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Obesity increased dramatically over the last 25 years worldwide. 
Individual, community, and legislative interventions have been 
tested. This review examines the effectiveness of regulatory 
interventions. Method: Between 2005 and 2021, Medline, 
PubMed, and google scholar were searched for obesity, 
intervention, outcomes, strategies, healthy eating, and 
regulatory strategies. One hundred thirty-two papers and 
reports were identified, and 36 were selected for the current 
review to describe the outcomes of these strategies based on 
their effectiveness in reducing obesity rates. Results: Increasing 
taxes, regulating food marketing, and removing unhealthy food 
from food assistance programs helped reduce unhealthy food 
exposure, as did food labeling. Regulatory strategies have 
reduced consumption or purchase, but weight loss may take a 
long time to reduce weight. 20% volume-based tax of SSB 
reduced purchase and consumption with reasonable weight loss. 
Strategies to increase availability and access to healthy food to 
food program recipients or food producers showed a positive 
effect on consumption and weight loss. Price reduction of 
healthy food or its availability through food programs effectively 
increased consumption and reduced weight. Although not 
thoroughly tested, unhealthy food advertising is expected to 
work for children on the long term. Conclusion: Comprehensive 
strategies focused on reversing the obesogenic environment still 
require time to show their effect on weight reduction. However, 
increased availability and access to healthy food reduced 
exposure to unhealthy food and promoted physical activity has 
good potential to reduce obesity. 
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1. Introduction: 

There is a growing number of people suffering from overweight and 
obesity all over the world. Obesity affects almost all age groups and both genders. 
According to the Global Disease Burden data, in 2015, there were 107.7 million 
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obese children and 603 million obese adults worldwide. Egypt had the highest rate 
of obesity among adults, where 35.3% of Egyptian adults were obese [1]. These 
growing numbers increase the burden and consequences on health and the 
economy. Obesity is 'the root cause of most non-communicable diseases" and 
increases the risk for hypertension, Type 2 diabetes, hyperlipidemia, and ischemic 
heart diseases. Therefore, it is urgent to find effective ways to stop this epidemic. 

 

Since there is no single cause for obesity and because of its multifactorial 
nature, combined strategies to stop the obesity epidemic were suggested to be 
implemented at different levels. However, the leading cause of obesity is an 
energy imbalance, where calories consumed are higher than calories burnt. 
Although this might look simple to reverse this balance, it is a real challenge since 
many factors affect food choices and caloric intake. For many years, the focus was 
on nutrition education and information transfer to modify dietary behavior; 
however, recently, there has been an increased interest in changing the food 
environment through policies as a strategy to combat obesity and NCDs [2]. 
Environmental factors such as food availability, prices, and trade policies affect 
food choices and involve many sectors and stakeholders. Food industries affect 
food quality, amounts of fat, sodium, sugar, and additives and subsequently affect 
human health and eating behavior. In addition, individual factors like food 
preferences, eating habits, and traditions contribute to food selection and choices.   

 

Different strategies were developed and tested. This includes strategies 
that aim to promote healthy eating by changing the food environment by 
increasing the availability of healthy food, control of food prices, limiting the 
production and marketing of unhealthy food, and strategies that aim to improve 
the lifestyle by encouraging both healthy eating and physical activity since 
unhealthy sedentary lifestyle is known to be a significant cause of obesity. 

 

Healthy eating is a broad term that applies to many principles like eating 
enough calories, not less, and not more than an individual's need. According to 
most international dietary guidelines, healthy eating means consuming 
appropriate amounts of fruits, vegetables, and dairy products and reducing fat and 
carbohydrate consumption. Also, most of these guidelines recommend avoiding 
processed food, high sugar, and high salt intake. The World Health Organization 
(WHO) presented a regional framework for action on obesity prevention 2019 – 
2023 [3]. The framework included commitment, strategic intervention, and 
progress indicators targeting regulatory actions, prevention, obesity 
management, and treatment and surveillance. Regulatory actions have set 
standards and laws for various sectors involved in the food supply system. 
Preventive actions aim to enhance physical activity through legislation, policies, 
and national and community-level interventions. Management and treatment 
strategies covered treatment options for obesity in health care services. 
Surveillance included evaluating obesity status in each country individually and 
monitoring the effect of all the strategies implemented by each country by 
measuring obesity rates to decide the appropriate strategy for each country. 
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The present paper aims to review the effect of regulatory strategies on 
weight control. However, it is worth noting that it is expected to take years to 
notice changes in obesity prevalence since time is needed for the development of 
action plans, implementation of strategies and evaluations.  

 

Strategies addressing obesity management and treatment and strategies 
for obesity surveillance and prevention are beyond the scope of the current paper.  

 

2. Methods 

A computer search was performed using Medline, PubMed, and google 
scholar, searching for keywords: obesity, intervention, outcomes, strategies, 
healthy eating, and regulatory strategies between 2005 and 2021. The search 
yielded 132 papers and reports. Only 36 papers were selected for the current 
Review to describe the outcomes of these strategies according to the results of 
the studies that measured their effectiveness in reducing obesity rates as the final 
outcome or change in consumption as an intermediate outcome. Fiscal measures, 
public procurement, food supply and trade, labeling, and marketing were the five 
significant commitments addressing regulatory actions. Taxation of unhealthy 
food (sugar-sweetened beverages), subsidizing fruits and vegetables as an 
example of healthy food promotion, and elimination of subsidy from fat/oil and 
sugar represented suggested fiscal measures. Control of unhealthy food marketing 
and food labeling were examples of labeling and marketing of healthy foods. 
Public procurement actions included the provision of healthy food in public and 
institutions. Prevention strategies include adopting a healthy lifestyle of healthy 
eating and increasing physical activity. 

 

3. Results 
 

Many studies have been reviewed to address the effectiveness of regulatory 
measures and strategies for obesity. The overall goal of regulatory strategies can 
be summarized in actions to reduce unhealthy food, increase healthy foods and 
promote physical activity.  

