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Abstract

Objective. To compare the physical activity patterns of a
cohort of Mexican children in kindergarten (K), first (1ES)
and second grade (2ES) of elementary school. Material and
Methods. The physical activity of 217 children (123 girls and
94 boys) aged 5-6 years was measured (five full-day triaxial
accelerometry) annually. Weekday and weekend moderate/
vigorous physical activity (MVPA) and school and off-school
MVPA was calculated. Comparisons between surveys were
made using longitudinal multilevel generalized linear models.
Results. Weekday MVPA was 22 and 37 min/d lower for
IES (p=0.06) and 2ES (p<0.01), respectively, compared to K.
School MVPA for |ES and 2ES was 37 (-5.0 min/h) and 40%
(-5.5 min/h) (p<0.001) lower, respectively, compared to K.
No differences were found between weekend and off-school
MVPA among school stages (p>0.5). Conclusion. MVPA was
significantly reduced from K to ES, in part because of a decline
in MVPA during school activities. Interventions targeted to
school environment modifications should be promoted.
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El nivel de actividad fisica disminuye en nifios
mexicanos al ingresar a la escuela primaria.
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Resumen

Objetivo. Comparar los patrones de actividad fisica (AF)
en una cohorte de nifios mexicanos en el jardin de nifos,
primer y segundo grado de primaria. Material y métodos.
Se midié anualmente la AF (acelerometria triaxial de cinco
dias completos) en 217 nifios (123 nifias y 94 nifios) de 5 a
6 afos de edad. Se calculé la AF moderada/vigorosa (AFMV)
entre semana y de fin de semana, dentro y fuera del horario
escolar. Se realizaron comparaciones mediante modelos
lineales generalizados multinivel longitudinales. Resultados.
La AFMV entre semana fue 22 (p=0.06) y 37 min/d (p<0.01)
menor, y la AFMV durante el horario escolar disminuyé 37
(-5.0 min/h) y 40% (-5.5 min/h) (p<0.001),en 1°y 2° de pri-
maria, respectivamente, comparado con el jardin de nifios.No
se encontraron diferencias en la AFMV de fin de semana o
fuera del horario escolar entre los grados escolares (p>0.05).
Conclusiones. La AFMV disminuyé de manera significativa
del jardin de nifios a 2° de primaria en parte debido a una
reduccién de AFMV durante las actividades escolares. Es
necesaria la promocion de intervenciones enfocadas a la
modificacion del ambiente escolar.
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México
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Information about the patterns and trends for physical
activity (PA) among populations is scarce, neverthe-
less there is a notion that it has lessened in populations
during the past decade.! Focal studies report more
sedentary lifestyles among children,>* such that less
than 30% of youth globally are active enough to expect
a benefit in their present and future health.* In Mexico,
the recommendation by the World Health Organization
(WHO)’ to perform 60 minutes of moderate to vigorous
PA (MVPA) daily was met by only 35% of adolescents
in 2006, according to self report.® This percentage may
be even lower because the instrument used has been
proved to overestimate vigorous PA.’

Regular PA helps children to develop muscle mass®
and a healthy cardiovascular system,’ as well as to
maintain a healthy bodyweight.!” In adults, reversing
inactivity lowers the risk of cardiovascular diseases,
diabetes mellitus, hypertension, some forms of cancer, !
overweight and obesity.!> Some studies have demon-
strated that physical inactivity tracks from childhood to
adulthood, 3 thus, public health interventions should
be focused on young children.

The transition from kindergarten (K) to elemen-
tary school (ES) in Mexico may negatively influence
PA patterns because ES involves more time sitting in
the classroom or doing homework, and children have
fewer opportunities for active recreation.'>!” Very few
longitudinal studies have measured PA during this
transition.!617

The objective of this study was to compare the
PA patterns, measured by triaxial accelerometry, in
a cohort of children while transiting from K to first
(1ES) and second (2ES) grade elementary school.
Comparisons include school and off-school hours as
well as week and weekend days. We aim to provide
objective information that contributes to designing ef-
fective strategies for PA promotion within the school
environment.

