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Abstract

Background: Mexico approved mandatory nutrient-based standards for foods sold in schools in 2011. The aim of
this study was to analyse the association between compliance with nutrition standards for foods sold in schools
and children’s school snacks.

Methods: Data came from three surveys representative of Mexican elementary schools in 13 states and their
students (2012, 2013 and 2015); n = 645 children from N = 99 different schools. Information on foods sold in schools
and snacks consumed by children was collected through direct observation. Compliance with the standards was
defined as the proportion of foods sold in school which met nutrition criteria established by the standards. Snacks
were classified as healthy if they contained at least one fruit or vegetable and had no sugar-sweetened beverages.
Robust logistic regression models for cross-sectional and repeated surveys aggregated at the school-level were
fitted to quantify the association between school compliance with standards and healthy snacks.

Results: On average across waves 27% of foods sold complied with nutrition standards; 18% of children consumed
a healthy snack. For snacks purchased in school, a 10% increase in school compliance with the standards was
associated with a 32% increase in the odds of a healthy snack (OR = 1.32; 95%CI 1.09,1.61); no association was
observed for snacks brought from home. The odds of a healthy snack increased over time in schools where
compliance with the standards improved (OR = 3.89; 95%CI 1.47,10.31) but not in those where compliance
remained constant or decreased.

Conclusions: Only a small proportion of children are eating healthy snacks in school. School compliance with
standards increases the likelihood of a healthy snack if it is bought at school. Our findings support better
implementation of the standards and additional strategies to enhance the policy to achieve its aim of reducing
childhood obesity.
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Background
Childhood obesity is a growing concern globally due to
its rise in prevalence and its association with type 2 dia-
betes, dyslipidaemia, coronary artery diseases, and adult
obesity [1, 2]. The World Health Organization (WHO)
and other international organisations have proposed to

intervene in the school food environment to reduce the
prevalence of obesity in children [3, 4]. Food-based or
nutrient-based standards for foods available in schools
have been increasingly recognized as a key strategy to
improve children’s diet [5]. Setting standards ensures a
food environment that enables healthy choices and
healthy preference learning early in life [5]. Evidence
from the United States and United Kingdom show that
nutrition standards for foods sold in schools have been
effective at improving children’s diet during school
hours [6–9].
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In Mexico, one in three schoolchildren are obese, mak-
ing childhood obesity one of the most important public
health problems [10, 11]. Children in Mexico attend
school in one of two shifts; morning from 8:30 to 13:30 or
afternoon from 13:45 to 18:30. They do not eat a formal
meal at school, they eat a snack, which may be brought
from home or purchased in school [12]. In 2011, following
WHO recommendations [4], the Mexican Ministries of
Education and Health developed nutrition standards for
foods and beverages sold in schools [13]. Standards were
implemented in four stages to give the food industry time
to reformulate their products. Nutrition criteria were re-
vised at each stage, and limits for total fat, sugar and so-
dium were lowered (Table 1). The standards further
recommend that snacks eaten in school should not exceed
250 kcal for elementary school children and include fruits,
vegetables and plain water as opposed to sugar sweetened
beverages [14]. Preliminary results have shown poor im-
plementation of the standards and it is unclear whether
they are having the intended effect over children’s diet and
weight [15, 16]. There is an urgent need to strengthen the
evidence base around the effectiveness of the standards in
Mexico to either improve their implementation, or to
change policy.
This study aimed to investigate whether school com-

pliance with the standards was associated with children
bringing or purchasing a healthy snack to consume dur-
ing school hours. We test two related hypotheses using
data for stages 2, 3 and 4 (no data was available for stage
one): 1) that better compliance with the standards would
be directly associated with a healthy snack, in particular,
if the snacks were purchased in the school, and 2) that
the probability of a healthy snack would increase over
time in schools in which compliance with the standards
improved but not in those where compliance remained
stable or worsened.

Methods
Data
Data came from three surveys representative of schools in
13 states of Mexico (out of 32) carried out at three imple-
mentation stages: June 2012, April 2013 and April 2015.
The first survey included public and private elementary
and high schools, while the last two included public elem-
entary schools only. The present study focuses on morn-
ing and afternoon shifts of public elementary schools and
their students. Sampling was done in two stages. First,
clusters of schools were selected within strata (a combin-
ation of state, public/private and educational stage i.e.
elementary or secondary), then children were randomly
selected within schools (using a numbered list of all chil-
dren in the target grades and selecting random numbers
using random.org). A core group of schools were
followed-up over time with a different sample of children

