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Abstract

Background: The trend of increasing overweight and obesity among children is a huge burden
on health systems. In this regard, the growing availability of processed foods, often energy
dense and nutrient poor, has become a major concern. Changing this trend will require
evidence-based policies.
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Aims: This systematic review aimed to identify the most common processed/ultraprocessed
foods consumed by 4—12-year-old Iranian children.

Methods: We searched PubMed, Scopus and Web of science, as well as Persian scientific
search engines, including Iran Research Information System, Scientific Information Database
and Mag-Iran. We also assessed grey literature, that is, national studies and papers presented
at relevant Iranian congresses. All data collected from studies were converted to daily servings
(S/D). Mean and standard deviations of the included results were combined by performing
meta-analysis with a random effects model. The 12 test was used to compute heterogeneity.
Egger’s test was used to assess publication bias.

Results: Ten studies with 67 093 children were included in this review. The meta-analysis
demonstrated that the highest consumption of processed foods belonged to the sugars and
sweets group with 8.01 S/D, followed by oils, and biscuits and cakes with 5.58 S/D and 3.33
S/D, respectively.

Conclusion: Given the high consumption of less healthy processed foods, robust policies to
support healthy eating and help improve Iranian children’s food environment are recommended.

Keywords: processed food, ultraprocessed food, children, Islamic Republic of Iran, systematic
review
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Introduction

Noncommunicable diseases (NCDs) are the major cause of morbidity and mortality in
developing countries (1,2). There is strong evidence of the association between childhood
obesity and early onset of adult NCDs (3,4). According to the World Health Organization, the
global prevalence of childhood obesity has increased from 31 million children in 1990 to 42
million in 2013 (5). It is estimated that by 2025, the prevalence of overweight in preschool
children will increase to 11% worldwide (6). The Islamic Republic of Iran, as a middle-income
country, is dealing with childhood overweight and obesity as a serious public health challenge
(7,8). The rate of overweight and obesity in Iranian children (aged 0—18 years) has increased
from 5.5% in 2000 to 15.1% in 2013 (7). Moreover, a nationwide study in 2015 showed that >
20% of students aged 7—18 years had excess weight and abdominal obesity (9).

The consumption of processed foods (PFs) or ultraprocessed foods (UPFs) in children is a
predisposing factor for childhood obesity and subsequent NCDs (10,11). UPFs are energy
dense with more fat, sugar and/or sodium compared to fresh or minimally processed foods (10);
therefore, their consumption can play a role in developing chronic diseases (10,12) and obesity
(13), as well as increased risk of metabolic syndrome and total and low-density
lipoprotein—cholesterol concentrations (14,15).

Children are a key target for marketing of UPFs (16) and their largest consumers in low- and
middle-income countries (17). Children often have less control over their food environment and
living in unhealthy food environments can encourage them to adopt low-quality food patterns
(18). Therefore, reducing their exposure to food marketing is an important prevention strategy
for obesity and NCDs (19). In the Islamic Republic of Iran over the past decade, advertising of
unhealthy food products with high levels of saturated fat, sugar, salt and trans fatty acids has
been banned (20). However, regulatory laws prohibiting advertisements have been passed for
the general population, with little reference to children (20). Additionally, there is a ban on food
marketing and advertising in kindergartens and schools (21). However, 3 studies in Kerman,
Tabriz and Tehran have shown that schools do not completely control unhealthy food
advertisements in their environment (22—24). Since 2014, attempts have been made to improve
school food environment through national school canteen regulations to increase access to
healthy snacks and prevent the supply of foods with low nutritional value (25). Despite several
years of implementation of this bylaw, > 50% of food items available in school canteens do not
comply with the permitted food lists (23,24). Insufficient physical and economic infrastructure,
inadequate monitoring, conflict of interest due to financial profitability of selling unhealthy food,
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high price of healthy foods, and shortage of healthy food alternatives are the main causes of
incomplete implementation of the policy (23,24). Other programmes, such as provision of school
milk, are examples of attempts to promote healthy foods for children in the Islamic Republic of
Iran (26), which have had little success due to poor infrastructure and implementation (27-29).

