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Abstract: The increased consumption of industrialized infant foods and infant formulas during early
childhood has raised concerns due to their suboptimal nutritional composition, which could
contribute to the development of risk factors for non-communicable diseases. This cross-sectional,
descriptive, observational study aimed to describe the nutritional profile of infant formulas and foods
intended for children aged 0-3 years marketed in metropolitan Lima, using the nutrient profile
models of Peru (Law No. 30021) and the Pan American Health Organization (PAHO). Nutritional
information from the labels of 64 products purchased between September and October 2023 in
selected supermarkets and pharmacies was analyzed. According to Law No. 30021 parameters,
74.5%, 1.6%, and 37.3% of products were high in sugar, sodium, and saturated fats, respectively.
According to PAHO parameters, these percentages increased to 83%, 6.3%, and 41.3%. Infant
formulas were the main contributors to excessive saturated fat and sugar content. Additionally, 84.4%
of the products declared added sugars, primarily originating from infant formulas and pureed foods.
This study shows that most foods intended for children under three years old available in
metropolitan Lima have an unhealthy nutritional profile.

Keywords: food, processed; infant food; food labeling; food quality; nutritive value; legislation, food;
supermarkets; Peru

1. Introduction

Non-communicable diseases (NCDs) constitute a significant public health issue, being the
leading cause of death and disability worldwide and disproportionately affecting low- and middle-
income countries [1,2]. While NCDs often manifest during adulthood, many have their origins in
early childhood, during which nutritional imbalances caused by poor-quality diets can induce
permanent physiological alterations and increase the risk of developing various diseases throughout
life [3-5].

Likewise, during early childhood, children learn to relate to new foods, develop preferences,
and acquire eating habits that often persist into adulthood [6,7]. Therefore, it is essential to provide
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diverse, safe, nutritious, and appropriate foods during this period to meet their nutritional needs
[8,9].

However, infant feeding, traditionally focused on minimally processed foods, is undergoing a
continuous transition towards a greater consumption of processed and ultra-processed foods [10,11].
These foods often have high caloric density, added sugars, and excessive levels of sodium, total fats,
and saturated fats [9,12-14], potentially contributing to childhood overweight, unhealthy eating
habits, and the development of risk factors for NCDs [9,12].

In Peru, over 60% of adults suffer from excess weight, as well as 10.8% of children under five
years old [13], with this prevalence having doubled compared to what was observed in 2007 [14].
Similarly, Peru experienced the highest per capita growth in the sale of ultra-processed foods in Latin
America between 2009 and 2014 [15]. In response to this issue, the Peruvian government enacted the
Law to Promote Healthy Eating for Children and Adolescents (Law No. 30021), which includes a
front-of-package nutrition labeling (FOPNL) regulation that states that packaged foods and
beverages that exceed specific thresholds of critical nutrients such as sugar, saturated fats, or sodium,
or containing trans fats, must carry black octagonal warnings on the packaging and all forms of
advertising. The thresholds for these critical nutrients were implemented gradually in two phases,
with the first phase coming into effect in June 2019 and the second in September 2021.

Following the implementation of the first phase of Law No. 30021, a study identified that 31%
of beverages and 62% of foods should carry an octagonal warning [16]. However, this study included
foods targeted at both children and adolescents and did not include infant formulas. For this reason,
we conducted a study aimed at describing the nutritional profile of infant formulas and foods
intended for children aged 0-3 years marketed in Metropolitan Lima, specifically regarding their
content and profile of critical nutrients (sugar, saturated fats, sodium, and trans fats), as well as the
presence and type of added sugars and non-caloric sweeteners.

2. Materials and Methods

2.1. Study Design

This was a cross-sectional, descriptive, and observational study. The study population included
all infant formulas and foods intended for children aged 0-3 years marketed in Metropolitan Lima.

2.2. Selection of Establishments

The 43 districts that comprise Metropolitan Lima were grouped into sectors based on the
jurisdiction of the Integrated Health Networks of the Ministry of Health of Peru: Lima North, Lima
Center, Lima East, and Lima South. Within each sector, supermarkets and hypermarkets from the
eight chains with the largest market share in Peru [17] were identified, along with the hospital with
the highest number of births in 2022, according to the National Unique Health Information Registry
(REUNIS, in Spanish). In each sector, the following were selected: (a) one supermarket and one
hypermarket (using convenience sampling); (b) all pharmacies around the hospital with the highest
number of births; and (c) the online stores of the establishments listed in points (a) and (b).