 

Regulatory Actions  
 

Fiscal Measures 
 

Progress indicators identified by the WHO to implement fiscal measures 
included the country's implementation of sugar-sweetened beverages taxes, 
additional levy additional taxes and /or subsidies to promote healthier foods, and 
elimination of all subsidies for oils/fats and sugar [3]. 

 

Impact of Taxes on Sugar-Sweetened Beverages (SSB) on Obesity 
 

Sin taxes are the term that applies to taxes implemented on substance that 
proved harmful to human health and the most popular things with sin taxes are 
tobacco and alcohol. These taxes were applied in many countries as an apology 
and compensation from the users for the nation's health. The tax fund was 
directed to the health sector to promote and treat smokers. Many counties 
applied sin taxes on tobacco and alcohol, like Thailand, Philippines, South Africa, 
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England, and Australia, and reported success in reducing smoking prevalence. This 
encouraged policymakers and public health workers to consider a sin taxes policy 
to address obesity [4]. 

 

Sugar-sweetened beverages (SSB) are beverages with added sugar, and 
many products carry these criteria, like soda, nectars, sports drinks, and 
sweetened fruit juice. However, not all products contain the same amount of 
sugar, where sugar contents range from 10 grams per 12 ounces to 51 grams per 
12 ounces [5]. 

 

With the growing market of sugar-sweetened beverages, the consumption 
of SSB between the years 1990-2015 increased by 5.2% among men and 9.2% 
among women [6]. This trend was apparently higher in Middle and Low Middle-
income countries compared to high-income countries. It was found that three in 
every five adolescents consume SSB daily in Low- and Middle-income countries 
compared to two in every five adolescents in high-income countries [7]. 

 

Also, researchers proved the adverse effects of regular consumption of SSB 
on human health. Consumption of SSB was linked to obesity, dental caries, and 
non -communicable diseases in many studies [8]. Endorsed by the WHO in the 
commission on ending childhood obesity in 2016 [9], public health workers and 
policymakers were persuaded to target the reduction of SSB consumption. It was 
seen that SSB taxation would reduce the consumption of SSB and increase the 
consumption of other healthier options. It is believed that Low and Middle-income 
countries will benefit more from this policy than high-income countries [10]. 

 

Many countries have structured their taxes on volume base (i.e., 1 
peso/liter), sugar-content-based taxes, or as ad valorem, value-based taxes (i.e., 
10% of the manufacturer's price) [10]. The success of SSB taxation was summarized 
in Table 1, where success was measured by either reduction of purchase of SSB [11] 
or reduction in amount consumed [12,13] or reduction in mean weight [14-20], 
overweight and obesity prevalence [21-29]. However, almost in all reported 
research, the predicted weight reduction or reduction in the prevalence of 
overweight or obesity was based on estimation or prediction mathematical 
modeling in the long term extending from one year to 10 years. Moreover, taxes 
structured based on volume, sugar contents or value-based showed that 
volumetric taxation at 20% on SSB had the highest reduction in the prevalence of 
overweight and obesity. Only Fletcher et al. 2015 [30] showed no effect on body 
weight, and one study showed that weight loss with volumetric tax is more 
remarkable than with ad- Valorem tax [24]. 

 

Table 1: Summary of interventions targeting sugar sweetened beverages taxation 
Author  Country  Intervention  Outcomes  

Waterlander et al. 
2014 [11] 

Holland  13% ad- valorem tax 
( tax added on whole 
product)  

Decreased family purchase of SSB 
by 0.9 liter per week  
Reduced personal caloric intake 
from SSB by 164 kcal per week. 
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Author  Country  Intervention  Outcomes  

Colchero et al., 
2016 [12] 

Mexico Applied 1 peso per 
liter tax 
(volumetric tax, tax 
per certain amount of 
product) 

Reduction in consumption of SSB 
by 6% at the beginning of study 
and further reduction up to 12% 
was observed by the end of the 
study. 

Falbe et al, 2016 [13] Berkeley, 
USA 

Excise tax one cent 
per one-ounce SSB 

Decreased consumption by 21% in 
intervention cities  
Compared to increased 
consumption by 4% in other cities. 

Etile et al,.2015 [14] 
 

Australia Simulation study to 
compare the effect of 
Volumetric tax 20% 
per liter SSB 
 

Estimated those who consume 15 
liters of SSB per month would lose 
500 grams weight per months 
while those with higher 
consumption of 35 liters per 
months would lose 800 grams 
weight per month  
In ad- valorem tax no significant 
weight loss appeared. 

Andreyeva et al., 
2011 [15] 

USA One cent per ounce 
SSB 

Linear estimation model predicts 
yearly weight loss by 2.2 kg body 
weight. 

Zhen et al., 2014 
[16] 

USA 0.5 cent per ounce 
SSB 

Dynamic model of 10 years of 
applying tax and its effect on body 
weight, reduction in body weight is 
the 0.7 kg in the low 
socioeconomic and 0.3 kg in high 
socioeconomic the 10th year of 
intervention 

Ruff et al., 2015 [17] USA 0.04 cent per calorie 
from SSB 

Estimated weight loss of 0.7 kg in 
the first year and 0.3 kg in the 
tenth year  

Long et al., 2015 [21] USA One cent per ounce 
SSB 

The study estimates a decrease in 
obesity prevalence rate after 2 
years of applying the tax by 0.9% in 
adults and 1.3% in adolescents 

Kristensen et al., 
2014 [22] 

USA One cent per ounce 
SSB 

1.6% estimated decrease in obesity 
prevalence in children and 2.4% in 
adolescents 

Gortmaker et al, 
2015 [23] 

USA One cent per ounce 
SSB 

Tax would result in reduction of 
obesity cases by almost 500,000 
cases by 2025. 

Sharma et al., 2014 
[24] 

Australia  Simulation study to 
compare the effect of 
Volumetric tax 20% 

Weight loss with volumetric tax is 
greater than with ad- valorem tax  
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Author  Country  Intervention  Outcomes  

per liter SSB Versus ad 
valorem tax 

Lin et al., 2011 [18] USA 0.5 cent per ounce 
SSB 

Dynamic model of 5 years of 
applying tax and its effect on body 
weight, reduction in body weight is 
the highest in the first years 
estimated to be 0.9 kg it declined 
over years with total weight loss 
1.8 kg in the 5 years of 
intervention. 