drawn in each wave (N = 35 schools three time-points; N
= 10 schools two time-points). On average four children
per school were selected (min = 1, max = 5). Figure 1 illus-
trates the procedure followed in each stage, target and
achieved samples with complete information at school
and individual level for elementary schools. The total sam-
ple for the present study included 645 children from 99
different schools distributed as follows: 123 children from
38 schools in stage 2; 357 children from 96 schools in
stage 3 and 165 children from 44 schools in stage 4. A
complete case analysis was conducted.
Data collection in each survey consisted of a series of

questionnaires and direct observations. Trained teams of
interviewers (five-person teams) visited the schools and
recorded the number of functioning drinking water
sources. Then, the number of plates, packages or pieces
of every single food and beverage available at the school
food stores was recorded including their weight or vol-
ume. For packaged foods, interviewers recorded the
number of portions contained in each package. For sam-
pled children in each school, interviewers recorded basic
demographic information, a list of foods consumed dur-
ing school hours and whether the foods were brought
from home or purchased in school. Interviewers were
trained at the National Institute of Public Health in
Cuernavaca. Questionnaires were tested for face validity
in a pilot carried out in Cuernavaca.

Study variables
Outcome variable
Healthy snack was a binary variable where one denotes a
snack which contained at least one fruit or vegetable and
did not contain sugar sweetened beverages. Information
to construct this variable was obtained from direct obser-
vation of children’s lunchboxes and/or children’s pur-
chases in school food stores. Sugar sweetened beverages
included soda, industrialized juices, energy drinks and fla-
voured water which is prepared with added sugar and a
small amount of fruit.

Exposure variables
School compliance with the standards was operational-
ized as the proportion of food items sold in school food
stores that complied with the nutrition criteria in the
different stages of the standards (Table 1). The numer-
ator was the sum of foods and beverages sold in school
that complied, and the denominator was the sum of all
foods sold in the school. To calculate the numerator, the
energy and macronutrient content of each food and bev-
erage sold in schools and regulated by the standards was
calculated using the nutrient composition tables com-
piled by the National Institute of Public Health [17].
Foods and beverages were grouped according to the
food categories established in the guideline (see Table 1).
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Table 1 Nutrition criteria according to each stage of the standards