2.3. Selection of Products

The study included all foods and beverages labeled for children under 36 months that did not
require a medical prescription. For products available in different flavors, one flavor was randomly
selected. The complete eligibility criteria are detailed in Supplementary Table S1.

2.4. Data Collection

A snowball sampling technique was used for product collection until saturation was achieved.
The first selected establishment was visited, and all products meeting the eligibility criteria were
obtained. Subsequently, the second selected establishment was visited, and the remaining available
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products were acquired. This process was repeated at other establishments until all study products
were collected.

Sample collection began with visits to all selected super- and hypermarkets, following this
sequence: Lima Center, Lima North, Lima East, and Lima South. The process continued with the
acquisition of products from the online stores of the selected establishments and concluded with the
purchase of products from pharmacies near the selected hospitals in each sector. Once the products
were acquired, they were photographed and stored according to the manufacturers’ instructions.

2.5. Data Entry and Processing

Nutritional composition and ingredient information from the labels of the products included in
the study were entered into a spreadsheet designed in Microsoft Excel®. To ensure integrity and
consistency, the entered information was verified for a random sample representing 15% of the
products.

2.6. Outcomes

The following outcomes were analyzed (operational definitions for each outcome are detailed in
Supplementary Table S2):

. the content of energy, proteins, total fats, carbohydrates, sugar, saturated fats, trans fats, and
sodium per 100 g or 100 mL of product;

e the percentage of products with high levels of sugar, saturated fats, and sodium according to
the thresholds established by Law No. 30021 [18] and those proposed by the Pan American
Health Organization (PAHO) in the context of the update to Law No. 30021 [19] (Table 1).

e the percentage of products containing trans fats (greater than 0 g per 100 g or milliliters of
product, and greater than 2 g per 100 g or milliliters of fat content);

e the percentage of products containing added sugars, as well as the type of added sugars used

e the percentage of products containing non-caloric sweeteners, as well as the type of non-caloric
sweetener used;

Table 1. Technical Parameters for Classifying Foods as “High” in Sugar, Saturated Fats, and Sodium According
to Law No. 30021 and PAHO.

Classification Law No. 30021 @ PAHO ®
L 210 g/100 g in solid foods or
h © 1/1
High in Sugar 55 /100 mL in beverages >0 kcal/100 kcal
> ; .
High in Saturated Fats 24g/100 g in S_Ohd foods or >10 kcal/100 kcal
>3 g/100 mL in beverages
> ' i >
High in Sodium 2400 mg/100 g in s:.ohd foods or 2100 560 mg/100 keal
mg/100 mL in beverages

@ Parameters according to the Regulations of Peruvian Law No. 30021, Law to Promote Healthy Eating for
Children and Adolescents [18]; ® Parameters proposed by the Pan American Health Organization (PAHO)
within the context of the update to Law No. 30021 [19]; © The parameters of Law No. 30021 consider total sugars,
while the parameters proposed by PAHO consider added free sugars.

2.7. Statistical Analysis

Qualitative variables were summarized using absolute (count) and relative (percentage)
frequency measures. Quantitative variables were described as medians with interquartile ranges.
Study results were presented as totals and stratified by product type (infant formulas, infant cereals,
and pureed foods). Analyses were conducted using Stata/SE version 17.0 (StataCorp, College Station,
TX, USA).

2.8. Ethics
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The study protocol was submitted to the Institutional Review Board of the Asociacion Benéfica
PRISMA and was exempted from review as it involved an analysis of information declared on
product labels and did not pose any risk to human subjects (Letter #CE0426.23).

3. Results

A total of 64 products collected between September and October 2023 were included in the
analysis. These consisted of 39 infant formulas (60.9%), 13 infant cereals (20.3%), and 12 pureed foods
(18.8%).

3.1. Content of Energy and Macronutrients

Per 100 g or milliliters, the analyzed products contained a median of 435.4 kcal (IQR: 295.3-489),
56.1 g of carbohydrates (IQR: 47.1-59.6), 10.4 g of protein (IQR: 4.5-15.0), and 15.1 g of total fat (IQR:
1.7-22.8). Infant formulas were the products with the highest content of energy, protein, and total fat,
while infant cereals had the highest carbohydrate content (Table 2).

Table 2. Content @ of Energy and Macronutrients per 100 g or 100 mL.

