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Abstract

BACKGROUND/OBJECTIVES: Obesity prevalence in Mexican children has increased rapidly and is among
the highest in the world. We aimed to estimate the longitudinal association between nonessential energy-
dense food (NEDF) consumption and body mass index (BMI) in school-aged children 5 to 11 years, using
a cohort study with 6 years of follow-up.

SUBJECTS/METHODS: We studied the offspring of women in the Prenatal omega-3 fatty acid
supplementation, child growth, and development (POSGRAD) cohort study. NEDF were classified into four
main groups: chips and popcorn, sweet bakery products, non-cereal based sweets, and ready-to-eat
cereals. We fitted fixed effects models to assess the association between change in 418.6 kJ (100 kcal)
of NEDF consumption and changes in BMI.

RESULTS: Between 5 and 11 years, children increased their consumption of NEDF by 225 kJ/day (53.9
kcal/day). In fully adjusted models, we found that change in total NEDF was not associated with change
in children’s BMI (0.033 kg/m?, [p=0.246]). However, BMI increased 0.078 kg/m? for every 418.6 kJ/day
(100 kcal/day) of sweet bakery products (p=0.035) in fully adjusted models. For chips and popcorn, BMI
increased 0.208 kg/m? (p=0.035), yet, the association was attenuated after adjustment (p=0.303).

CONCLUSIONS: Changes in total NEDF consumption were not associated with changes in BMI in
children. However, increases in the consumption of sweet bakery products were associated with BMI gain.
NEDF are widely recognized as providing poor nutrition yet, their impact in Mexican children BMI seems
to be heterogeneous.

Introduction

In the last four decades, the prevalence of obesity in children has increased in developing countries from
8.3-13.2% [1]. In Mexico, the prevalence of obesity in school-aged children has increased rapidly from
9.0% in 1999 to 18.6% in 2021 [1—-4]. Childhood obesity has been linked to lower quality of life, higher risk
of non-communicable diseases in adulthood, such as hypertension, dyslipidemia, type-2 diabetes, and
premature death [5—8]. The hypothesis is that a low-quality diet, rich in nonessential energy-dense food
(NEDF), often termed “junk food”, “discretionary food” or “processed food”, is a key factor for weight gain
and obesity [9-11]. NEDF could be a critical risk factor for obesity in children and adolescents in Mexico
as they displace healthy foods [12], are high in sugar, refined grains, unhealthy fats [10, 13], and have a
high glycemic index [12].

NEDF consumption, defined in previous studies as energy-dense food without a cut-off point or >13% of
total energy from added sugars and/or saturated fat is high in Mexico, particularly among school-aged
children living in big cities [10, 14, 15], who on average consume 21% of their total daily energy
requirement from NEDF, with 50% of this consumed at school [14, 15]. School-aged children are
particularly vulnerable to NEDF consumption due to targeted marketing and advertisement to young
children as well as misleading nutritional information [16, 17]. Increased access to NEDF in this age
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group was large due to high availability in elementary schools and school-aged children have not fully
developed their cognitive capacity of resistance towards these foods, and are less able to avoid or reduce
their consumption [18].

Although NEDF might play a critical role as a risk factor for childhood obesity, due to their low diet quality
and high intake among children, evidence of the effect of NEDF is limited. One of the main limitations is
the lack of a consistent definition or classification of NEDF. Moreover, longitudinal studies of the effect of
several NEDF classifications to weight gain in children are scarce and with mixed results [19-23]. Some
of the limitations identified in those studies may be small samples sizes, short follow-ups, and limited
information on changes in NEDF consumption over time, which could explain the lack of consistent
findings. Further evidence on the potential link between NEDF consumption and weight gain in children is
needed, to understand the impact of these food group in child wellbeing and health. Our aim was to
estimate the longitudinal association of the change in NEDF consumption over time and changes in body
mass index of school-aged children 5 to 11 years of age, using a cohort study with 6 years of follow-up.