Food categories No. Description Stage 2 Stage 3 Stage 4

Prepared (fried and non-fried) foods 1 Portion per package 1 1 NAa

2 Portion (kcal) ≤180 ≤180 NA

3 Proteins (% of calories) ≥10 (4.5 g) ≥10 (4.5 g) NA

4 Total fats (% of calories) ≤35 ≤30 NA

5 Saturated fats (%of calories) ≤15 ≤10 NA

6 Trans-fatty acids (g/portion) ≤0.5 ≤0.5 NA

7 Sodium (mg/portion) ≤230 ≤220 NA

Milk 1 Portion per package 1 1 1

2 Portion (ml) ≤250 ≤250 ≤250

3 Calories per 100 g ≤50 ≤50 ≤50

4 Total fats (g/100 g) ≤2.5 ≤2.5 ≤2.5

Solid yogurt 1 Portion per package 1 1 1

2 Portion (g) ≤150 ≤150 ≤150

3 Total fats (g/100 g) ≤2.5 ≤2.5 ≤2.5

4 Total sugars (%) NA NA ≤30

Drinkable yogurt and fermented dairy products 1 Portion per package 1 1 1

2 Portion (g) ≤250 ≤200 ≤200

3 Total fats (g/100 g) ≤1.6 ≤1.4 ≤1.4

4 Total sugars (%) NA NA ≤30

Fruit juices and vegetable juices 1 Portions per package 1 1 1

2 Portion (ml) ≤200 ≤125 ≤125

3 Calories per portion (kcal) ≤110 ≤70 ≤70

Sweetened fruit juices 1 Portions per package 1 1 1

2 Portion (ml) ≤200 ≤125 ≤125

3 Calories per portion (kcal) ≤110 ≤70 ≤70

Soy-based beverages 1 Portions per package 1 1 1

2 Portion (ml) ≤200 ≤125 ≤125

3 Calories per portion (kcal) ≤60 ≤40 ≤40

4 Sodium (mg/100ml) ≤110 ≤105 ≤105

5 Total fats (g/100 ml) ≤2.5 ≤2.5 ≤2.5

6 Saturated fats (%) ≤21% of total fats ≤21% of total fats ≤21% of total fats

Snacks 1 Portions per package 1 1 1

2 Calories per portion (kcal) ≤130 ≤130 ≤130

3 Total fats (% of calories) ≤40 ≤35 ≤35

4 Saturated fats (%of calories) ≤25 ≤15 ≤15

5 Trans-fatty acids (g/portion) ≤0.5 ≤0.5 ≤0.5

6 Sodium (mg/portion) ≤200 ≤180 ≤180

7 Total sugars (% of calories) NA NA ≤10

Cookies, snack cakes, candies and desertes 1 Portions per package 1 1 1

2 Calories per portion (kcal) ≤130 ≤130 ≤130

3 Total fats (% of calories) ≤40 ≤35 ≤35

4 Saturated fats (%of calories) ≤20 ≤15 ≤15

5 Trans-fatty acids (g/portion) ≤0.5 ≤0.5 ≤0.5

6 Sodium (mg/portion) ≤200 ≤180 ≤180

Pérez-Ferrer et al. BMC Public Health         (2018) 18:1411 Page 3 of 9



Then according to the food group, we assessed compli-
ance with the nutrition criteria. If the food item in ques-
tion complied with n-1 (to allow for a few missing
values) of the criteria established for its food group, we
concluded that it complied with the guideline. Fruits,
vegetables and plain water always complied.
Time was operationalized as stage and coded 0 for stage

2 (2012) 1 for stage 3 (2013) and 2 for stage 4 (2015).

Effect modifiers
Snack origin, whether the child’s snack was brought from
home or purchased in the school (home = 0, school = 1).
Change in compliance, whether school’s compliance

with the standards improved remained stable or declined
over time, was constructed for the group of schools
which were followed up for at least two timepoints. First,

tertiles of the variable school compliance with the stan-
dards (described above) were created in each stage. This
produced a measure of relative compliance useful for
comparison across stages. Then, using the tertiles at the
beginning and end of each school’s follow-up period, the
variable change in compliance was created (0 = decline
in compliance; 1 = stable; 2 = increase).

Covariates
Models were adjusted for individual and school-level
confounders selected a priori. Individual level variables
included: shift (1 = morning, 2 = afternoon), school grade
(3rd, 4th, 5th 6th) and sex. School-level variables were
availability of free drinking water, defined as at least one
functioning water fountain or other communal water
source in the school (1 = yes; 0 = no), municipal-level

Table 1 Nutrition criteria according to each stage of the standards (Continued)

Food categories No. Description Stage 2 Stage 3 Stage 4

7 Total sugars (% of calories) NA NA ≤20

Nuts and dry legumes 1 Portions per package 1 1 1

2 Calories per portion (kcal) ≤130 ≤130 ≤130

3 Saturated fats (%of calories) ≤25 ≤15 ≤15

4 Trans-fatty acids (g/portion) ≤0.5 ≤0.5 ≤0.5

5 Sodium (mg/portion) ≤200 ≤180 ≤180

6 Total sugars (% of calories NA NA ≤10
aPrepared foods (foods that are prepared from fresh ingredients in the school, for example sandwiches and tacos) are discouraged in stage 4 of the standards

Fig. 1 Sample selection procedures and response rates for each implementation stage data collection. *In stages 2 and 4 school level
information was obtained from a larger sample of schools (N = 122 and N = 110 respectively). Only in a subsample of those were children
observed. This diagram describes the sampling process starting from said subsample. Ɨ Funds for this stage allowed for a larger number of
schools to be sampled following the same procedures as stages 2 and 4
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extreme poverty (continuous) and municipal-level edu-
cation (continuous). Municipal-level extreme poverty
was based on the proportion of households living in ex-
treme poverty at the municipality where schools were lo-
cated. Households in extreme poverty were defined as
those having an income below the basic food basket
value, calculated from the National Survey on Income
and Expenditure 2014 [18]. Similarly, the proportion of
the population over 24-years old at municipality level
with completed high school or more was computed from
the Intercensal Survey 2015 [19].

Statistical analysis
First, we tested hypothesis 1, that better school com-
pliance with the standards would be directly associ-
ated with a healthy snack, in particular, if the snacks
were purchased in the school. Data from the three
survey waves were pooled and observations where
part of the snack was purchased in school and part
was brought from home were excluded. Before com-
bining the data, the time variable was created to
identify observations according to stage of the stan-
dards. We used logistic regression with adjustment
for clustering at school level. The outcome variable
was a healthy snack and the main exposure variable
was school compliance with the standards. To assess
effect modification, an interaction term between
school compliance with standards and snack origin
was included. Unadjusted and fully adjusted models
were fitted. Predicted probabilities and probability dif-
ferences for the effect of school compliance with
standards on consumption of a healthy snack by
whether the snack was brought from home or pur-
chased in school were computed.
Hypothesis 2 was tested next, that the probability of a

