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Abstract

The International Diabetes Federation (IDF) does not justify the evaluation of metabolic syndrome (MetS) in
children aged less than 10 years, unless they have a family history of risk factors. The prevalence of overweight
and obesity in the Northwest of Mexico has increased in recent decades, making it possible to consider that MetS is
already present in this group of population.

Objective: The primary objective of this study was to determine the prevalence of metabolic syndrome in
children aged 6 to 9 years living in rural (RA) or urban (UA) areas of Northwest of Mexico. A secondary objective was
to find adequate criteria to diagnose the prevalence of MS in children.

Methods: Participated 268 school-aged children in a random-selected cross sectional study. Anthropometric
and blood pressure measurement were performed, and biochemical indicators were analyzed. MetS was defined
as the presence of three or more risk factors and diagnosed using three different criteria. One of them according to
what was proposed by the International Diabetes Federation (IDF) for children and two additional criteria proposed
by this study considering suitable cutoffs for age for lipids and blood pressure.

Results: The general prevalence of MetS according to the three different criteria used was as follows.1)
IDF criteria, 4.1%; 2) using cutoffs suggested for age for lipids and blood pressure and taking into account waist
circumference as a criterion for MetS, 6.3%; and 3) cutoffs suggested for age, lipids and blood pressure without
considering waist circumference as a criterion for MetS, 10.4%. Children living in the RA with a history of obesity
and cardiovascular disease had higher waist circumference, triglycerides, and very low-density lipoprotein-C, and
children from the UA had higher systolic and diastolic blood pressure, and higher levels of glucose and insulin.

Conclusion: MetS is present in children aged 6 to 9 years in the northwest region of Mexico, with higher
proportions of the syndrome observed in overweight and obese children. The second criteria used in this study could
be the most suitable for diagnosis of MetS, and the third criteria, for children at higher risk for cardiovascular disease
and type 2 diabetes mellitus associated to heredity factors.

L J

Currently, research on MetS focuses on identifying its components
in different populations and at different ages as well as developing a
useful definition for clinical and epidemiological practices. In addition
to the traditional components of MetS, researchers are considering
other indicators that could be helpful in identifying people at higher
risk, such as acanthosis nigricans (AN) and inflammatory markers
[8,9].
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Introduction

Overweight and obesity are highly associated with metabolic
syndrome (MetS). This is defined as a clustering of metabolic
abnormalities characterized by risk factors that are associated with
cardiovascular disease and type 2 diabetes mellitus (T2DM). These
factors are abdominal obesity, lipid profile alterations, glucose
intolerance, and hypertension [1]. The presence of MetS increases
the risk of developing cardiovascular disease and T2DM [2]. For
adolescents, the evaluation criteria are not well defined and there is no
accepted definition to diagnose MetS [3]. The International Diabetes
Federation (IDF) [4]. does not justify the evaluation of MetS in children
less than 10 years old, suggesting that the presence of MetS is out that
its presence is unlikely in this population. Nevertheless, IDF states that
more studies are needed to corroborate this statement.

In Mexico, T2DM and cardiovascular diseases are the main causes
of mortality in the adult population [10]. Risk factors leading to these
pathologies could be present during childhood mainly due to heredity
or life style factors such as inadequate diets higher in carbohydrates or
fat, together with low levels of physical activity [11,12].

In this context and according to data from the National Health and
Nutrition Survey in Mexico in 2012, the state of Sonora, located in the

One of the difficulties in evaluating MetS in children is the constant
change in the level of insulin during childhood and the presence of
physiological insulin resistance during puberty [5]. However, evidence
indicates that people who develop diabetes in adulthood had higher
body mass index (BMI) and subscapular skin fold as well as higher
levels of glucose, triglycerides, and insulin, higher blood pressure, and
lower levels of HDL-cholesterol (HDL-C) during childhood than those
who do not develop diabetes [6]. Additionally, the American Pediatric
Association suggests that cardiovascular risk factors be evaluated in
children between 2 and 10 years of age when they have family history
of cardiovascular diseases [7].
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northwest region of Mexico, is one of the states in the country with a
higher prevalence of childhood overweight and obesity (36.9%). Both
rural and urban areas are affected, although in different ways; there are
more overweight (24.8%) than obese (6.4%) children in rural areas,
whereas the urban areas have more obese (19.4%) than overweight
(18.3%) children [13]. Among the complications associated with excess
body fat are insulin resistance [14], non-alcoholic fatty liver disease,
hypertension, dyslipidemias, sleep disorders, orthopedic problems,
and psychological and social issues [15].