Segovia et al., 2016 
[19] 

Ecuador  15 cent per liter Weight reduction by 680 grams 
yearly  

Basu et al. 2014 [25] India Ad- valorem tax 20% Reduction in rates of obesity 3% 
among the whole population 
within 10 years of applying the tax. 

Briggs et al., 2013 
[27] 

England  Ad- valorem tax 20% Reduction in rates of obesity 1.3% 
among the whole population with 
greater reduction among those 
younger than 20-29 years (2.6%) 

Bhimjiyani et 
al.,2016 [28] 

England  Ad- valorem tax 20% 5% reduction in obesity rates by 
2025. 

Schwendicke et al. 
2017 [29] 

Germany  Ad- valorem tax 20% Estimated reduction in prevalence 
of overweight and obesity by 3 and 
4 % respectively.  
20-29 years of age benefits the 
most with 22% reduction of obesity 
prevalence. 

Fletcher et al. 2015 
[30] 

USA Ad- valorem tax 12 % No significant effect on body 
weight 

Maneyma et al. 
2014 [26] 

South Africa Ad- valorem tax 20% Reduced obesity prevalence by 2.4 
% among women and 3.8% among 
men 

Dharmasena et al., 
2012 [20] 

USA Ad- valorem tax 20% Estimated reduction in body weight 
by 0.7 kg per year in average 
consumers and reduction by 1.15 
kg body weight per year with 
higher consumption of SSB. 

The Latin phrase ad valorem means "according to value. 
 

A meta-analysis of nine studies examined the effect of the added taxes on 
the SSB demand using Price elasticity of SSB and cross elasticity. Price elasticity 
refers to the effect of increased price on demand and is considered negative when 
the price increase is accompanied by decreased demand and vice versa. At the 
same time, cross elasticity refers to the increased demand for other beverages 
with the decreased demand for SSB. This meta-analysis showed decreased 
demand for SSB with increased price indicating negative price elasticity. There was 
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an increased demand for other beverages like milk, artificially sweetened 
beverages, and fruit juice [31]. 

 

A systematic review of nine studies conducted in middle-income countries 
(Brazil, Ecuador, India, Mexico, Peru, and South Africa) studied the impact of SSB 
taxes on demand, and public health showed decreased demand for SSB with the 
increased price and that low – socioeconomic class showed a more significant 
decline in purchase and consumption [32]. 

 

A modeling study from Germany suggested that implementing a 20% tax on 
SSB will reduce consumption among young age and low-income populations; also, 
the mean BMI is expected to be reduced with the most significant reduction 
among the age group 20-29 years and more in males than females [29]. Another 
modeling study from Zambia predicted that a 25% tax on SSB price would result in 
an annual revenue increase of 5.46 million-dollar, a reduction in the prevalence of 
obesity among both men and women. However, women will benefit more because 
of their higher baseline BMI and estimated that 2526 annual deaths from NCD 
would be averted [33]. 

 

In 2014, Mexico implemented a tax on SSB (11%), which reduced monthly 
purchasing by 6% in six months, followed by12% by the end of the year. Low 
socioeconomic participants had the highest reduction in purchasing. No data are 
available regarding the impact of the tax on health and body weight [34]. 

 

England reduced sugar consumption by implementing a soft drink industry 
levy in 2016. It announced that a sin tax would be applied on soft drinks that 
contain more than 5 grams of sugar per 100 ml as an intervention to reduce the 
rates of childhood obesity in England, where sugar consumption was three times 
the recommended daily allowance among children. In 2018, the volume of sugar 
purchased per capita declined by 30%, with estimated daily reduced consumption 
of 4.6 grams. However, sales of soft drinks remained the same as manufacturers 
were incentivized to produce drinks with a sugar content of fewer than 5 grams 
per 100 ml, and the sales of these products and zero sugar products had increased 
[35-37]. 

 

Experiences from the Middle Eastern countries were described in a study 
conducted by the WHO to examine the effect of sin taxes on SSB, applied by the 
Gulf Cooperation Council countries, on the growth rates and sales volume of SSB 
from 2010 to 2020 [38]. Results revealed that from the year 2016 to 2017, when 
the Kingdom of Saudi Arabia, United Arab Emirates, and Bahrain implemented a 
tax on SSB, the growth rate of sales volumes decreased in Saudi Arabia from 5.44% 
to 1.33%, from 7.9% to 5.9% in the United Arab Emirates and modest decrease 
from 5.2% to 5.09% was recorded in Bahrain. Qatar and Oman were the next to 
implement sin taxes to SSB in 2019, followed by Kuwait in 2020, and they also 
showed a reduction in the volume of the growth rate of sales of soft drinks. 
However, none of them had data regarding the impact of the tax on obesity rates 
and still followed the modeling method in expecting the outcomes on health and 
obesity [38]. 
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Careful evaluation of the impact of this policy is warranted since the 
implementation of sin taxes would have social and economic implications raising 
inequity between the rich and the poor by affecting the industry and labor force. 
The other concern is the need to have obesity assessment surveys or surveillance 
rather than rely on modeling and simulation studies. 

 

Impact of Elimination of Subsidies on Fat and Sugar and/or Subsidizing Fruits and 
Vegetables  

 

Food subsidy is another critical economic factor affecting food purchasing 
and consumption. Worldwide, policymakers considered food subsidies for healthy 
food to reduce obesity. Grains like raw wheat or bread, rice, and corn are the most 
common subsidy food offered. Also, sugar and plant oils are subsidized in many 
low-income countries to ensure providing vulnerable groups with enough energy 
with the long-term effect of gaining extra weight and subsequently increasing non-
communicable diseases due to taking more calories than recommended [39-41]. 

