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Abstract

Context: Childhood obesity has become one of the most concerning public health issues and several innovative strategies are be-
ing applied to tackle the issue. Reformulation of children-oriented food products may play a role in improving childhood obesity.
However, there is not sufficient evidence that shows the effectiveness of this policy. This paper provides a systematic review of the
evidence to examine the efficacy of food product reformulation on calorie intake and weight modification of children with obesity.
Evidence Acquisition: A comprehensive literature search was undertaken for different types of studies. PubMed, Cochrane Library
Database, EMBASE and SCOPUS were referred to as the source of literature.
Results: Seven thousand four hundred and three results were entered into our study for screening and evaluation. Our study
showed that there was no clear evidence that supported the effectiveness of this intervention. However, some bodies of literature
show calorie intake reduction, but no weight modification.
Conclusions: Although there is enough evidence to show that reformulation may promote healthy dietary patterns, its impact on
weight status is not convincing. Long term running intervention needs to be applied to examine the possible implications of food
reformulation policy on the weight status of the children.
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1. Context

Recent statistics show that notable numbers of obese
and overweight children and childhood obesity have be-
come one of the most concerning public health problems
of the 21st century. According to the 2016 estimates, al-
most in four decades, the prevalence of obesity among
school-age children and adolescents has increased more
than ten times, reaching from 11 million to 124 million.
The same statistics show that over 216 million people were
overweight but not obesep (1). This global problem is af-
fecting many countries, from low and middle-income to
affluent. Lifestyle preferences and cultural and environ-
mental factors have a determining impact on the growing
prevalence of childhood obesity. Most of the children are
now living in an obesogenic environment, particularly in
urban settings (2).

Early childhood is an important part of the life span

for dietary habits and pattern formation and critical time
for interventions for preventing overweight and obesity.
For properly addressing dietary patterns and behaviors,
it is crucial to understand the underlying factors caus-
ing these behaviors and patterns and implement evidence-
based interventions (3). A poor and unbalanced diet is one
of the major underlying causes of childhood overweight
and obesity as well as widespread and rapidly growing
consumption of high calorie and less nutritive and un-
healthy foods (4) and sugar-sweetened beverages (SSBs).
Food products have been recognized as an important cause
of increased obesity prevalence in all ages, particularly in
childhood (5). Several attempts and initiatives, including
food reformulation, also have been ongoing to reduce the
calorie content of packaged foods. However, there is a lack
of robust evidence that indicates adopting food reformu-
lation policies to what extent could prevent or halt the rise
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in obesity (6, 7).
A global shift in dietary pattern and food supply to-

wards increased consumption and accessibility of afford-
able and energy-dense foods, along with the seductive mar-
keting of the food products, is recognized as one of the
main contributing factors of worldwide obesity. This trend
has highlighted food supply systems as well as the food
industry and its substantial role in the obesity prevalence
(8). Food industries have taken numerous voluntary ini-
tiatives, such as reformulation, fortification, and function-
alization of food products, as a part of their social re-
sponsibility agenda and commitments to improve the nu-
tritional value of the products and to provide healthier
choices for consumers (6).

The United States and several European countries
have formulated and adopted several contextual and
community-based programs that may help prevent the
rise of childhood obesity, including in-school policies (9),
regulating child-oriented calorie-dense food products ad-
vertisement (10), restricting the youth access to SSBs dur-
ing school days, unhealthy food taxation aiming to ad-
dress the burden of obesity and non-communicable dis-
eases (NCDs) (11) and reformulating packaged food prod-
ucts to reduce total calorie intake by consumers (7, 12).

It is assumed that decreasing total calorie intake from
high-calorie food products could help to halt the rise of
obesity prevalence. Reformulation of foods and bever-
ages with high per-capita consumption in order to mod-
ify the components associated with high caloric content
has been recognized as one of the key emerging strategies
and structural-based policies to reduce calorie intake by
the population (6, 7).