Methods
Study design and population

We studied the offspring of women in the ongoing POSGRAD (Prenatal omega-3 fatty acid
supplementation and child growth and development) study a double-blind, randomized, controlled trial in
which women were supplemented with DHA or placebo from mid-pregnancy to parturition. The original
study included 978 live births between June 2005 and June 2007 to 973 women who remained in the
study as previously described [24]. Mother-child pairs have been followed prospectively. All children in the
cohort had access to the Mexican Social Security Institute in Cuernavaca, Mexico, which provides
services to formal employees and their families.

Study variables
Outcome variables

Weight and height were measured twice by trained personnel using standardized procedures [25]; the
average of both measurements was used. Weight with light clothes or a hospital gown was measured to
the nearest of 100 g using a digital step-up scale (SECA 803). Height was measured without shoes, hat,
hairclips, headbands or other items that could obstruct the procedure using a portable stadiometer (SECA

213). Then we obtained body mass index (weight(kg)/height(mts)z, BMI) and calculated z-scores based on
the WHO growth reference [26, 27].

Exposure variables

Dietary intake was evaluated at the three waves. At baseline a 24-hour recall (24HR) questionnaire was
applied by a trained interviewer to the person in the household who prepared the meals (frequently the
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mother); for waves 2 and 3 the same 24HR standardized method were applied but through an automated
software previously used in a National Survey [28]. This is a method which capture more accurate
information of the interviewees through 5 iterative steps that complement each other for memory
improvement in food intake and thus, reducing under-reporting [29]. During the interview, children
participated in the report of their diet, complementing, and validating their mothers’ report and in some
cases adding missing food, correcting the size of a portion or removing the food reported by the adult.
24HR were performed from Sunday to Friday. To increase the accuracy of portions size, we used
standardized food replicas, images of products, spoons, and cups of different sizes. Dietary information
was collected as follows: 1) individual foods, 2) custom recipes (recipe reported and described in detail
by the participant), and 3) standard recipes (set of ingredients in a documented and standard recipe when
unknown to the subject). For our analysis all the recipes were disaggregated into their ingredients (with
exception of beverages) to facilitate identifying all NEDF in recipes, (e.g. chips, puffed wheat snacks,
candies, chocolate, sweets, others).

To address outliers in food items, we identify those when the reported amount was >4 SD from the mean
for the same food and age group to minimize their influence in total diet and analysis. We identify less
than 0.1% as outliers and were truncated at the highest value (median + four SD) to minimize their
influence in total diet and analysis. We did not identify implausible reporters by using the ratio for total
energy intake to estimated energy requirement out of the interval between - 3 and +3 SD in each wave.
After the first stage of data cleaning and processing, energy, nutrients and added sugar from food were
obtained with the Mexican Food Database in its 18.1.1version that include 1978 different foods including
standardized recipes, and labeling information from some processed products [30].

Total NEDF was classified using the definition by the Ministry of Finance and Public Credit and Ministry
of Health of Mexico in 2014 [31], which considers two criteria: an energy density of >1151 kJ/100g (275
kcal/100g) and to be classified as "nonessential foods”. NEDF were classified in four groups according to
nutrition composition and consumption patterns: 1) Chips and popcorn, 2) Sweet bakery products, 3)
Non-cereal based sweets and, 4) Ready-to-eat cereals. Subgroups of these principal groups were
constructed to obtain more homogenous groups as presented in Table 1. We excluded salty seeds or
other seed products from the first group because there is solid evidence that seeds are associated with
weight lost and are considered a healthy food [32—-34]; they were included in the tax because of their high
sodium content but our outcome of interest was weight gain and not sodium-related outcomes. Also, we
classified beverages into the following food groups: plain water, sugar-sweetened beverages (regular
soda, homemade fruit water with added sugar, sweetened milk, coffee or tea with sugar, fruit drinks and
sport beverages), 100%-fruit juice, and milk without sugar.
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Table 1
Classification of nonessential energy dense food.

