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ARTICULO ORIGINAL
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Abstract

Objective. To assess the effects of two groups of exercise
routines on cardiovascular disease risk markers. Material
and Methods. An intervention study was conducted with
319 Mexican school-aged children in which routines were
implemented Monday through Friday for 12 weeks.Routine A
was the reference group, with 20 min of less intense activity
and routine B was the new group with 40 min of aerobic
exercises. Body mass index (BMI), waist circumference, fat
mass percentage (FM%), systolic and diastolic blood pres-
sure, lipids, lipoproteins, glucose and insulin were measured
before and after the intervention. Results. Routine A had
an effect on diastolic pressure, while routine B had an effect
on BMI, FM%, blood pressure and triglycerides. Routine B
had a greater effect on blood pressure than routine A. The
prevalence of obesity, high blood pressure and hypertrigly-
ceridemia decreased in both groups. Conclusion. Aerobic
exercise is an effective health promotion strategy to reduce
some cardiovascular disease risk markers.
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Resumen

Objetivo. Evaluar el efecto de dos rutinas grupales de ejer-
cicio sobre marcadores de riesgo cardiovascular. Material
y métodos. Intervencion en 319 escolares mexicanos. Las
rutinas fueron implementadas por |2 semanas (rutina A
(referencia): 20 min con ejercicios menos intensos vs rutina
B (nueva): 40 min con ejercicios aerdbicos). Se midieron al
inicio y al final el indice de masa corporal (IMC), masa grasa
(%MG), presion arterial sistélica y diastolica, lipidos, lipopro-
teinas, glucosa e insulina. Resultados. La rutina A tuvo efecto
sobre la presion diastdlica; la B tuvo efecto sobre el IMC,
%MG, presion arterial y triglicéridos. La rutina B tuvo mayores
efectos en la presion arterial que la rutinaA. Las prevalencias
de obesidad, hipertension arterial e hipertrigliceridemia
disminuyeron en ambos grupos. Conclusiones. El ejercicio
aerdbico es una estrategia de promocion exitosa para reducir
algunos marcadores de riesgo cardiovascular.

Palabras clave: ejercicio; enfermedad cardiovascular; obesidad;
escolares; México
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An increase in sedentary activities and low physical
activity (PA) patterns are the main risk factors for
obesity, diabetes and cardiovascular disease (CVD).'?
Mexican children spend 4.1 hours/day on sedentary
activities® and a high prevalence of risk markers has
been reported among Mexican children.! Meanwhile,
the importance of physical activity as an effective strat-
egy to prevent obesity and reduce the risk of CVD has
been recognized.>> Aerobic exercise promotes better
oxygen transportation, increases HDL cholesterol and
decreases blood pressure, total and LDL cholesterol,
insulin resistance and abdominal obesity.>® Neverthe-
less, recommendations on how to achieve specific health
benefits are controversial.

To achieve changes in CVD risk factors in children
and prevent obesity, the Center for Disease Control and
Prevention suggests at least 60 minutes of moderate-
intensity PA on most days of the week,” while the
American Dietetic Association recommends 30 minutes
five times/week,® and other authors recommend 30-40
minutes 3 to 5 times per week during 12 weeks.’

Though some PA interventions have shown con-
tradictory results in terms of reducing obesity and
CVD,3810 improvements in triglycerides and blood
pressure from PA have been strongly demonstrated,*!13
and the only non-randomized trial in Mexican children
showed that a 20 minute exercise routine reduces these
markers.* In addition, while schools have been pro-
posed as an ideal setting to promote PA,1>1® Mexican
school-aged children only spend 12 min/week on mod-
erate to vigorous PA and physical education classes do
not meet national recommendations.'”

In this study, we describe the design, implementa-
tion and evaluation of a new routine as compared to a
reference routine and its effect on CVD risk markers in
Mexican school-aged children.

Material and Methods
Subjects

Children between 8 and 12 years of age from two public
elementary schools in Toluca, Mexico State were invited
to participate (n=564); those with chronic diseases, who
could not exercise or were underweight (body mass in-
dex (BMI) <5 percentile) (n=11) were excluded. Schools
were selected by convenience. Of 171 schools in the city,
58 were located near the research center, 10 had more
than 400 children, and six had adequate playgrounds.
Only two agreed to participate. All school authorizations
were obtained. The children agreed to participate and
their parents signed informed consent.