 

In addition, the increased rates of micronutrient deficiencies or "The Hidden 
Hunger" indicate the failure of the current subsidy policies, and reconstruction of 
these policies is needed [40]. 

 

Fat and sugar taxing and fruits and vegetable subsidies were studied in a 
simulation study conducted in New Zealand. Taxes on sugar, saturated fats, and 
salt were set, 8% tax on junk food and a 20% subsidy on fruits and vegetables were 
considered. The modeling study outcomes were a) changes in purchasing 
unhealthy taxed items, b) changes in fruits and vegetable consumption, and c) 
health outcomes. This study estimated an increased purchase of fruit by 16%, 
vegetables by 32%, and reduced the purchase of fats by 10%, sugar and sugar-
based food and beverages by 33%, and 12% for salt. Health gains were estimated 
in the form of health-adjusted life span and health care costs. Life span was 
estimated to increase and reduce the costs of treating non-communicable 
diseases related to food [42,43]. 

 

Early 2004, a study investigated the possible effects of fruit and vegetable 
subsidies (also called thin subsidies) on body weight reduction. It concluded that 
reducing the prices of fruits and vegetables at retail will increase their purchase 
and consumption with positive health outcomes and serve the low-income 
population [44]. 

 

Table 2 summarizes studies conducted to examine the effect of subsidizing 
fruits and vegetables on purchasing and/ or the intake of fruits and vegetables as 
primary outcomes that can predict changes in body weight and obesity prevalence 
as secondary outcomes. It is clear that subsidizing healthy foods such as fruit and 
vegetables promotes healthy eating behavior [45-48] and subsequently contributes 
to weight reduction [46]. More critical the behavior modification was sustainable 
[47,48]. Nutrition education is an essential component of any intervention to 
strengthen its impact; however, nutrition education alone failed to make 
noticeable changes [11]. 
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Table 2: Summary of interventions targeting subsidy programs restructures 
Author  Country  Interventions  Main outcomes  

Burr et al. 

2007 [45] 

UK Setting: Antenatal care clinic 

Sample and design: 

190 pregnant women were 

randomly allocated to three 

groups: 

 a control group (received 

usual care); an advice group 

(given advice and leaflets 

promoting fruit and fruit juice 

consumption);  

a voucher group (given 

vouchers exchangeable for 

fruit juice) 

Measurements: 

Dietary questionnaires were 

administered at 16, 20 and 32 

weeks of pregnancy. Serum 

b-carotene was measured at 

16 and 32 weeks as a 

biomarker for compliance to 

fruit and vegetables 

consumption.  

 Serum β-carotene declined during 

pregnancy in all groups, but fruit 

juice consumption increased 

substantially in the voucher group. 

Serum β-carotene concentration 

increased in the voucher group, 

from 106.2 to 141.8 μmol l− 

(P=0.003). 

 In control group: serum β-

carotene decreased from 120.0 to 

99.8 μmol l−(P=0.005) and was 

unchanged in the advice group. 

Kennedy et 

al, 2009 [46] 

USA Two-arm intervention study 

among African American 

women. 

Intervention included 1.Free 

fruit and vegetables 

$10/week with recipes from 

mobile store at community 

center 2. Monthly nutrition/ 

cooking sessions. 

Measurement: 

anthropometric assessment  

The intervention group lost a mean 

weight of 2.0 kg, while participants 

in the control group gained a mean 

weight of 1.1 kg at six months. 

Overall participants showed a 

mean decrease in weight of -.4 kg 

(standard deviation 3.0 kg), but the 

intervention group lost significantly 

more weight and had a decreased 

body mass index at six months. In 

the intervention group, the 

average number of servings 

consumed per day of fruits/ fruit 

juice and vegetables significantly 

increased at six months. 
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Author  Country  Interventions  Main outcomes  

Herman et 

al., 2008 [48] 

USA WIC Women who enrolled for 

postpartum services. 

Intervention: 

Standard WIC program plus 

$10 voucher weekly for F and 

V from local supermarket 

(SM) or farmers market (FM) 

Duration: Vouchers for 6 

months. 

Measurements: Dietary data 

were collected at baseline 

during intervention and 6 

month after. 

Intervention participants increased 

their consumption of fruits and 

vegetables and sustained the 

increase 6 months after the 

intervention was terminated. 

Waterlander 

et al., 2013 
[11] 

Denmark  6 months RCT within Dutch 

supermarkets was 

conducted. Regular 

supermarket shoppers were 

randomly assigned to 1 of 4 

conditions: 50% price 

discounts on fruits and 

vegetables, nutrition 

education, 50% price 

discounts plus nutrition 

education, or no 

intervention.  

Dietary data were collected. 

Duration 6 month 

The percentage of participants who 

consumed recommended amounts 

of fruits and Vegetables (≥400 g/d) 

increased from 42.5% at baseline 

to 61.3% at 6 months in both 

discount groups (P = 0.03). 

Education alone had no significant 

effect. 

Bihan et al., 

2013 [47] 

France  12-month randomized 

controlled trial, 302 low-

income adults 18–60 years 

old dietary randomized to 

advice alone ('advice'), or 

dietary advice plus FV 

vouchers ('FV vouchers') (10–

40 euros/month) 

exchangeable for fresh fruits 

and vegetables 

Between baseline and 3-month 

follow-up, frequency of FV 

consumption increased 

significantly in both the advice and 

vouchers group. 

However, the vouchers group 

consumed more servings of fruits 

and vegetables and the percentage 

of low fruit and vegetable 

consumers were significantly less 

among the vouchers group. 
 

Food Marketing Regulations 
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The main food marketing strategies studied were food advertisement, sale 
point promotion, and food prices. Strategies to reduce children's exposure to 
unhealthy foods and food prices strategies to make healthy food more available 
and accessible showed mixed results. 

 

Food advertising through media channels like television, radio, and the 
internet, especially when high advertising fat, high sugar, and low nutritive value 
food, has been proven to adversely affect dietary habits and food choices among 
children and adolescents [49]. A meta-analysis of 29 studies examined the impact 
of exposure to food ads of high fat, high sugar food items on children and 
adolescents between 2-18 years of age. Exposure to these ads leads to increased 
consumption of these food items, altered dietary habits of children and 
adolescents, increased body weight, and increased rates of overweight and 
obesity [49]. 

