitations that has been highlighted. Pell et al (2019) pinpointed that the UKSDIL is not consistent as it has exempted fruit juice and milk base product. He argues that some these products potentially have higher sugar content compared to SSBs. Focusing on only SSBs is not enough to curtail the problem however widen to cover all food categories deemed to have high sugar content.
3.1 Chapter Summary
This literature review has critically evaluated the mechanisms employed by governments around the world to reduce the consumption of SSBs. Fiscal policy which the main bone to contention has been seen to be effective. The UK SDIL which has a different designed from other countries has encourage reformulation by manufactures which was one of it main objectives, yet it still remains if child obesity is under control. Chapter 3 will give a detailed review of the methodological process employed to address the research question.



Chapter 3. Methodology
3.1 Introduction
In this chapter the methodological process used to conduct this systematic literature review will be discussed. It will outline the protocols developed for this study which includes search strategy, data base consulted, both exclusion and inclusion criteria and ethical consideration. This chapter will also address the processes of data extraction and assessment tools used. PRISMA guidelines will be followed to ensure rigour. According to Page et al (2021) a well-structured methodology is essential to ensure research findings are valid and reproducible.
3.2 Systematic Literature Review (SLR)
Systematic Literature Review is a type of literature review that uses predefine methods to answer a research question. (Aveyard, (2021). SLR is comprehensive and well-structured make is rigorous. When liken to literature or narrative review which is most likely to be subject to the author’s bias. systematic literature employs tools to minimize bias encourage transparency and allows other researchers to reproduce the review (Moher et al, 2009).
In public health, systematic literature is very important as it helps synthesis evidence into a comprehensive analysis. This is because most research conduct in the public health sector is scattered across multiple journals and disciplines (Lavitis et al 2009). In this review, systematic literature review approach will facilitate to answer the question whether the whether the introduction of SDIL has help to reduce the issue of child obesity in the UK.
3.3 Search Strategy
Search strategy according to Aromataris and Riitano (2014) is well structured search terms and keywords that helps to retrieve relevant literature for a research question from a databse. For this literature review the PEO framework (Population Exposure and Outcome) will be use. The rationale for using PEO framework is that it is appropriate for examining policies or exposures rather than clinical interventions. (Cook et al 2012).  The search strategy for this review has been design encapsulate peered viewed literature for the year of implementation (2018) to date (2025). The reason for choosing this time period is that the policy came into force from that year and therefore any peered review paper will have been published from 2018.
3.4 Search Terms
Search terms according to Cook et al (2012) are keywords or phrases or combination of both that are keyed into search engine to retrieve relevant information relating to the research question. For this systematic review the search terms were derive using the PEO framework. For population component the keywords, children, adolescent and youth were included to capture the targeted population. In the same way UK sugar tax, soft drink levy, soft drink industry levy, sugar sweetened tax was used to capture exposure Lastly, for outcome the terms obesity, overweight and BMI was used. Table 1 gives vivid and comprehensive explanation of how PEO was used to come up with the search terms.



Table 1 PEO Framework and search terms
	PEO components
	Search Terms

	Population
	Child*, adolescent, youth*, pediatric, school child*, school age, young, people, minor, teenager*

	Exposure
	“soft drink levy”, SDIL, sugar tax, SSBs tax, sweetened beverage tax, “fiscal policy”, fiscal measure ,”sugar levy”, beverage tax, UK, United kingdom,British, England , Wales, Scotland, Northen Ireland

	Outcome
	Obesity, obes*, body mass index, BMI, “body weight”, dietary intake, energy intake, caloric intake, sugar intake , beverage intake, reformulation.




To find peered review studies all three component was combined using Boolean operators. Synonyms in each component of the PEO was also combine using OR operator. AND operator was then used to combine all three to identify studies that were relevant to the research question. Refer to table 2 for example off how search strategy was conducted.
Table 2: Search Strategy 
	Search Number
	Search Terms

	#1
	(child*OR pediatric OR adolescent *OR youth OR “school age” OR school child* OR teenager* OR “young people OR minor*)

	#2
	(“soft drink industry levy” OR SDIL OR “sugar tax “OR SSBs tax  OR “sweetened beverage tax” OR “fiscal policy” OR fiscal measure OR “sugar levy” OR “beverage tax”)

	#3
	(“United Kingdom” OR UK OR Britian OR England OR Wales OR Scotland OR “Northern Ireland”)

	#4
	(Obes* OR body mass OR BMI OR overweight OR “weight status” OR body weight OR dietary intake OR “beverage intake” OR energy intake OR caloric intake OR reformulation)

	#5
	#1 AND #2 AND #3 AND #4

	#6
	#5 AND (2018:2025)



From table 2, it can be seen that truncation symbol () has used. This was to ensure that words with similar meaning are captured. Also, quotation marks were also used to search for complete phrases instead of individual words (Brammer et al, 2017). This search strategy was adopted to retrieve the relevant studies relating to the research question.

3.4 Keywords
Keywords are specific terms that are core to the research question (Both et al, 2016). The keyword for this research question the keywords are sugar tax, soft drink industry levy, child obesity, sweetened beverages and United kingdom as they form the core of the research question. These words are critical in retrieving the relevant studies that relates to the research question (Both et al 2016).
3.5 Database
Database is a digital filing system that host a well-structured information design for efficient retrieval (Cooper et al, 2018). Five databases were used in this systematic review namely PubMed, CINAHL, Scopus, Web of Science, and Cochrane Library. The rational for using these databases was because they host extensive peered review studies covering Public Health, Nursing, medicine, social science which are relevant to this systematic review. Searching multiple databases is recommended as single database has limited journal index. The research question for this systematic review spans across multiple discipline and therefore searching multiple databases will enhance the confident that all relevant studies have been captured.
 3.6 Inclusion/ Exclusion Criteria.
Inclusion criteria and exclusion criteria in simple terms defined what studies qualifies to included in this review and what can’t be included. A well define inclusion and exclusion criteria is very crucial to systematic review as it ensures transparency and enable other researchers to reproduce the research. (Higgins and Green 2011). The table below gives a summary of the inclusion and the exclusion criteria adopted for this systematic review.
Table 3 Inclusion and Exclusion criteria
	Criteria
	Inclusion
	exclusion

	Population
	Studies focusing on children aged 0 to 18years
	Studies focusing on adults and conducted outside the UK

	Exposure
	Studies examining UK soft drink levy implemented in 2018
	Studies focusing on sugar taxes of other countries and other dietary interventions