Main Subgroups Food examples
groups  of NEDF'
of
NEDF'
Chips Fried potato, flour and corn chips, packaged fried pork skin, ready-to-eat
and popcorn, microwave popcorn.
popcorn
Sweet Whole Bars, enriched bread and cookies made with whole grain flour but all with
bakery grain with added sugar.
products added
sugar
Sweet Sweet cookies, sweet bread, energy bars and cereal bars.
bread
Pie and All kinds of pies and cakes.
cakes
Non- Cocoaand Cocoa, raisin, plum and legumes covered with chocolate and gums with or
cereal other without sugar.
based sweet
sweets products
Sweets Strawberry, vanilla or chocolate powder, condensed milk, fruit preserves,
candies, marshmallows, jam, jellies, “dulce de leche” or “cajeta”, hazelnut
spread, caramels, ice cream, ice-pops, popsicle.
Ready- All the pre-prepared and ready-to-eat cereal with added sugar.
to-eat
cereals
TNEDF, Nonessential energy-dense food.

Covariates

A socioeconomic index was calculated at baseline using a questionnaire administered to the head of

household that included sanitation and household characteristics and assets. Using this information, we
generated an index using principal components analysis. Maternal BM/ was calculated using measured
weight and height; maternal formal education was categorized as less than secondary school, secondary
school, and high school or higher. Marital status was categorized as single (single, separated, divorced or
widower participants) and marriage or free union (participants in marriage or living together with a
couple). Maternal age was obtain using birth date, while children’s sex was obtained from the birth
certificate.

Physical activity and sedentary activities. Physical activity and sedentary activities were assessed at 7
and 11 years old, using a validated semi-quantitative questionary based on the Youth Activity
Questionnaire developed and validated by Hernandez et al [35]. Physical activity included: playing soccer,
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volleyball, cycling, skating or skateboarding, basketball, dancing, swimming, walking, taking care of pets,
cleaning the house, playing games at home or in the school, among others. Sedentary activities included:
time spend watching television, playing videogames, reading ,and doing homework and was defined
using the time doing this activity during weekdays and weekends. Available responses included: “0 h",
“<0.5h",“0.5-2 h",“2-4 h", “4-6 h", "> 6 h” and responses were scored “0 h", “0.25 h”, “1.25 h", “3 h”, “5 h",
and “6 h”, respectively. ltems from physical activity and sedentary activities were added to obtain the total
minutes in a week and then per day.

Statistical methods

Children’s age and sex and mother’s age, education, marital status, and BMI were described at baseline.
We evaluated trends across the three cohort waves using grams, joules (calories), percent total energy of
NEDF and its subgroups and for BMI. As physical activity and sedentary behavior was just measure at 7
and 11 years, we assumed no change from 5 to 7 years old, imputing for age 5 the same values of age 7.
Then we test for trend for dietetic, anthropometric and physical activity variables across 5,7 and 11 years
using an extension of the Wilcoxon rank-sum test created for this purpose. Fixed effect models were used
to assess the association between within-individual change in NEDF consumption and the change in BMI.
Fixed effect models considered the nesting structure of data waves nested within children, using age as
time of observation [36]. Energy from NEDF and its subgroups was rescaled to produce coefficients
relative to 418.6 kJ (100 kcal) change. We ran three different models for each main exposure variable.
The first model was unadjusted, the second model was controlled by change in joules different from the
main exposure (joules/day) [37] and the third was adjusted by model 2, plus change in physical activity
(min/day) and change in tv watching (min/day).

Some sensitivity analyses were performed to assess the robustness of the results. First, in the fixed effect
model we changed the adjustment of change in energy different from NEDF for those dietary groups that
are closely related with change of BMI, like sugar-sweeten beverages, 100% fruit juice, milk, fruits, dairy
food, meat and eggs and processed meet. Second, we left the raw value of the detected dietary outliers to
understand their influence in our results. Finally, we changed our model from fixed to a random effects
model to estimate the association between BMI and NEDF consumption using the confounders that
change in time and without changing in time. All statistical analyses were performed in STATA® Version
13 [38].

Results

The baseline wave was conducted when children were 5 years old (between 2010 and 2011), with the first
follow-up at 7 years (between 2012 and 2013) and second at 11 years (between 2015 and 2016). The
study sample consisted of 797 at baseline, 682 at 7 years and 439 at 11 years old. Reasons for follow-up
losses are presented in the flowchart (Fig. 1). Table 2 presents the characteristics of children and their
mothers participating in our study. At baseline there were 797 children and 47% were female. Of them,
85.9% were followed to second (7 years) and 70.7% to the third wave (11 years). Children’s mothers were
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on average 31.4 years old and majority of them (78.7%) had less than high school, were not single, and

overweight.