 

For ages, television has been the main channel to target children for food 
advertisements. However, now children spend long hours playing online games, 
browsing different social media platforms and online video channels rather than 
watching television; therefore, advertising agencies are targeting children through 
these channels. A randomized cross-over study was conducted to compare the 
effect of television food ads versus television and internet food ads on food 
consumption among children between 7-12 years old. It was found that children 
tend to consume more food immediately after watching food ads on television or 
the internet. However, children tend to eat more after watching ads on television 
and the internet rather than watching ads on television only [50]. 

 

In 2015 a study was conducted in Oman to study the types of food items 
advertised to children through television, radio, and print media ads between 
November 2015 and January 2016, with a total of 306 broadcast hours, 140 hours 
of television, and 168 hours of radio. Most television ads were about to follow up 
the formula, sugar-sweetened beverages, and snacks like cakes, biscuits, and 
chocolates. Only 3% of these ads were about cheese and 7% about ready-made 
meals and composite dishes. Radio ads, however, were mainly savory snacks and 
some frozen food like meat, poultry, and fish, with few ads about pasta and fats 
like butter and oils. Also, few printed media were found compared to television 
and radio that promote high-sugar snacks. The study included ads on three media 
channels, unfortunately not including the internet or the most watched media 
channel for children where the massive advertisement of food is running through 
social media and online games. Similarly, the study did not include sale points and 
school and social events, where food marketing is common. However, this study 
concluded that limiting food ads of high calorie, low nutritional value food items 
is one of the most essential recommended strategies to control the increasing 
number of overweight and obese children [51]. 

 

A review paper summarized governmental regulations set by 16 countries to 
limit the marketing of unhealthy food to children, including developed and 
developing countries [52]. These studies included regulations set by developed 
countries like England, Ireland, and South- Korea and developing countries like 
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Mexico, Chili, Spain, Turkey, Taiwan, and other countries. The cutoff age targeted 
to be protected from food advertisement differed by countries such as less than 
18 years old, less than 15 years old, and less than 12 years old. Unfortunately, the 
outcome of these regulations measured by changes in children's body mass index 
or dietary habits were not reported. However, Tallie and coauthors [53] studied the 
impact of Chile's law of food labeling and advertisement implemented in 2016 and 
revealed decreased purchases of high sugar beverages by 22.8 ml/capita/day 
(p<0.001) and calories by 11.9 calories/capita/day (95%CI -12to-11.9; p< 0.001). 
Similarly in the UK and Canada, households with children spent less per 
capita/quarter on food high in fat, sugar and salt and more on fruits and 
vegetables [54, 55]. Most manufacturers use special offers and reductions in the 
price of unhealthy food as a marketing strategy which unfortunately work [53].  

 

Food price affects people's choice of food, so lowering the price of healthy 
food encourage purchase. A study conducted in New Zealand among 1104 
shoppers evaluated the effect of price reduction on purchasing healthy food items 
like fruits and vegetables. Purchase of these items increased by 11% for six months 
even after the discount is over and by 5% for 12 months even after the discount is 
finished [42]. Another study compared the effect of nutrition education versus price 
reduction on purchasing healthy food items and found that nutrition education 
was not enough to increase the purchase of healthy food [43]. 

 

It is important to note that marketing regulations to help reduce obesity 
should not harm producers. There should be an agreement with food 
manufacturers to produce and market healthy options as the example from South 
Korea where producers reduced calories by decreasing sugar, trans fat and fat [56]. 
Suggested solutions to improve food marketing and promote health included 
eating half portion with a 70% reduction in the original price at restaurants and 
giving fruit-free coupons for children at supermarket [57] (Table 3). 

 

Table 3: Summary of interventions targeting healthy food marketing  
Author  Country  Interventions  Main outcomes  

 Taillie et al., 

2020 [53] 

Chile   Chile's Law of Food Labeling 

and Advertising implemented 

in 2016, that restrict child-

directed marketing, and ban 

sales in schools of all foods 

and beverages containing 

added sugars, sodium, or 

saturated fats that exceed set 

nutrient or calorie thresholds 

Purchases of high sugar beverages 

decreased by 22.8 ml/capita/day 

p<0.001 

Calories from high sugar beverage 

purchases decreased by 11.9 

calories/capita/day 

(95%CI -12to-11.9; p< 0.001)  

Silva et al., 

2015 [54] 

United 

Kingdom 

United Kingdom Code Of 

Advertising broadcast BCAP is 

divided into 3 stages 

The study measured the effect of 

implementing the code of 

advertising on household 
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Author  Country  Interventions  Main outcomes  

Before 2004 there was no 

regulations for unhealthy 

food advertisement in UK 

Between 2005 -2007 

companies started voluntary 

changes to the nature and 

budget of food ads called 

self- regulatory phase. 

In 2008, the British Code of 

marketing was published, in 

addition to self –regulations 

this is called co-regulations. 

expenditure on food high in fat, 

sugar and salt (HFSS). 

Under both self-regulation and co-

regulation, households with 

children spent less per 

capita/quarter on HFSS foods and 

HFSS drinks and more on fruits and 

vegetables (P < 0.01 for all). 

Households without children were 

less affected by co regulation. 

Kim et al., 

2013 [56] 

South 

Korea  

Special Act on Safety 

Management of Children's 

Dietary Life Safety 

Management was 

implemented September 

2010 

Energy Dense Nutrient Poor 

companies (EDNP) reported 

reducing energy by lowering free 

sugar content (P <0.031), reducing 

fat and trans fatty acid content (P < 

0.023; P < 0.018, respectively).  

A significantly greater percentage 

of EDNP companies fortified their 

products with vitamins or minerals 

(P < 0.014) or with protein (P 

<0.022). 