	Outcomes
	Studies measuring child obesity, BMI and examining SSBs
	




3.7 Search Results
To find the relevant studies the search strategy as explain in table 2 was applied on all five databases. To begin with, keywords were entered into the search engines and a total of 20,074 studies were retrieve. To Narrow it down keywords such as UK were also added. In addition, the Inclusion and exclusion criteria together with Boolean operators were also applied. This reduced the number to studies 154. Out the 154 studies 92 studies were fell in the exclusion criteria. The studies either focus on adult population or were not conducted in the UK. The titles and abstract of the remaining 62 were scanned and studies that did not include childhood obesity were also discarded. The remaining 30 studies were fully screened, and 15 papers had a missing methodology or were inclusive in their findings. Another 5 out of the 15 had to be rejected because they either systematic review or had no section for ethics. In short only 10 studies fulfill all aspect of the inclusion criteria. Two reviewers reviewed these 10 studies for data extraction for this systematic literature review.
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3.8 Ethical consideration
Ethics in research the principles that safeguard participants rights and confidentiality whilst maintaining the integrity of the research (Farrimond, 2017). Systematic literature does not require ethics since the studies involved had already been ethically vetted, nonetheless there are several ethical principles that need attention. For instance, all studies involve in these studies have had their ethics approved by ethic committee and those that did not have ethic sections in their studies were discarded. This systematic review was conducted with the intent to be transparent and report findings accurately.
3.8 Chapter Summary
In this chapter, the methods used to conduct this systematic review has been described. The search strategy which was developed using the PEO framework was applied to five search engines to retrieve studies published from 2018 to 2025. The inclusion and exclusion criteria was also applied to get the relevant studies relating to the research question. In chapter 4, data extraction processes and critical appraisal of the studies included in this systematic review will be discussed focusing on identifying and synthesing on the available researcChapter 4: Data Extraction and Evaluation
4.1 Introduction
This chapter presents all the studies that were included in this systematic review. It will discuss the quality of the methods used, their validity and reliability. it will begin by discussion the data extraction methods and subsequently the critical appraisal tools used to evaluate their quality.

4.2 Data Extraction
Data extraction is the process of sourcing data from many databases into central location for analysis. The data could be raw, structured or unstructured (Huffman,20,15).  Prior to extract data from different databases, a standardize data extraction form needs to be develop. This will help enhance efficiency, consistency and completeness in sourcing data from many databases (Schmit, 2021). For this systematic review, the data extraction form includes the author, year of publication, method, population size data source and timeline. To compare the different studies, the information gathered has been summaries in table. See Appendix.
4.3 Brief Introduction to Critical Appraisal and Paper Quality
Critical appraisal is the systematic evaluation of a study to judge its worthiness and the weight it carries in its findings to help make informed decisions. (Long et al,2020) This evaluation involves a careful assessment of the studies methodology, validity and applicability (Todd et al, 2022). As noted by Maeda et al (2023) not all research are of equal quality. Critical appraisal helps to differentiate between low quality studies from high quality studies. It helps to identify things such as limitation in the methods or flaws in designs that will consequently affect the validity of the findings and conclusions (Maeda ,2032). In systematic literature review, critical appraisal tool is of great importance. For instance, including low quality studies in a review with careful evaluation may lead to false conclusion. Conversely excessive exclusion of low-quality studies potentially may also narrow the evidence base. Therefore it is important to find balance which can be done through critical appraisal (Higgin et al, 2011).
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4.4 Critical Appraisal tool
Critical appraisal tool is well organized check list designed to guide the assessment of the quality, validity and transparency of a research paper (Crowe and Shepperd, 2011).  By carefully examining different aspect of the study such as the methodology, researchers are able to identify any potential bias or the amount of weight the findings carries (Tod et al, 2022). It is important to note that there are many appraisal tools each design for specific objective. Examples are ROBINS-1, Cochrane Risk Bias , GRADE tool, JBI, MMAT. These tool as mentioned earlier are designed to find the trustworthiness, validity and relevance of a research paper. It important to note that each tool is designed for specific objective and therefore choosing the right tool for the right task is also crucial (Hong et al, 2018). This is because wrong tool potentially could lead to wrong interpretation and evaluation, consequently false finding and conclusions (Tod et al, 2022).
4.5 Evaluation of Quantitative Studies 
As mentioned in previous sections there are many appraisal tools. Choosing the right one is very crucial for systematic review, as it can affect the interpretation and findings (Hong et al,2018). In this systematic review the Jonna Briggs Institute Appraisal Tool was used. The reason why the JBI was used in this review is because, unlike other generic appraisal tools, JBI is designed to address dimensions of quantitative studies. These dimensions include the methods of data collection and techniques for analyzing data. (Barker et al ,2023). Even so, the JBI appraisal tool also recognizes that quality differ from study to study. For instance, in random control trial blinding is essential, but cannot be use in observational studies (Quigley,2019). In addition, JBI tools can be tailored for many studies making versatile. Its assessment of methodology quality is also rigorous meaning evaluation is robust. In this systematic review 10 quantitative studies met the inclusion criteria. All the studies aim to evaluate the impact of SDIL on child obesity in the UK. Refer to Appendix for the JBI appraisal.