Type of Food n Energy (Kcal)  Carbohydrates (g)  Proteins (g)  Total Fats (g)
Infant formulas 39 486 56.2 143 22.0
(456-500) (54.2-58.7) (10.6-15.5) (18.1-25.6)
Infant Cereals 13 393 80.5 90 25
(378-404.8) (73.3-84.0) (7.3-10.0) (1.9-3.6)
Pureed Foods 1 57.4 15.6 0.1 0.0
(52.5-65) (13.9-17.2) (0.0-0.6) (0-0.1)
Total 64 435.4 56.1 10.4 15.1
(295.3-489) (47.1-59.6) (4.5-15.0) (1.7-22.8)

@ Medians and interquartile ranges (IQR) (25-75 percentiles).

3.2. Profile of Critical Nutrients

According to the parameters of Law No. 30021, the proportion of products rated as high in sugar,
sodium, and saturated fats was 74.5%, 1.6%, and 37.3%, respectively. When using the parameters
proposed by PAHO, these percentages increased to 83%, 6.3%, and 41.3%, respectively. For both
parameters, infant formulas were the most frequently classified as “high in sugar” and “high in
saturated fats”. Infant cereals were the food group most frequently classified as “high in sodium”
using the PAHO parameters (15.4%) (Table 3). When the PAHO parameters were used to identify
products excessive in sugars, sodium or saturated fats, the proportion of products with no warning
labels dropped to less than half compared to the current parameters of the Law No. 30021 (Table 4).

3.3. Presence of Trans Fats

A total of 19 infant formulas (48.7%) and 8 pureed foods (66.7%) did not declare information on
trans fat content on their labels. Among the remaining 37 products, 8 (21.6%) had a trans fats content
greater than 0 g, and one of them exceeded 2 g of trans fats per 100 g/mL of fat content. The presence
of trans fats was observed in seven infant formulas and one infant cereal (Table 3).


https://doi.org/10.20944/preprints202501.0844.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 January 2025 d0i:10.20944/preprints202501.0844.v1

5 of 12
Table 3. Content @ and Profile of Critical Nutrients ®,
Sugar Sodium Saturated fats Trans fats ©
“High in” @ “High in” “High in”
f 8 8 5 >2g/100 g
TypeofFood  ontent o Law No. Content Law No. Content Law No. Content  >0g/100g of fat
(g/100g) 30021 PAHO  (mg/100g) 30021 PAHO (g/100g) 30021 PAHO (g/100g)
n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)
52.2 21/22 15/22 200 1/39 2/39 7.9 18/26 19/24 0.0 7/20 1/20
Infant formulas

(31.0-57.0)  (955%)  (682%)  (170-240)  (2.6%) (5.1%) (3.7-8.8) (69.2%)  (79.2%) (0.0-0.2) (35.0%)  (5.0%)

17 8/13 12/13 45 0/13 2/13 0.6 1/13 0/13 0.00 1/13 0/13
(9.1-21.0)  (615%)  (92.3%) (17-150) 0.0%)  (15.4%) (0.4-0.8) (7.7%) (0.0%) (0.0-0.0) (7.7%) (0.0%)

Infant Cereals

10.8 6/12 12/12 2.7 0/12 0/12 0.0 0/12 0/9 0.00 0/4 0/4

PureedFoods 53 108)  (50.0%) (1000%)  (1.5-9.1) 0.0%)  (0.0%) (0.0-0.0) 0.0%)  (0.0%) (0.0-0.0) 0.0%)  (0.0%)

Total 20.0 35/47 39/47 170 1/64 4/64 25 19/51 19/46 0.00 8/37 1/37
(9.5-51.5)  (745%)  (83.0%)  (23.5-2235)  (1.6%) (6.3%) (0.6-8.0) (37.3%)  (41.3%) (0.0-0.0) (1.6%)  (2.7%)

@ Medians and interquartile ranges (IQR) (25-75 percentiles). ® “n/N” represents the number of items that are above the threshold established (n) out of the total number of items assessed (N). ©
Total sugars. @ The parameters of the Law No. 30021 consider total sugars, while the parameters proposed by PAHO consider added free sugars. ©) According to current regulations in Peru, foods

must not contain trans fats from partial hydrogenation. However, a limit of 2 g/100 g of fat is allowed when “the trans fat content has been reduced as much as possible according to the technology used
for processing, and there is no technological substitution for its complete removal ”.
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Table 4. Proportion of products required to feature warning labels for sugars, sodium and/or saturated fats
according to PAHO and the second phase of the Law No. 30021 criteria by number of warnings, and respective

prevalence ratios.