Both schools are urban public elementary schools.
According to information provided by the principal,
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children belong to a medium socio-economic level and
most of the parents are government employees. Exercise
exposure among all children was the same. Children in
both schools receive 1 hr/week of physical education
classes in accordance with institutional guidelines and
a health promoter is sent to each school for physical
education classes.

The study was approved by the Institutional
Review and Ethics Board of the National Institute of
Perinatology, Mexico City.

Instruments and Procedures

We designed the routines under the supervision of a
physical educator from the Mexican National Sport
Commission. Each routine included different fitness,
gym, aerobics and dance exercises. Children in routine
Areceived the reference activity (20 min of less intensity)
while children in routine B received the new activity
(40 min of aerobic exercises). Both routines included an
initial-phase with warm-up exercises, a middle-phase
with aerobic exercises and a final-phase for relaxation,
in accordance with national guidelines.!®

The middle-phase reflected the main difference be-
tween routines. Routine A (10 min) included marching,
forward and backward walking without moving arms,
separate arm and leg elevations, lunges and slow dance
moves. Routine B (30 min) included more difficult exer-
cises involving more effort, coordination and intensity.
All exercises included simultaneous movements of arms
and legs.

Before implementation, routines were tested in a
pilot group to evaluate their feasibility. Music used was
selected according to rhythms for exercise. Routines were
conducted by a certified physical education trainer after
school from Monday through Friday during 12 weeks
(August- November 2008). Trained personnel supervised
exercise sessions daily. Implementation and duration time
for routines were based on previous studies.5!!

Afitness test was performed for each participant to
determine their initial physical fitness level, according to
national recommendations.'® A validated PA question-
naire was administered before and after the interven-
tion to obtain self-reported usual physical activity level
(PAL) and hours/day spent on sedentary activities."

To evaluate routine intensity, a computer heart rate
monitor (Polar RS400, Kempele, Finland) was used to
record mean and highest heart rates (HR) throughout
the intervention. Each child was monitored monthly. All
HRs were averaged and the %HRmax was calculated
using the predicted maximal HR equation proposed by
Tanaka et al.2’

Anthropometric (weight, height, waist circumfer-
ence), clinical (blood pressure) and biochemical measure-
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ments (glucose, total cholesterol, HDL cholesterol, LDL
cholesterol, and triacylglycerol (TAG)) were obtained
in August and December 2008 using the methodology
described elsewhere.!*?! Fat mass percentage (FM%)
was measured using bioelectrical impedance analysis
(Quantum II Desktop BIA, RJL) with the equation for the
pediatric population. Overweight was defined as BMI
285th percentile and obesity as 295th percentile.? The
risk level for abdominal obesity was defined as waist
circumference 90" percentile, by sex and age.> High
FMY% was defined as >30% for girls and >25% for boys.
Pre-hypertension and hypertension were defined as the
average of two measurements 90" percentile and >95™
percentile, respectively.? Cutoff levels for biochemi-
cal risk variables were: high glucose >100 mg/dL,%
high insulin concentrations >15 yU/ml,* high HOMA
23.16,%% high TAG 2150 mg/ d1,? high total cholesterol
>200 mg/dL,* high LDL cholesterol >130 mg/dL* and
low HDL cholesterol <40 mg/dL.%After intervention,
children’s satisfaction was assessed with an informal
questionnaire.

Data analysis

The sample size (n=131) was calculated based on the
effect of a 20 min exercise routine on systolic blood
pressure,* with a confidence level of 95% and a power
of 80% (EPIDAT version 3.1). Baseline differences were
identified using Student’s t-test, Mann-Whitney U and
Chi-square tests. Data were analyzed by sex, age (<9,
10, and =11 year old) and weight status. Differences
before and after the intervention were identified using
paired Student’s t-test or Wilcoxon tests. Mann-Whitney
U was used to identify differences in heart rate and
a general linear model was used to compare differ-
ences among the effects on CVD risk markers between
groups. The Statistical Package for Social Science (SPSS
Inc, Chicago TL Version 16) was used for all statistical
analyses. Differences were considered significant when
p<0.05. Intention to treat and complete case analysis was
conducted. Children lost to follow up were assumed to
have maintained baseline values (baseline observation
carried forward imputation).

