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ABSTRACT

Introduction: Obesity in children is considered a risk fac-
tor for metabolic and cardiovascular disorders at an early 
age. Objective: To identify the relationship among envi-
ronmental and family variables on cardiometabolic risk 
factors (CMRF) in school-age children, and to compare 
such CMRF by weight status. Material and methods: A 
cross-sectional design was used. A 228 children and their 
mothers were randomly selected from public and private 
elementary schools. Measurements in children included: 
body fat percentage (BFP), systolic and diastolic blood 
pressure (SBP, DBP), acanthosis, lipids, glucose, C-
reactive protein (CRP), and self-care activities. Mothers 
were assessed for: BFP, sociodemographic, family history, 
mothering style. School environment variables were also 
evaluated. Results: Children and mother’s mean ages were 
8.5 and 36.8 years, respectively. Mother schooling mean 
was 12.4 years. Overweight or obese (Ow/OB) children 
(70.2%) showed higher values in SBP (p = 0. 040), low-
density cholesterol (p = 0. 018), triglycerides (p = 0. 003), 
glucose (p = 0. 022) and CRP (p = 0. 001) and lower in 
high-density cholesterol (p = 0. 004). Age and child gen-
der, mothering, and mother schooling infl uenced CMRF 
[Wilk’s Lamda = 0.65, F = 21.71, p < 0.001]. Conclusions: 
Children with Ow/OB in a obesogenic environment are 
more likely to develop CMRF. It is necessary to promote 
the identifi cation and treatment of CMRF at an early age as 
well as promote healthier family and school environments.

RESUMEN 

Introducción: La presencia de obesidad en niños se con-
sidera un factor de riesgo para enfermedades metabólicas 
y cardiovasculares a temprana edad. Objetivo: Identifi car 
la infl uencia del ambiente/familia en los factores de riesgo 
cardiometabólico (FRCM) en escolares y compararlos con 
su condición de peso. Material y métodos: Diseño trans-
versal explicativo. La muestra estuvo conformada por 228 
pares madre-hijo seleccionados aleatoriamente de escuelas 
primarias públicas y privadas. Mediciones en niños: por-
centaje de grasa corporal (PGC), presión arterial sistólica 
(PAS) y diastólica (PAD), acantosis, lípidos, glucosa, pro-
teína C reactiva (PCR) y autocuidado; Madres, PGC, datos 
sociodemográfi cos, historia familiar, crianza materna; y en 
escuelas: ambiente escolar. Resultados: Edad promedio: 
niños 8.5 años y madres 36.8 años. La escolaridad materna 
promedio fue 12.4 años. Los niños con sobrepeso u obesidad 
(SP/OB) (70.2%) mostraron valores más altos en la PAS (p 
= 0.040), colesterol baja densidad (p = 0.018), triglicéridos 
(p = 0.003), glucosa (p = 0.022) y PCR (p = 0.001) y más 
bajos en colesterol de alta densidad (p = 0.004). Tanto 
la edad y género del niño como la escolaridad y estilo de 
crianza materno infl uyeron en los FRCM [Lamda de Wilk 
= 0.65, F = 21.71, p < 0.001]. Conclusiones: La presencia 
de SP/OB fue alta, y en conjunto con un ambiente familiar 
obesogénico favorecen la prevalencia de FRCM. Es nece-
sario promover un diagnóstico y tratamiento de FRCM a 
temprana edad, así como favorecer ambientes familiares 
y escolares más saludables.
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INTRODUCTION

Obesity is a multifactorial disease in which, 
amongst others, family and environmental 

factors interact in a complex way. Childhood 

obesity represents a serious problem around 
the world. According to estimations of the 
World Health Organization (WHO) by 2010 
there were approximately 42 million children 
with some degree of overweight or obesity.1 
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In Mexico, the National Health and Nutrition 
Survey (ENSANUT 2012) estimates that the 
joint prevalence of overweight and obesity in 
school-age children reaches a 34.4%.2

Childhood obesity is considered a risk fac-
tor for the development of cardiometabolic 
diseases (e.g., hyperlipidemia, type 2 diabe-
tes, hypertension, vascular damage function, 
atheroma, coronary artery disease, and in-
flammation)3-5 which altogether constitute the 
so-called cardiometabolic risk factors (CMRF).6