The evaluation of MetS in children and adolescents is important
for timely prevention and control of non-communicable disease
development such as heart disease and T2DM. Therefore, the primary
objective of this study was to determine the prevalence of metabolic
syndrome in children aged 6 to 9 years living in rural and urban areas
of Northwest of Mexico. A secondary objective was to compare MetS
prevalence differences based on three criteria in a sample of children
from Sonora, Mexico and determine the most appropriate criterion to
diagnose it in a pediatric population.

Materials and Methods

Study design and sample selection

For this study, a cross-sectional sample of school-aged children aged
6 to 9 years was assessed. Eighteen public elementary schools located in
two different areas (rural and urban) in the state of Sonora in northwest
Mexico participated in the study. In the rural area, 7 schools from
different towns were involved. In the urban area, 11 schools located
in the city of Hermosillo (the capital) participated in the study. The
rural and urban areas were defined according to the criteria established
by Villalvazo [16], who defined a rural area as having less than 15,000
inhabitants. A total of 295 children participated in the study.

Study protocol

The experimental protocol was approved by the Ethical Review
Board of Centro de Investigacién en Alimentacién y Desarrollo A.C.
We used simple random sampling for the selection of the schools. Forty
invitations were left in each school, inviting parents who had children
between 6 and 9 years old to participate in the study. Parents and
children who attended the invitation, received a detailed explanation of
the protocol and provided informed consent. The parents answered a
clinical questionnaire about family history of diabetes or cardiovascular
risks, current medical conditions, and medication use.

A standard questionnaire was used to collect information about
socio-demographic characteristics, and patient’s medical and family
history during face-to-face interviews conducted by trained staff.
Family history of obesity, diabetes, and cardiovascular disease were
defined as the existence of these conditions in at least one first-degree
relative.

Anthropometric measurements were performed according to
standard procedures. Body weight was measured using an electronic
scale with a capacity of 0 to 150 * 0.05 kg (AND FV-150 KA1; A&D
Co. Japan), and height was measured using a portable stadiometer
(Holtain Limited Dyfed, Britain, UK). BMI was calculated using weight
and height (kg/m?) and BMI for age z score, height for age z score, and
weight for age z score were calculated using the Anthro Plus software
[17]. Obesity was defined following World Health Organization
(WHO) criteria for children of the same age. Waist circumference
(WC), was measured with non-elastic tape (Lafayette Instruments,
USA) at the midpoint between the lower rib margin and the iliac
crest, perpendicular to the long axis of the body, with the subject

standing balanced on both feet. Body composition was measured using
bioelectrical impedance analysis (Impedimed IMP5™). Since we could
not assess a hydration status of the children before measurement, we
applied a brief clinical questionnaire to the parents in order to know if
their children presented illness or diarrhea episodes 5 days before the
evaluation. If the answer was positive, the child was not included in the
study. Total body fat and lean mass were obtained using the Ramirez-
Lopez formula developed for the population of school children
living in Sonora [18]. Body fat percentage was classified according to
Freedman s values for age and gender [19].

Blood pressure was measured according to the technique proposed
by the National High Blood Pressure Education Program (NHBPEP)
for children and adolescents [20] after 5 minutes of rest in a sitting
position with the child’s feet on the floor and their arms supported at
heart level. Two measurements were performed at 10-minute intervals
using mercurial sphygmomanometers (Desk Model Mercurial
Sphygmomanometer, Model 100, China Meheco Medical instrument,
RPC) with an appropriate cuff for the arm diameter. Hypertension was
defined as the average systolic (SBP) or diastolic (DBP) blood pressure
level greater than or equal to the 95" percentile for the child’s sex, age,
and height. AN was defined as a skin darkening and thickening at the
neck [21]. The determination of AN child was assessed by a trained
individual.