Descriptive characteristics of children and their mothers in the POSGRAD" study at baseline.

Demographic characteristics Baseline (n =797)
Children age (mean £ SD)

Years 491+0.28
Children sex (n/%)

Male 424 (53)

Female 373 (47)

Mother's age (mean + SD) 31.3+4.8
Mother's education (n/%)

Less than secondary school 303 (38.1)
Secondary and high school 323 (40.6)

More than high school 170 (21.3)
Mother's civil status (n/%)

Single 72 (9.0)

Married or free union 725 (91.0)
Mother's BMI (mean 1 SD) 26.15+4.3
Normal weight (n/%) 342 (42.9)
Overweight or obese (n/%) 455 (57.9)
TPOSGRAD, Prenatal omega-3 fatty acid supplementation and child growth and development.
SD, standar deviation.

Children contributed with 1885 data points, which represents and average of 2.4 visits per child over a
mean of 6.1 years of follow-up. Table 3 presents the longitudinal change in body weight, BMI, other

anthropometric and physical indicators. Mean BMI increased in the first period 1.0 + 1.46 kg/m? and 4.07
+ 2.9 kg/m? in the second; this represents an increase of 0.56 + 0.96 in BMI z-score and 24.2% increase in
the proportion of overweight and obesity from baseline to the third wave.
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Table 3

Mean change in anthropometric measurements, nutritional status and physical activity in children from
baselineto 7 and 11 years old.

A from baseline to

Baseline (n=797) 7years(n=682) 11 years (n=439)
Weight (kg) 18.3+2.92 6.30%2.95 23.46 £ 8.4
Height (cm) 108.3 + 4.42 13.17+1.9 37.09+4.2
Body mass index (kg/m?) 15.5+1.72 1.00+1.46 4.07+2.9
Height for age, z score 0.39+092 0.25+0.24 0.48+0.54
Body mass index for age, zscore 0.11+1.12 0.30+0.69 0.56 +0.96
Underweight (n/%) 9 (1.1) 10 (1.5) 16 (3.7)
Normal weight (n/%) 639 (80.2) 465 (68.2) 335(53.5)
Overweight (n/%) 101 (12.7) 114 (16.7) 107 (24.4)
Obesity (n/%) 48 (6.0) 93 (13.6) 81 (18.5)
Physical activity (min/day)’ ND 74.9 + 46.32 12.6£57.1
Total sedentary activities (min/day)! ND 252.4+104.82  39.25+1439
TV ND 115.5 + 65.42 16.5+82.2
Other sedentary activities ND 137.02 + 68.62 55.8+110.2
Results are presented in means change and standard deviation, unless it specifies different.
'h=677 at 7 years and n =399 at 11 years old.
ND, No data.
Test for trend across 5,7 and 11 years old.
2 p value<0.001.

Mean total caloric intake at baseline was 6086.4 kJ (1454 kcal), 19.6% of those joules were NEDF. At
baseline 95% of children consumed NEDF in the previous day of assessment, 92% by age 7, and 88% by
age 11 (data not shown). At baseline, beverage energy intake represented 20% of the total caloric intake;
5.6% of milk, 14.2% of sugar sweetened beverages and a minimal proportion from juice, tea without
sugar and other beverages (Supplemental table 1). Table 4 presents baseline and change levels of NEDFL
consumption in joules (calories), grams and percentage of total energy consumption to 7 and 11 years