Dhar and 

Baylis, 2011 
[55] 

Quebec, 

Canada 

Consumer Protection Act, 

implemented 1980, updated 

guidance issued 2012 

The current study provides 

evidence that a ban on advertising 

targeting children can be effective 

in lowering or moderating 

consumption and estimates of the 

effect in expenditures suggest that 

the social-welfare impact of such a 

ban can be significant. 

Taillie et al. 

2019 [52] 

Different 

countries  

Review of literature on 

different regulatory measure 

developed by various 

countries to stop childhood 

obesity by limiting exposure 

of children to food 

advertisement especially high 

sugar high fat food 

First of all every country have its 

own specified age group who they 

consider vulnerable and should be 

protected. 

Various policies and regulations 

were developed no single strategy 

for all. 
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Author  Country  Interventions  Main outcomes  

Finally, most of the studies focused 

on the exposure to ads as outcome 

and little or limited studies 

measured the effect of regulations 

on consumption of HFSS on 

children's BMI. 

Therefore, it is recommended to 

study the effect of purchase and 

consumption on BMI in future 

studies. 
 

Food Labeling  
 

Food labeling supports informed choice where labels are applied to food 
packages to give the customers essential information about the nutrition facts of 
their food choices and the amount of nutrients that might harm their health per 
each package. Sugar, sodium, trans fats, and saturated fats are the main target of 
food labeling; based on scientific research consuming large amounts of these 
nutrients increases the risk of chronic diseases like obesity, diabetes, and heart 
diseases. 

 

Food manufacturers have used front-of-package food labels as a marketing 
tool where they highlight the advantages of their products using claims like 
Natural products, Halal, No added sugar. Different countries have adopted food 
labeling policies; each country uses a different form of front of the package label. 

 

Types of Front of Package (FOP) Food Labels  
 

Claims: a simple piece of information delivered to the customer regarding 
the product using terms like reduced, low, free, etc. Claims are classified into 
health-related ingredient claims, nutrient content claims, comparative nutrient 
claims, general health claims, nutrient, and other function claims, reduction of 
disease risk claims, and other claims like organic or Halal [58]. 

 

Nutrient-specific labels: where the amount of specific nutrients is mentioned 
compared to the recommended daily value, there are two types of Nutrient 
specific labels the Guideline Daily Amounts (GDA) and the Color Coded Guideline 
Daily Amount (Color-coded GDA), where the red color indicates" High amount," 
yellow indicated "Medium amount," and green indicated "Small amount" [59]. 
Traffic light food labels: these simple color-coded Front of Package food labels 
were used primarily in the packages of food consumed mainly by children and 
teenagers, with the same color code as the color-coded GDA [59]. 

 

Warning labels: A simple warning sign with a simple informative sentence, 
like high in sugar [59]. 
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Summary Indicator Systems: The product carries an association or 
organization logo that supports using this product, like The American Heart 
Association Red Tick [59]. 

 

In Latin America, three countries applied mandatory food labeling (Mexico, 
Chile, and Ecuador), and others had voluntary food labeling systems. Studies 
examining these policies' effects on food choices and obesity are scarce. Also, 
studies mainly examine purchasing and consumption behavior as primary 
outcomes, and changes in body weight and the prevalence of obesity are mainly 
discussed in modeling studies based on the changed consumption behavior [58]. 

 

Using Chile national data on household food purchases from before and 
after policy implementation, changes in purchases of beverages high in sugar, 
saturated fat, sodium, or calories (i.e., "high-in" beverages) were examined. The 
results showed that purchase volume of high-sugar beverages decreased by 22.8 
mL per capita per day or 23.7% [53]. Modeling study to examine effect of food 
labeling policy on obesity rates. Baseline intakes of beverages and snacks were 
obtained from the 2016 Mexican National Health and Nutrition Survey [60]. The 
expected impact of labels on caloric intake was obtained from an experimental 
study, with a 10.5% caloric reduction for beverages and 3.0% caloric reduction for 
snacks (Table 4). 

 

Table 4: Summary of interventions to assess effect of food labeling 
Food labeling policies to reduce obesity. 

Taille et al., 

2020 [53] 

Chile Observational study to 

evaluate the purchasing of 

high in sugar , sodium and 

saturated fat beverages after 

applying phase 1 of the Chilean 

law of food labeling, in the 

period from 2015 to 2017. 

Using national data on household 

food purchases from before and 

after policy implementation, 

changes in purchases of beverages 

high in sugar, saturated fat, 

sodium, or calories (i.e., "high-in" 

beverages) were examined. The 

results showed that purchase 

volume of high-sugar beverages 

decreased by 22.8 mL per capita 

per day or 23.7%.  

Both high-educated and low-

educated households had similar 

absolute reductions in high-sugar 

beverage purchases. However high-

educated households had larger 

relative reductions in high-sugar 

beverage purchases. 
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Food labeling policies to reduce obesity. 

 Basto-

Abreu et al., 

2016 [60] 

Mexico Modeling study to examine 

effect of food labeling policy 

on obesity rates. Baseline 

intakes of beverages and 

snacks were obtained from the 

2016 Mexican National Health 

and Nutrition Survey. The 

expected impact of labels on 

caloric intake was obtained 

from an experimental study, 

with a 10.5% caloric reduction 

for beverages and 3.0% caloric 

reduction for snacks. 

The expected outcome is a 

reduction in prevalence of obesity 

by 1.3 million cases five years after 

implementation of FOP food 

labeling policy. 