healthy snack would increase over time in schools in
which compliance with the standards improved but not
in those where compliance remained stable or worsened.
Thus, we fitted a model for repeated surveys aggregated
at the school level, keeping only schools that had infor-
mation on compliance for at least two time-points for
this analysis (N = 45). Further, observations where the
snack or part of it was brought from home were ex-
cluded, since results for hypothesis 1 suggested that
snacks brought from home were not affected by schools’
compliance with the standards. We used logistic regres-
sion with adjustment for clustering at school level. The
outcome variable was a healthy snack and the main ex-
posure variable was time. An interaction term was in-
cluded between time and change in compliance.
Unadjusted and a fully adjusted models were fitted,
using the same covariates as the model used for hypoth-
esis 1. Data management and all analyses were per-
formed using Stata 12.

Results
Schools selected for this study were distributed over 13
states of Mexico and 22 municipalities. On average 33% of
adults over 25 years of age had completed high school
education in the schools’ municipalities and 13% lived in
extreme poverty (data not shown). On average across
stages, 27% of foods sold in schools complied with the
standards. Highest compliance was in stage 2 (less strict)
at 42%. Availability of free drinking water decreased from
63% in stage 2 to 20% in stage 4. The mean age of children
was 10 years old with girls making slightly over half of the
population (Table 2). Only 18% of children across the
three stages brought or purchased a healthy snack how-
ever, there was an improvement over time with more chil-
dren bringing or buying a healthy snack in the more
recent stages. 40% of children brought their snack from
home, 33% purchased it at school and 26% both brought
from home and purchased in school (Table 2). Area level
poverty was negatively associated with a healthy snack if
purchased at school while area level education was posi-
tively associated with a healthy snack if brought from
home (Additional file 1: Table S1). Out of schools with
follow-up in at least two time-points, 15 schools remained
in the same tertile of compliance between their first and
last follow-up period, 14 declined and 16 increased, ap-
proximately a third in each category.
There was effect modification in the association be-

tween compliance with the standards and healthy snack
by the origin of the snack (effect modification p = 0.05).
If the snack was purchased in school, a 10% increase in
school compliance with the standards was associated

Table 2 Descriptive characteristics of the children who
participated in the study

Stage 2 Stage 3 Stage 4 Total

N 123 357 165 645

Age (mean, sd) 11.0 (1.0) 9.9 (1.3) 9.7 (1.2) 10.1 (1.3)

Girls, N(%) 69 (56.1) 188 (52.7) 88 (53.3) 345 (53.5)

Grade, N (%)

3rd 1 (0.8) 86 (24.1) 52 (31.5) 138 (21.4)

4th 44 (35.8) 112 (31.4) 46 (27.9) 202 (31.3)

5th 45 (36.6) 85 (23.8) 35 (21.2) 165 (25.6)

6th 33 (26.8) 74 (20.7) 32 (19.4) 139 (21.6)

Shift, N(%)

Morning 95 (77.2) 245 (68.6) 128 (77.6) 468 (72.6)

Afternoon 28 (22.8) 112 (31.4) 37 (22.4) 177 (27.4)

Healthy snack 19 (15.5) 62 (17.4) 36 (21.8) 117 (18.1)

Snack origin N(%)

Home 56 (45.5) 135 (37.8) 69 (41.8) 260 (40.3)

School 51 (41.5) 109 (30.5) 57 (34.6) 217 (33.6)

Home and school 16 (13.0) 113 (31.7) 39 (23.6) 168 (26.1)
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with a 32% increase in the odds of a healthy snack in
fully adjusted models (OR = 1.32 95%CI 1.09,1.61)
whereas, if the snack was brought from home, school
compliance with the standards was not associated with
children consuming a healthy snack (OR = 1.01 95%CI
0.81,1.26) (Table 3 and Additional file 1: Table S2 for the
full model). The difference in the probability of a healthy
snack if the snack was purchased in school minus the
probability of a healthy snack if the snack was brought
from home increased as school compliance with stan-
dards increased.
Table 4 shows the odds ratio of consumption of a

healthy snack for a one period increase in time and strati-
fied by change in compliance with the standards. In
schools where compliance with the standards increased
over time, the adjusted odds of a healthy snack increased
for a one-unit increase in time (OR = 3.89 95% CI
1.47,10.31) whereas in schools where compliance declined
or remained stable, the odds of a healthy snack among
children had a declining trend over time (OR = 0.57 95%
CI 0.19,1.70 and OR = 0.58 95% CI 0.25,1.37 respectively;
effect modification p = 0.006). To see the measures of ef-
fect of all covariates see Additional file 1: Table S3.