Some authors report high prevalence of 
metabolic and cardiovascular risk factors even 
among Mexican school-age children (hyperten-
sion, hypertriglyceridemia, hyperinsulinemia, 
hypercholesterolemia, insulin resistance, hyper-
glycemia, impaired C-reactive protein (CRP), 
decreased HDL) not showing overweight or 
obesity.7,8

The scientific literature reports the existence 
of family and environmental factors associated 
with the presence of obesity in children. Re-
garding family factors, it is known that the risk of 
obesity increases between 1 and 4 times when 
the mother is overweight or obese, when more 
than one family member has obesity, when one 
of them has dyslipidemia, or when the mother 
presented hyperglycemia during pregnancy.9-11

On the other hand, family behaviors play 
a decisive role in the development of obesity. 
Records indicate that the behaviors adopted 
by parents (e.g. parenting style) as well as their 
change in attitudes and strategies of parental 
care, have both positive and negative influ-
ences on the management and development 
of obesity.

Among the positive influences, it has 
been found that parental attitudes (perceived 
responsibility) and the monitoring of fats in 
the diet predict the decrease in BMI of low 
risk children (i.e. those with no family history 
of Ow/OB). Similarly, the presence of eating 
pressure predicts the decrease in BMI for these 
same children. The involvement of parents in 
reducing the weight of their children by par-
ticipating in active play games and by encour-
aging water consumption, has shown positive 
effects that are reflected for up to two years 
after the intervention.12 In contrast, among 
the negative aspects, it has been found that 
an excessive concern for the child’s weight, a 

parental perception of the child’s weight, and 
the restriction of fatty foods predict an increase 
in BMI of high-risk children.12 Similarly, it has 
been observed that mothers with less sensitive 
attitudes (not stressed, respectful, non-intrusive) 
have preschool children that are overweight.13 
Also, parents of children with obesity, set fewer 
limits and strategies to control food intake in 
obese children than parents with normal weight 
children.14

Regarding environmental factors, it is rec-
ognized that the environment at home and 
at school directly influence the problem of a 
children’s obesity. Households with more than 
four members, medium or low income, ac-
cess to high-calorie diets, three or more hours 
watching television, and irregular meal times 
are associated with the presence of overweight 
or obesity.15-18

Schools with greater availability of fried 
foods or desserts, as well as the existence of 
food vending machines in schools and other 
public places where children attend, irregular 
meal times, combined with the ads on tele-
vision and on streets targeting children, are 
associated with a higher risk for developing 
obesity.19-21

However, the effect of the home environ-
ment, represented by the parental strategies 
and the school environment (for food and 
physical activity) on cardiometabolic risk fac-
tors has not been sufficiently studied. Likewise, 
there is a lack of research studies that value 
self-care activities performed by the child in 
relation to his diet and management of physical 
activity, therefore, the purpose of this study was 
to identify the effect of family and environmen-
tal variables on the CMRF among school age 
children, 7 to 10-years old and disaggregate 
them by weight values.

MATERIAL AND METHODS

We performed a cross-sectional study 
including dyads of school-age children at-
tending public and private schools located 
in Durango, Mexico and their mothers. The 
sample was composed of 228 mother-child 
dyads, which were selected from 10 schools 
by cluster sampling. Considering the lists of 
school attendance and using the statistical 
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package n-Query 4.0,22 the General Linear 
Model (GLM) was selected as the statistical 
test with five independent variables, 0.05 
level of significance, 0.90 power, and size 
effect of 0.09, with a non-response rate of 9%.

Children aged between 7 and 10 years, 
apparently healthy, with maternal consent 
for their participation were included in the 
study. Mothers were literate and consented to 
their participation. Children with a previous 
diagnosis of endocrine or metabolic disease 
according to maternal report were excluded 
from the study, as well as mothers who were 
not the primary caregiver.

Measurements

Personal factors: For children we measured 
age, gender, birth weight, child number and 
history of receiving breastfeeding, obtained 
from the mother. They also answered the 
scale of physical activities on eating habits23 
from which we only assessed 11 items related 
to eating habits (2, 3, 4, 5, 6, 7 and 8) and to 
physical activity (11, 15, 22 and 27).