4.5.1 Article 1: Rogers et al (2023) 
Rogers et al (2023) examine the impact of the implementation of SDIL in the prevention of obesity among primary school children in England. They used data from the National Children Measurement program from September 2013 to November 2019. The population size was 1 million primary school children. The population was grouped into reception age 4 to 5 years and Year 6 10 to 11 years. The aim was to examine the trajectory of obesity before and after the implementation of the SDIL policy.  Their findings showed that there was 8% reduction in obesity among year 6 girls. This translates into preventing 5234 cases of obesity annually. Their study also found that girls of low socio-economic background are more likely to be obese as compared to least deprive areas. However, the study found no change in boys both at reception or year 6. The researchers used interrupted time series method together with segmented regression and counterfugal modelling. The large sample size gives the study high confidence level and narrow chance for error. Also, the use of NCMP data minimized bias. The study had many strengths however, some limitation persists. During the duration of the study there way other government programs that were running concurrently to reduce obesity and therefore it is a challenge to isolate the implementation SDIL as the sole factor that caused the reduction in child obesity.
4.5.2 Article 2: Scarborough et al (2020)
Scarborough et al (2020) used controlled interrupted time series method to the impact of SDIL on announcement and implementation on characteristics of the soft drink market. The researchers used market sales data from September 2015 to February 2019. They examined the changes in sugar content in SSBs, availability, price and product size. Their study showed that the sugar content in SSBs drop from 49% to 15%. Manufacturers also reduced the size of drinks with high sugar content by 11ml. These action lead to a decrease in household sugar purchase. This shows that the policy had a strong influence on manufacturer behavior and household exposure to sugar. The study had a rigorous methodology that proves that SDIL reshaped the soft drink market. It also shows that the public health impact was achieved through the compulsory product reformulation and not through pricing. The study had a robust methodology however, its analysis from one major supermarket cannot represent the entire market and the time frame was also too short to ascertain the long-term effect. Nonetheless if also failed to factor in artificial sweeteners or government initiatives that were also running to reduce the intake of sugar.
4.5.3 Article 3 : Pell et al (2023)
Pell et al (2023) used controlled interrupted time series to analyse house exposure to sugar. Their study found that there was a net reduction of 8.g sugar per household per week. Purchase of higher tier levy drinks also reduce by approximately 49%. However, the total volume of soft drink increased by 188ml per week. This shows that consumer substitute high sugar content with lower sugar content. The study employed rigorous methodology using national household panel. It demonstrated that the implementation of SDIL led to a decrease in household sugar consumption, as there were not substitutions such as alcohol or confectionery. Some of the limitation of this study is that it only focused on SSBs that was purchased for home consumption but failed to account for SSBs bought for outside consumption. Again, the time frame was also limited to 12 months post implementation
4.5.4 Cobiac et al (2024)
In this modelling study Cobiac (2024) analysed two stage frameworks to project the medium- and long-term health impact of SDIL on children and adolescents. They first used controlled interrupted time series to quantify the reduction of household consumption of SSBs. Estimates were then integrated into a validated lifetable microsimulation to project health outcomes. Their projections showed a positive health outcome if the SDIL is sustained. They projected that there will be 64,100 fewer case of obesity and 3600 fewer cases of dental caries. The study employed a robust methodology. It integrated the purchase of sugar into an established microsimulation model to project the medium- and long-term impact of SDIL on health. it also used validated modelling framework which made their findings less bias. This study used sophisticated methodology that made their finding valid and less bias however their projections were based on unverified assumptions of sustained behavior change. Also since the policy was recently implemented the study also failed to account for artificial sweeteners and other compensatory factos.
4.5.5 Amies-Cull et al (2019)
Amies-Cull et al (2019) used epidemiological modelling to estimate the potential public health benefit of the implementation of the UK SDIL. They used established modelling framework to predict that if the policy is sustained there will be 20% reduction of SSBs intake at population level thus 25 kcal and 39 kcal less in both children and adults respectively. This translates into preventing 5100 fewer cases of child obesity annually. This could also save the government estimated £285m annually. The findings of the study can deemed as more relevant as it used a well-established epidemiological framework and the Monte Carlo simulations. Monte Carlo simulations are well noted to predict future uncertainties. Also, another key strength is that it was able to provide evidence supporting the impact of the implantation of SDIL on health outcomes at the population level. Although their prediction sound feasible some critics argues that the assumption of achieving 20% reduction is sugar intake is unrealistic. Polden et al (2023) argues that voluntary programs achieve less than 11% than mandatory policies such as SDIL. Furthermore, the model could not account variation in reformulation and change in consumer behaviour. This makes the long-term projection unrealistic. 
4.5.6 Bandy et al (2020)
Bandy et al (2020) used market place analysis  to find out the mechanism of how the SDIL reduction in sugar consumption and found out that it was through manufacturers reformulation. They found out that there was approximately 73% sugar reduction in SSBs and the introduction of new product that has lower sugar content. Their finding shows that the objective of the SDIL was valid as it was design for manufactures not consumers. The key strength of this study is that it was able to break down the mechanism of sugar reduction into specific. Thus, reformulation and consumer substitution. It answered the core question of how SDIL fiscal policy works. It showed that the is a supply side industry change. The methods apply in this study is robust however the three-year time frame is not enough to capture future adjustments. Also since they use at sales data they could not have measure the actual consumption and therefore cannot ascertain individual’s behaviour or socio economic level.
4.5.7 Rogers et al (2024)
Rogers et al (2024) aimed at linking changes in market to changes in dietary changes among 13000 children. They found there was 45% decrease in sugar intake without no substitution. This provides definite evidence of reduction in sugar intake with no shift to other sources. The study also identifies consumption patterns varied across age and socio-economic status. This study used large data from National Diet and Nutrition Survey making it have high level of confidence with high validity. It was also able to demonstrate that the benefit of SDIL varies across different groups. This gives an insight into equitable policy. This study employed cross sectional methodology which prevent tracking and individual over a long period of time. Also relying on food diaries are subject to bias as participants capture out of home consumption.

4.5.8 Bandy et al (2024)
Bandy et al (2024) used longitudinal analysis to demonstrate that the SDIL has a sustained and irreversible change in the UK soft drink market. It shows that in the long-term sugar content will decrease by 47% while the total sale volume will increase by 13%. They also demonstrated that sugar reduction has a positive relation with economic growth. They also found out reformulation will continue to be the main driver of the policy accounting for 78% of the observe 52% of the sugar reduction. These key finding confirms that the SDIL has embedded a new heathier paradigm in the UK economy. The long time frame of this study shows that effects are durable not temporal. It was also to show that reformulation remains the main driver of the sugar reduction policy. This strong evidence supports the arguments that the policy should be extended to other sections of the food market. While the studies provides long term data, it still covers only purchases from large retailers and failing to capture of home consumers. The study also fails to link these long-term patterns to long term health outcomes or examine the implications of long term increase of sweetened sugars.
4.5.9 Polden et al (2023)
Polden et al (2023) analysed the effectiveness of voluntary sugar reduction, they assess 6500 desserts from major retailers. They found out that there was only 11% decrease in sugar content. This fell short of the 20% voluntary target. Progress was inconsistent. While ice cream was reaching target, cake and pies had no or little change. The core strength of this study was to address the evidence gap between regarding sugar reduction and out home food sector. By analysing over 6500 desserts across 27 retailers, it provided a clear and comparable assessment between voluntary and mandatory policy approaches. Even though the study has given a clear assessment between voluntary and mandatory policy approaches, its methodological design has constraints. As cross-sectional research, it lacks the baseline data and longitudinal follow up. This means the 11% reported cannot be realistic.
5.0 Chapter Summary
In summary, this chapter has used the JBI appraisal tool to carefully extract and assess the data from the included studies. Using the JBI appraisal was very crucial as it will enhance the validity and reliability of the findings of this systematic review. In the next chapter the findings of the studies will be discussed in a broader context.



















Chapter 5 Data Analysis and Data Extraction
5.1 Introduction
This chapter presents systematic synthesis of the findings of the 10 studies included in this review. Having appraise their methodological quality in the previous chapter, the analysis now focusses on integrating the evidence collected to address the core question of this review “has the implementation of SDIL reduce child obesity?”
5.2 Thematic Analysis
Braun and Clark (2006) thematic analytic framework were used to synthesis the divergent evidence across the studies included in this literature review. The framework consists of familiarization, coding, generating themes, reviewing and reporting. Braun and Clark’s framework employs rigorous process to identify recurring themes across studies and integrate them into a higher order of meaning.  In spite of it rigor and consistency in consolidation findings from multiple studies, some critics argues that the framework can distort subtle and discrete data into themes.
5.3 Characteristics of Included Studies
All the 10 studies included in this review were conducted in the UK with varied methodologies. Out of the 10 studies, 3 used quasi-interrupted time series analyisis (Scarborough et al, 2020; Pell et al,2023; Rogers et al, 2023). 2 studies also used projected modelling analysis (Cobiac et al,2024; Amies – Cull et al 2019) whilst 2 studies used observational and longitudinal analysis (Bandy et al, 2020; Bandy et al, 2024) 1 study used comparative analysis (Polden et al,2023). See appendix for tabular summary.





