Discussion
Our study is the first to examine the association between
compliance with the Mexican school food standards and
snacks consumed by children during school hours. Our
findings show that better compliance with the standards is
associated with an increased probability of consuming a
healthy snack if the snacks were purchased in the school
but not if they were brought from home. Further, our
study finds that the probability of consuming a healthy
snack increased over time in schools in which compliance
with the standards improved but not in others.
In the Mexican context, where childhood obesity

prevalence is very high, the findings of this study are
highly relevant and encouraging for public health policy.
By exploiting heterogeneity in school compliance with
the standards we were able to identify the policy’s effect-
iveness over snacks purchased in school. This finding is
consistent with the recommendation to implement pol-
icy actions that improve the school environment by of-
fering healthy choices to children [4]. It is also
consistent with the conclusions of a systematic review

which examined the effect of regulations on the sale of
foods and beverages outside of the school meal pro-
grams in the United States on children’s diet during
school hours [6]. In most studies included in the review,
this type of regulation was associated with changes in
consumption and/or availability of regulated foods in the
expected direction [6]. Standards for foods available in
schools, such as the Mexican standards, are sustainable
over time compared to other school-based interventions
like provision of fruits and vegetables which needs con-
stant financing. Further, because this intervention re-
quires little agency from individuals as it modifies the
environment in which food choices are made, it is ex-
pected to show equal or greater benefit for lower socio-
economic groups [20]. This is very important in
countries undergoing the nutrition transition, like
Mexico, where obesity prevalence is shifting to socially
disadvantaged populations [21].
In addition to directly affecting food products sold in

schools, the standards set out recommendations for
healthy snacks prepared at home and for communica-
tion with parents regarding healthy eating [13, 14].
There is evidence from the UK that food brought from
home can be improved through intervention [22].
Therefore, it was plausible to expect that snacks brought
from home would be healthier in schools with higher
compliance with the standards. However, this study
found that school compliance with the standards was
not associated with healthy snacks brought from home.
This may be due to children’s pre-existing preferences
for unhealthy foods learned in the pre-school years
which undermine policies in school [23, 24]. There is
evidence from the United States that children compen-
sate by bringing the restricted foods and drinks from
home or consume more food outside of school [25].
There may be other factors which influence snacks
brought from home which are beyond the scope of the
standards, for example the household’s socioeconomic
position or the parent’s education.
This study also found that school compliance with the

standards was in general very poor and very few children
brought or purchased a healthy snack to consume dur-
ing school hours. Free water availability decreased over
time and schools were not able to keep up and comply
with the changes in the standards. This is consistent

Table 3 Odds ratio (95% CI) of a healthy snack for a 10% increase in school compliance with standards, stratified by snack
origin (n = 477)

Unadjusted model Adjusted modela

OR (95%CI) Effect mod. p b OR (95%CI) Effect mod. p b

Snack from home 0.97 (0.77,1.22) 0.10 1.01 (0.81,1.26) 0.05

Snack from school 1.21 (1.02,1.44) 1.32 (1.09,1.61)
aAdjusted for time, sex, grade, shift, free drinking water, area level education and area level extreme poverty b For the null hypothesis that the association
between school compliance to standards and healthy snack is the same regardless of whether the snack was brought from home or purchased in school
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with two other studies carried out in Mexico recently
[15, 16]. The first described the foods available for sale
in schools during the first two stages of implementation
and found that sale of energy-dense nutrient-poor foods
persisted regardless of the standards, and availability of
healthier options continued to be low [16]. The second
study described children’s food consumption during
school hours and found that after implementation of the
standards, children were still consuming significantly
more energy, sugar and fat than recommended [15].
Water fountains were installed in schools around the
time that the standards were implemented. However, no
budget was set aside for maintenance (e.g. for changing
filters) which is reflected in the decline of free drinking
water availability over time. It is clear from our study’s
findings that there is great scope for improvement.
The design of the Mexican standards was challenging

and there were many setbacks. Still, Mexico managed to
approve the policy, a great win for the public health
community. There are areas of opportunity to enhance
the effectiveness of the standards based on the results of
this study. In order to improve snacks brought from
home, some suggestions would be to increase parental
involvement and apply nutrition standards to other
venues and purchasing channels near the schools since
the number of food vendors around a school has been
found to be directly associated with children’s eating
habits and body mass index [26–28]. To improve imple-
mentation of the standards within schools, actions such
as supplying healthy substitutes for popular foods and
drinks, further engaging with staff involved in food deliv-
ery and teachers [5], ensuring provision of free drinking
water, regulating advertising of unhealthy foods in
schools and around them and not penalizing freshly pre-
pared foods that are prepared hygienically and form part
of the traditional Mexican diet are some of the options.
Current standards encourage consumption of fruit and
vegetables, wholegrain cereals, seeds and nuts and allow
consumption of smaller portions of ultra-processed
foods which meet nutrition criteria (only on Friday as of
2015); however, they penalize freshly prepared dishes.
This may inadvertently teach children that
ultra-processed foods are desirable and better than
freshly prepared traditional dishes. There is increasing