Family factors: Mothers reported socio-
demographic data, family history of cardio-
metabolic disease; they also responded to 
the scale of mothering on diet and children 
activity24 as part of family obesogenic environ-
ment; their BFP was also recorded.

School obesogenic environment: A list 
consisting of 12 statements was developed 
to assess nutrition and physical activity at 
school. Researchers observed and registered 
children food characteristics, and frequency 
of consumption, as well as presence and ac-
cessibility of sport fields or gyms to do exer-
cise. Children also informed about minutes 
per day and per week that they engaged in 
physical activity or sports at school. Indexes 
were created using the scores, where higher 
values indicated healthier nutrition and physi-
cal activity in the school environment. Lower 
scores indicated a more obesogenic school 
environment.

Cardiometabolic Risk (CMRF): Anthro-
pometric, clinical, biochemical and pencil 
& paper measurements were performed. 
For the anthropometric measurement, waist 
circumference was measured using a Seca® 

fiberglass measuring tape and classified ac-
cording to age, gender, and ethnic group.25 
Height was measured with a metal stadiom-
eter. The weight and body fat percentage of 
mother and child, who were wearing light 
clothing and no shoes, were measured with 
a TANITA® scale, BC-558 Segmental Body 
Composition Monitor model. The BMI was 
calculated using the formula weight/height,2 
and it was classified by age and gender,26 the 
children’s Body Fat Percentage (BFP) was clas-
sified according to age and gender.27

Among clinical assessments, systolic and 
diastolic blood pressure (SBP, DBP) of chil-
dren was measured at two points, with 10 
and five-minute rests between each mea-
surement. An Omron® pediatric mercury 
sphygmomanometer was used with bracelets 
according to the child’s arm circumference 
(9 or 11 cm). The mean values were used 
to classify them by age, gender and height 
percentiles.28 The presence of acanthosis 
nigricans in children, in the neck, armpits, el-
bows, knuckles and knees was also assessed. 
The degree to which the area was affected 
was classified as mild, moderate, and severe, 
according to color, extent of area affected, 
and skin texture.29

The biochemical assays on capillary 
sample of children fasting for 12-hours was 
saved in capillary tubes of 30 μL to assess 
lipid profile and glucose and 50 mL for CRP. 
The samples were analyzed with the Cho-
lestech LDX® which provides results in five 
minutes for glucose and lipid profile with 
units in mg/dL, and in seven minutes for 
CRP with units in mg/L. The corresponding 
classification was performed with the values 
obtained.30-32

This study was approved by the Institu-
tional Ethics and Research Committee. All 
participants, parents or individuals respon-
sible for the children signed an informed 
consent, and children gave their approval to 
participate in the study.

Descriptive statistics, parametric and non-
parametric statistics (Kolmogorov-Smirnov, 
Mann Whitney, Spearman correlation, mul-
tiple linear regression, and generalized linear 
models) were performed to analyze the data 
using the SPSS 18.0 statistical package.
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RESULTS

The sample consisted of 228 children and 211 
mothers recruited from public (47.4%) and 
private (52.6%) schools in the city of Durango. 
The mean age of the children was 8.5 years (SD 
= 1.0), 96.8% of them reported family history 
of cardiometabolic disease (38% overweight or 
obesity, 55.2% high cholesterol, 62.4% diabetes 
and 62.9% hypertension).

Regarding the anthropometric character-
istics, the mean weight and height of children 
participating in the sample was 33.9 kilos (SD 
= 9.6) and 1.32 m (SD = .08), with a mean 
calculated BMI of 18.8 kg/m2. The mean waist 
circumference was 63 cm (SD = 11.0), while 
the mean percentage of body fat was 27.8% 
(SD = 6.7). The weight status of children varied 
according to the measurement parameter. The 
waist circumference, the BMI and the body fat 
percentage, respectively, showed a 27.6%, a 

45.3% and a 70.2% overweight level or some 
degree of obesity or abdominal obesity.