The global market share of child-oriented food prod-
ucts is remarkable and high-calorie food products with
low nutritional value make up a lion share of commer-
cially promoted products (13). Childhood obesity: A plan
for action in the United Kingdom (14), the Healthy Weight
Commitment Foundation of the United States (7), the Char-
ters of Voluntary Engagement of the French government
(15) and Brazilian government agreement with representa-
tives of the food industry to voluntarily reduce the sugar
content in their products (16) are among significant poli-
cies to promote public health and improve food environ-
ments in the countries of interest. Food systems and ma-
jor dietary patterns are already affected by leading pack-
aged and processed food products and such policies wel-
comed by the food industry and key players in the food and
health sectors. Meanwhile, it is evident that marketing un-
healthy child-oriented food products negatively impacts
children’s eating behaviors (13). This marketing procedure
is a problem of serious concern as taste and dietary habits
in children would develop through repeated exposure to
these kinds of foods and would cause micronutrient defi-

ciencies, as they usually have less nutritive value (17).

Developed food preferences during childhood are
likely to persist through life and can, therefore, cause both
short and long-term outcomes for health and weight sta-
tus (18). It is acknowledged that tackling childhood obe-
sity and overweight is unlikely to succeed if supportive
structural and environmental factors, such as food supply,
are not appropriately addressed (19). Several stakeholders
are involved in creating the obesogenic environment. Gov-
ernments, private sector and civil society organizations,
donors, and several other stakeholders could have a cru-
cial role in modifying the obesogenic environment, which
in turn needs transparency, public accountability, social re-
sponsibility and conflict of interest management (20).

Reformulation of food products is a practical process,
intending to improve the nutritional properties of food
products by cutting down components associated with
negative health effects such as fat, salt and sugar, or by
decreasing portion size while keeping or improving their
nutrient contents with positive health benefits and pro-
tecting their organoleptic characteristics such as color,
taste, texture and shelf life (8). There is increasing atten-
tion toward interventions targeting the reformulation of
processed foods to improve the nutritional environment
(21, 22). However, the potential effectiveness of children-
oriented food reformulation policies in reducing calorie
intake and tackling childhood obesity is not clear enough.
Although several studies show that increased consump-
tion of high-calorie food and beverages will lead to the
prevalence of overweight and obesity, there is limited ev-
idence supporting the effectiveness of the reformulation
policy in halting the increase in childhood obesity at the
population level (23). This paper provides a systematic re-
view by reporting the results of food reformulation inter-
ventions aimed at reducing food products’ calorie content
in weight modification in children.

2. Evidence Acquisition

2.1. Participants

In this systematic review, original studies performing
on 2-year-old to 19-year-old children of any nationality who
were of either normal BMI, overweight or obese without
any underlying disease which might have interfered with
their weight status, and who had specific anthropometric
characteristics were considered. Children of normal BMI
were also considered in the study as the aim of the study
was to investigate both the preventive effect of the inter-
vention and its impact on weight modification in the chil-
dren.
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2.2. Intervention

All interventions with any deliberate approaches to
processed food reformulation or revising food standards
that reduce their calorie content or total calorie intake by
children were considered in this review.

2.3. Outcome Measure

This review aimed to examine the following outcome
measures systematically:

Primary Outcomes: BMI and weight change.
Secondary Outcomes: Prevalence of overweight and

childhood obesity and adiposity.
All short term (measured immediately after interven-

tion) and long-term (at least six months after completion
of the intervention) were included in this review.

2.4. Study Design

The studies included in this review were randomized
controlled trials (RCT) or comparator group studies, con-
trolled before and after studies (CBA), interrupted time se-
ries (ITS) and comparisons with historical controls, ecolog-
ical studies, policies, cohort studies or national trends in
our searching strategy.

2.5. Language and Date Restrictions

Searches included publications in English only, pub-
lished to date (March 2020).