Page 8/21



old. All sweet bakery products, especially sweet bread, were the main contributors to NEDF with 644
kJ/day (154 kcal/day) (10.5% of total caloric intake). Non-cereal based sweets, ready-to-eat cereals, and
chips and popcorn represented a total caloric intake of 3.8%, 3.1% and 2.1%, respectively. On average, the
amount of NEDF consumption increased 113 + 1289 kJ/day (27 + 308 kcal/day) from baseline to the first
wave and 226 + 1536 kJ (54 + 367 kcal/day) from baseline to the second wave (p = 0.034); nevertheless,
total caloric intake decreased by 2.3 and 3.1 percent points, respectively. In all NEDF groups and
subgroups, except for ready-to-eat cereals, the amount in grams and caloric intake increased from 5to 11
years, yet, as a percent of total energy the change was either negative or null. Consumption of chips and
popcorn increased in joules [A 98 kj/day (A 23.4 kcal/day)] and percent total energy (A 0.7 pp/wave)
from 5to 11 years old. Sweet bakery consumption increased on average 54 + 1050 kJ (13 + 251 kcal) in
first period and 129 + 1213 kJ (31 £ 290 kcal) in the second, mainly due to sweet bread.

Page 9/21



Table 4

Mean change in grams, joules (calories) and percentage of total calorie intake of nonessential and

energy-dense food from baseline to 7 and 11 years old.

A from baseline to

Baseline (n =797) 7 years (n = 682)
g kJ 1 Ag AkJ A
(kcal) ptec ptec
(kcal)
Total NEDF 73 1188 19.6 6.8 111+ 2.3
t + 925 +13 t 1289 +17
582 2 3 82
(26.6
(284 i308)
+221)
Chips and 6t 133+ 21+ 1.1 24 + -0.1
ready-to-eat 143 2933 483 t 468 +6.8
popcorn 22 (
(32+ 590+
70) 112)

Sweet bakery 41 644 + 10.5 3.2 53+ -1.3
products + 732 +12 + 1054 +15
49 2 72

(154 (12.8
+175) +252)
Whole-cereal 5+ 87 + 1.4+ 0.8 12+ -0.1
with sugar 14 246 4.0 t 346 54
20
21+ (81
59) 82.7)

Results are presented in means change and standard deviation.

Test for trend across 5,7 and 11 years old.
1 ptec: percentage of total energy consumption.
2p value<0.05

3 p value<0.001

11 years (n =439)

Ag

+904

+85

I+ =
N A~

A kJ
(kcal)
225

t
1536
(53.9
+
367)

97+
514

(23.4
t
123)
128
t
1218
(30.8
+
291)
22+
493
(5.4
t
118)

A
ptec’

-3.1
+18

No
wN
I+

-0.21
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A from baseline to

Baseline (n =797) 7 years (n = 682)
g kJ 1 Ag AkJ
(kcal) ptec
(kcal)
Sweet bread 25 418.6 6.8% 6.9 95+
t 1+ 623 9.8 t 895
37 55
(100 (22.7
+149) +214)
Cake, pie and 11 138+ 2.3t 43 -52%
others t 422 7.4 t 632
35 52
(33 ¢+ (-12.6
101) +151)
Non-cereal 14 226 + 3.8t 0.7 5+
based sweets * 3092 483 t 481
202 ' 30
(54 + (1.3+
74) 115)
Cocoa and 0.3 3+20 0.1# 0.1 1%
legumes with +23 3 0.43 +3 46
sugar (
+ 0.3
g'g - +11)
Sweets 14 226 3.7¢ 0.7 5t
+ 305 2 483 + 481
202 30
(54 + (1.3%
73) 115)

Results are presented in means change and standard deviation.

Test for trend across 5,7 and 11 years old.
1 ptec: percentage of total energy consumption.
%p value<0.05

3 p value<0.001

A
ptec’

11 years (n =439)

Ag A kJ
(kcal)
6.1 84+
+ 53 866
(20.2
+
207)
1.9 23+
66 799
(5.5
t
191)
2.3 35+
+35 539
(8.6
+
129)
0.3 3t
+89 108
0.9
+26)
19  30%
+34 531
(7.3
+
127)

A
ptec’

0.8
+04
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A from baseline to

Baseline (n =797) 7 years (n = 682) 11 years (n =439)
g kJ ptec’ Ag AkJ A Ag Ak A
(kcal) ptec’ ptec’
(kcal) (kcal)
Ready-to-eat 12 179+ 3.1+ 1.7 27+ -0.2 2.4 -36 -1.2
cereals x 3763 632 + 602  +84 +35 544 7.2
243 38
(43 + (6.6 % (-8.8
90) 144) t
130)

Results are presented in means change and standard deviation.