Biochemical analyses

Plasma obtained after overnight fasting was used to determine
plasma glucose, total cholesterol (TC), HDL-C, triglycerides, and
insulin. Two fasting (12-h) blood samples were collected from each
subject on 2 different days. Blood was collected in tubes containing
0.15 g/100 g EDTA to determine plasma lipids. Plasma was separated
by centrifugation at 1500 g for 20 min at 4°C then placed into vials
containing phenyl methyl sulfonyl fluoride (0.015 g/100 g), sodium
azide (0.01 g/100 g), and aprotinin (0.01 g/100 g).

TC was determined using an enzymatic method (CHOD-PAO)
with Roche-Diagnostic standards and kits [22]. HDL-C was measured
in supernatant after precipitation of apo B-containing lipoproteins
(23], and low density lipoprotein (LDL)-C was determined using
the Friedwald equation [24]. Triglycerides were measured using an
enzymatic method (GPO-PAP) with Roche-Diagnostics standards and
kits [25]. Means of two blood draws were used.

Plasma glucose was determined using an enzymatic method
(GOD-PAO) with Roche Diagnostic kits [26]. Fasting plasma insulin
concentration was determined by enzyme-linked immunosorbent assay
(ELISA) using a sandwich type immunoassay (ALPCO Diagnostics,
NH, USA). The homeostasis model assessment (HOMA) [27] was used
to calculate insulin resistance (IR) according to the following equation:
IR (HOMA IR) - fasting insulin (uU/mL) fasting glucose (mmol/L)
+22.5. The HOMA model has been shown to be a reliable method for
measuring insulin resistance in various populations when other more
invasive methods are not feasible [28]. The HOMA-IR value of 3.4 was
chosen as the reference value to define IR [28] and the insulin blood
concentration was classified as normal, borderline, or high [29].

Definition of metabolic syndrome

Because there is no single accepted criteria for the diagnosis of MetS
in children aged 6 to 9 years, the presence of MetS in this population
was determined using three different criteria as follows: 1) according
to the definition proposed by IDF [4] for children aged 10 years,
considering the presence of central obesity as a mandatory condition
for diagnosis coupled with the presence of two or more additional risk
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factors; 2) considering the presence of central obesity according to
the provisions of the IDF [4], but using predefined cutoffs for lipids
specific for children [30] and blood pressure [20]; 3) establishing the
presence of three or more risk factors regardless of central obesity as a
mandatory condition and using predefined cutofts determined by the
IDF [4] for waist circumference and glucose, the National Cholesterol
Education Program (NCEP) criteria [30] for lipids, and the NHBPEP
criteria [20] for blood pressure (Table 1).

Central obesity was defined as a waist circumference value at
or above the 90" percentile for sex, age, and ethnicity from the IDF
definition [4]. For the lipid profile, we considered the cut off values
from the National Cholesterol Education Program [30]. Triglycerides,
LDL-C, and TC were considered elevated when values were at or above
the 95" percentile for age and sex, and HDL-C was considered low
when the values were at or under the 5% percentile [30]. Elevated SBP
or DBP were defined as values at or above the 95" percentile for age,
sex, and height [20]. The reference value for impaired fasting glucose
was taken from the IDF and considered as 100 mg/dL or higher.

Statistical analysis

Normality of the data was verified and descriptive statistics were
performed to show the study population characteristics by rural/
urban area. Data are presented as means * standard deviations and as
medians and interquartile ranges accordingly. Normality and equality
of variances were evaluated and the tests were used accordingly. Two-
sample Student’s t-test was used to compare both areas of study. For
non-normal variables, we used the Mann Whitney U Test. For non-
equal variances, the Aspin Welch p value was selected. The Chi-squared
test for Independence was used to compare frequencies. Differences
with p<0.05 were considered significant. The kappa coefficient was
used to test the level of agreement for the three definitions. All data
were analyzed using NCSS 2007 (Number Cruncher Statistical System
for Windows, Kaysville, Utah, USA) Software.