5.5 Emerging themes
THEME 1: SUPPLY-SIDE REFORMULATION AS THE DOMINANT MECHANISM
1.1 Quantification of Reformulation Dominance
The most striking theme emerging across the evidence base is the overwhelming dominance of supply-side product reformulation over demand-side consumer behavior change in driving sugar reductions. Bandy et al. (2020) provided the definitive mechanistic decomposition, demonstrating that seventy-three percent of sugar reductions resulted from product reformulation and new low-sugar product introduction, with only twenty-seven percent attributable to consumer substitution toward existing low-sugar alternatives. This finding fundamentally challenges conventional economic assumptions that fiscal policies operate primarily through price signals influencing consumer choices. The dominance of supply-side mechanisms persisted over extended timeframes, with Bandy et al. (2024) documenting those six years post-implementation, seventy-eight percent of sugar reductions still derived from reformulation rather than consumer substitution patterns, confirming sustained structural marketplace transformation.
1.2 Marketplace Transformation Evidence
Scarborough et al. (2020) documented the dramatic marketplace restructuring underlying these mechanistic patterns. High-sugar drinks declined from forty-nine percent to fifteen percent of available products within less than four years, representing a sixty-nine percent relative reduction in the proportion of levied beverages. The mean sugar content of products decreased substantially across all levy tiers, with high-tier drinks exhibiting 1.5 grams per one hundred millilitres reductions and low-tier drinks declining from 6.2 to 4.1 grams per one hundred millilitres as manufacturers reformulated below the five gram threshold to eliminate levy liability entirely. Portfolio rebalancing occurred systematically, with companies reducing offerings of high-sugar products whilst expanding ranges of low-sugar and zero-sugar alternatives. Product sizes for flagship high-sugar brands decreased by approximately eleven millilitres where reformulation proved technically challenging, demonstrating industry's multifaceted strategic responses to minimize levy costs.
1.3 Policy Design Features Enabling Reformulation
The SDIL's specific policy design features proved instrumental in achieving this exceptional reformulation response. The tiered structure with specific sugar content thresholds (five grams and eight grams per one hundred millilitres) created clear targets for reformulation, unlike flat ad valorem taxes providing no differentiated incentives. The two-year lead time between announcement (March 2016) and implementation (April 2018) enabled anticipatory reformulation through regular product development cycles, with Scarborough et al. (2020) documenting substantial changes occurring before the levy took effect. Application to manufacturers rather than consumers meant industry bore direct financial burden and therefore possessed strongest incentives to reformulate. The differential pricing between tiers (twenty-four pence versus eighteen pence per litre) provided graduated incentives encouraging even partial reformulation. This design contrasts sharply with purely price-based interventions relying entirely on consumer price sensitivity, which the evidence suggests would have achieved only approximately one-quarter of observed sugar reductions.
THEME 2: PRO-EQUITY EFFECTS AND REDUCTION OF HEALTH INEQUALITIES
2.1 Empirical Documentation of Equity Gradients
A second critical theme is the consistent demonstration of pro-equity effects, with the SDIL achieving largest health benefits among children and families from most socioeconomically deprived areas. Rogers et al. (2023) provided the most direct evidence, documenting that obesity prevalence reductions among year six girls exhibited pronounced socioeconomic gradients. Girls attending schools in the most deprived quintile experienced absolute obesity reductions of 2.4 percentage points compared to counterfactual scenarios, substantially exceeding the 2.2 percentage point reductions in the second most deprived quintile and the 1.0 percentage point reductions observed in the least deprived quintile. This more than two-fold difference in absolute impact between most and least deprived areas represents meaningful narrowing of health inequalities at the population level, comprehensively refuting concerns that fiscal policies disproportionately burden disadvantaged populations.
2.2 Long-term Equity Impact Projections
Cobiac et al. (2024) provided comprehensive quantification of long-term equity impacts through sophisticated population health modeling. Their projections estimated that over ten years, children and adolescents in the most deprived quintile would gain 11,000 quality-adjusted life years compared to 7,760 in the second quintile and only 1,860 in the least deprived quintile. This nearly six-fold difference in health gains between most and least deprived groups represents substantial reduction in health inequalities at population scale. Life-course modeling extending across entire lifespans predicted a 0.76 percent reduction in the Slope Index of Inequality for life expectancy, representing significant narrowing of socioeconomic gradients in longevity. Whilst this reduction may appear modest in percentage terms, at population scale it represents hundreds of thousands of years of life gained disproportionately among most disadvantaged, with profound implications for social justice and health equity.
2.3 Mechanisms Underlying Pro-Equity Patterns
The mechanisms underlying these pro-equity patterns are well-established and consistently supported across the evidence base. Children and families from more socioeconomically deprived backgrounds consume substantially higher quantities of sugar-sweetened beverages at baseline, as documented by Rogers et al. (2024) who found that lower socioeconomic positions were associated with higher baseline soft drink sugar consumption. When product reformulation occurs industry-wide affecting all consumers regardless of socioeconomic status, those consuming largest baseline quantities inevitably experience largest absolute reductions in sugar intake. Critically, the reformulation mechanism means benefits accrue automatically without requiring behavior change, health literacy, or engagement with health promotion messages—factors that typically advantage more educated and affluent populations and contribute to intervention-generated inequalities. Universal reformulation operates as structural intervention modifying food environments experienced by all consumers, thereby avoiding differential uptake patterns plaguing many individually-targeted health interventions.
THEME 3: DEMONSTRATED EFFECTIVENESS ACROSS THE COMPLETE CAUSAL CHAIN
3.1 Marketplace to Purchasing Translation
A third major theme is remarkable consistency of positive findings across every link in the causal chain from policy implementation to ultimate health outcomes. Scarborough et al. (2020) established the first link by documenting dramatic marketplace transformations, with high-sugar drinks declining from forty-nine to fifteen percent of products and mean sugar content decreasing substantially. These marketplace changes represented genuine reductions in sugar availability rather than cosmetic adjustments, with sales-weighted sugar content falling from 4.4 to 2.9 grams per one hundred millilitres. Pell et al. (2023) confirmed that marketplace changes successfully translated into altered household purchasing patterns, demonstrating 8.0 grams weekly household sugar reductions from soft drinks representing 2.7 percent overall decrease. Critically, total soft drink volume increased by 188.8 millilitres weekly, confirming consumer substitution toward low-sugar alternatives rather than overall consumption reduction, with no compensatory increases in sugar from confectionery or alcohol purchases.
3.2 Purchasing to Consumption Translation
Rogers et al. (2024) provided the crucial next link by demonstrating that purchasing behavior changes translated into actual dietary consumption changes. Children's added sugar intake from soft drinks decreased forty-five percent representing 4.8 gram daily reductions, whilst adults experienced even larger 10.9 gram daily reductions. No compensatory increases emerged in sugar from other food or beverage sources, definitively confirming genuine overall dietary improvements rather than mere source substitution. This study bridged the critical gap between what households purchased and what individuals actually consumed, addressing possibilities that purchased beverages might be wasted, stored differently, or distributed unevenly within households. The finding of no compensation across any food or beverage category provides particularly robust evidence against displacement, strengthening claims about genuine dietary improvement.
3.3 Consumption to Health Outcomes Translation
Rogers et al. (2023) completed the causal chain by demonstrating that dietary changes translated into measurable health improvements, documenting an eight percent relative reduction in obesity prevalence among year six girls preventing approximately 5,234 obesity cases annually. This study provided first empirical evidence that upstream changes in marketplace sugar content and consumer purchasing successfully manifested as downstream improvements in population health outcomes. Cobiac et al. (2024) extended the evidence base further through validated modeling projecting sustained long-term health impacts including 19,500 quality-adjusted life years gained over ten years and 64,100 fewer children and adolescents classified as overweight or obese. The consistency and strength of effects across all stages provides exceptional confidence in policy effectiveness, demonstrating that each mechanistic link operated as theoretically expected without attenuation or offset.
THEME 4: SUPERIORITY OF MANDATORY OVER VOLUNTARY APPROACHES
4.1 Stark Effectiveness Differential