 

Public Procurement and Integral Approaches to Reverse Obesogenic 
Environment: School Interventions to Encourage a Healthy Lifestyle in Schools 

 

A sedentary lifestyle and unhealthy eating lead to energy imbalance and 
increased body weight and body mass index. It reflects an individual choice to lead 
a healthy or unhealthy lifestyle. Much research considered obesity an individual 
choice aggravated by individual decision to lead an unhealthy lifestyle neglecting  
the effect of the surrounding environment. However, some researchers accused 
the fast food chains, food marketing, and the hectic lifestyle as additional factors 
that adversely affect individual's choice. Recently researchers had a broader view 
and studied the impact of different environmental factors on the individual's 
lifestyle and food choice and on weight and health. Some of these studies explored 
the access to recreational activities, transportation, access to healthy food, 
neighborhood safety as causes of obesity. The term "Obesogenic Environment" 
started to be recognized when in 1999, Swinburn et al. [61] published a paper 
describing a framework for understanding obesogenic environment and 
developed the Analysis Grid for Environments, a practical tool for prioritizing 
environmental elements linked to obesity. The obesogenic environment was 
described as "the sum of influences that the surroundings opportunities or 
conditions of life have on promoting obesity in individuals or populations [61]. The 
factors inside and outside the home that alter the child's eating behavior and 
physical activity led to increase his/her body mass index [62]. Lately, Kaczynski and 
his colleagues [63] defined the obesogenic environment as the sum of physical 
elements within communities that promote a sedentary lifestyle, restrict physical 
activity, encourage unhealthy eating practices among children, and developed a 
childhood obesogenic environment index (COEI). After the principle of the 
Obesogenic Environment has been acknowledged, reversing the obesogenic 
environment becomes a priority to stop the obesity epidemic, especially among 
children. Small communities like schools, daycare facilities, after-school, and 
worksites were considered well controlled research sites. Besides it allows easy 
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access to large sample of children at different developmental stages (age between 
6-18 years) and where promotion of physical activity could be easily implemented 
In addition, school obesity interventions were prioritized by many countries since 
children and adolescents represent the future adults and preventing childhood 
obesity would have impact on the future of global health [64]. 

 

Environmental strategies are the hardest to implement as they require 
interdisciplinary collaboration of different stakeholder from the health and non-
health sectors. Studies evaluating the effect of integral approaches to reverse 
school obesogenic environment were thought to be highly promising to promote 
healthy lifestyle and prevent obesity. The main components of strategies that 
target the reduction of childhood obesity in schools included  

 
▪ Improvement of the food environment to promote healthy eating through 

school meal programs, 
▪ Proper control of the food sold at the school canteen and school 

surrounding area, and 
▪ Promotion of healthy choices through incentives and encouraging 

students to make healthy choices. 
 

In addition, an essential component included promoting physical activity at 
school and raising the awareness of a healthy lifestyle through activities and 
classes [65-67]. 

 

School interventions were reviewed and included 43 meta-analyses, 63 
systemic reviews, and 11 other reviews covering primary and secondary schools, 
with few studies on the preschool establishment. Key findings from research 
conducted in high-income countries showed success in the weight reduction of 
children from < -0.1 kg/m2 to -1.8 kg/m2 when a multi-component program was 
designed combining diet and physical activity interventions [68-71]. Many studies 
showed dietary behavior modification, such as increasing fruit and vegetable 
consumption [72-75] and decreasing sugar-sweetened beverages consumption [76].  

 

Interventions Addressing Increasing Access to Healthy Food 
 

Interventions aimed to improve diet through changes in foods provided by 
the school canteen/cafeteria, increased physical activity during or after school 
hours combined with education for healthier dietary and activity behaviors, and 
parental involvement reduced BMI by -0.072, systolic blood pressure by -0.183 
and diastolic blood pressure by -0.071[76]. Oosterhoff et al. [77] reported reduced 
anemia prevalence in adolescents, especially girls, when micronutrient 
supplementation intervention was implemented (RR:0.69, 95% CI: 0.62-0.76). 

 

School-based interventions to promote fruits and vegetables consumption 
were in the form of classroom and non-classroom education (integration of 
knowledge about the importance of fruits and vegetables in the curriculum), 
changes to the environment (such as increased fruits and vegetable exposure in 
the canteen, modifying lunches, breakfast or snacks provided [78]. A USDA report 
published in 2012 showed that combined interventions showed better results [79]. 
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Combined interventions targeted nutrition education and school food 
environment through free breakfast, increased availability of healthy food in 
school cafeteria/vending machines, free fruit and vegetable snacks, increased fruit 
and vegetable choices marketed, and improved preparation and appearance led 
to more remarkable improvement than each intervention separately [79].  

 

Pre-school (2-5 years) interventions to increase vegetable consumption 
included educational interventions, repeated taste exposure, pairing, changed 
food –services, explicit rewards, modeling, variety, and visual presentation [80].   

 

Similarly, intervention strategies included laws and policies to increase 
access to healthy food (free or subsidized) and reduce unhealthy food or beverage 
availability, awareness and education, family and community involvement, 
nutrition in the school curriculum, interactive information and communication 
technologies, school teaching kitchens, school garden, counseling of school health 
nurses [79,81]. 

 

Interventions implementing curriculum, environment, and 
families/communities to promote the diet and physical activity showed 
inconsistent results with no significant effect on BMI [82]. However, interventions 
targeted overweight and obese children that include physical activity reduced BMI 
by -0.35 kg/m2 when delivered to obese and overweight children than to all 
children [83].  

 

Strategies used in nutrition education interventions included information 
sessions or lessons, practical hands-on skill building, teacher training, PA, and 
school cafeteria modifications [84,85]. Also, educational games simulating food 
purchases according to menu labeling with numeric calories and nutrient contents 
[86, 96] and computer and internet-based activities were tested [79]. Moreover, 
literature revealed that nutrition education interventions longer than one year 
were effective in reducing BMI [87], and the most prominent effects seen were in 
programs with parental support [88, 95].  

 

Regulations, standards, and guidelines to increase the availability of healthy 
and decrease the availability of unhealthy foods and beverages, shown in Table 5,  
have positive changes in healthy food purchasing patterns, the intake of healthy 
foods, and decreasing the intake of foods high in fat, sodium, and sugar [89, 92, 95, 

96].   
 