Methods and Materials
Subjects and study design

The cohort was assembled with healthy children 5 to 6
years old at the beginning of the study, recruited from
a convenience sample of five kindergartens located
in high, middle and low socioeconomic status (SES)
neighborhoods in Cuernavaca, Mexico. The number of
children attending kindergartens varied from 120 to 310.
Inclusion criteria included being healthy according to
report of mothers or care-takers, being free of chronic
diseases or physical impediments affecting physical
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growth and having adequate feeding or anthropometric
measurements.

In Mexico, kindergartens have three grades. Once
students graduate they may attend a different ES. Parents
registering children for the last grade of K were invited
to participate in the study. After discussing the objec-
tives and risks of the study, parents signed an informed
consent; before initiating data collection, children were
asked for their assent. Three consecutive annual surveys
were performed: during the last grade of K (2004), during
1ES (2005) and during 2ES (2006). After graduating from
K, children were dispersed into 36 ES.

The protocol was reviewed and approved by the
Ethics, Biosafety and Research Committees of the Mexi-
can National Institute of Public Health, Cuernavaca,
Mexico. Education authorities gave their authorization
for the study.

Sociodemographic information

Sociodemographic information was collected using
a questionnaire administered to the mother or care-
taker,’® validated in several studies in the Mexican
population.’” An indicator of SES was constructed us-
ing a principal component analysis based on household
characteristics (flooring material, ceiling, walls, water
source, sewage and number of domestic appliances).
The first component explained 40.4% of the total vari-
ance, with a Kaiser-Meyer-Olkin measure of sampling
adequacy= 0.83. This component, divided into tertiles,
was used as a proxy for low, medium and high SES
categories.!®

Physical Activity

PA was measured using RT3 accelerometers. This mo-
tion sensor detects body movement in three planes (X,
Y and Z) and integrates acceleration into a single value,
called “monitor vector,” also known as “counts.” The
RT3 had previously been validated for adults® and
children,?! but not for preschool children.? To validate
the method, we developed a calibration protocol in
a subsample of the cohort, regressing RT3 counts on
total energy expenditure estimated by doubly labeled
water. The degree of association was acceptable (R*=
0.6, p<0.01) (unpublished data).

Children wore the accelerometers during five full
days, attached to the right hip by a small denim sack and
a belt. They were instructed to wear the accelerometer
from 07:00 to 23:00 h, and take it off only for showering
or water sports. The accelerometer was programmed to
record activity counts in 1-min epochs.
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Anthropometry

Trained and standardized personnel® measured the
height of children and mothers to the nearest mm us-
ing a stadimeter, and body weight using an electronic
scale. BMI was calculated (kg/m?) and categorized us-
ing International Obesity Taskforce (IOTF) criteria® for
children and WHO criteria® for mothers.

Processing of PA counts

Accelerometry records of at least 10 h/d were consid-
ered as valid for the analysis. Children wore the accel-
erometers for a mean of 13.6 h/d. Any 20 min string of
continuous zeroes was considered as missing data and
replaced by imputed values. Imputed values were cal-
culated with an eight routine algorithm in Visual Basic
and SQLS, based on the counts for 15 minutes preced-
ing and following the zeroes string. Overall, 10% of the
counts were imputations (K: 11%; 1ES: 8.8%; 2ES: 10.4%).
The validity of these imputations has been discussed by
others.?? For this analysis we included cases with at
least one valid day of PA measurements for each school
stage. Additionally, 95 children (43.7%) had at least one
weekend day recorded for each school stage.

Minutes of MVPA were calculated using the cut-off
points proposed by Rowlands® for children >9 years
old, as they are comparable to the cut-offs proposed for
preschool children.”® Minutes of MVPA during week-
days and weekend days and school and off-school hours
were computed. We defined school hours from 09:00 to
12:00 h for K, and from 08:00 to 13:00 h for ES, according
to school calendars. Off-school hours were defined as the
rest of the hours of the day. Daily MVPA was expressed
in min/d. To control for the difference in the duration
of the school day, time engaged in MPVA during these
periods was further converted into min/h, calculated as
the sum of MVPA minutes during school hours divided
by the duration of the school day. Off-school MVPA
minutes were calculated by a similar procedure. We also
computed separately MVPA for specific periods of the
day: prior to the start of classes (K=8:00-9:00hrs; ES=7:00-
8:00hrs), recess (10:30-11:30) and after school dismissal
(K=12:00-23:00hrs; ES=13:00-23:00hrs). Likewise, time
engaged in MVPA was expressed in min/h.