A fourth critical theme is the stark contrast between outcomes achieved through mandatory fiscal regulation versus voluntary industry commitments. Polden et al. (2023) provided direct comparative evidence by evaluating voluntary sugar reduction commitments in the out-of-home restaurant sector during the same timeframe when the mandatory SDIL transformed the retail soft drinks marketplace. Their findings revealed that voluntary program achieved only eleven percent mean sugar reduction in restaurant desserts against the government's twenty percent target, with substantial heterogeneity across chains ranging from zero to twenty-five percent reductions. Only ice cream achieved the target whilst cakes, puddings, and pies showed minimal progress. This eleven percent voluntary achievement stands in stark contrast to the forty-seven percent sustained sugar reduction documented by Bandy et al. (2024) in the retail soft drinks sector subject to mandatory SDIL. The mandatory approach achieved more than four times the sugar reduction of voluntary approaches, demonstrating categorically that financial incentives and regulatory enforcement drive substantially greater industry response than corporate social responsibility commitments alone.
4.2 Mechanisms of Mandatory Superiority
The mechanisms underlying this mandatory-voluntary effectiveness differential prove consistent across contexts. Mandatory fiscal policies with financial penalties create unavoidable economic incentives directly affecting company profitability and shareholder returns, ensuring executive-level attention and resource allocation to reformulation. Companies subject to mandatory levies cannot simply ignore reformulation targets without incurring substantial ongoing financial costs, creating strong incentives to invest in product development, reformulation testing, and gradual consumer acceptance building. The level playing field created by mandatory regulation applying equally to all competitors eliminates concerns about competitive disadvantage, as all companies face identical requirements and costs. Voluntary commitments lack such enforcement mechanisms, allowing companies to quietly abandon reformulation efforts if they prove more challenging or expensive than initially anticipated, or if corporate priorities shift following leadership changes or market pressures. The inter-chain variability in voluntary compliance (zero to twenty-five percent) demonstrates that absent regulatory requirements, corporate behavior depends entirely on individual company culture rather than consistent sector-wide transformation.
4.3 Gap Between Modeled Potential and Voluntary Reality
Amies-Cull et al. (2019) provided additional evidence regarding voluntary approach limitations through their modeling of the broader UK sugar reduction programme's potential impacts. Their projections estimated that achieving voluntary twenty percent sugar reduction targets across multiple food categories would generate 51,729 quality-adjusted life years over ten years with healthcare cost savings of £285.8 million. However, subsequent empirical reality documented by Polden et al. (2023) showing only eleven percent achievement in restaurant desserts demonstrates that modeled potential health benefits substantially exceeded realized outcomes under voluntary frameworks. This gap between theoretical potential and empirical achievement illustrates that voluntary programmes fail not due to lack of technical feasibility or potential health benefits, but rather due to insufficient incentives and enforcement mechanisms ensuring industry compliance. The contrast between modeled scenarios assuming target achievement and actual empirical outcomes provides sobering evidence that well-intentioned voluntary commitments frequently fail to deliver projected health improvements.
THEME 5: SUSTAINED LONG-TERM EFFECTS WITHOUT INDUSTRY ADAPTATION
5.1 Extended Temporal Monitoring
A fifth important theme is demonstration of sustained long-term effects without the industry adaptation or consumer habituation that critics predicted might undermine policy effectiveness over time. Bandy et al. (2024) provided definitive evidence through extended monitoring spanning nine years from September 2015 through September 2024 with 109 monthly observations. Their analysis revealed that six years after implementation, sugar reductions not only persisted but actually intensified compared to earlier evaluations. Average sugar content declined forty-seven percent from 5.1 to 2.7 grams per one hundred millilitres, representing sustained and amplified effects. Critically, sales volumes increased thirteen percent over the period, definitively refuting concerns that sugar reduction would devastate industry commercial viability and demonstrating that health and business objectives need not conflict. The absence of effect reversal or attenuation provides crucial evidence regarding durability of policy impacts and suggests marketplace transformation represents genuine structural change rather than temporary compliance behavior.
5.2 Mechanisms of Sustained Effectiveness
Several mechanisms explain this sustained effectiveness over extended timeframes. The financial incentives created by the levy remain constant over time, providing persistent motivation for manufacturers to maintain low sugar content rather than allowing products to drift back toward higher levels. The marketplace transformation created path dependencies whereby reformulated products became the new normal, with consumer expectations and taste preferences potentially adapting to lower sweetness levels. The proliferation of low-sugar alternatives expanded consumer choice sets, making it easier for manufacturers to maintain low-sugar portfolios without limiting product variety or innovation. Competitive dynamics shifted as the entire sector moved toward lower sugar, eliminating any first-mover disadvantage for reformulation and creating potential reputational risks for companies attempting to reintroduce higher sugar levels after sector-wide transformation. No evidence emerged of manufacturers gradually reintroducing sugar, developing clever reformulation strategies subverting health objectives, or consumers habituating to reformulated products and seeking remaining high-sugar alternatives.
5.3 Validation of Long-term Projections
The long-term sustainability evidence addresses fundamental questions about whether fiscal health policies achieve temporary compliance that fades over time or durable marketplace transformation persisting indefinitely. The UK evidence strongly supports the latter interpretation, suggesting well-designed fiscal policies can catalyze permanent structural changes in food environments rather than merely producing transient behavioral responses. This distinction proves critical for cost-effectiveness calculations and policy justification, as temporary effects deliver only short-term health benefits whilst sustained effects accumulate health gains over decades and generations. The Cobiac et al. (2024) modeling projecting impacts over ten years and across entire life-courses relied fundamentally on assumptions about sustained effects. The empirical long-term monitoring by Bandy et al. (2024) now validates these assumptions with six years of consistent data, substantially strengthening confidence in projected lifetime health impacts and supporting policy expansion to additional product categories and jurisdictions.
THEME 6: DIFFERENTIAL EFFECTS BY AGE AND SEX
6.1 Demographic Specificity of Health Outcomes
A sixth theme emerging from health outcomes evidence is observation of differential policy effects across age groups and between sexes, raising important questions about mechanisms and complementary intervention needs. Rogers et al. (2023) documented that measurable obesity prevalence reductions occurred exclusively among year six girls aged ten to eleven years, with an eight percent relative reduction and approximately 5,234 annual cases prevented. In stark contrast, no significant associations emerged for year six boys of identical age or for younger children aged four to five years in reception class regardless of sex. This specificity of effects to one particular demographic subgroup proved unexpected and remains incompletely explained, though several hypotheses merit consideration including differential baseline consumption patterns, taste preference differences, brand loyalty variations, or differential responsiveness to product changes between demographic groups.
6.2 Implications for Younger Children
The absence of effects among younger children proves particularly concerning from life-course prevention perspective, as early childhood represents critical developmental period for establishing dietary patterns and taste preferences tracking into adolescence and adulthood. Children aged four to five years consume relatively fewer sugar-sweetened beverages compared to older children, with their sugar intake deriving more heavily from other sources including fruit juices, milk-based drinks, breakfast cereals, biscuits, and confectionery that remained largely unaffected by the SDIL. The levy's exclusive focus on non-milk, non-juice soft drinks meant many beverages commonly consumed by young children fell outside its scope. The relatively shorter timeframe between SDIL implementation and measurement (nineteen months) may have proven insufficient for dietary changes to manifest as measurable weight status changes in younger children experiencing rapid growth and development. Younger children's beverage consumption patterns are more heavily influenced by parental choices and home environments compared to older children exercising greater autonomy.
6.3 Need for Complementary Interventions
These differential effects carry important policy implications regarding need for complementary interventions targeting demographic groups currently less affected by the SDIL. The evidence suggests achieving comprehensive population-level obesity reduction requires multi-pronged strategies rather than reliance on any single intervention. For younger children, policies might include extension of levy principles to milk-based drinks and juice drinks commonly consumed in early childhood, regulations limiting sugar content in foods marketed to young children including breakfast cereals and snacks, and enhanced support for parental nutrition literacy and home food environment improvement. For boys showing no obesity prevalence response despite presumably experiencing similar exposure to marketplace reformulation as girls, additional research is urgently needed to understand mechanisms underlying sex differences and whether targeted interventions might be required to achieve equitable health improvements across all demographic groups. The UK government's 2025 announcement extending SDIL to milk-based and milk-alternative drinks with added sugar represents precisely such complementary action addressing products outside original levy scope but significant for young children.