Therefore, there is a need to upgrade existing policies or develop coherent and sustainable
ones that can support a healthy food environment and ultimately benefit children’s health (1,13).
In this regard, lack of evidence on the status of children’s food consumption, specifically with
regard to PFs/UPFs is an issue. To our knowledge, there is no clear estimate of consumption of
PFs in Iranian children, and previous studies have shown conflicting results. To fill this gap, this
study aimed to systematically review the literature regarding the consumption of PF products in
Iranian children aged 4—-12 years.

Methods

The protocol of this systematic review was registered at http://www.crd.york.ac.uk/PROSPERO/
as CRD42019134151. The study was reported in accordance with the PRISMA guidelines
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) (30). The PO
(population, outcome) criteria were used to formulate the review question (31, 32). Population
characteristics included healthy Iranian children aged 4—12 years, and the outcome component
referred to the type and amount of consumption of PFs or UPFs.

Inclusion and exclusion criteria

The inclusion criteria to select articles for analysis were: cross-sectional and case—control
studies that surveyed type and amount of PFs consumed by Iranian children aged 4—12 years.
Consumption was reported as intake amount or frequency of intake of food items. Therefore,
studies that reported other consumption units, such as the percentage of students who
consumed food items, or presented > 2 PFs together as a food group, were excluded.

NOVA (a name, not an acronym) system is a strategy for categorizing foods according to their
degree of processing (33). According to the NOVA food framework, PFs are defined convenient
or packaged foods that are commercially prepared to optimize ease of consumption (33). Most
PFs contain 2 or 3 ingredients such as sugar, oil and salt (34). UPFs contain at least 1 item
characteristic of the NOVA UPF group, including food substances never or rarely used in
kitchens (e.g., hydrolysed proteins or high-fructose corn syrup), or cosmetic additives that make
the final food product more delicious or pleasing (e.g., colours, foaming, flavours, emulsifiers,
and carbonating agents) (34). Due to the limited access to information on ingredients of food
items in the included studies, it was impossible to distinguish between PFs and UPFs.
Therefore, we used the term PF to cover both. Studies that included individuals with the defined
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age range of 4—12 years were not considered for this review, unless extracting related data
about this age range was possible. Only healthy children were included in the review and
children with specific diseases such as diabetes or coeliac disease were excluded. We included
studies conducted in the Islamic Republic of Iran in various settings, including community and
schools, without any restriction on race, education level and socioeconomic status. Qualitative
studies, commentaries, letters, or editorial were not included.

Search strategy

Electronic databases, including PubMed, Scopus and Web of Science, and 3 Persian scientific
search engines, Iran Research Information System (www.idml.research.ac.ir), Scientific
Information Database (SID: www.sid.ir) and Maglran (www.magiran.com), were searched
systematically. We also searched proceedings of child and nutrition-related congresses in the
Islamic Republic of Iran and national studies (grey literature), as well as reference lists of
included articles. Studies were selected without language restriction.