Results

Children s anthropometric characteristics by area (rural and urban)
are presented in Table 2. The mean age of the children was 7.4 + 1.03

Three or more

IDF (2007), NCEP
(1991), NHBPEP

risk factors NCEP
(1991), NHBPEP

Risk factor IDF, 2007 (2005) (2005) without WC
(proposed in this as a condition.
study) (proposed in this

study)
Obligatory Obligatory
presence of waist presence of waist Waist ci
. h | aist circumference
. circumference 2 90" |circumference . " )
Obesity - h . in 290" percentile
percentile for age > 90" percentile for
for age and sex [4]
and sex age and sex [4]
+ 2 risk factors + 2 risk factors

Triglycerides >150 2 95" percentile for |2 95" percentile for

(mg/dL) - age and sex [28] age and sex [28]

Glucose

(mg/dL) 2100 > 100 mg/dL [4] > 100 mg/dL [4]

HDL-C <40 < 5" percentile for < 5" percentile for

(mg/dL) age and sex [28] age and sex [28]

SBP and/ . > 95" percentile for | = 95" percentile for

or DBP (mm Siy:;?(l)'l(i:f: gg age, sex and height | age, sex and height

Hg) - [18] [18]

Abbreviations: HDL-C: High Density Lipoprotein Cholesterol, IDF: International
Diabetes Federation, NCEP: National Cholesterol Education Program, NHBPEP:
National High Blood Pressure Education Program, SBP: Systolic Blood Pressure,
DBP: Diastolic Blood Pressure.

Table 1: Criteria used to diagnose metabolic syndrome.
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Indicator Total Rural area Urban area ,

(n=268) (n=119) (n=149)
R 75 76 73
Age (years) (1.4-3.9) (1.3-3.7) (14539 094
. R 24.59 25.29 24.14
Weight (Kg) (8.86-44.65)  (7.8-44.65)  (10.17-31.05) 22
. 124.05+7.30 124.76+7.13 123.48 % 7.40
1
Height (cm) (105.2-144.4) (105.2-144.4) (108.5-140.9) 12
. 0.015 0.12 -0.06

Z-BMIA (2.07-833)  (202749)  (2277.87) OO

0.006+0.99 (0.093+0.99 -0.06%0.99
| ul
z-HIA (-254-256)  (-254-254) (233256 %0
. 0.21 0.28 0.14
zWIA (2.06-811)  (1.81-7.72)  (219-7.04) 038
R 554 56.4 55.0

WC (cm) (10.57-555)  (10.1-50.6)  (105453) 02
28.06+8.93 27.49+878 28.52+9.05

o, 1

% fat mass (BIA) (8.49-50.22)  (11.46-49.70) (8.49-5022) °-3°

Triglycerides (mg/dL) * 88.29 92.04 84.55 0.01

(44.38-341.0) | (40.75-174.95) |(45.67-341.0)
170.82 £ 33.40 172.23+ 33.79 | 169.69 £ 33.15

1
TC (mg/dL) (86.07-304.92) (86.78-304.92) (86.07-277.15) °-3
. 48.71 51.27 47.01
HDL-C (mg/dL) (11.89-96.68) (13.07-96.68) (11.59-60.3) O
. 101.12 103.06 99.8
LDL-C (mg/dL) (43.54-194.01) (39.32-189.08) (48.40-169.95) 0!
. 17.66 18.41 16.91
VLDL (mg/dL) (8.87-682)  (8.15-34.99) (9.13-682) 001
90
) 90 90
SBP (mmHg) (20-70) 20.70) (15.60) 0.30
, 60 60 60
DBP (mmHg) (17.5-67.5)  (17.5-52.5)  (18.75-65) 0.60
Fasting glucose (mg/ 93.29+ 13.99 89.86 + 14.40 96.04 + 13.05 <0.01
dL)t (44.82-130.21) (44.82-126.64) (61.65-130.21) O
7.27
. . 6.24 5.32
Insulin (mU/L) (6.21-62.51)  (5.41-38.95) (6.97-62.51)  0.03
, 14 122 1.70
HOMA (153-15.02)  (117-10.21) (1.83-15.02) <00
AN, n (%) 15 (5.6) 9(7.6) 6 (4) 0.21

tMean + standard deviation (minimum - maximum).