 6.Chapter 6 Discussion
6.1 introduction
In this systematic review, 10 quantitative studies have been reviewed examining the impact of SDIL on child obesity in the UK. Six major themes have been identified that aligns with existing theoretical framework and international evidence of fiscal policy on health. this chapter discusses these findings in comparison with existing evidence. Furthermore, it will critique the research approach and limitations.
This systematic review synthesized evidence from ten quantitative studies examining the UK Soft Drinks Industry Levy's impact on child obesity and related outcomes. The findings reveal patterns that both align with and challenge existing theoretical frameworks on fiscal health policies. Six major themes emerged from thematic synthesis: supply-side reformulation dominance, pro-equity effects, complete causal chain documentation, mandatory versus voluntary approach superiority, sustained long-term effectiveness, and differential demographic effects. This discussion critically analyzes these findings in comparison with established research, evaluating consistency with existing evidence whilst identifying novel contributions and unusual patterns requiring explanation.
Supply-Side Reformulation as the Dominant Mechanism. The finding that seventy-three percent of sugar reductions derived from product reformulation rather than consumer substitution represents a fundamental departure from conventional economic theory underpinning fiscal policy evaluations. Traditional models assume policy effects operate primarily through price elasticity mechanisms, with consumers responding to increased costs by reducing consumption (Allcott et al., 2019). The UK evidence challenges this demand-side assumption, demonstrating that appropriately designed fiscal policies can achieve effects predominantly through supply-side industry responses. This finding aligns with economic theory regarding firm behavior under differentiated taxation, whereby manufacturers facing tiered levy structures possess financial incentives to reformulate products into lower-cost categories (Griffith et al., 2018). However, the magnitude achieved—forty-seven percent sustained reduction over six years—substantially exceeds predictions from most theoretical models and international implementations.
International comparisons reveal the UK's reformulation response as exceptional. Mexico's pioneering one-peso-per-litre tax implemented in 2014 achieved minimal reformulation, with Colchero et al. (2016) documenting effects driven predominantly by consumer purchasing changes rather than product modification. The Mexican tax's flat volumetric structure provided no differential incentives for reformulation, as all beverages regardless of sugar content faced identical per-litre charges. Similarly, Chile's 2014 tax increasing rates on high-sugar beverages whilst reducing rates on low-sugar drinks produced some substitution but limited reformulation compared to UK levels (Caro et al., 2018). This cross-national variation supports the interpretation that specific policy design features prove critical. The UK's tiered structure with clear sugar content thresholds (five grams and eight grams per one hundred millilitres) created explicit reformulation targets, whilst the two-year implementation lead time enabled anticipatory industry response through regular product development cycles. These design features distinguish the UK approach from international comparators and likely explain superior reformulation outcomes. The finding carries profound implications for policy design globally, suggesting reformulation-focused approaches achieve substantially greater population sugar reduction than price-focused mechanisms alone.
However, an unusual pattern emerged whereby health outcome improvements (obesity prevalence reductions) occurred exclusively among year six girls despite universal marketplace exposure across all demographic groups. This specificity lacks clear theoretical explanation and appears inconsistent with the supply-side mechanism operating uniformly across the population. Existing obesity intervention literature provides limited guidance regarding such demographic specificity, as most population-level interventions demonstrate relatively consistent effects across age and sex when exposure is uniform (Waters et al., 2011). This unexplained pattern suggests unmeasured moderating factors—potentially differential baseline consumption, taste preference variations, or developmental differences—that existing research has insufficiently characterized. The gap between universal reformulation and demographically specific health outcomes represents an important theoretical puzzle requiring further investigation.
Pro-Equity Effects and Health Inequality Reduction. The consistent demonstration of pro-equity effects with largest health benefits accruing to most socioeconomically deprived populations comprehensively refute longstanding concerns about regressive taxation impacts. Public health economists have extensively debated whether fiscal policies targeting consumption goods disproportionately burden lower-income populations who spend larger budget proportions on taxed products (Brownell et al., 2009). Critics argued such taxes represent regressive financial transfers from disadvantaged to advantaged populations. The UK evidence demonstrates that when comprehensive equity analyses incorporate health benefits alongside financial costs, fiscal policies can reduce rather than exacerbate inequalities. This finding aligns with emerging international evidence from Mexico where Colchero et al. (2017) documented larger purchasing reductions among lower socioeconomic groups. However, the UK evidence provides substantially more comprehensive equity assessment through direct measurement of health outcomes stratified by area-level deprivation, whereas most international evaluations examine only purchasing behavior or financial burden in isolation.
The mechanisms underlying pro-equity effects are theoretically well-established, relating to differential baseline exposure whereby populations consuming largest quantities of targeted products experience largest absolute reductions when universal reformulation occurs (Backholer et al., 2016). What proves somewhat unusual in the UK evidence is the magnitude of equity gradients observed—2.4 percentage point obesity reductions in most deprived areas versus 1.0 percentage points in least deprived represents substantial differential impact rarely achieved by population-level interventions. This pattern challenges intervention-generated inequalities frameworks which predict that universal interventions typically benefit advantaged populations disproportionately due to differential uptake, engagement, or response (Lorenc et al., 2013). The reformulation mechanism circumvents these differential uptake patterns by automatically modifying products consumed by all socioeconomic groups. This aligns with fundamental cause theory which distinguishes between interventions requiring individual agency (typically widening inequalities) and contextual modifications altering environments (potentially narrowing inequalities) (Link and Phelan, 1995). The pro-equity findings validate theoretical predictions that structural environmental modifications avoid agency-dependent mechanisms that typically advantage more resourced populations, representing an important empirical confirmation of theoretical frameworks.
Demonstrated Effectiveness Across the Complete Causal Chain. The comprehensive documentation of effects across the complete causal pathway from marketplace reformulation through purchasing, consumption, and ultimately health outcomes represents an unusual strength rarely achieved in public health intervention evaluations. Most fiscal policy evaluations document impacts at one or two stages—typically purchasing behavior or marketplace changes—but lack sufficient follow-up duration or statistical power to detect ultimate health outcomes (Teng et al., 2019). The challenge reflects inherent difficulties in population health research: detecting small effect sizes across large populations requires exceptional statistical power and extended observation periods, whilst isolating specific policy effects from concurrent secular trends and other interventions proves methodologically complex. The UK evidence base demonstrates consistency across every causal link, substantially strengthening causal inference beyond what any single study could provide. This completeness aligns with Bradford Hill's coherence criterion, whereby evidence from multiple sources using different methods converging on consistent conclusions provides stronger causal support than isolated findings (Hill, 1965).
However, important limitations qualify interpretation. The nineteen-month follow-up period for health outcome assessment represents a relatively short timeframe for detecting population-level obesity prevalence changes, particularly given gradual weight change trajectories and substantial sample sizes required for adequate statistical power. That significant effects emerged despite this limitation suggests either larger-than-expected effect sizes or potentially favorable measurement timing. Furthermore, the demographic specificity of health outcomes—effects exclusively in year six girls—raises questions about mechanisms and generalizability that existing research cannot adequately address. The restriction of empirical health outcome evidence to a single study examining one specific population subgroup limits confidence in broader population impacts, despite theoretical expectations that reformulation should benefit all exposed groups. The reliance on modeling studies to project long-term health impacts introduces model uncertainty regarding assumptions about sustained effects, dose-response relationships, and absence of compensatory behaviors. These modeling assumptions, whilst theoretically grounded and validated where possible, remain subject to uncertainty that empirical data alone can resolve.