Data analysis

PA patterns during weekdays and weekend days were
described by plotting the distribution of the unadjusted
counts as recorded by the RT3 throughout the day.
Comparisons among the adjusted means of MVPA were
assessed by a series of multilevel generalized linear re-
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gression models. We assembled two separate models. In
the first model daily MPVA (min/d) was the dependent
variable and days of the week (weekdays or weekend
days) the independent variable. To assess differences
among school stages in daily MVPA between weekdays
or weekend days, we included an interaction term be-
tween days of the week and school stage. In the second
model, MVPA (min/h) was the dependent variable
and time of the day (school and off-school hours) the
independent variable. We included an interaction term
between school stage and time of the day to compare
trends in MVPA among school stages. Models were
adjusted for baseline age, gender, SES and maternal
education. Hierarchical levels were: 1) school stage (K,
1ES and 2ES) as the time variable; 2) school affiliation
during the first survey, to control for the clustering effect
of the design and 3) subject, as the panel variable. We
decided to use K schools, and not ES, as the clustering
variable because the design effect was stronger in K.
Additionally, fixed effects linear regression models
were constructed for each period of the day (prior to
the start of classes, recess and after school dismissal)
to identify differences in MVPA (min/h) among school
stages. Models were adjusted for baseline age, gender,
SES and maternal education, as well as for repeated
measures of the same subjects and school stage.
Models were repeated using daily accelerometry
counts or school and off-school counts /h as dependant
variables. Weekday models included the whole analyti-
cal sample; weekend day models included children with
weekend measurements for all school stages (n=95).
Only variables with significant associations (p<0.05) or
considered as conceptual confounders were kept in the
final model. Differences among adjusted means were
significant if confidence intervals did not overlap.
Some studies have demonstrated that a valid ac-
celerometry PA measurement must include at least two
weekdays and one weekend day.” To test the potential
bias incurred for this reason, we performed an addi-
tional analysis which included only children meeting
this definition (n=85, 49 girls and 36 boys).
Significance was set at p<0.05 for differences among
unadjusted means, frequencies and main effects associa-
tions, and at p<0.1 for interactions. Data were analyzed
using STATA software, version 11.0.

Results

The analytical sample included 217 children (123 girls
and 94 boys) out of the 320 originally recruited; 14.4%
were lost-to-follow-up (n=46) because of moving out the
neighborhood (n=34) or refusing to participate (n=12).
We excluded 57 additional cases from the analysis
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due to incomplete data (Figure 1). To assess potential
bias, selected variables for children lost-to-follow-up
or excluded from the analysis (n=103) were compared
with their analytical sample counterparts. No differ-
ences were found among most sociodemographic and
anthropometric characteristics, however, the proportion
of boys resulted significantly lower in the analytical
sample (43%) than in the lost-to-follow-up or excluded
children (61%, p<0.0001). Within the analytical sample,
no differences were found between boys and girls with
respect to baseline age, weight, height and BMI (Table
I). The prevalences for the analytical sample of over-
weight (boys: 14.0%; girls: 12.0%) and obesity (boys:
10.0%; girls: 9.0%) were not different than those for the
2006 Mexican National Nutrition Survey.*® Compared
with the mean for the WHO-2007 reference,® children
in the analytical sample tended to be heavier (boys: 21.4
vs 20.0 kg), had higher BMI (girls: 16.0 vs 15.3 kg/m?;
boys: 16.3 vs 15.3 kg /m?), and girls tended to be shorter
(113.2cm vs. 115.1cm).

Daily PA patterns

Noticeable differences in PA patterns were observed
between weekdays and weekend days. Weekdays pre-
sented larger fluctuations throughout the day. At least
three main peaks of activity were identified, mostly as-
sociated with the daily routines: commuting to school
(8:00-9:00 h for K and 7:00-8:00 h for ES), school recess
(10:30-11.30) and commuting home (12:00-13:00 h for K

320

6 without a valid PA measurement
6 without other variables

1

Kind t
ndergarten 308 18 moved to a different neighborhood

8 declined measurements

> | 8 PA measurements unavailable
17 without a valid PA measurement
First grade 257
El t
s;“;g? ary 16 moved to a different neighborhood
4 declined measurements
—