Test for trend across 5,7 and 11 years old.
T ptec: percentage of total energy consumption.
2p value<0.05

3 p value<0.001

Table 5 includes the unadjusted and adjusted association between BMI change and NEDF change. In the
fully adjusted model, the increase in 418.6 kJ/day (100 kcal/day) in total NEDF was associated with a
0.033 kg/m? increase in children's BMI (95% CI: -0.023, 0.090; p = 0.246). The effect across NEDF
subgroups was heterogeneous. The effect between sweet bakery products and BMI was 0.061 kg/m? in
the unadjusted model (95%Cl: -0.012, 0.135, p = 0.102), increasing to 0.078 kg/m? in the fully adjusted
model (95%IC: 0.005, 0.151; p = 0.035). In the stratified subgroups of sweet bakery products, 418.6
kJ/day (100kcal/day) increase of whole grain bread with added sugar (-0.176 kg/m? [95%IC: -0.394,
0.041; p =0.113]) and cake and pie consumption (0.050 kg/m? [95%IC: -0.061, 0.162; p = 0.375]) were in
the expected direction, although not statistically significant. But 418.6 kJ/day (100 kcal/day) increase in
sweet bread was associated with a 0.127 kg/m? BMI increase (95%IC: 0.036,0.218; p=0.006). Also, in
the unadjusted model, 418.6 kJ/day (100kcal/day) increase in chips and popcorn intake was associated
with a 0.208 kg/m? BMI increase (95%IC: 0.036, 0.380; p = 0.017), being attenuated in the fully adjusted
model (0.086 kg/m? [95%IC: -0.078, 0.252; p = 0.303]). Coefficients for association between consumption
of non-cereal based sweets and ready-to-eat cereals were negatively associated with children’s BMI. Non-
cereal based sweets consumption was not significantly associated even in the stratified subgroups of
cocoa and other sweets. Ready-to-eat cereals in the unadjusted model was inverse associated with BMI
(-0.095 [95%Cl: -0.305, -0.152]; p = 0.030) but after dietary and physical activity adjustment the coefficient
went lower and p value lost its significance (-0.095 [95%Cl: -0.233, 0.043] p = 0.178).
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Table 5

Mean change in body mass index associated with total change consumption of NEDF and its subgroups
in school age children from 5to 11 years old.

Main exposure Model Coefficient 95% Cl p
Total NEDF 1 0.039 -0.018,0.098 0.184
2 0.030 -0.025, 0.086 0.282
3 0.033 -0.023, 0.090 0.246
Chips and popcomn 1 0.208 0.036, 0.380 0.017
2 0.160 -0.005, 0.325 0.058
3 0.086 -0.078,0.252 0.303
Sweet bakery products 1 0.061 -0.012,0.135 0.102
2 0.096 -0.010,0.130 0.096
3 0.078 0.005, 0.151 0.035
Whole-grain with added sugar 1 -0.056 -0.252,0.139 0.569
2 -0.175 -0.365,0.014 0.070
3 -0.176 -0.394, 0.041 0.113
Sweet bread 1 0.112 -0.017,0.207 0.020
2 0.123 0.032,0.214 0.008
3 0.127 0.036,0.218 0.006
Pie and cakes 1 0.006 -0.109,0.122 0.911
2 0.024 -0.086, 0.135 0.667
3 0.050 -0.061,0.162 0.375
Non-cereal based sweets 1 0.031 -0.129,0.192 0.701
2 0.839 -0.170,0.138 0.839
3 -0.029 -0.181,0.123 0.705
Cocoa and other sweet products 1 -0.054 -1.296, 1.187 0.931
2 -0.122 -1.314. 1.069 0.840

NEDF, nonessential and energy-dense food. Coefficients are presented in units of change of 418.6 kJ/
(100 kcal/day).