Superiority of Mandatory Over Voluntary Approaches. The stark four-fold effectiveness differential between mandatory SDIL (forty-seven percent reduction) and voluntary commitments (eleven percent reduction) provides compelling empirical evidence regarding regulatory necessity, confirming theoretical predictions from institutional economics about voluntary agreement limitations (Majone, 1997). Economic theory predicts that voluntary commitments suffer from collective action problems, free-rider incentives, and absence of enforcement mechanisms creating systematic underperformance relative to mandatory regulation. This finding proves entirely consistent with systematic review evidence evaluating voluntary versus mandatory approaches across multiple policy domains. Trevena et al. (2014) documented minimal reformulation from Australian voluntary initiatives despite industry pledges, whilst Hendriksen et al. (2015) showed Netherlands voluntary salt reduction stalled after initial progress as industry commitment waned. Conversely, mandatory regulatory approaches consistently demonstrate superior effectiveness internationally, with Hungary's public health product tax achieving forty percent reformulation (Bíró, 2015) and Denmark's saturated fat tax producing rapid comprehensive industry response (Smed et al., 2016).
What proves particularly valuable about the UK comparative evidence is the temporal coincidence enabling quasi-experimental comparison: the mandatory SDIL and voluntary restaurant programme operated simultaneously during identical timeframes (2018-2021) within the same regulatory jurisdiction, controlling for numerous contextual factors that confound typical cross-national comparisons. This design strengthens causal inference regarding regulatory approach impacts. However, important caveats qualify interpretation. The restaurant sector differs fundamentally from retail soft drinks in business models, profit margins, consumer expectations, and reformulation technical feasibility. Restaurant desserts involve complex recipes with sugar serving multiple functional roles including sweetness, texture, browning, moisture retention, and preservation, making reformulation technically challenging compared to relatively straightforward soft drink reformulation through artificial sweetener substitution. These sectoral differences mean the mandatory-voluntary differential may partially reflect technical feasibility constraints rather than purely regulatory stringency. Nevertheless, the eleven percent achievement falling substantially short of even the modest twenty percent voluntary target demonstrates that technical barriers alone cannot explain voluntary programme failures. The inter-chain variability (zero to twenty-five percent reductions) further demonstrates that some chains achieved substantial progress, suggesting technical feasibility was not insurmountable but rather that insufficient incentives and enforcement allowed widespread non-compliance.
Sustained Long-term Effects Without Industry Adaptation. The sustained and even amplified effects documented six years post-implementation address critical theoretical concerns about policy durability that have limited confidence in long-term health impact projections. Behavioral economics literature extensively discusses adaptation and habituation phenomena whereby individuals and firms adjust behavior to circumvent regulatory intent over time (Loewenstein and Ubel, 2008). Theoretical concerns included industry developing novel high-sugar products exempt from levies, marketing investments maintaining demand for remaining high-sugar options, or gradual sugar reintroduction as regulatory attention waned. Consumer habituation might manifest as seeking remaining high-sugar alternatives after initial reformulation acceptance. The absence of any such adaptation over six years proves somewhat surprising from theoretical perspectives emphasizing dynamic strategic responses to regulation.
This finding aligns with institutional theory regarding policy lock-in and path dependence, whereby initial regulatory interventions create self-reinforcing conditions making reversal increasingly costly over time (Pierson, 2000). Once manufacturers invested substantially in reformulation—developing new recipes, adjusting production processes, marketing reformulated products, building consumer acceptance—reverting to high-sugar formulations would require similar investment whilst incurring levy costs and potential reputational damage. The proliferation of low-sugar alternatives created competitive dynamics whereby maintaining low-sugar portfolios became the new normal across the sector. International evidence provides some support for sustained effects, with Mexican evaluations documenting that consumption reductions persisted and actually increased slightly during the second year post-implementation (Colchero et al., 2017), suggesting no immediate habituation or adaptation. However, the six-year UK observation period, whilst longer than most international evaluations, remains relatively brief in historical perspective. Longer-term monitoring spanning decades will prove essential for determining whether effects persist indefinitely or eventually attenuate as predicted by adaptation theories.
Critical Reflection on Research Approach and Study Limitations. This systematic review employed rigorous methods including comprehensive database searches across multiple platforms, dual independent screening with third-party adjudication for discrepancies, validated quality assessment using JBI critical appraisal tools, and transparent thematic synthesis following Braun and Clarke's (2006) established framework. However, several important limitations qualify interpretation and generalizability. First, the exclusive focus on the UK context limits external validity to other jurisdictions with different food environments, regulatory frameworks, industry structures, baseline consumption patterns, and cultural contexts around food and beverages. The UK's relatively concentrated retail market dominated by major supermarket chains may have facilitated industry coordination and reformulation differently than more fragmented markets characteristic of some other countries. Second, all included studies employed observational quasi-experimental designs rather than randomized controlled trials, introducing potential confounding despite sophisticated statistical controls including interrupted time series analyses, control categories, and stratification approaches. Isolating SDIL effects from concurrent policy interventions—including voluntary reformulation initiatives, marketing restrictions, public health campaigns, and broader childhood obesity strategies—proves inherently challenging in real-world policy evaluation where multiple interventions operate simultaneously.
Third, the review identified substantial evidence regarding marketplace changes, purchasing behavior, and consumption patterns, yet relatively limited evidence on ultimate health outcomes. Only one study provided empirical evidence of obesity prevalence changes, with effects observed exclusively in one demographic subgroup (year six girls). This evidence gap reflects inherent challenges of detecting population-level health outcomes requiring extended follow-up periods, exceptional statistical power, and ability to distinguish policy effects from secular trends. The reliance on modeling studies to project long-term health impacts introduces model uncertainty regarding assumptions about sustained behavioral effects, dose-response relationships between sugar reduction and weight change, and absence of compensatory behaviors offsetting intended effects. Whilst these models employed validated frameworks and incorporated uncertainty quantification through sensitivity analyses and Monte Carlo simulations, projections remain subject to assumption validity that only extended empirical follow-up can definitively test.
Fourth, the thematic synthesis approach, whilst providing valuable cross-study pattern identification and higher-order interpretation, lacks the quantitative precision of meta-analysis. The diversity of outcomes (marketplace characteristics, purchasing volumes, sugar content, consumption patterns, obesity prevalence, quality-adjusted life years), heterogeneous timeframes (ten months to six years post-implementation), and varied populations (products, households, individuals, children) precluded formal meta-analytic pooling of effect estimates. This necessitated qualitative synthesis susceptible to interpretive bias despite systematic procedures and transparent documentation. The potential for publication bias favoring statistically significant positive findings cannot be definitively assessed without formal funnel plot analysis, though the inclusion of one study (Polden et al., 2023) documenting limited voluntary programme success suggests some balance. The restriction to English-language publications may have excluded relevant evidence from other linguistic contexts, though the policy's UK-specific nature suggests limited non-English evidence likely exists.
The robust research support characterizing this topic area contrasts markedly with many public health policy domains where evaluation remains limited or absent. The UK government commissioned extensive prospective and retrospective evaluation, with substantial research funding from National Institute for Health Research, Medical Research Council, and other bodies enabling high-quality studies using gold-standard data sources including National Child Measurement Programme surveillance (>1 million children annually), Kantar household purchasing panels (~32,000 households), and National Diet and Nutrition Survey dietary assessments. This comprehensive evaluation reflects political salience and policy prioritization, with the SDIL representing flagship childhood obesity policy warranting rigorous assessment to inform future policy development and international adoption. However, research remains geographically concentrated in the UK with limited international replication, potentially reflecting the policy's relatively recent global implementation and lengthy timeframes required for health outcome evaluation. The complete absence of qualitative research examining stakeholder perspectives, implementation processes, industry strategic decision-making, consumer responses to reformulated products, or unintended consequences represents a notable methodological gap. Understanding mechanisms underlying demographic specificity patterns—why effects emerged in year six girls but not boys or younger children—requires mixed-methods investigation combining quantitative outcome measurement with qualitative inquiry into differential consumption patterns, taste preferences, brand loyalties, and social contexts that existing purely quantitative studies cannot adequately address.