The most prevalent CMRF in school-age 
children were overweight (31.6%) or obesity 
(38.6%) according to the BFP which together 
represented 70.2%, inflammation and risk of 
coronary heart disease according to the CRP 
(37%), acanthosis nigricans as an indicator of 
insulin resistance (32.9%), and alteration of 
triglycerides (31.6%).

The individual difference of CMRF among 
children was verified by the presence or ab-
sence of overweight or obesity according to 
the percentage of body fat. The results showed 
mean differences in some parameters, children 
with overweight or obesity showed higher 
values in systolic blood pressure (p = 0.040), 
LDL (p = 0 .018), TRIG (p = 0.003), GLUC (p 
= 0.022) and CRP (p = 0.001) and lower in 
HDL (p = 0.004), as shown in table I.

Table I. Means differences in CMRF according to the body fat percentage in school-age children.

Variables % fat
Minimum 

value
Maximum 

value M Mdn SD U p-value

Systolic blood pressure L/N 65 105 88.5 90 7.5 -2.05 0.040
W/O 70 120 92 90 9.8

Diastolic blood pressure L/N 40 80 61 60 7.0 -1.20 0.229
WO 40 80 63 60 6.5

Acanthosis index L/N 0 1.2 .14 0 .28 -.88 0.377
W/O 0 1.2 .15 0 .24

TC (mg/dL) L/N 99 204 157 158 23 -1.20 0.229
W/O 99 295 159 159 28.6

HDL (mg/dL) L/N 15 101 52.4 52 15.2 -.287 0.004
W/O 14 132 47.1 44 15.4

LDL (mg/dL) L/N 19 134 69.2 83.5 36.3 -2.37 0.018
W/O 19 221 81 90.5 37.8

TRIG (mg/dL) L/N 44 332 79.9 62 56.4 -2.92 0.003
W/O 44 441 95.4 84 54.4

Glucose (mg/dL) L/N 76 109 91.2 91 7.4 -2.29 0.022
WO 53 203 94.4 93.5 12.8

CRP (mg/L) L/N .30 10 .70 .39 1.3 -4.21 0.001
W/O .30 10 1.90 .88 2.4

Family history L/N .00 16 4.4 4 2.99 -.84 0.396
W/O .00 17 4.7 4 3.0

L/N = low or normal weight; W/O = Overweight or obesity; U = Mann-Whitney statistical test.
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Moreover, the mean age value for mothers 
was 36.8 years (SD = 5.3) and 12.4 the years 
of schooling (SD = 2.3), it is noteworthy that 
the median value for this variable was higher 
for mothers of private schools (15.2 years ) 
than of public schools (9.6 years) and showed 
a significant difference (U = 1366, p = 0.001). 
On the other hand, the mean number of 
people per household was 4.6 members (SD 
= 1.59).

Regarding the anthropometric character-
istics of mothers, the mean values obtained 
were: for weight, 70.3 kilograms (SD = 12.8); 
for height, 1.57 m (SD = 0.06); for the BMI 
calculated, 28.2 kg/m2 (SD = 5.1); for waist 
circumference, 86.8 cm (SD = 12.7), while 
the mean percentage of body fat was 37.5% 
(SD = 6.5). The weight status of mothers varied 
according to the measurement parameter used. 
According to waist circumference, BMI and 
body fat percentage, 45.2%, 69.7% and 76.3% 
of mothers, respectively, showed overweight or 
some degree of obesity.

Since not all variables showed a normal 
distribution, a bivariate correlation with Spear-
man nonparametric test was performed to 
analyze the relationship between variables. 
The results showed that maternal education 
was positively associated with the nutrition of 
the school environment (p < 0.05) and with 
the physical activity of the school environment 
(p < 0.01). Furthermore, an inverse correlation 
between the age of the child and the physical 
activity of the school environment (p < 0.05), 
and between the birth number of the child and 

the physical activity of the school environment 
(p < 0.01) was found. The child’s management 
of nutrition and physical activity positively cor-
related with the nutrition in the school environ-
ment (p < 0.05) and the physical activity in 
the school environment (p < 0.01). No other 
significant correlations were found.

Furthermore, a multiple linear regression 
model was adjusted to verify the influence of 
the child’s gender, the number of people at 
home, and the level of maternal education 
on the child eating and physical activities. The 
model was significant [F (3,225) = 20.04, p < 
0.001] explaining 28.5% of the variance in a 
child’s activities related to the management of 
nutrition and physical activity (Table II).