*Median (interquartile range [p25-p75]).

'Difference between groups by two sample Student’s t-test and Mann Whitney U
Test for non-normal data (p<0.05). **Chi-squared test.

Abbreviations: z-BMI/A z: score of body mass index for age, z-H/A z: score
height for age, z-W/A z: score weight for age, SBP: systolic blood pressure, DBP:
diastolic blood pressure, AN: acanthosis nigricans, WC: waist circumference,
HDL-C: high density lipoprotein cholesterol, TC: total cholesterol, LDL-C: low
density lipoprotein, VLDL: very low density lipoprotein, HOMA: Homeostasis
Model Assessment.

Table 2: Anthropometric characteristics and metabolic profile of the total population
and by rural or urban area.

years, ranging from 5 to 10 years. No statistically significant differences
were observed between rural and urban areas in the anthropometric
variables, blood pressure and the AN indicator (p>0.05). According to
the z BMI/A, the prevalence of overweight and obesity was 31.1% in
rural areas and 32.9% in urban areas. Waist circumference was at or
above the 90™ percentile in 10.1% of children in rural areas and 12%
in urban areas. Likewise, children with moderate and high body fat
percentage were observed in both study areas: 26% and 33% in rural
and 27% and 36% in urban areas, respectively.

There were statistically significant differences between the urban
and rural areas in some metabolic variables. Fasting blood glucose,
insulin, and the HOMA index were higher in the urban area, whereas
concentrations of triglycerides, HDL-C, and very low density
lipoprotein (VLDL)-C were higher in the rural area (Table 2).
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According to the American Diabetes Association [31], fasting
glucose values in children with normal, impaired, and probable
diagnosis of diabetes are 86.1 mg/dL, 108.5 mg/dL, and 128.4 mg/dL
(p<0.01), respectively. Figure la shows the classification of the study
population according to their blood glucose concentration.

Glucose data were divided according to normal, borderline, and
high insulin blood levels. There were no differences in concentrations
of glucose (p=0.99) relative to insulin levels, even when we found
borderline and high values of insulin (Figure 1b).

According to the HOMA index, insulin resistance was present in 9
children from the rural area (7.5%) and 22 from the urban area (14.8%).
There were no statistically significant differences between study groups
(p=0.06). AN, which is associated with high levels of insulin, was found
in 15 children including 9 from the rural and 6 from the urban areas
(Table 2). This indicator was observed only in children with a high
body fat mass.

Results of the anthropometric and metabolic characteristics in

a)

the population stratified by family history of obesity, diabetes, and
cardiovascular disease are shown in Table 3. Children with a history of
obesity had a significantly higher weight/age (W/A) and percentage of
fat mass compared to children with no familiar history of obesity. Those
with a history of diabetes had higher BMI/A and waist circumference,
and children from families with a history of cardiovascular disease had
higher systolic blood pressure, DBP, TC, and LDL-C compared with
children without a family history of cardiovascular disease. Particularly
in the rural area, a family history of obesity and cardiovascular diseases
was present in children with a higher waist circumference (58.5 vs. 53.8
cm, p<0.02; 59 vs. 54.2 cm, p<0.01). In contrast, urban children had
higher SBP (94.46 + 11.97 vs. 88.17 + 10.98 mmHg, p<0.001) and DBP
(63.36 £12.92 vs 57.60 + 10.08 mmHg; p<0.001) when a family history
of obesity and cardiovascular diseases was present.