3. Search Strategy of Literature Sources

The strategy and procedure followed in the present re-
view was PRISMA guideline. A two-step search strategy was
applied for searching the databases. The first phase was a
comprehensive search using identified keywords and in-
dex terms undertaken in PubMed, SCOPUS, Cochrane Li-
brary Database and EMBASE as well as an unstructured
search in Google Scholar, through which the following key-
words were identified:

Participants: Childhood obesity, pediatric obesity,
overweight children, school children, pre-school children
and adolescent obesity.

Intervention: Food reformulation, food products refor-
mulation, packaged foods reformulation, beverage refor-
mulation, drink reformulation, food standard, fat content
reduction, sugar content reduction, calorie content reduc-
tion, food calorie restriction and food industry standards.

Outcome: Energy intake, calorie intake, excess calorie,
weight change, weight modification, obesity modification
and weight loss.

The second phase was a structured search in PubMed,
SCOPUS, Cochrane Library Database, EMBASE and an un-
structured search in Google Scholar on 19 July 2020 (Ap-
pendix A in Supplementary File). MeSH terms in different
combinations were applied in all databases to best cover
all relevant and existing literature. All studies identified
during a comprehensive search and search of the reference
lists were examined for relevance to the review based on in-
formation provided in their titles and abstracts. In the case
of their relevancy, the full text of the papers was reviewed
for further analysis of whether the studies met the inclu-
sion criteria.

4. Methodological Quality

A tailored critical appraisal skills program (CASP) ap-
praisal tool for case-control studies and randomized con-
trolled trials was applied to evaluate and assess the qual-
ity of the studies based on the study objectives. Ten ques-
tions of the appraisal tools were used to score the quality
of the included studies. Two CASP questions were not con-
sidered during evaluation of the studies, including “Can
the results be applied to the local population?” and “Do
the results of this study fit with other available evidence?”,
as the scope of this review was not local context and lim-
ited included studies and their heterogeneity in terms of
results (Table 1). The quality of the studies was evaluated
based on the data relevant to this review and may not
represent the overall quality of the studies. The included
studies independently were scored by a team of two re-
searchers who managed any disagreements through con-
sensus. Differences between outcomes concerning study
quality, setting, populations and, where applicable, the in-
tervention’s nature were qualitatively analyzed, and each
of the selected criteria against the review evidence was sys-
tematically considered. As only a limited number of stud-
ies met the inclusion criteria, none of the studies were ex-
cluded based on their quality scores (Table 2).

5. Data Extraction

AMB, NK and AHR developed the study question and
search strategies and imported the search results in End-
note (X8 Ed.). All Authors were involved in the screening of
the results and extracting the data. AMB and AHR prepared
the final report. Discrepancies at the designing the study,
screening and data extraction stages were resolved by dis-
cussion.

Data, observing methodology, intervention type,
and outcomes were systematically extracted using a cus-
tomized extraction tool developed by the JBI (2) which
includes general information of the study, sample size,
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Table 1. Critical Appraisal Skills Program (CASP) Questions Used to Evaluate the In-
cluded Studies (Presented in Table 2)

Number Questions

1 Did the study address a clearly focused issue?

2 Did the authors use an appropriate method to answer their
question?

3 Was the study recruited in an acceptable way?

4 Was the exposure accurately measured to minimize bias?

5 Was the outcome accurately measured to minimize bias?

6 Have the authors identified all important confounding factors?
Have they taken account of the confounding factors in the
design and/or analysis?

7 Was the follow-up of subjects complete enough?

8 Was the follow up of subjects long enough?

9 How precise are the results?

10 Do you believe the results?

design, population, methods for analyzing, diagnostic
criteria for obesity, adjusted factors, intervention type,
intervention length and outcome(s). Decisions regarding
including data in the tables were made by two research
members who were well-experienced in designing and
conducting research projects in the field of childhood
obesity.

6. Results

Based on our search strategy, 7601 results from the
mentioned databases were entered into our study. After re-
moving duplications, 7403 results were examined through
reviewing their titles and abstracts. Twenty four studies
that reported food reformulation impact on childhood
obesity were considered for further evaluation based on
their full texts. PRISMA Flow chart of included studies is
presented in Figure 1.