4 PA measurements unavailable
16 without a valid PA measurement

217

Second grade
Elementary
School

FIGURE |. CONSORT OF THE FOLLOW-UP OF A COHORT OF
217 cHILDREN IN CUERNAVACA, MEXICO BETWEEN MARCH
2004 AnD OcToBER 2006
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Table |
SOME BASELINE CHARACTERISTICS OF THE COHORT*

Boys Girls
(n=94) (n=123)
Children
Age (y) 5.9 (0.4) 6.0 (0.4)
Weight (kg) 214 (43) 20.7 (4.6)
Height (cm) 1143 (53) 1132 (6.0)
BMI (kg/m?) 16.3 (2.4) 16.0 (2.5)
Mothers
Education (y completed) 112 (9.7) 11.0(8.6)
BMI (kg/m?) 26.9 (5.4) 27.5 (5.5)
Socioeconomic status tertiles
No. (%)
Low 38 (40.4) 44 (35.8)
Middle 30 (31.9) 35 (28.5)
High 26 (27.7) 44 (35.8)

* Observations made in a sample of 217 children in Cuernavaca, Morelos
between March and July 2004. Values are means (95% ClI) unless otherwise
indicated

and 13:00-14:00 h for ES). The first and the third peaks
for both ES grades were displaced to the left and to the
right, respectively, relative to the kindergarten peaks,
most probably reflecting differences in school schedules.
The three PA peaks were smaller for both ES grades than
for K. In contrast, no consistent differences among school
stages were noted during weekday afternoons (Figure
2, panel A). On weekend days, PA patterns tended to be
flatter and lower compared with weekdays. No differ-
ences were noted among school stages (Figure 2, panel
B) in a linear regression model (data not shown).

Daily MVPA

The adjusted means of weekday MVPA were 22 and
37 min/d lower for 1ES (p=0.06) and 2ES (p<0.01),
respectively, compared to K. The difference between
both ES grades was not significant (p=0.07) (Table
II). No differences were found in weekend MVPA
among school stages. However, the results referring
to weekends should be interpreted cautiously because
the sample was biased due to self selection. Children
without weekend PA measurements had larger BMIs.
For K, weekday MVPA was higher than that for the
weekend (21 min/d, p<0.01), but not for 1ES (7.6
min/d, p=0.25) or 2ES (-4.17, p=0.46). Total accelerom-
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FIGURE 2. DISTRIBUTION OF THE UNADJUSTED ACCELEROMETRY COUNTS/MIN FROM 07:00 To 23:00H, DURING WEEKDAYS (PANEL
A) AND WEEKEND DAYS (PANEL B). PLOTTED VALUES ARE MEDIANS

etry counts /d showed similar differences as described
above (Table II).

School and off-school MVPA

The adjusted mean MVPA during school hours was
37.5% (5.1 min/h) higher than during off-school hours
for K (p<0.01), but not for 1ES (0.7 min/h, p= 0.10) or
2ES (0.5 min/h, p=0.20). The MVPA during school hours
was 37 (-5.0 min/h) and 40% (-5.5 min/h) lower for
1ES and 2ES, respectively, compared to K (p<0.001). No
differences were found during off-school hours among
school stages. Total accelerometry counts/h showed
similar differences as described above (Table II).

PA during periods of the day

The adjusted means of MVPA during the periods prior
to the start of classes and school recess were 42 (-2.7
min/h) and 36% (-4.0 min/h) lower, respectively, for
1ES, and 64 (-4.0 min/h) and 40% (-4.4 min/h) lower,
respectively, for 2ES, compared to K (p<0.01). The MVPA
after school dismissal was 12% (1.1 min/h, p=0.017)
lower for 2ES compared to K; no differences were
found between K and 1ES (-0.73 min/h, p=0.10). Total
accelerometry counts/h showed similar differences as
described above, however counts for the period after
school dismissal were significantly lower for 1ES and
2ES compared to K (Table II).
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Additional analyses

Additional analyses, including children with at least two
weekdays and one weekend day of PA measurements
for daily MVPA and school and off-school MVPA (Table
IT), showed no substantial differences in the magnitude
and directionality of adjusted variables compared to the
ones previously described.