Table 4 shows the proportion of children with MetS according to
the different definitions used in the present study. For the first criteria
suggested by the IDF [4], MetS was present in 11 children (4.1%). In
the rural and urban areas, 2.5% and 5.4% of the children had MetS,

90
78.2
80
70 61.1
X 60
=
£ 50 383 ORural area
S 40 :
& OUrban area
& 30 21
20
10 0.8 0.7
O ——
<100 mg/dL 100-126 mg/dL >126 mg/dL
Normal Impaired Probable Diagnosis of
Diabetes
b)
98
96.4
95.8 96.1
96
o p <0.01 p=0.46 p=0.32
&)
=z
D)
E 92
L 89.9
§ 90 89.6 889 ORural area
3 OUrban area
88
86
84
Normal (<15) Borderline (15-20) High (>20)
Insulin level (mU/L)

Figure 1: a) Classification of the study population according to their blood glucose concentration (p<0.01). b) Relationship between three different levels of insulin and

blood glucose concentration. Abbreviations: PDD Probable diagnosis of diabetes.
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Indicator Without obesity Obesity ' Without diabetes Diabetes 4 Without CVD CVD .
(n =44) (n=90) P (n=93) (n=18) P (n=63) (n= 25) P
75+0.7" 74409 73+0.9" 75407 7.330.73" 7.46 £ 0.94
Age (years) (6.1-9) (6-9.7) 0.58 (6-9.7) ©1-84) | 947 (6.1-8.8) (6.1-9.7) 0.49
) 25.9+7.11 28.36 + 8.1 24.9* 28.1 25.4* 27.9
Weight (Kg) (16.1-43) (16.3-60.7) 0.10 (10.6-44.6) (106-32) 004 (9.3-30.2) (11.4-34.2) 034
) 12375+7.20 | 12514+7.3 1237+79" | 1267457 124.24 + 5.9t 124.45 £ 7.9
Height(em) ' 108.8.136.9) = (108.5-1444) 029 (108.5-144.4) | (116.1-134.4) 918 (111.8-134.4) (108.9-144.4) 0.89
03417 0.86+16 048+ 15' 131£17 0.60 + 1.441 11183
ZBMIA (1.8-4.7) (-2.8-5.5) 0.08 (-2.8-4.2) 0955 004 (-1.9-3.7) (1.4-5.5) 017
0.03+1.0' 03+0.9 0.13+0.9' 045+0.7 0.2+0.85' 0.08 £ 1.07
zHIA (-2.0-2.0) (-2.2-2.56) 0.06 (-2.0-2.5) -096-1.8) 023 (-1.9-2.5) (-2.0-2.0) 0.60
0316 09+15 0.46 £ 1.5' 132£15 0.59 1.31 08817
ZWIA (-2.3-4.1) (-2.3-5.3) 0.03 (-2.3-4.8) 0753 | 004 (-2.1-3.8) (-2.35.3) 039
57.2+9.11 60.5+10.3 55.6* 50.7 56.6* 58.5
WC (cm) (44.5-80) (45.5-96.6) 0.08 (11.2-50.6) (15.9-36.1) = 092 (9.8-39.6) (14.6-39.3) 035
% fat mass 26.9+9.17 305+95 0.03 2814901 3125104 .o 2847%92 30.82.0 029
(BIA) (13-48.3) (11.5-50.2) : (11.5-50.2) (13493) % (11.5-49.5) (15.8-49.3) :
Triglycerides ~ 98.6 + 57.3" 99.9+34.4 0.86 89.2* 1234 o1 86.9" 102.3 037
(mgldL) (47.8-378 5) (37.5-193) : (42.6-2255)  (56.7-310.3) (41.2-341) (58.4-129.5) :
175+ 33.3" 1738372 17943+ 326" | 150.6+21.7 168.79 + 35.6' 185.36 £ 33.9
TC (mg/dL) (86.8-277.1) (86.1-304.9) 0.86 (86.8-3049)  (120376.8) 01 (86.1-251.7) (142.4-277.1) 0.04
47.14£10.7" 513+ 12.1 50.6* 463 51.3* 50.2
HDL-C (mg/dL) 19 570 1) (8-104.7) 0.05 (11.7-81) (0.7-71.5) = 036 (12.5-96.7) (14.6-48.4) 064
1081+31.31 | 102.5+34.0 1089+305 | 87.6+208 98.18 + 33.0" 114.22 £30.7
LDL-C(mg/dL)  (374.200.2) (30.2-224.2) 0.36 (37.4-186.9) | (47.9-1263) 90 (302-179.3) (78.8-200.2) 0.03
19.7 £ 11.5' 19.9£6.9 17.8" 24.7 17.4% 205
VLDL (mg/dL) (g 6.75.7) (7.5-38.6) 0.86 (8.5-45.1) 11362y 019 (8.2-68.2) (11.7-25.9) 0.37
90* 90 923+1131 | 987158 90 9
SBP (mmHg) (10-55) (15-55) 0.82 (70-130) (75-1275) 003 (15-50) (20-55) 0.03
5.3+ 61.9 503+119' | 65.4+154 50.72 + 10.9' 67.7+15.0
DBP (mmHQ) ' 187.42.4) (20-65) 0.30 (37.5-90) 4o0-105) | 005 (37.5-80) (45-105) 0.02
Fasting glucose | 96.5 £ 15.01 922+ 14.4 ot 9370£1400  966%141 . 945351431 97.0£17.0 047
(mg/dL) (61.9-126.4) (49.8-119) : (49.8-120.7)  (79.31228) (52.6-122.8) (24.4-71.9) :
) 7.56 £ 5.41 7.74+6.33 7.2 6.2 7.02* 75
Insulin (mU/L) (0-24.4) (0-38.9) 0.87 (6.3-38.9) (8-25.4) 0.31 (5.3-25.4) (6.4-17.2) 037
15 15 161 157 156 179
HOMA (1.8-6.8) (1.8-10.2) 0.59 (1.6-10.2) (1866 060 (1.32-6.6) (2.2-4.4) 0.24
AN, n (%) ** 0(0) 8(8.9) 0.04 6(6.4) 2117) | 048 3(4.7) 3(12) 0.22