Further to the evaluation of the 56 full-texts of the in-
cluded studies, two discussion papers were excluded from
the review (8, 27). Nine papers were further excluded as
they mainly focused on dietary change rather than the
change in the formulation of food products (28-37). Four
papers using simulation and modeled study method ex-
amined the possible impacts of industry-wide food and
beverage reformulations in total calorie intake (38-50),
which are not entirely in line with the scope of the review.
Five papers had no outcome measure for energy intake and
weight change in children (51-55), one review paper (23, 56,
57) and two, which were based on the total calorie content
of food products rather than their consumption by chil-
dren (58, 59). At the end of the screening, six articles were
partially kept for further evaluation; still, three of them

did not completely meet our criteria for data extraction as
they did not directly address products reformulation, in-
stead examined low-calorie food options’ impact on total
calorie intake in children (24-26). Two reformulation poli-
cies and an action plan were considered for further eval-
uation at the final step. Wang et al., by reviewing the Na-
tional Health and Nutrition Examination Survey dietary re-
calls from 2003 to 2004 in the United States, showed that
replacing SSBs consumption with water will decrease total
calorie intake and every 1% beverage substitution was cor-
related with 6.6-kcal lower total calorie intake. They also
reported that replacing total SSBs consumption with wa-
ter may decrease 235 kcal/d intake (26). In 2016, the gov-
ernment of the UK began implementing an action plan to
tackle childhood obesity, in line with Public Health Eng-
land (PHE). The plan aimed to promote a sugar reduction in
child-oriented food products by 20% by 2020, with a 5% re-
duction by 2017 (14). However, the policy evaluation for the
first year of the implementation showed a 2% reduction
in sugar content of food products and the impact of the
policy on obesity prevention had not been estimated. Si-
multaneously, the UK government started a calorie reduc-
tion program since 2017, which challenges food and drink
and retailers to reduce the calorie content of foods by 20%,
which are commonly consumed by children by 2024 (60).
The Brazilian government in 2018 has also implemented
a voluntary food reformulation policy, to cut out 144,600
tons of sugar from food products by 2022. However, no re-
port or analysis of the effectiveness of this policy has been
published yet (16).

Hendrie and Golley (25) assessed the effect of dietary
intake and health benefits of replacing regular dairy prod-
ucts with low-fat ones among 4 - 13 years old children in
New Zealand. After a 24-week intervention, it was found
that promoting low-fat dairy products intake may lead to
lower saturated fat intake by children but did not reduce
total calorie intake or modify adiposity of the participants
(25). Rehm et al. (24) estimated the potential nutritional
impact of the substitution of whole and reduced-fat milk
with low-fat and skimmed milk among children of 2 - 19
years old in the United States using a cross-sectional model-
ing study. They used data from the National Health and Nu-
trition Examination survey between 2001 - 2002 and 2003
- 2004. They reported that the replacement might lead
to a projected cut in total energy intake by 113 kcal/d and
reduced total energy intake from saturated fat (24). One
prospective study directly examined the effectiveness of
the food products’ reformulation and calorie cuts, specif-
ically in modifying obesity, but the result of the interven-
tion has not been released (7).
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Table 2. Study Characteristics Intervention Settings and Outcomes (Structured by Year of Publication)

Study
Information

Participants Sample Size Design Method For
Analysis

Diagnostic
Criteria

Intervention
Type

Intervention
Period

Outcome

Rehm et al.
(24), USA CASP
8/10

Children and
adolescent, 2 -
19 y. ((NHANES:
2001 - 2002
and 2003 -
2004)

8112 Cross sectional survey-
weighted
linear
regression
models and
chi-square

BMI
percentiles by
age and
gender

Replacement
of whole,
reduced-fat,
and flavored
milk with
skim and
low-fat milk

2001 - 2004 64 - 113
kilocalorie
decrease in
total calorie
consumption

Meghan et al.,
USA CASP 7/10

Children and
adolescent, 2 -
18 y. (NHANES:
2007 - 2008
and 2012 -
2015)

16692 + 2966 Cross sectional Would be
released after
NHANES 2012 -
2105

Changes in
total calories
sold, average
daily calories
purchased and
top sources of
calories
purchased and
changes in
average daily
calories
consumed and
top sources of
calories

Total calorie
reduction in
packaged food
products

2007 - 2015 No outcome
regarding the
weight statues
of children
released

Hendrie and
Golley (25),
Australia
CASP 8/10

Children 4 - 13
y.