Discussion

In this study we demonstrated that weekday MVPA
declined during the transition from K to ES. The re-
duction occurred during school hours, in general, and
prior to the start of classes and during school recess,
in particular. A similar reduction was reported among
Czech children;'® among preschool children in the
United States the tracking of PA during the transition
from K to ES showed a decline during school recess.!”
These latter studies support the notion that moving
from the K to the ES environment might negatively
influence PA patterns. Furthermore, weekday MVPA
decreased by 21 and 37 minutes for 1ES and 2 ES,
respectively, compared with K; while no differences
were found for weekend MVPA. Alongitudinal study
in 9 year-old children in the United States found a
reduction in MVPA during weekdays (37 min/y) and
weekend days (39 min/y). The biological implications
of these changes are relevant and may represent the
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ADJUSTED MEANS OF PHYSICAL ACTIVITY VARIABLES, BY SCHOOL STAGE™

Weekday vs. weekend days
Activity counts
Weekday (counts x 1000/d)

Table Il

Kindergarten

97.1 (92.5,101.6)

Ist grade
Elementary School

86.8 (82.291.3)

ARTiCULO ORIGINAL

2nd grade Elementary School

79.1 (745,83.7)8

Weekend (counts x 1000/d)

86.9 (82391.5)*

812 (76.7,85.8)

79.5 (75.0,84.1)

MVPA
Weekday MVPA (min/d) 149.2 (116.2,182.3) 127.7 (107.8,147.7) 111.9 (93.2,130.6)}
Weekend MVPA (min/d) 128.1 (95.0, 161.2)* 119.8 (99.9,139.8) I15.1 (96.5,133.8)
School hours vs. off-school hours
Activity counts
School hours (counts x [000/h) 7.8 (7.58.1) 58 (5.5,6.1) 5.3 (5.0,5.7)8
Off-school hours (counts x 1000/h) 5.7 (5.4,5.9)% 5.3(5.0,5.6) 5.2 (4.9.5.6)
MVPA
School hours MVPA (min/h) 13.6 (12.9,14.4) 8.6 (7.9,9.4)} 8.1 (7.3,88)
Off-school hours MVPA (min/h) 85 (7.7,9.2)% 8.0(7.3,88) 7.5(6.8,8.3)
Specific periods of the day
Counts
Prior to start of classes* (counts x 1000/h) 3.9 (3.3,44) 2.3(1.8,2.7) 1.6 (1.3,1.8)8
School recess* (counts x 1000/h) 5.9 (4.9,6.9) 43 (4.1,4.6) 42 (3.4,49)
After school dismissal* (counts x 1000/h) 6.0 (5.8,6.2) 5.4 (5.2,5.6) 5.4 (5.2,5.6)
MVPA
Prior to start of classes* (min/h) 6.24 (4.77,7.72) 3.6 (2.81,431)§ 223(1.8,2.62)§

School recess* (min/h)

11,11 (9.05,13.18)

7.09 (6.48,7.70)

6.69 (5.07,83)8

After school dismissal* (min/h)

8.90 (8.29,9.50)

8.16 (7.55,8.78)

7.84 (7.23,8.45)8

Abbreviations: MVPA, moderate/vigorous physical activity

* Observations made in a sample of 217 children in Cuernavaca, Mexico between March and July 2004.Values are means (95%Cl). Adjusted for baseline age,
gender and SES. Hierarchical levels were: school stage, school affiliation in the first survey and subject

* Prior to start of classes= Kindergarten: 8:00-9:00 h, ES: 7:00-8:00 h; School recess= 10:30-11:30 h;After school dismissal= Kindergarten: 12:00-23:00 h, ES:

13:00-23:00 h
§ Significantly different from K (p range= 0.05-0.001)
# Significantly different from weekday (p range= 0.05-0.001)
& Significantly different from school hours (p range= 0.05-0.001)

beginning of an energy imbalance that could result in
becoming overweight.