scientific evidence linking ultra-processed food products,
as a group, with unhealthy dietary practices, obesity and
non-communicable diseases [29].
Our study has several strengths. It includes data from

three comparable surveys spread across a period of four
years. Surveys included schools from 13 states of the
country and a good proportion of them were followed up
over time. This allowed for a more robust analysis in
which we were able to show differential changes in the
odds of a healthy snack according to changes in compli-
ance with the standards over time. This study used object-
ively measured exposure and outcome variables thus
reducing information bias. Further, we believe our findings
to have high external validity since they arise from real
world experience of policy implementation. The sample
was representative of the population of elementary level
children studying at public schools in selected states.
This study also has some limitations. It was beyond

the scope of our study to formally evaluate the policy
(standards) for two reasons. The first is that no
pre-policy measurements exist on the offer of foods in
schools and food consumption of children in schools in
a nationally representative survey. The second, is that
because this policy was implemented at national level in
2012, there was no control group of schools available.
Nevertheless, we believe our findings strengthen the evi-
dence base around the standards and justify the continu-
ation of the policy and its better implementation. We
show that if schools offer healthier options, children
consume healthier snacks. Another limitation is the
cross-sectional nature of the data. We cannot rule out
reverse causality, that the demand for healthier snacks
from the children leads to schools offering healthier
foods. Further, this study only evaluates food consumed
by children during school hours. We are unable to com-
ment on whether the standards have had an impact on
overall dietary consumption and/or nutrition status. The
surveys did not include an assessment of children’s over-
all diet neither did they include anthropometric mea-
surements. It was outside the scope of this study to
investigate potential determinants of school compliance
with the standards and/or factors affecting student’s
preference for unhealthy snacks. Future research could
explore these two interesting topics.

Table 4 Odds ratio of consumption of a healthy snack for a one period increase in time stratified by change in compliance to the
standards (n = 154)

Unadjusted model Adjusted modela

OR (95%CI) Effect mod. pb OR (95%CI) Effect mod. pb

Compliance decreases 0.77 (0.37,1.62) 0.2579 0.57 (0.19,1.70) 0.006

Compliance stable 0.63 (0.32,1.22) 0.58 (0.25,1.37)

Compliance increases 2.33 (0.91,5.98) 3.89 (1.47,10.31)
aAdjustments: sex, grade, shift, area level extreme poverty, area level education and free drinking water. bFor the null hypothesis that the odds of a healthy snack
over time is the same regardless of whether school’s compliance with the standards increases, is stable or decreases
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Conclusion
In conclusion, our study found that school compliance
with nutrition standards for foods sold in schools was
directly associated with children purchasing a healthy
snack during school hours and not associated with
healthy snacks if brought from home. The odds of a
healthy snack increased over time in schools in which
compliance with the standards improved but not in
schools where it remained stable or declined. Further,
the study found that school compliance with the stan-
dards and the proportion of children consuming healthy
snacks were both very low leaving much room for im-
provement. Our findings support doubling efforts to bet-
ter implement the standards and call for additional
strategies to enhance the policy so that it can achieve its
aim of reducing childhood obesity.

Additional file

Additional file 1: Table S1. Bivariate associations with healthy snack.
Table S2. Odds ratio (95% CI) of a healthy snack for a 10% increase in
school compliance with standards, including measures of effect for all
covariates*. Table S3. Odds ratio of consumption of a healthy snack for a
one period increase in time, including measures of effect for all
covariates. (DOCX 18 kb)

Abbreviations
CI: Confidence interval; OR: Odds ratio; WHO: World Health Organization

Acknowledgements
We are thankful to Ignacio Mendez Gómez Humarán for his support with
sampling procedures and to Jesus Martínez Dominguez for his help with
data management.

Funding
This article was possible due to an unrestricted research grant from
Bloomberg Philanthropies (project CINYS/1305). The funding sponsor had
no role in the design of the study; in the collection, analyses, or
interpretation of data; in the writing of the manuscript; and in the
decision to publish the results.

Availability of data and materials
The datasets generated and analysed during the current study are not
publicly available because they contain information that could compromise
confidentiality of participating schools and children but are available from
the corresponding author on reasonable request.