A generalized linear model (GLM) with 
full vector CMRF (systolic and diastolic blood 
pressure, acanthosis, TC, HDL, LDL, TRIG, 
glucose, protein C reactive and BFP), was 
adjusted to identify the influence of family 
and environmental variables on CMRF. A con-
stant value of p <0.005 was used to identify 
those variables that correlated most strongly 
with each other. However, not all CMRF 
were significant, therefore, the 10-variable 
vector was modified using the technique of 
variable removal, until the final model was 
found where all variables were significant at p 
<0.005, reducing the vector to three variables. 
The percentage of body fat was considered 
the strongest effect since it showed statistical 
significance in all models.

Subsequently, a second MLG was adjusted, 
including HDL, LDL, CRP and children’s body 
fat percentage as dependent variables, and, 
as independent variables, family history, age 
of child, child’s gender, birth weight, adjusted 
child number, people at home, maternal womb, 
maternal age, education, occupation, paternal 
figure, maternal body fat, mothering, child ac-
tivities for managing his nutritional and physical 
activities, nutrition and physical activity in the 
school environment. The analysis adjusted 16 
models, of which the final model retained four 
variables (age and gender of the child, and edu-
cation and mothering) to explain three CMRF 
(HDL, LDL and BFP) [Wilks Lamda = .658, F 
= 21.71, p < 0.001].

DISCUSSION

Among the results of the study, family history 
of cardiometabolic disease, which included a 

Table II. Regression analysis child gender, number of people at home 
and maternal schooling as predictors of the child’s activities to manage 

his/her diet and physical activity.

Variables B SE β T p-value

Constant 22.46 5.37 4.18 .001
Child’s gender 3.21 1.72 .13 1.86 .064
People at home 1.35 .63 .16 2.13 .035
Education 1.78 .24 .55 7.42 .001

B = Beta, SE = Standard error, β = beta standarized.
a F (3,225) = 20.04, Adjusted R2 = .28, p < .001.
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history of diabetes, elevated total cholesterol, 
high pressure, and heart disease was found. 
However, maternal obesity was the more fre-
quent antecedent in the population studied. It 
is known that children whose mother has some 
degree of overweight or obesity, have higher risk 
of alteration these parameters.6,9,10,33,34

The most prevalent CMRF were hypertri-
glyceridemia, inflammation according to CRP, 
knees and neck acanthosis, and obesity accord-
ing to the body fat percentage. Regarding the 
weight status of children, higher percentages of 
overweight and obesity were found among chil-
dren attending public schools. The incidences 
reported in the literature are similar for both 
public and private schools,3,7,8,10,20 confirming 
that the epidemic of obesity can affect all chil-
dren regardless of their socioeconomic status.

On this same regard, joint prevalence of 
overweight and obesity was similar (45.3%) to 
the incidences reported by other authors, which 
range between 20 to 56.4%, when diagnosed 
based on the body mass index.2,7,8,20 However, 
in our study, when classifying children based on 
body fat percentage, the prevalence exceeds 
70%. This results agree with other authors35,36 

who report higher prevalence of obesity when 
compared body fat percentage and BMI, 
indicating that BFP measurement should be 
considered when assessing the prevalence of 
weight status in children, given the latent risk 
of maintaining such status until adulthood.37

Statistically significant differences were 
found in overweight or obesity, systolic blood 
pressure, LDL, TRIG, glucose and CRP, and 
lower HDL in children with normal weight. 
Several authors found similar results on the 
prevalence of CMRF in school-age children, 
reporting higher levels of glucose, triglycerides, 
and higher figures in systolic blood pressure of 
children with higher percentiles in BMI.33,7,38-

41 Some authors have noted, the risk factors 
for cardiovascular disease (inflammation and 
endothelial dysfunction) contribute to it even 
in people with normal levels of traditional risk 
factors for cardiovascular disease such as family 
history, physical inactivity, obesity, hyperten-
sion, hyperlipidemia levels, diabetes mellitus, 
and coronary artery disease.41,42 The values 
of such parameters in our sample suggest the 
urgency of implementing more efficient policies 

aimed at improving the availability of healthy 
foods and facilities for physical activity, both at 
home and in the school. This will increase the 
likelihood that children consume a balanced 
diet and exercise, which would result in im-
proving their biochemical parameters.