Although identifying the causes of changes in PA
is outside the scope of our study, changes associated
with the transition from K to ES seem to be a reasonable
explanation for the decline in PA. While the kindergarten
environment promotes ludic learning and structured
activities during school recess, the ES environment in
Mexico frequently does not favor PA. A study in public
ES in Mexico City" found overcrowded school grounds,
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specific rules banning students from running because
of safety reasons, curricular physical education classes
occurring once a week with 10 minutes of effective PA
and very few schools having sporting equipment. Addi-
tionally, differences in other aspects that may contribute
to explain the changes in PA during the period prior to
the start of school activities, such as transportation to
school, were not registered. Though the reduction in PA
reported herein may also be explained by a tendency of
PA to decline with age,® several facts make this expla-
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Table 111

MULTILEVEL GENERALIZED LINEAR MODELS oF MVPA*

Days of PA measurement

At least one weekday

At least two weekdays and

(n=217) one weekend day (n=85)
Independent variables B coefficient 95% Cl B coefficient 95% Cl
Weekday and weekend MVPA (min/d)*

Days of the week (weekdays as reference category)

Weekend days 212 -33.9,-84 213 -348,-7.7
School stage (kindergarten as reference category)

15t grade Elementary School 2215 444,141 <234 -41.6,-5.1

2" grade Elementary School -374 -61.4,-133 -38.6 -56.8,-20.4
Interaction term

|ES x weekend days 132 -48,31.2 13.9 -5.23,33.1

2ES x weekend days 244 63,425 22.1 29,412

Gender (female as reference category) 422 29.8,54.6 41.1 28.2,54.0

Age 9.7 -275,8.0 -11.0 -294,73
Socioeconomic status (low/medium as reference category)

High -16.9 -30.1,-3.7 2222 -35.0,-8.6,

Constant 1953 83.6,307.0 205.3 94.2,316.5

School and off-school MVPA(min/h)

Time of the day (school hours as reference category)

Off-school hours 5.1 -5.8,-45 -5.4 -6.4,-4.4
School stage (kindergarten as reference category)

15t grade Elementary School -5.0 -6.1,-3.9 -5.6 -6.9,-4.4

2" grade Elementary School -5.5 -6.6,-4.5 -6.9 -8.1,-5.7
Interaction terms

IES x off-school hours 4.5 36,55 5.1 37,65

2ES x off-school hours 4.6 36,55 5.6 42,70
Gender (female as reference category)

Males 2.5 20,30 26 1.7,35

Age (years) -0.2 -1.0,0.6 -0.8 -2.1,04
Socioeconomic status (low/medium as reference category)

High -1.0 -1.6,-0.5 -2.0 -2.9,-1.1

Constant 142 95,189 185 11.1,26.0

Abbreviations: MVPA, moderate/vigorous physical activity; K, kindergarten; | ES, first grade elementary school; 2ES, second grade elementary school

* Observations made in a sample of 217 children in Cuernavaca, Mexico between March 2004 and October 2006. Hierarchical levels considered were: school

stage, school affiliation during the first survey and subject

+ Data are given as thousands

nation less plausible: regression models were adjusted
by age and PA changes occurred mostly during school
hours (up to 40% reduction during school recess) and
periods before the beginning of the school day, while
no difference was found among school stages during
the period after school dismissal.

One of the main strengths of this study is its longitu-
dinal design, giving robustness to causality implications.
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Another strength is the imputation of data to substitute
selected chains of zeroes, improving the precision of
daily PA registries using a proven methodology.”” Some
limitations are also recognized. Reliable measurement
of habitual PA requires two weekdays and one weekend
day of PA measurements,” while our analyses included
children with at least one day of PA measurement, sug-
gesting potential bias. Nevertheless, a comparison with
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a set of 95 children with at least two weekdays and one
weekend day measurements of PA showed no substan-
tial differences in the magnitude and directionality of
unadjusted and adjusted statistics. Because losses to
follow-up and exclusions from the analytical sample
(n=103) could induce selection bias, we compared the
original and analytical samples. No significant dif-
ferences were found among the variables examined,
though there was a smaller proportion of boys in the
analytical sample. Because boys resulted more active
than girls, the overall mean of activity counts could,
therefore, be underestimated. However, the internal va-
lidity is preserved, since the analytical sample includes
the same subjects for all three surveys. Nevertheless,
because our findings are based on a selected sample of
children, extrapolations to a wider population should
be made with caution.

In summary, we demonstrate in a cohort of Mexican
children that the MVPA was significantly reduced when
transiting from K to ES, mainly because of a decline in
the MVPA during school hours and the period prior to
the school day. These observations attempt to identify
relevant programmatic opportunities for interventions.
Further formative research is needed to design more
effective PA interventions aimed at modifying school
environments.
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