Table 5: Summary of studies to test school interventions to promote healthy lifestyle 
Author  Country Intervention Outcomes 

Ickovics, et 

al., 2019 [93] 

 

Singapore Randomized cluster trial of 12 

schools support was provided 

for implementation of nutrition 

policies (e.g., alternatives to 

food-based 

rewards/celebrations) and 

physical activity policies (e.g., 

Students at schools randomized 

to receive support for nutrition 

policy implementation had 

healthier BMI trajectories over 

time (F=3.20, p=0.02), with a 

greater magnitude over time 
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Author  Country Intervention Outcomes 

opportunities for physical 

activity during/after school). 

and cumulatively significant 

effects 3 years post-intervention 

There was no difference in 

student BMI between those in 

schools with and without 

physical activity policy 

implementation. 

 Miyawaki et 

al., 2019 [92] 

Japan  Implementing school lunch 

program that offers uniform 

meal including staple food, main 

dish, side dish, drink and dessert 

for elementary school students 

and Junior high school students 

and follow up for 3 years. 

A 10 percentage point increase 

in the coverage-level school 

lunch coverage rate significantly 

decreased the percentage of 

overweight (0.37%, 95% CI: 

0.18–0.56) and obesity (0.23%, 

0.10–0.37) in subsequent years 

among boys, but not among 

girls. No significant effect on the 

percentage of underweight or 

mean body weight/height was 

observed for either sex 

Matsuzaki et 

al., 2021 [95] 

USA  Implementation of California 

and Federal Nutrition policies 

among school children  

California nutrition policy limits 

the availability of beverages in 

elementary and middle schools. 

In 2007, CA introduced 

statewide nutrition and portion 

size standards for competitive 

foods in grades K-12. The 

policies set the maximum 

number of calories in snacks or 

entrees and percent of calories 

from fat at 35% and from 

saturated fat to 10% and sugar 

content to no more than 35% by 

weight.  

The federal policy— *HHFKA 

2010 set caloric limits, and 

increased daily availability of 

The results generally showed 

favorable association of the 

California nutrition policies with 

overweight/obesity prevalence 

trends, although the magnitudes 

of associations and strengths of 

evidence varied among 

racial/ethnic subgroups 
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Author  Country Intervention Outcomes 

fruits, vegetables, and whole 

grain–rich foods, limited fat 

content of milk and portion 

sizes, and reduced levels of 

sodium, saturated fat, and 

trans-fat 

Habib-

Mourad et 

al., 2020 [96] 

Lebanon Implemented Ajyal Salima 

program which is a school 

obesity prevention program 

with 3 components  

The first component is a session 

of interactive nutrition 

education delivered to students 

The second is a nutrition 

education session for parents 

together with delivering 

education material to take 

home and serving them a 

healthy meal 

The third component is about 

school meals and limiting high 

fat high sugar food availability in 

school canteen. 

The odds of being 

overweight/obese post 

intervention were similar in 

intervention and control groups. 

After one-year washout, 

changes were observed only in 

public schools. Students in the 

intervention group had a 52% 

reduced odds of being 

overweight/obese compared to 

students in control group. 

Dietary habits changes included 

increased consumption of fruits 

and raw vegetables and 

decreased consumption of chips 

and deserts.  

However after one year 

washout period these changes 

didn't last. 
*Healthy, Hunger-Free Kids Act of 2010 

 

Interventions to change the environment, such as restriction of sugary foods 
and beverages or high-fat foods and increased availability of water, milk, and fruits 
and vegetables, resulted in improved purchasing or self-reported diet [90].   

 

Additionally, simple interventions such as improving the placement of water 
and healthier beverages (milk), improvement in the preparation and appearance 
of food, use of emoticons, and rewards for selecting healthier options effectively 
reduced sugar-sweetened beverages (SSB) intake [91,92].  Students had healthier 
BMI trajectories overtime and cumulatively significant effects three years post-
intervention [93]. 

 

Other reported interventions where a school wellness council was 
established and a written school policy about a healthy school environment was 
developed effectively promoted a healthy lifestyle among children [93, 94]. Last but 
not least, interventions to promote physical activity like reconstruction of the 
playground to be more active, all class participation in physical education classes, 
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change in recess time activities to be more physical, giving incentives to children 
to participate in sports, social marketing of healthy lifestyles in the form of slogans 
and stickers, inviting stakeholders and community service providers in fundraising 
events to support healthy school environment were found successful [95]. 

 

4. Discussion 
 

Obesity is a multifactorial health issue threatening the world with its 
increasing numbers among different age groups. Regulatory actions have shown a 
reduction in consumption or purchase; however, little impact on weight reduction 
has been reported, which may require more time to show the impact on weight. 
The key is reducing the obesogenic environment by reducing exposure to 
unhealthy food, increasing the availability of healthy food, and promoting physical 
activity. Unhealthy food exposure through increased taxation, regulation of food 
marketing, elimination of unhealthy food from food assistant programs (school 
feeding programs), and educational strategies through food labeling have shown 
purchase and consumption reduction. Also, among different taxation strategies, 
the increased volume-based taxation of SSB at 20% reduced the purchase and 
consumption of SSB with reasonable weight reduction. Considering dietary 
changes as intermediate outcomes, more research is needed to assess weight loss 
or halt through anthropometric measurements.  

 

On the other hand, strategies to increase availability and access to healthy 
food through incentives offered at the individual level in food programs or food 
producers to produce more healthy products reported more effects on both 
consumption and weight reduction. Also, healthy food price reduction or its 
availability through food programs has been proven to be an effective strategy to 
increase healthy food consumption and, subsequently, weight reduction. 
Unhealthy food advertisement, although not fully tested, is expected to work with 
children long-term to create a non-obesogenic environment. Little research 
evaluating the effect of food labeling limited the ability to conclude.  

 

5. Conclusion 
 

Comprehensive strategies with combined interventions to reverse the 
obesogenic environment with two main goals 1) increase availability and access to 
healthy food and 2) reduce exposure to unhealthy food have not provided 
conclusive evidence. Review findings were mainly based on modeling of weight 
reduction based on assumption rather than on actual anthropometric 
measurements, which may require more research and longer duration to show 
impact. Focusing on the prices of one food item (SSB) may not draw a complete 
picture of changes in the entire diet which may contribute to shifts in food 
consumption within or across food categories. 
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