One of the emerging markers of cardiovas-
cular disease is CRP, which provides information 
on chronic subclinical systemic inflammation 
and in this study was considered as a coronary 
risk factor for its strong and consistent relation-
ship with future cardiovascular events in adoles-
cence or adulthood.42,43 In our study, an impor-
tant percentage of children showed a moderate 
and high risk for coronary disease, with higher 
values especially among those children suffer-
ing OW/OB. In contrast, studies report similar 
prevalences in CRP as well as significant differ-
ences by weight status and correlation of CRP 
with HDL and systolic blood pressure in school 
age children.7,40,41,43-45 Also it is reported that 
weight status (overweight or obesity) is the best 
predictor of CRP elevation,43,46 suggesting that 
children at early stages in their life start with 
the development of inflammation, remaining 
subclinical for years until, in some cases, these 
symptoms are diagnosed in adolescence or 
adulthood, or when they present a coronary 
complication. This asymptomatic process de-
mands the need to include studies in children 
that identify not only the traditional factors of 
coronary or metabolic risk, but also the emerg-
ing risk factors for coronary heart disease, 
among which is the CRP.

Regarding the obesogenic environment, 
the study found that the number of people at 
home, maternal education, age and gender 
have an influence in the child’s nutrition and 
physical activity, both at home and at school. In 
this regard, it has been reported that children 
from large families (4 or more), as well as being 
an only child or having a sibling, represent risk 
factors for overweight or obesity.47,48 On the 
other side, there is evidence that the level of 
maternal education influences both the child’s 
weight status and the quality of the food the 
child eats,48,49 which could explain the reason 
why although children from private schools 
had mothers with better schooling, there was 
no significant difference in the values of over-
weight and obesity compared to the children in 
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public schools; although there was a significant 
difference in the levels of TC and HDL. This 
probably related to the greater consumption 
of high-calorie diets of low nutritional content 
given their availability, both at home and at 
school. It is likely that the acquisition of habits 
related to nutrition and physical activity by 
children in the home, justifies their practice in 
other contexts such as in school, even if those 
habits are unhealthy.

Finally, the study found that age, gender of 
the child, education and the family obesogenic 
environment (maternal parenting style) influ-
enced the CMRF (HDL, LDL and BFP). In this 
regard, Londoño49 mentions that the levels of 
the biochemical profile of school-age children 
tend to increase as they approach the preteen 
years; specifically the HDL and LDL values, 
and especially in girls, as occurred in this study. 
Regarding parenting style, it has been reported 
that children who grow up in more authoritar-
ian environments have habits for healthier eat-
ing, are more active, and have better BMI;50 
while a positive association between parenting 
style (permissive) reported the presence of 
overweight and obesity in school-age children, 
coupled with high socioeconomic status.51 In 
our study, besides finding this relationship with 
body fat percentage, an association was estab-
lished with the HDL and LDH, which could be 
explained by the fact that children with some 
degree of obesity tend to have alteration in 
these parameters.38,39

CONCLUSIONS

This study found that overweight or obese 
children had higher parameters in CMRF than 
underweight or normal weight children. The 
influence of environmental (school) and fam-
ily (mothering) variables in developing CMRF 
was confirmed. The combined prevalence of 
overweight and obesity based on the body fat 
percentage (BFP) was higher (70%) than when 
BMI (45%) is used. BFP was considered the best 
predictor of CMRF.

Research on the influence of the environ-
ment in the formation of habits among school-
age children is useful to help understand the 
complexity of the obesity development process. 
The results of our study should give healthcare 

professionals the opportunity of focusing on 
the promotion of healthy environments that 
increase the practice of better lifestyles and 
contribute to maintain or reduce the current 
prevalence of overweight and obesity, which 
should delay the onset of chronic diseases in 
adolescent and young population. Nursing Pro-
fessionals should reinforce relevant educational 
aspects in vulnerable populations, particularly 
starting from early stages that integrate birth 
and preschool-age children.
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