Key words were obtained from MeSH, Emtree, suggestions of experts, or extracted from related
articles. The study syntax was formed from 3 components that combined together with the AND
operator. The first component referred to all PF items that were searched together by operator
OR and the following keywords: processed food, ultra-processed foods, packaged food, packed
food, industrial food, prepared food, junk food, energy-dense foods, nutrient-poor foods,
low-nutrient-density foods, fast food, snack, snack food, unhealthy snack, sweet snack, salty
snack, savoury snack, carbonated beverage, carbonated drinks, soft drink, soft beverage, soda,
nonalcoholic beverage, noncarbonated beverage, sugar-sweetened beverage, industrial juice,
industrial fruit juice, unnatural juice, packaged fruit juice, unnatural juice, syrup, compote,
preserves, jam, cooked fruit, canned food, milk, flavored milk, chocolate milk, milk cacao, potato
chips, fried potato, French fries, chips, potato crisps, puffed corn, puffs, Cheetos, cheese pulffs,
cheese curls, cheese balls, cheesy puffs, corn curls, corn cheese, Mexican corn, pretzels,
chocolate, candy, cacao, sweets, confectionary, pastries, pie, pudding, cheesecake, baked
desserts, doughnut, donuts, cake, industrial cake, cupcake, muffin, cookies, biscuit, cracker,
wafers, Gaz, Sohan, Noghl, sandwiches, hamburger, sausage, bologna, bologna sausage, hot
dog, cold cut, nugget, ham, pizza, Olivier salad, Russian salad, falafel, samosa, noodle,
popsicles, freezer pop, ice pop, ice lolly, ice cream, tamarind, fruit strips, fruit roll, gum, chewing
gum, pastilles, dragee, gelatin dragee, taffy, toffy, toffee, pickles, salty cucumber, salty nuts,
salted nuts, Nutella, sauce, mayonnaise, ketchup, candies, sugar confectionary, marshmallows,
smarties, puff pastry, sugars, Nabat, bologna sausage, bologna, freezer pop, fruit leather,
jellies, gelatin dessert, jelly, breakfast cereal, cornflakes, butter, cream, tea-bag, coffee mix,
bread, baguette bread, toast, spaghetti, macaroni, pasta, vermicelli, Kashk, caramel cream,
Danette, dough, yogurt, yoghurt, cheese, oil, non-alcoholic beer, alcohol-free beer. Two other
components included Iran as the study location and date of publication (1 January 1990 to 1
January 2019).

Article screening and study selection

5/21



WHO EMRO | Systematic review and meta-analysis of the most common processed foods consumed by |

Two of the authors (MB and SN) independently conducted the stages of screening and study
selection. Any disagreement between them was resolved through consensus, and if
disagreement was not resolved, a third opinion was sought (NO). In primary screening, the title
and abstract of collected studies were reviewed according to the inclusion and exclusion criteria.
In the second phase of screening, full texts of the articles were evaluated. In the case of missing
data in the included studies, authors were contacted to access and complete data. If we could
not gain access to sufficient data after sending 3 emails over 6 weeks, the study was eliminated
from the data synthesis process. We included the data from a national survey of weight
disorders (35). Since we had access to the data from this national study, articles derived from it
were excluded.

Quality assessment

Two reviewers independently assessed the quality of included studies and disagreements were
resolved through consensus. The corresponding author was also consulted whenever
necessary. The quality of studies was assessed by the Newcastle—Ottawa Quality Assessment
Scale (NOS) (36, 37). Based on NOS, case—control studies were scored from 1 to 9 points on 3
items: case and control group selection, comparability of groups, and assessment of the
exposure. Also, cross-sectional studies were scored for sample selection (representativeness of
the sample, sample size, nonrespondents, and ascertainment of the exposure), comparability of
the subjects (adjustment for confounders), and assessment of the outcome (using validated tool
or method and statistical analysis). Each cross-sectional study could receive a maximum score
of 10. Studies were considered as unsatisfactory (score Data extraction

From each of the included studies, the following information was recorded in the data extraction
table: first author’'s name, year of publication, study city/province of study, study setting (school
or health centre), study design (cross-sectional or case—control), participant characteristics (age
and sex), data collection method, type of processed food items, and quantitative data [sample
size, means and standard deviations (SDs) of the amount or frequency of food intake and units
of consumption]. In case—control studies, only the control group’s data were extracted, which
were related to healthy children.