Fixed effects models: Model 1 (n = 724), unadjusted; Model 2 (n = 724): adjusted by change in joules
different from the main exposure [kJ/day (kcal/day)); Model 3 (n = 602): adjusted by model 2 +
change in physical activity (min/day) and change in tv watching (min/day).
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Main exposure Model Coefficient 95% Cl p

3 -0.131 -1.284,1.022 0.824
Sweets 1 0.028 -0.133,0.1912 0.729
2 -0.016 -0.172,0.139 0.834
3 -0.029 -0.183,0.123 0.702
Ready-to-eat cereals 1 -0.160 -0.305,-0.152 0.030
2 -0.107 -0.247,0.032 0.131
3 -0.095 -0.233,0.043 0.178

NEDF, nonessential and energy-dense food. Coefficients are presented in units of change of 418.6 kJ/
(100 kcal/day).

Fixed effects models: Model 1 (n = 724), unadjusted; Model 2 (n = 724): adjusted by change in joules
different from the main exposure [kJ/day (kcal/day)); Model 3 (n = 602): adjusted by model 2 +
change in physical activity (min/day) and change in tv watching (min/day).

In further sensitivity analyses, adjustment for those dietary groups that are closely related with change of
BMI (Supplemental table 2) and not truncating outlier truncation, did not change results of the models. In
the random effect analysis, we found a similar pattern of association, with weaker coefficients for most
of the outcomes. Chips and popcorn, sweet bakery products and sweet bread were associated for each
418.6 kJ/day (100kcal/day) increase in consumption with a 0.128 kg/m? (95%IC: 0.006, 0.250; p =
0.039), 0.055 kg/m? (95%IC: 0.018, 0.108; p = 0.043) and 0.070 kg/m? (95%IC: 0.006, 0.135; p = 0.032)
BMI increase, respectively (Supplemental table 3).

Discussion

We aimed to estimate the association between changes in NEDF consumption and BMI change in school-
age children. Over an average of 6.1 years of follow-up children increased their NEDF consumption by
225 kJ (53.9 kcal), yet, we did not observe an association between NEDF increases and BMI increase
(0.033 kg/m2, [p = 0.246]). However, in fully adjusted models BMI increased 0.078 kg/m? for every 418.6
kJ/day (100 kcal/day) of sweet bakery products intake (p = 0.035). Increases in the consumption of chips
and popcorn were associated with a 0.208 kg/m? increase in BMI in unadjusted models; however, this
association was attenuated in fully-adjusted models. Changes in the consumption of other food groups
within the NEDF classification did not show an association with changes in BMI.

Few efforts have been made to estimate the association between NEDF consumption and weight in
school-aged children. Some cross-sectional studies have described a positive association between NEDF
and weight gain [12, 39], however, the few longitudinal studies available have shown mixed results. In two
studies, the first under five years of age and the second with a mean age of 16 years, children’s weight
tended to decrease with higher levels of consumption of NEDF [19, 20]. A positive association was
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observed in a study of 961 children 5 to 12 years of age, that defined dietary patterns rich in high-energy
and low-nutrient-density foods as exposure [21] with 2.5 years follow-up. Similarly, Phillips, et al, found a
non-significative result that children’s weight tend to increase with more joules (calories) from NEDF
consumption in a cohort of 166 non-overweight school-aged girls followed for seven years [22], both of
these cohort studies used mixed-effect models which can not control for time-invariant confounders as
effectively as fixed effects models. Our study is unique in that we are assessing the impact of changes in
NEDF consumption and changes in BMI; under this approach we did not detect an association between
NEDF and BMI overall, but we did identify a significant association with the consumption of sweet bakery
products.

The association between sweet bakery product consumption and weight gain has been reported in two
other prospective studies. Phillips et al,, in a girls’ cohort study with an average follow-up of seven years,
found an increment of z-score in BMI (0.003; p = 0.11), with more intake of cookies, pies, cakes, brownies,
chocolate candy, nonchocolate candy, ice cream, milkshakes sherbet, potato chips and corn chips [22].
The non-significant result for potato chips and popcorn un our study could be explained by a lack of
power to detect the effect due to a small sample size and the small number of energy-dense foods
included in the food frequency questionary. In the preset study we identified more than 90 different types
of NEDF in children’s diet. Also, in a prospective cohort study with more than 120 thousand adults
followed for 20 years the consumption of one serving of potato chips per day or refined grains (including
sweet bakery products) was associated with increment in body weight of 0.77 kg and 0.25 kg in a 4-year
period, to each food product, respectively [34]. Negative associations between chips and bakery and BMI
have also been reported. Field et al, in a cohort of children and adolescents with three years of follow-up
found a reduction of 0.006 in BMI z-score (p < 0.05) among those eating energy-dense foods; however,
this association became non-significant after adjusting for dieting status and maternal overweight [23].