145 Cluster
randomized
controlled
trial

Unadjusted
univariate
analyses,
maximum
likelihood
mixed models

Not reported Shifting from
regular-fat to
low-fat dairy
products

24 weeks No significant
group
differences in
total energy or
adiposity
measures

Wang et al.
(26), USACASP
9/10

Children 2 - 19
y.

3098 Cross
Sectional

multivariate
fixed-effects
regression
models and
time-varying
covariates

Changes in the
consumption
of SSBs and
other
beverages and
changes in
total energy
intake (TEI) of
the same
individual.

replacing SSBs
with
alternatives

2 nonconsecu-
tive 24-hour
dietary recalls
from the 2003
- 2004

Each 1% of
beverage
replacement
was associated
with 6.6-kcal
lower TEI

Childhood
obesity: A
plan for
action,
Department
of Health,
2016, UK

National
health policy

N/A Policy
statement

N/A The
percentage
decrease in
sugar and
calorie
content of
food products

Sugar and
calorie
reduction in
food products

4 years A 2% reduction
in sugar
content of
foods. No
outcome
regarding the
weight statues
of children
released

Sugar
content
reduction in
food and
beverages,
2018, Brazil

National
health policy

N/A Policy
statement

N/A The
percentage
decrease in
sugar and
calorie
content of
food products

Sugar
reduction
(144,000 tons)
in food
products from
food and
beverages

4 years To be released

7. Discussion

Ironically, childhood obesity and the social responsi-
bility measures of the food industry are, at least in sev-
eral cases, in paradox. Although dietary guidelines rec-
ommend none-processed and convenient food products
intake for different age groups, from a business perspec-
tive, food industries try to produce healthy processed food
choices to ensure health-conscious consumers’ satisfac-

tion and meet their social responsibility (61). Our review
showed that the reformulation of food products is an inno-
vative and new approach to improve nutrition status. How-
ever, there is a lack of clear evidence that explicitly show
the real impact of this policy on the weight status of tar-
get groups (Table 2). Meanwhile, in some cases, the impact
of the responsibility deals of food producers for decreas-
ing the calorie content of food products have not yielded
expected results (62). In most cases, the food monitoring
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Figure 1. PRISMA Flow chart of included studies. Flow chart indicates 7403 abstracts were examined further to excluding the duplicates, followed by exclusion of 7363 abstracts
due to irrelevant titles and abstracts. 40 full text articles were assessed for eligibility and then 34 full text articles were further excluded.

system does not effectively track brand-specific changes in
food composition or sales to understand its unique im-
pact. Accordingly, the evaluation of the reformulation and
its impact on the children’s diet required establishing a
system that links sales and purchases of consumer pack-
aged food products to individual dietary intake (7).

Most of the studies regarding the impact of cutting
down the total calorie received from packaged foods have
been conducted in the USA (7, 24, 26), United Kingdom (6)
and Australia (25). The food products targeted for inter-
vention vary based on the primary energy source of daily
food intake. This review showed that by replacing whole fat
milk and chocolate milk with skimmed milk, 64 - 113 kilo-
calories per day could be removed from children’s daily
diet. However, the impact of this change on obesity preva-
lence and weight change is not assessed in this study (24).
Evidence from another study showed that replacing whole
and flavored ones with low fat or skimmed alternatives

could have an impact on total calorie consumption pro-
vided by dairy products. A 24-week intervention change to
low-fat dairy foods could significantly reduce the total en-
ergy intake from fats and decrease total saturated fats re-
ceived from the diet. At the same time, there was no signifi-
cant decrease in total calorie consumption as the interven-
tion group derived a significantly greater percentage of en-
ergy from carbohydrates at week 24 (25). The point here is
that, although dairy products are manufactured through
an industrial process, the procedure could not be consid-
ered a complete reformulation procedure adopted by food
industries as suppliers produce milk products with differ-
ent fat content just as options for consumers.