Data analysis

PF items were categorized into 7 groups based on the new Iranian food pyramid (38). Seven
food groups are presented in 4 layers from bottom to top: bread and cereals; fruit and
vegetables; meats and eggs, milk and dairy products, nuts and legumes; and miscellaneous,
consisting of fats and sugar. After completing the data extraction table, the consumption data
units were converted to mean daily intake (g/day) and then to daily servings. For reporting the
total servings of each food group, the mean value and standard deviation of daily servings of
consumption between two or more food items were pooled. The value of the standardized mean
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difference (SMD) using means and SDs of n groups were calculated as follows:

Cohen’s d = Mean1 — Mean2 ... — Meann/SD pooled

SD pooled = V[((s1)2 + (s2)2... + (sn)2)/n]

Meta-analysis was performed for each food group, which was reported in at least 3 studies. The
metaprop command in Stata (version 14) was run to calculate the pooled serving intake of PFs
in Iranian children. Meta-analysis and subgroup analysis were performed by using
random-effects inverse-variance weights.

|2 statistical index was used for assessment of study heterogeneity. Interaction test (x2) was
conducted to compare subgroups by repeating subgroup analyses under the fixed-effects
model. If a meta-analysis included > 3 studies, publication bias was estimated based on Egger’s
regression test (39), and P Ethical considerations

The study protocol was approved by the National Nutrition and Food Technology Research
Institute’s Ethics Committee and received the ethic code: IR.SBMU.NNFTRI.REC.1397.035.

Results

As shown in the PRISMA diagram (Figure 1), out of 67 093 studies identified by searching
databases and grey literature, 10 373 were excluded after removing duplicates. The title and
abstract of 56 720 studies were screened based on the inclusion criteria, and 56 454 irrelevant
studies were removed. Two studies were identified through hand searching of included studies’
references and added to the full-text screening stage. Finally, of 268 full texts evaluated, 10
were eligible for inclusion. The characteristics of the included studies and the result of their
quality assessment are presented in Table 1. The quality assessment of studies showed that 2,
3, 4 and 1 studies had very good, good, satisfactory, and unsatisfactory quality, respectively.
Five studies reported food items in the bread and cereals group (35,40—43), 6 reported food
items in the fruit group (35,40,42—45), 4 studies reported food items in the vegetable group
(35,40,41,43), 5 studies reported food items in the meat group (35,40,42,43,45), 5 studies
included food items in the nuts and legumes group (40,42—-45), 5 studies included food items in
the milk and dairy group (35,40,41,43,46) and 9 studies reported food items in the
miscellaneous group (35,40-45,47,48). Mean daily servings are shown in

Table 2
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Based on the meta-analysis ( Table 3 ), the highest-level consumption was for sugar and sweets
(8.01 daily servings), oil (5.58 daily servings), biscuits and cakes (3.33 daily servings) and bread
items (2.90 daily servings). There was substantial heterogeneity for soft drinks (12 = 71.0%; P =
0.004) and a considerable heterogeneity for the other food items that reported in the minimum
required number of studies for analysis (12 > 94.00%; P < 0.004). Publication bias evaluated by
Egger’s regression test was considerable for bread, milk, ice cream, puffs and chips, and soft
drinks (P

Subgroup analysis for sex and data obtained from forest plots are summarized in Table 4 .
Based on subgroup analysis, consumption of soft drinks and pickles was higher in boys (0.18
and 0.48 daily servings, respectively) compared with girls (0.15 and 0.17 daily servings,
respectively). In contrast, girls had significantly higher consumption of macaroni and pasta,
processed meat, milk, milk with added sugar, yogurt, ice cream, sugar and sweets, puffs and
chips, butter, coffee, and sauce (P

Discussion

This systematic review demonstrated that the highest consumption of PFs among 4—12-year-old
children in the Islamic Republic of Iran was for sugar and sweets followed by oils, biscuits and
cake, and bread. Iranian children have a high consumption of miscellaneous food groups, which
does not correspond with the current recommendations. The Iranian food guide emphasizes
reducing consumption of sugar-sweetened foods and beverages and soft drinks as low as
possible (43). The findings endorse previous qualitative reports regarding the high consumption
of junk foods, especially in children and adolescents in the Islamic Republic of Iran (49).