Prevalence ratio

Number of warnings La“(’;? :° 4?;(;021 (;Aig) (PAHO vs Law No.
30021)
0 26.7% 9.5% 0.36
1 37.8% 50% 1.32
2 35.6% 40.5% 1.14
3 0.0% 0.0% -
One or more warnings 73.3% 90.5% 1.23

3.4. Presence and Type of Added Sugars

100% of infant formulas, 53.9% of infant cereals, and 66.7% of pureed foods reported one or more
added sugars in their ingredient lists. Among infant formulas, added lactose was the most frequently
reported (69.2%), while sugar or sucrose was the most used added sugar in infant cereals (30.8%) and
pureed foods (66.7%) (Supplementary Table S3).

3.5. Presence and Type of Non-Caloric Sweeteners

None of the infant cereals or pureed foods declared the presence of non-caloric sweeteners in
their composition. Among the infant formulas, two products (3.1%) declared containing non-caloric
sweeteners, specifically steviol glycosides (E960A) and sodium saccharin (E954).

4. Discussion

Our research aimed to describe the nutritional profile of infant formulas and foods intended for
children aged 0-3 years marketed in Metropolitan Lima. These products can account for up to 30%
of the calories consumed by children in other Latin American countries [20], and have been associated
with a deterioration in overall diet quality, as well as excessive content of calories, sugar, fat, and
sodium [10].

We employed two technical parameters to assess the content of critical nutrients such as sugar,
sodium, and saturated fats: the parameter established by Law No. 30021, which regulates warning
labels for foods and beverages in Peru, and the nutrient profile model proposed by PAHO. Overall,
we observed a significant proportion of foods with excessive content of sugar and saturated fats.
When using the parameters established by Law No. 30021, 74.5% of products were classified as “high
in sugar” and 37.3% as “high in saturated fats.” These percentages increased to 83% for “high in
sugar” and 41.3% for “high in saturated fats” when applying the PAHO parameters.

Studies in Latin America [21-25] have reported varying percentages of infant foods with
excessive content of critical nutrients. Regarding excessive sugar content, percentages have ranged
from 37% in Brazil [21], to 91% in Uruguay [22], while the percentage of infant foods with excessive
saturated fat content has varied from 11% in Chile [21] to 50% in Uruguay [24]. This variability could
be attributed to differences in regulation implementation periods across countries, the use of different
definitions of infant foods, eligibility criteria, and sources of information, as well as by the application
of various technical parameters to classify foods with excessive critical nutrient content.

Regarding this matter, Borges et al. [25] analyzed a sample of infant foods using six different
technical parameters, demonstrating that the percentage of foods classified as ‘high in sodium” and
‘high in saturated fats’ could be up to two or three times higher, and that the percentage of foods
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‘high in sugar’ could be up to 35% higher depending on the technical parameter used. Similarly,
Karageuzian et al. [22] observed that the percentage of infant foods containing at least one critical
nutrient increased from 74% using the parameters established by Uruguay’s national regulations to
96% when the parameters proposed by PAHO were used. Consistent with our study, both authors
[22,25] reported that using the technical parameters proposed by PAHO allowed for the identification
of a greater number of foods with excessive levels of critical nutrients.

The choice of a specific technical parameter or nutrient profile model (NPM) is crucial for food
policies, as it can affect the proportion of foods that should carry warning nutritional labeling and
could be subject to advertising and marketing restrictions [25,26]. Consequently, a less stringent NPM
might misinform consumers, encourage the consumption of less healthy foods, and impact food
policies and the achievement of nutritional goals [25,26]. At the same time, the use of different NPMs
among countries can lead to inconsistencies, confusion, and hinder comparability and tracking of
progress [26,27].

In this context, PAHO established evidence-based regional criteria in 2016, developed with the
involvement of nutrition experts [28]. However, most countries in the region have developed their
own models or modified the original criteria proposed by PAHO with input from various sectors,
including the food industry [26,29]. In this regard, a recent systematic review [30] indicates that
NPMs developed with participation from the food industry often have less stringent criteria
compared to those involving independent academic experts.

The use of warning nutritional labeling, as part of a comprehensive policy that includes
restrictions on the advertising and marketing of foods high in critical nutrients, has shown a positive
impact on purchasing decisions and the reformulation of the nutritional content of processed foods
in Latin American countries [29]. For example, two years after the implementation of the first phase
of the national warning nutritional labeling policy in Peru, a study reported a decrease in sugar
content in beverages, which in turn led to a reduction from 59% to 31% in the percentage of products
that would require high-sugar labeling, compared to the phase before implementation. Similarly, a
reduction in saturated fat content in foods was observed, decreasing the percentage of products high
in saturated fats from 82% to 62% [16].