Authors’ contributions
CPF, TSL, JRD and TBG conceived and designed the study. TSL and CMR
acquired the data. CPF, JPG and AJA analysed the data and interpreted the
findings. CPF drafted the manuscript. TSL, TBG, JPG, AJA, CMR and JRD
critically revised the manuscript for important intellectual content. CPF, TSL,
TBG, JPG, AJA, CMR and JRD approved the final version and agreed to be
accountable for all aspects of the work.

Ethics approval and consent to participate
The Mexican Institute of Public Health (in Spanish, INSP) Research
Biosecurity and Ethics Committees approved the three stages of this
study (protocol records: CINyS-1099, CINyS-1102). A written informed
consent was obtained from the parents and an oral informed assent
from the children prior to their participation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Centro de Investigación en Salud Poblacional, Instituto Nacional de Salud
Pública, Avenida Universidad 655, Santa María Ahuacatitlán, 62100
Cuernavaca, Morelos, Mexico. 2Centro de Investigación en Evaluación y
Encuestas, Instituto Nacional de Salud Pública, Avenida Universidad 655,
Santa María Ahuacatitlán, 62100 Cuernavaca, Morelos, Mexico. 3Dirección
General, Instituto Nacional de Salud Pública, Avenida Universidad 655, Santa
María Ahuacatitlán, 62100 Cuernavaca, Morelos, Mexico.

Received: 18 April 2018 Accepted: 17 December 2018

References
1. Gupta N, Goel K, Shah P, Misra A. Childhood obesity in developing

countries: epidemiology, determinants. and prevention Endocr Rev.
2012;33:48–70.

2. Lobstein T, Baur L, Uauy R. Obesity in children and young people: a crisis in
public health. Obes Rev. 2004;5(Suppl 1):4–104.

3. Institutes of Medicine (US). Nutrition standards for foods in schools:
leading the way toward HealthierYouth. Washington, DC: The National
Academies Press; 2007.

4. Joint WHO/FAO expert consultation. Diet, Nutrition and the prevention of
chronic diseases. Geneva: World Health Organisation; 2003.

5. Hawkes C, Smith TG, Jewell J, Wardle J, Hammond RA, Friel S, et al. Smart
food policies for obesity prevention. Lancet. 2015;385:2410–21.

6. Chriqui JF, Pickel M, Story M. Influence of school competitive food and
beverage policies on obesity, consumption, and availability: a systematic
review. JAMA Pediatr. 2014;168:279–86.

7. Driessen CE, Cameron AJ, Thornton LE, Lai SK, Barnett LM. Effect of changes
to the school food environment on eating behaviours and/or body weight
in children: a systematic review. Obes Rev. 2014;15:968–82.

8. Cullen KW, Watson K, Zakeri I. Improvements in middle school student
dietary intake after implementation of the Texas public school nutrition
policy. Am J Public Health. 2008;98:111–7.

9. Spence S, Delve J, Stamp E, Matthews JN, White M, Adamson AJ. The
impact of food and nutrient-based standards on primary school children's
lunch and total dietary intake: a natural experimental evaluation of
government policy in England. PLoS One. 2013;8:e78298.

10. Aceves-Martins M, Llaurado E, Tarro L, Sola R, Giralt M. Obesity-promoting
factors in Mexican children and adolescents: challenges and opportunities.
Glob Health Action. 2016;9:29625.

11. Shamah-Levy T, Cuevas-Nasu L, Gaona-Pineda EB, Gomez Acosta LM,
Hernandez-Avila M, Jiménez-Corona ME, et al. Encuesta Nacional de Salud y
Nutrición de Medio Camino 2016. Resultados Nacionales. http://
spmediciones.mx/libro/encuesta-nacional-de-salud-y-nutricion-de-medio-
camino-2016_50142/. Accessed 15 Nov 2017.

12. Bonvecchio A, Theodore FL, Safdie M, Duque T, Villanueva MA, Torres C, et
al. Contribution of formative research to design an environmental program
for obesity prevention in schools in Mexico City. Salud Publica Mex. 2014;
56(Suppl 2):s139–47.

13. Hernandez-Avila M, Martinez OG. General guidelines for the sale and
distribution of food and beverages consumed by students in basic
education establishments. Boletin Medico Del Hospital Infantil De Mexico.
2011;68:1–5.

14. Acuerdo mediante el cual se establecen los lineamientos generales para el
expendio y distribución de los alimentos y bebidas preparados y
procesados en las escuelas del Sistema Educativo Nacional. http://www.dof.
gob.mx/nota_detalle.php?codigo=5344984&fecha=16/05/2014. Accessed 16
Nov 2017.