High consumption of energy-dense nutrient-poor foods, e.g., candies, sweets, biscuits, cakes,
and cookies, has also been reported in children of other countries (14,50-53). Bread, candy,
savoury snacks, cookies and other sweets were the main PFs and UPFs consumed by Brazilian
children (14). A dietary survey in the United Kingdom of Great Britain and Northern Ireland
showed that a small percentage of children followed the recommended daily intake of free sugar
(51). Cereals and cereal products (33%), sugar, preserves and confectionery (23%), and
nonalcoholic beverages (22%) were the main sources of free sugars in these children (51). A
national health and nutrition survey in Mexico in 2012 also showed a higher energy contribution
from UPFs among preschool children than other age groups, mainly due to high intake of
ready-to-eat cereals, baby foods, juices and dairy drinks (53). According to a 2109 report by the
United Nations Children’s Fund on the state of the world’s children, the diets of adolescents in
low- and middle-income countries are nutritionally poor (50). Among school-going adolescents,
42% drink carbonated soft drinks at least once a day, while intake of fruit (34%) and vegetables
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(21%) is less than once a day (50). Almost half (46%) of children globally consume fast foods at
least once a week (52).

The most important factors affecting this high consumption of nutrient-poor food items are
availability, low price, media advertisements, and preference of fast food taste, diversity,
attractiveness of packaging, inadequate awareness, and lifestyle changes (49,54,55).
Assessment of the food products advertised on 2 major Iran national television networks during
children’s television programmes showed that calorie-dense foods, including chocolate, soft
drinks, extruded cereals, ice cream, cookies and candies, were the most frequent (56). In
another study, snacks (plum paste and fruit leather), fruit juice, and flavourings (tomato paste)
were the top 3 food products being advertised during children’s television programmes on 2
Iranian television channels (57). These finding endorse the necessity of developing restrictive
policies on food marketing to children and monitoring their implementation (20).

There was a high level of heterogeneity in the present study, probably because of the limited
number of studies and not having access to the data to find the heterogeneity sources. Future
systematic reviews could benefit from focusing on the reasons behind such heterogeneity,
including socioeconomic status, age, sex, nutritional literacy, parental educational level, and
study setting. A study on Brazilian children has reported a higher intake of UPFs, such as
cookies, pastries and sweet breads, and carbonated sugar-sweetened beverages among
children of mothers with higher education levels (58). Also, children from higher-income
households consumed more UPFs (59), while another study found that children from poorer
backgrounds were significantly more likely to consume foods excessively high in calories, such
as chips, fries, candies, and chocolate, at least once a week (60).

The overconsumption of energy-dense, nutrient-poor foods increases the risk of inadequate
intake of nutrients needed by children (59,61). A study on children aged 8—-18 years in the
United States of America showed that increased consumption of food items with low nutritional
quality (i.e., sugar-sweetened beverages and candy) was associated with decreased intake of
some vitamins (e.g., vitamin A and folic acid) and minerals (e.g., zinc, calcium and iron) (61).

In the present study, the meta-analysis by sex subgroups showed that girls had a higher intake
of sugar and sweets, pasta, processed meat, milk, milk with added sugar, yogurt, ice cream,
puffs and chips, butter, coffee, and sauce compared with boys, while consumption of soft drinks
and pickles was higher in boys. There were no significant differences between the sexes in
consumption of bread, cheese, jam, biscuits and cakes, oil, and cream. This result is partly
inconsistent with a study in 1441 Bangladeshi adolescents who found that consumption of
ready-to-eat/instant foods, sweets, confectioneries and similar packaged products, and

9/21



WHO EMRO | Systematic review and meta-analysis of the most common processed foods consumed by |

sugar-sweetened beverages was significantly higher in boys than in girls (62).