In our study we found that eating ready-to-eat cereals was marginally associated with a BMI reduction of
-0.098 kg/m? for every 418.6 kJ/day (100 kcal/day). Consumption of ready-to-eat cereals has been
related to a healthy dietary pattern in children [40] and this include more consumption of vitamins and
minerals, less of saturated fat and cholesterol, but also, with a higher intake of added sugar [40, 41].
Negative associations between ready-to-eat cereals and BMI, have also been reported in longitudinal
analyses [42, 43]. However, ready-to-eat cereals comprises many different products, and their nutritional
impact will depend on the composition of the cereal, and the food consumed with them (such as fruit or
milk); our study, as well as all previous studies available could be confounded by these characteristics.
Even though ready-to-eat cereals may be associated with weight lost in children, children consuming a
non-high fiber cereal, had worse type 2 diabetes risk profile than children consuming a high fiber cereal in
a longitudinal study [44].

There are three different explanations for the association between sweet bakery products consumption
and weight gain. First, sweet bakery products tend to be high in added sugar, saturated fat and of course
high quantities of energy in small portions of food [10] and may promote excess energy intake without
control over the joules (calories) consumed. In a recent crossover trial, adults were randomized to receive
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an ultra-processed (generally energy-dense food) or unprocessed diet for a period of 2 weeks.
Participants in the ultra-processed diet increased 0.8 kg and those in the unprocessed diet reduced 1.1 kg.
Those in the ultra-processed diet consumed 2126 kJ/day (508 kcal/day) more than the other group,
mainly by fats and carbohydrates [45]. Second, many sweet bakery products are high in refined
carbohydrates and starches and may induce stronger insulin secretion. This promotes less satiating
signals, increasing subsequent hunger feelings [46] and suppresses the release of fatty acids from
adipose tissue into circulation, while keeping glucose and fatty acids away from the oxidation process to
store them in the adipose tissue [47]. Third, a diet rich in energy-dense food is associated with less protein
consumption in children and according with the “protein leverage hypothesis” this may be related to the
disturbance of the appetite system through increased postprandial hunger and reduced postprandial
satiety [48].

Strengths of this study include the prospective cohort design, including three measurements of
anthropometric and dietary information, large sample size and the approach analysis with the possibility
to assess the change in change effect. Our study also has some important limitations that must be taken
into account to interpret our results. First, at each wave we had one dietary evaluation, instead of two or
more 24-hour recalls, which may not reflect usual NEDF consumption. Second, we lost 14.1% of the
sample in the first period and 29.3% in the second; however, baseline socioeconomic index, children sex
at baseline, age and maternal education, and overweight status were no different between children lost
and those who stayed in the cohort.

In summary, our results showed that consumption of NEDF overall was not associated with BMI in
children. However, NEDF subgroups such as sweet bakery products and, possibly, chips and popcorn,
showed an association with BMI. The longer-term effect of NEDF consumption in school-aged children on
BMI requires further studies with bigger samples, better follow-up, and the use of an objective measure of
adipose tissue in order to obtain more reliable results. Decreasing the consumption of NEDF is a key step
to improve dietary quality and prevent obesity, aligned with the WHO 25x25 goals [49] and the
Sustainable Development Goals [50]. In Mexico, a strategy to reduce NEDF consumption is in place,
limiting access to these foods in elementary schools [51], restricting food marketing to children on
television and public areas [52], and implementing an 8% tax to all NEDF [31]. However, further public
health efforts need to be directed to reduce the consumption of NEDF, particularly early on in life.
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Figures

Fig 1. Flowchart of school-aged children at baseline, seven and eleven years old in the

cohort study.
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