High intake of SSBs also is highly seen by policymak-
ers in controlling their negative health impacts. Per-capita
daily caloric contribution from SSBs has been increased
during recent decades, especially among children and
there is a dramatic increase among children aged 6 to 11
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years (63). Most policies for limiting total calorie received
from SSBs have focused on improving food preferences and
choices in children rather than structural-based interven-
tion as reformulation (1, 33). The present review showed
that according to NHANES (2003 - 2004) study replacing
SSBs in schools by water could significantly decrease total
calorie consumption; each 1% of beverage replacement was
associated with 6.6-kcal lower total energy intake, a reduc-
tion not buffered by compensatory increases in other di-
etary sources of energy (26).

The Healthy Weight Commitment Foundation (HWCF),
which made up of 16 leading consumer packaged food
products manufacturers, voluntarily pledged to remove
1 trillion calories from their products together by 2012
(against a 2007 baseline), followed by 1.5 trillion calories re-
duction by 2015. This campaign has been launched based
on the evidence which shows calories received from pack-
aged foods provide 68.1% of total calories consumed by
children and adolescents of 2 - 18 years. These results
suggest that the 16 HWCF companies account for approxi-
mately 25% of the total reported calories consumed by this
target group. The main food sources of calories (day/per
capita) from stores and vending machines include grain-
based desserts (134 calories), savory snacks (120 calories),
pasta and noodle dishes (111 calories), bread (105 calories),
and ready-to-eat cereals (83 calories). The top beverage
sources of calories (day/per capita) from stores and vend-
ing machines include fluid milk (143 calories), SSBs (102
calories), and fruit juice (56 calories). The effect of the cam-
paign on the prevalence of childhood obesity has not been
estimated (7).

The Brazilian government in 2018 has also imple-
mented a food reformulation policy, which is a voluntary
commitment to reduce the sugar content in food products.
About 87% of food industries have signed the agreement
and a total of 144,600 tons of sugar is expected to be re-
duced from the processed food products by 2022. The re-
sults of the policy have not been released yet (16).

The present study also showed that applying food
products reformulation policies to reduce weight gain
trends and possibly weight modification is going to be
considered one of the highly accepted interventions. On
the other hand, the food industries are increasingly wel-
coming this strategy to realize their social responsibilities.
However, there is not enough evidence showing its direct
and indirect impacts on weight regulation. Although there
is enough evidence that shows reformulation may pro-
mote healthy dietary patterns and NCDs prevention (23, 33)
and promotes demand for healthier food and drinks (14),
its impact on weight status is unclear as other sources of
calorie intake may be increased in the diet (25). Consumers
may assume that they have already received fewer calories
via reformulated food products. To maximize the effect of

the reformulation strategy, the simultaneous implementa-
tion of fiscal policies, such as selective taxation on high-
calorie packaged foods, may help reduce childhood obe-
sity (64). Moreover, to examine the impact of this interven-
tion, long-term running intervention needs to be applied.

Several parallel public health policies are needed to
make a significant impact on childhood obesity. It can
also be argued that high-calorie food reformulation alone
would not necessarily bring about improved childhood
obesity. Food reformulation policies require a commit-
ment not only from the food industry but also from food
retailers, restaurants and franchises. Since the food refor-
mulation policies are not usually mandatory, achieving the
targets may not be guaranteed (65). Several underlying di-
etary causes are leading to obesity, which can be rooted in
improper food choices. On the other hand, food choice it-
self has several social and economic components (66-68)
and there should be multilateral and integrative policies
to address childhood obesity comprehensively (69).
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