This systematic review showed that there are limited data on PF intake by Iranian children
according to their area of residence, and only 1 study has compared food consumption in rural
and urban children (35). In urban children, the highest consumption of food items was related to
sugar and sweets (11.78 daily servings vs 9.91 in rural children), while in rural children,
consumption of oils was significantly higher than in their urban counterparts (5.35 vs 2.56 daily
servings). This observation differs from that reported in Cambodia, where consumption of fats
and oils in urban school children was higher than in rural children of all ages (63). A study in
Indonesian children and adolescents showed a higher percentage of coffee consumption in
rural areas, while those in urban areas had a higher consumption of sugar-sweetened
beverages, caffeinated soft drinks and energy drinks, fatty fried foods, refined carbohydrates,
and preserved meat (55).

Our study had several limitations. Firstly, the number of included studies was low. Meta-analysis
for processed meat, processed fish, butter, cream and coffee was only performed on 3 studies
and may had led to unreliable results. We did not exclude them due to their importance and
significance. Therefore, further research needs to address the consumption of these foods in
Iranian children. Secondly, we observed a considerable publication bias across the studies for
certain food items (bread, milk, ice cream, soft drink, and puffs and chips). It is suggested that
future studies examine the consumption of these food items in children. Thirdly, because of the
small number of studies, we could not compare the consumption between study settings, school
type, and socioeconomic and demographic subgroups. Fourthly, while the present study aimed
to evaluate the consumption of PFs and UPFs in children aged 4—12 years, there was a lack of
data on food consumption of children aged 4-5 years. Future studies need to pay particular
attention to assessing food intake in this age group.

Conclusion

To our knowledge, this study is the first systematic review and meta-analysis to report
consumption of PFs in Iranian children, and it has valuable data that can be useful for
policy-makers regarding PF consumption in Iranian children. This study revealed that Iranian
children are overconsuming PFs containing a high amount of sugar and/or fat. Improving their
dietary habits requires pragmatic policies and tailored programmes to support a healthy food
environment. Decreasing the dietary share of unhealthy PFs could substantially improve the
nutritional quality of children’s diets and contribute to the primary prevention of diet-related
NCDs.

Funding: None.
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Examen systématique et méta-analyse des aliments
transformés/ultratransformés les plus couramment consommeés par les
enfants iraniens

Résumé

Contextel: La tendance a I'augmentation du surpoids et de I'obésité chez les enfants
représente une charge énorme pour les systémes de santé. A cet égard, la disponibilité
croissante d'aliments transformés, souvent riches en énergie et pauvres en nutriments, est
devenue une préoccupation majeure. Pour inverser cette tendance, des politiques fondées sur
des données factuelles sont nécessaires.

Objectifsl: Le présent examen systématique visait a identifier les aliments
transformés/ultratransformés les plus couramment consommeés par les enfants iraniens agés de
4 a12 ans.

Méthodesl: Nous avons effectué des recherches sur PubMed, Scopus et Web of Science,
ainsi que sur des moteurs de recherche scientifiques en persan, notamment Iran Research
Information System, Scientific Information Database et Mag-Iran. Nous avons également évalué
la littérature grise, c'est-a-dire les études nationales et les documents présentés lors de congrés
iraniens dans ce domaine. Toutes les données recueillies lors des études ont été converties en
portions par jour. Les écarts types et moyens des résultats inclus ont été combinés en
effectuant une méta-analyse a I'aide d’'un modele a effets aléatoires. Le test 12 a été utilisé pour
calculer I'nétérogénéité. Le test d’Egger a servi a évaluer les biais de publication.

Résultatsl: Dix études portant sur 67 093 enfants ont été incluses dans cet examen. La
méta-analyse a démontré que la plus forte consommation d'aliments transformés correspondait
au groupe des sucres et des produits sucrés avec 8,01 portions par jour, suivi des huiles, et des
biscuits et gateaux avec 5,58 portions par jour et 3,33 portions par jour, respectivement.

Conclusionl: Compte tenu de la forte consommation d'aliments transformés peu sains, il est
recommandé de mettre en place des politiques solides pour soutenir une alimentation saine et
contribuer a améliorer I'environnement alimentaire des enfants iraniens.
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