On the other hand, an important aspect in the context of implementing a warning nutrition
labeling system concerns the criteria that determine which foods and beverages are subject to
regulation [31]. Often, infant formulas are considered “foods for special dietary uses (FSDU)” and are
not included in the scope of warning nutrition labeling policies [31]. However, these products were
one of the main contributors to the high proportion of foods high in sugar and saturated fats observed
in our study. Therefore, their exclusion could represent a limitation on consumers’ right to be
adequately informed and discourage the food industry from reformulating their nutritional content
[16].

Added sugars were present in all infant formulas, 67% of infant cereals, and 54% of pureed
foods. Additionally, between 74.5% and 83% of the products included in our study had excessive
sugar content. Excessive sugar content in infant foods has been widely reported by various studies
around the world [32-35], and is a cause for concern because these are calorically dense, non-nutritive
elements, and repeated and excessive exposure can reinforce the innate preference for sweet taste in
children, affect the overall diet quality, displace the consumption of more nutritionally valuable
foods, promote excessive weight gain, and increase the risk of non-communicable diseases [36,37].
For this reason, various guidelines, such as the WHO complementary feeding guidelines and the U.S.
Dietary Guidelines, now recommend that children under two years old avoid consuming foods high
in sugar or with added sugars, and sweetened beverages [38,39].

Regarding sodium content, less than 10% of the products included in our study were classified
as high in sodium. These findings were consistent with those reported by Saavedra-Garcia et al. [16]
in a study conducted in Peru to compare the impact of the first phase of the implementation of Law
No. 30021 on the content of critical nutrients in foods and beverages. In that study, the researchers
reported a low number of high-sodium products, even before the implementation of the Law.
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Interestingly, the authors suggest that this effect could be an indirect result of the prior
implementation of regulations on sodium content in neighboring countries like Chile, which may
have led to the reformulation of products also distributed by transnational companies in the Peruvian
market [16].

Concerning saturated fat content, around 40% of the included products had excessive levels.
However, there were significant differences within the groups. While excess saturated fat was present
in less than 10% of cereals and in none of the purees or mashed foods, between 70% and 80% of infant
formulas had excessive levels of this critical nutrient. Additionally, the median saturated fat content
in infant formulas was nearly 8 g (data not shown), which was even higher than the median observed
for processed foods before the implementation of Law No. 300211 [16].

Considering that infant formulas were the main contributors to saturated fat content, our
findings cannot be compared with other studies in Latin America that did not include these products
[21,23,24]. However, in the United States, it has been observed that more than 70% of children under
five years old exceeded the recommended intake of saturated fats, and that 90% of the saturated fat
consumed by children under 1 year came from infant formulas [40]. Our findings are particularly
important in the context of WHO’s recommendation to reduce saturated fat intake in children to less
than 10% of total energy intake [41], as reducing saturated fat in childhood has been linked to
decreases in total and low-density cholesterol, as well as blood pressure [42].

Finally, we must consider some potential limitations of our study. First, products were acquired
from supermarkets and selected pharmacies. This may have limited the identification of products
distributed through other channels, such as those marketed as part of social programs or through e-
commerce. However, we believe that the stores selected in our study represent the locations with the
highest sales volume of these products and thus reflect the infant foods with the greatest availability
for the Peruvian population.

Secondly, our analysis was based on information declared on the product labels. In this regard,
we found that 40% of infant formulas did not report sugar and/or saturated fat content, making it
impossible to evaluate the nutritional profile for these two critical nutrients in those products.
Additionally, some studies [43,44] have reported discrepancies between the nutritional information
declared on infant food labels and the analytical values derived from laboratory tests. Therefore, there
is a need to update nutritional labeling regulations in Peru to mandatorily include reporting of critical
nutrients such as sugar, trans fats, and saturated fats, and, at the same time, future studies are needed
to confirm our findings through laboratory determinations.

Finally, we only selected one unit of each product, regardless of size or flavor. This could be a
limitation considering that some labeling characteristics might change according to the packaging
dimensions. Similarly, different flavors of the same product could vary in their nutritional
composition, although we believe that this would not significantly alter the critical nutrients of
interest for our study.

5. Conclusions

Our study identified that most foods marketed for children under three years old in Lima
Metropolitan Area contain added sugars and excessive amounts of critical nutrients such as sugar
and saturated fats. Infant formulas significantly contributed to these results. Finally, the use of the
technical parameters proposed by PAHO allowed for the identification of a higher number of
products high in critical nutrients compared to the current parameters established by Law No. 30021.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1. Eligibility criteria used in the study; Table S2. Operational definitions
of the study outcomes; Table S3. Presence and Type of Added Sugars.
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