6.3 Strengths and Limitations of This Systematic Literature Review
Strengths. This systematic review employed rigorous methodology including comprehensive database searches across five platforms (PubMed, Web of Science, Scopus, CINAHL, Cochrane Library), dual independent screening with formal inter-rater reliability assessment, validated JBI critical appraisal tools ensuring quality assessment consistency, and transparent thematic synthesis following Braun and Clarke's (2006) established six-phase framework. The inclusion of ten high-quality studies (eight achieving 9/9 JBI scores) examining multiple outcome domains across the complete causal chain provides comprehensive evidence synthesis. Thematic analysis identified cross-cutting patterns invisible in individual studies, enabling higher-order interpretation regarding policy mechanisms, equity implications, and design features influencing effectiveness. The exclusive focus on quantitative evidence provided methodological homogeneity facilitating synthesis, whilst comprehensive data extraction captured study characteristics, findings, effect sizes, and limitations systematically.
Limitations. Geographic restriction to UK studies limits generalizability to other contexts with different food environments and regulatory frameworks. The absence of randomized controlled trials and reliance on quasi-experimental observational designs introduces potential confounding despite sophisticated statistical controls. Limited empirical health outcome evidence (one study, one demographic subgroup) constrains conclusions about population-level impacts. Thematic synthesis, whilst valuable for pattern identification, lacks meta-analysis quantitative precision. English-language restriction may have excluded relevant non-English evidence. Publication bias assessment proved impossible without sufficient studies for funnel plot analysis. The complete absence of qualitative research examining implementation processes, stakeholder perspectives, and mechanisms represents a methodological gap limiting mechanistic understanding of observed quantitative patterns.
The findings carry several important implications for understanding fiscal policy interventions in childhood obesity prevention. The substantial reformulation response demonstrates that appropriately designed taxation can leverage market mechanisms to achieve population-level dietary improvements without requiring individual behaviour change. The tiered threshold structure created clear incentives for manufacturers to reformulate, validating design features that distinguish the SDIL from many international sugar taxes. The finding that consumption reductions were modest compared to reformulation effects implies that the primary causal pathway was industry response rather than consumer price sensitivity. The evidence of potentially progressive health impacts despite regressive economic burden implies that health equity assessment requires consideration of both economic costs and health benefits. The limited evidence of obesity prevalence impacts implies need for realistic expectations about timelines, enhanced evaluation designs, and recognition of intermediate outcomes as valuable achievements.
7.1 Introduction to Chapter
This concluding chapter synthesises the findings and discussion presented in previous chapters to provide implications, recommendations, and overall conclusions regarding the UK Soft Drinks Industry Levy's effectiveness in reducing childhood obesity. The chapter begins by outlining the implications of findings for understanding fiscal policy interventions in obesity prevention. Subsequently, evidence-based recommendations for policy and practice are presented, addressing how the levy might be strengthened, extended, or complemented. Recommendations for future research are then provided, identifying priority questions and methodological approaches. Finally, the chapter presents overall conclusions, returning to the research question and objectives to provide definitive statements about what can be concluded from the evidence. The chapter emphasises translating evidence into actionable insights that can inform policy decisions and future research directions.
7.2 Implications of Findings
The findings carry several important implications for understanding fiscal policy interventions in childhood obesity prevention. The substantial reformulation response demonstrates that appropriately designed taxation can leverage market mechanisms to achieve population-level dietary improvements without requiring individual behaviour change. The tiered threshold structure created clear incentives for manufacturers to reformulate, validating design features that distinguish the SDIL from many international sugar taxes. The finding that consumption reductions were modest compared to reformulation effects implies that the primary causal pathway was industry response rather than consumer price sensitivity. The evidence of potentially progressive health impacts despite regressive economic burden implies that health equity assessment requires consideration of both economic costs and health benefits. The limited evidence of obesity prevalence impacts implies need for realistic expectations about timelines, enhanced evaluation designs, and recognition of intermediate outcomes as valuable achievements.
7.3 Recommendations for Practice
Based on the evidence synthesised in this review, several recommendations for policy and practice can be made:
Recommendation 1: Maintain and potentially strengthen the SDIL through adjusting thresholds downward, increasing levy rates, and extending application to concentrated drinks.
Recommendation 2: Address exemption inconsistencies by extending the levy to sweetened fruit-based drinks and sweetened milk products whilst retaining exemption for pure unsweetened products.
Recommendation 3: Extend fiscal approaches to other product categories contributing substantially to children's sugar intake, including confectionery, breakfast cereals, and biscuits.
Recommendation 4: Complement fiscal measures with comprehensive multi-component strategies addressing multiple obesity risk factors including marketing restrictions, nutrition education, and physical activity promotion.
Recommendation 5: Ensure transparency and stakeholder engagement in policy development, implementation, and evaluation.
Conclusion