Results

Intention to treat analysis

Of 319 children, 190 (59.6%) were girls (8 to 12 years of
age). The proportion of girls and boys was the same
among age categories (p=0.374). Figure 1 presents the
percentages of normal weight, overweight and obesity
by sex and age, and divided by study group.
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Before intervention, children in routine A had
higher DBP levels and lower TAG concentrations than
children in routine B (Table I). Girls had higher insu-
lin, TAG concentrations and HOMA index than boys
(p<0.022). BMI, waist circumference, FM%, SBP, insulin
concentrations, insulin resistance and HDL cholesterol
increased by age (p<0.030). Prevalence of CVD risk
markers did not differ between groups by sex or age.
Children in routine B had a higher prevalence of hy-
pertriglyceridemia (p=0.035) and a lower prevalence of
high DBP (p=0.045). No other differences were observed
between groups (Table II).

Most children (95%) were classified as begin-
ners (fitness test) and all were classified as sedentary

Routine A

8-9years |0years |l-12years 8-9years |0years |1-12 years

old old old old old old
Girls Boys
n=140
Routine B

100+

8-9years |0years |l-12years 8-9years |0years |l-12 years
old old old old old old

Girls Boys
n=179

. Obesity . Overweight Normal weight

FIGURE |.PERCENTAGE OF NORMAL WEIGHT, OVERWEIGHT
AND OBESITY IN GIRLS AND BOYS BY AGE GROUP. TOLUCA,
MEexico STaTe; 2009.
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DIFFERENCES IN ANTHROPOMETRIC, CLINICAL AND BIOCHEMICAL BASELINE VARIABLES,
BY STUDY GROUP.ToLuca, Mexico STaTe; 2009
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Routine A (n=140) Routine B (n=179) p value
Age (years)* 10.00 (8.00 - 12.02) 10.01 (8.00 - 12.08) 0.458
Boyst 407 (57) 402 (72) 0.929
Girlst 59.3(83) 59.8 (107)
Body mass index* 19.25 (13.36-30.22) 19.19 (12.61-33.15) 0.823
Waist circumference (cm)$ 70.65+10.60 71.96x11.83 0.308
% Body fat mass* 25.05 (11.70-42.89) 25.08 (10.00-59.00) 0.771
Systolic blood pressure (mmHg)* 92.00 (60.00-118.00) 94.00 (59.00-124.00) 0.326
Diastolic blood pressure (mmH)* 57.50 (27.00-79.00) 49.00 (24.00-78.00) 0.001#
Glucose (mg/dL)} 96.64+8.66 96.35£7.61 0.752
Insulin (pU/mL)* 5.96 (1.30-26.40) 5.63 (0.15-57.00) 0.971
Insulin resistance (HOMA)* 1.43 (0.30-7.13) 1.32 (0.30-11.81) 0.992
Total cholesterol (mg/dL)’ 169.28+23.37 171.55+27.79 0.439
LDL cholesterol (mg/dL)} 105.52+21.73 102.66+25.08 0.288
HDL cholesterol (mg/dL) 44.80+7.09 43.57+6.65 0.114
Triglycerides (mg/dL)} 91.25 (43.00-271.50) 109.00 (42.00-281.00) 0.001#
* Difference analyzed with Mann-Whitney U test, median (range).
* Difference analyzed with Chi-square test, % (n)
§ Difference analyzed with Student’s t-test , mean+SD
#p <0.05
TasLe Il
BASELINE AND FINAL PREVALENCE OF CARDIOVASCULAR DISEASE RISK MARKERS,
BY STUDY GROUP.ToLuca, Mexico STaTE; 2009
Prevalence Routine A (n=140) Routine B (n=179)
Baseline Final p value* Baseline Final p value*
Overweight/obesity (%) 43.6 386 0.042* 48.6 425 0.001#
Abdominal obesity (%) 236 252 0.157 25.7 263 0.655
High fat mass percentage (%) 35 36.4 0414 36.3 358 0317
High systolic blood pressure (%) 1.4 0 0.046* 22 0 0.032%
High diastolic blood pressure (%) 10 0 0.001% 3.4 0 0.020%
High glucose (%) 357 337 0.162 27.9 25.3 0.197
High insulin (%) 9.3 Il 0.593 12.4 15.6 0.109
Insulin resistance (%) 143 133 0.808 16.4 14.0 0.572
High total cholesterol (%) 8.6 5.7 0.102 I5.1 12.3 0.398
High LDL cholesterol (%) 237 20.7 0617 29.2 258 0233
Low HDL cholesterol (%) 122 13.6 0275 15.7 1.8 0.366
High triglycerides (%) 13.6 10 0.040¢ 229 17.9 0.021%

* Differences from baseline to final prevalence analyzed by chi-square test.
*p<0.05
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(PAL=1.02), spending 4.2 hours/day on sedentary ac-
tivities. Overweight and obese children had lower PAL
than normal-weight children (1.01 vs. 1.02, p=0.008);
boys had higher PAL than girls (1.02 vs. 1.01, p=0.012).