15. Lopez-Olmedo N, Jimenez-Aguilar A, Morales-Ruan MDC, Hernandez-Avila
M, Shamah-Levy T, Rivera-Dommarco JA. Consumption of foods and
beverages in elementary schools: results of the implementation of the
general guidelines for foods and beverages sales in elementary schools in
Mexico. stages II and III Eval Program Plann. 2017;66:1–6.

Pérez-Ferrer et al. BMC Public Health         (2018) 18:1411 Page 8 of 9

https://doi.org/10.1186/s12889-018-6330-8
http://spmediciones.mx/libro/encuesta-nacional-de-salud-y-nutricion-de-medio-camino-2016_50142
http://spmediciones.mx/libro/encuesta-nacional-de-salud-y-nutricion-de-medio-camino-2016_50142
http://spmediciones.mx/libro/encuesta-nacional-de-salud-y-nutricion-de-medio-camino-2016_50142
http://www.dof.gob.mx/nota_detalle.php?codigo=5344984&fecha=16/05/2014
http://www.dof.gob.mx/nota_detalle.php?codigo=5344984&fecha=16/05/2014


16. Jimenez-Aguilar A, Morales-Ruan MDC, Lopez-Olmedo N, Theodore F,
Moreno-Saracho J, Tolentino-Mayo L, et al. The fight against overweight
and obesity in school children: public policy in Mexico. J Public Health
Policy. 2017;38:407–28.

17. Instituto Nacional de Salud Pública. Bases de datos del valor nutritivo de los
alimentos. Cuernavaca: Instituto Nacional de Salud Pública; 2014.

18. Encuesta Nacional de Ingresos y Gastos de los Hogares. http://www.beta.
inegi.org.mx/proyectos/enchogares/regulares/enigh/tradicional/2014/
default.html. Accessed 21 Nov 2017.

19. Encuesta Intercensal 2015. https://www.inegi.org.mx/programas/intercensal/
2015/. Accessed 19 Dec 2018.

20. Backholer K, Beauchamp A, Ball K, Turrell G, Martin J, Woods J, et al. A
framework for evaluating the impact of obesity prevention strategies on
socioeconomic inequalities in weight. Am J Public Health. 2014;104:e43–50.

21. Perez Ferrer C, McMunn A, Rivera Dommarco JA, Brunner EJ. Educational
inequalities in obesity among Mexican women: time-trends from 1988 to
2012. PLoS One. 2014;9:e90195.

22. Evans CE, Greenwood DC, Thomas JD, Cleghorn CL, Kitchen MS, Cade JE.
SMART lunch box intervention to improve the food and nutrient content of
children's packed lunches: UK wide cluster randomised controlled trial. J
Epidemiol Community Health. 2010;64:970–6.

23. Mura Paroche M, Caton SJ, Vereijken C, Weenen H, Houston-Price C. How
infants and young children learn about food: a systematic review. Front
Psychol. 2017;8:1046.

24. Harris G. Development of taste and food preferences in children. Curr Opin
Clin Nutr Metab Care. 2008;11:315–9.

25. Taber DR, Chriqui JF, Powell LM, Chaloupka FJ. Banning all sugar-sweetened
beverages in middle schools: reduction of in-school access and purchasing
but not overall consumption. Arch Pediatr Adolesc Med. 2012;166:256–62.

26. Barrera LH, Rothenberg SJ, Barquera S, Cifuentes E. The toxic food
environment around elementary schools and childhood obesity in Mexican
cities. Am J Prev Med. 2016;51:264–70.

27. Virtanen M, Kivimaki H, Ervasti J, Oksanen T, Pentti J, Kouvonen A, et al. Fast-
food outlets and grocery stores near school and adolescents' eating habits
and overweight in Finland. Eur J Pub Health. 2015;25:650–5.

28. Fitzpatrick C, Datta GD, Henderson M, Gray-Donald K, Kestens Y, Barnett TA.
School food environments associated with adiposity in Canadian children.
Int J Obes. 2017;41:1005–10.

29. Monteiro CA, Cannon G, Moubarac JC, Levy RB, Louzada ML, Jaime PC. The
UN decade of nutrition, the NOVA food classification and the trouble with
ultra-processing. Public Health Nutr. 2017:1–13.

Pérez-Ferrer et al. BMC Public Health         (2018) 18:1411 Page 9 of 9

https://www.inegi.org.mx/programas/intercensal/2015/
https://www.inegi.org.mx/programas/intercensal/2015/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data
	Study variables
	Outcome variable
	Exposure variables
	Effect modifiers
	Covariates

	Statistical analysis

	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