The participation rate in the intervention was 90%
for both routines. Children in routine B showed higher
heart rates (Figure 2) and more children in routine B
achieved the aerobic exercise threshold of 120 beats/
min (81.9 vs. 65.9%, p= 0.002) and worked at a higher
%HRmax (65.44% vs. 62.03%, p<0.001). Children in rou-
tine A presented a significant decrease in DBP, with a
positive effect shown in 47%. Fat mass percentage, BMI,
SBP, DBP and TAG decreased in the children in routine
B, with a positive effect ranging between 38-45% of
children. Mean changes for the variables are presented
in Table III.
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FIGURE 2. DIFFERENCES IN HEART RATE MEASURED DURING
THE INTERVENTION, BY STUDY GRouP (N=319).
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The effect on CVD risk markers was not different
between boys and girls. In routine A, there was a greater
effect on DBP for overweight or obese children than
for those with normal weight (-12.06 vs -6.78 mmHg,
p=0.029). A greater effect on DBP was shown for younger
children (-14.22 mmHg for 8-9 years old; -7.54 for 10
years old; -3.36 mmHg for 11-12 years old; p=0.001).
For children in both groups with baseline alterations,
a greater effect on all CVD risk markers was observed
compared to children with normal values (p<0.041).
The prevalence of overweight and obesity, hypertrig-
lyceridemia and high blood pressure decreased for both
groups (Table II). Inter-group differences showed that
routine B had a greater effect on SBP and DBP compared
to routine A (Table III).

Complete case analysis

Of the 319 children in the intervention, 105 (33%)
dropped out, mainly because they had another evening
activity or did not had enough time. Baseline character-
istics were similar between participants and those who
dropped out (p>0.05).

Greater intra-group differences were observed for
the same CVD risk markers. Additionally, a positive
effect on FM% (-2.83+1.65%) and HDL (2.86+3.67mg/
dL) (p<0.010) was shown for children in routine A. Inter-
group differences were also similar.

After six months of intervention, all children con-
tinued to be sedentary (PAL =1.02); no differences were
observed between groups. Most of the children (98%)
reported that they liked the routines; 88% said they
would like to practice them again.

Discussion

To our knowledge, this is the second school-based study
done in Mexico to report positive effects on some CVD
risk markers in children. Routine B showed a greater
improvement in SBP and DBP, likely associated with
aerobic exercise. These results will enable guidelines
to be proposed to develop better exercise programs for
Mexican school-aged children.

The positive effect of exercise on SBP and DBP
values was in accordance with results reported in pre-
vious studies; in Mexican children, reductions in blood
pressure were observed with a 20 min exercise routine,
and in African-American teenage girls, aerobic exercise
proved to reduce blood pressure more than the regular
physical education classes.!

In terms of the reductions shown in the preva-
lence of BMI and overweight/obesity, our results are
similar to previous studies with 6-10 year old chil-
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TasLe llI

COMPARISON OF CHANGES IN CARDIOVASCULAR DISEASE RISK MARKERS,
BY STUDY GROUP.ToLuca, Mexico STaTg; 2009.
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Change in variables Routine A Routine B 4

(delta values)* (n=140) (n=179) p valuet

Body mass index -0.67 (-0.17 t0 0.05) -0.09 (-0.96 70 -0.84)¢ 0.675
Abdominal circumference (cm) 0.16 (-0.14 to 0.46) 0.15 (-0.12 to 0.42) 0.960
Body fat mass (%) -2.06 (-2.62 to -1.50) -1.88 (-2.45 to -1.31)8 0.662
Systolic blood pressure (mmHg) 0.26 (-1.65 to 2.17) -3.22 (-4.65 to -1.79)8 0.004%
Diastolic blood pressure (mmHg)* -5.64 (-8.58 to -2.70)§ -9.51 (-12.02 to -7.00) 0.001%
Glucose (mg/dL) 0.60 (-1.21 to 2.41) -0.88 (-1.70 to -0.06) 0.114
Insulin (pU/mL) 0.91 (0.16 to 1.66) 1.17 (0.44 to 1.90) 0.643
Insulin resistance (HOMA) 0.26 (0.06 to 0.46) 0.15 (-0.01 to 0.31) 0.429
Total cholesterol (mg/dL) 1.08 (-1.83 to0 3.99) -0.70 (-3.38 to 1.98) 0.378
HDL cholesterol (mg/dL) 1.61 (0.42 to 2.80) 0.89 (-0.21 to 1.99) 0.567
LDL cholesterol (mg/dL) -1.75 (-5.84 t0 2.34) -0.26 (-3.44 t0 2.92) 0.385
Triglycerides (mg/dL)# -3.10 (-8.83 t0 2.63) -7.65 (-12.38t0 -2.92) ¢ 0.301

* Change in score (final mean minus baseline mean)

#Mean (95% confidence interval) analyzed by general linear model
§ Significant intra-group change analyzed by Wilcoxon test.
#Adjusted by baseline value or concentration.

& Significant inter-group change, p<0.05

dren using similar interventions (short term, aerobic
exercise).”>* And while prevalence of overweight/
obesity decreased in both groups, the reduction was
significant for routine B, which was associated with
longer duration (200 min/week vs. 100 min/week);
this result is consistent with a meta-analysis that pro-
posed that 155-180 min a week of moderate to intense
exercise is needed to reduce weight and body fat.2 In
accordance with other studies, a reduction in FM%
was observed for routine B,>?7333 and the reductions
were similar with those found in 9-10 year-old children
from Spain.%

TAG concentrations and the prevalence of hyper-
triacylglycerolemia also decreased in the children in
routine B, in accordance with what has been reported
previously for school-aged children from different
countries.*'2 Also similar to previous studies, children
with baseline alterations showed greater changes than
children with normal values.5%111%3¢

As was the case for the results of a previous Mexican
study, no positive effects were observed for glucose,
insulin, insulin resistance, total cholesterol or LDL
cholesterol;'* other studies have shown inconsistent
results for these markers,* with some of the positive
interventions having also included dietary modifica-
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tions or an educational component.!*® In addition, An-
dersen et al. proposed that 90 min sessions are needed to
modify insulin resistance, which seems to be the central
feature of the CVD factors cluster.®”

Furthermore, it has been hypothesized that genetics
affect exercise performance and the capacity of exercise
to change body composition, blood pressure and other
biochemical serum concentrations.*’ Therefore, due to
Hispanics having an increased risk of diabetes and CVD
associated with both genetics and cultural background,*
comparing our data with that of children with different
ethnic and geographic conditions could be biased be-
cause of the difference in responses to exercise interven-
tions among children with different backgrounds.#04!

Ahigh attrition rate is one of the main limitations of
this study. Due to the dropout rate of 33%, the analysis
presented is based on intention to treat.”’ In addition,
school selection and individual routine designation was
not possible, resulting in baseline differences between
groups.

Since diet was not measured, the possibility that
some subjects may have increased or decreased their
dietary intake cannot be ruled out. In addition, children
may modify some lifestyle behaviors just to be included
in the study. Furthermore, no follow up measures were
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possible to evaluate the effect of the results and the
usual PA among children was measured subjectively
and therefore may not provide an accurate description
of activity. Puberty was another variable that was not
assessed and it is well known to be associated with body
fat and insulin resistance.

In this study, children were able to exercise at an
average of 60% HRmax and the intervention lasted
only three months, lower than the recommendation for
achieving positive results.*2 In addition, since daily HR
was not measured for all children, the wide intra- and
inter-individual variation of this measurement could
be a source of bias.!? This variation was minimized by
controlling confounding factors. In addition, the in-
ability to control children individually was an obstacle
during intervention. Insufficient playground space was
another limitation.

Finally, while both exercise routines had positive
effects on some CVD risk markers, routine B had a
greater positive effect on high blood pressure. The low
exercise patterns, high prevalence of obesity and high
proportion of CVD risk alterations in these children are
consistent with previous findings in Mexico.*?"* We
propose that school physical education classes and/
or extracurricular exercise programs provide aerobic
exercises with moderate to vigorous intensity, at least
five times/week, with 40 minutes duration.
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