TMean # standard deviation (minimum - maximum). *Median (interquartile range [p25-p75]). Abbreviations: z-BMI/A z: score of body mass index for age, z-H/A z: score
height for age, z-W/A z: score weight for age, SBP: systolic blood pressure, DBP: diastolic blood pressure, AN: acanthosis nigricans, WC: waist circumference, HDL-C:
high density lipoprotein cholesterol, SBP: systolic blood pressure, DBP: diastolic blood pressure, TC: total cholesterol, LDL-C: low density lipoprotein, VLDL: very low
density lipoprotein, HOMA: Homeostasis Model Assessment. 'Difference between groups by two sample Student’s t-test and Mann Whitney U Test for non-normal data

(p<0.05). **Chi-squared test.

Table 3: Anthropometric characteristics and metabolic profile of the total population and categorized by family history of obesity, diabetes, and cardiovascular disease.

IDF (2007) for children over 10

Criteria years old
(%)
Total 4.1
Area
Rural 2.5
Urban 5.4
Sex
Girls 5.7
Boys 2.3

IDF (2007), NCEP (1991), NHBPEP (2005)
(this study analysis)

(%)
6.3

5.0
7.4

7.9
4.7

Three or more risk factors NCEP (1991), NHBPEP
(2005) without WC as a condition.
(this study analysis)
(%)
10.4

10.1
10.7

11.4
9.4

Abbreviations: IDF: International Diabetes Federation, NCEP: National Cholesterol Education Program, NHBPEP: National High Blood Pressure Education Program.

Table 4: Proportion (%) of children with metabolic syndrome according to the different criteria used in this study.

and the differences between groups was not significant (p=0.24). The
second criteria for MetS (Table 5) considered abdominal obesity plus
two other risk factors according to the NCEP [30] and NHBPEP [20]
percentiles. MetS was found in 17 children (6.3%), 5.0% from the rural
and 7.4% from the urban areas, with no significant differences between
groups. The third criteria for MetS diagnosis considered children with
three or more risk factors for MetS and the presence of abdominal
obesity was not obligatory. Of the total population, 10.4% had MetS,

and the same percentage of children with MetS was present in both
areas of study (rural 10.1% vs. urban 10.7%, p=0.86). The reliability
analysis using the kappa coefficient (0.6487, p=0.000) showed that the
agreement was substantial in the total population.

Discussion

This study demonstrates that MetS is present in children aged 6 to 9
years living in urban and rural areas of northwest Mexico. In this study
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Indicator Without MS With MS ,
(n=251) (n=17) P
. 7.5 7.3
Age (years) (1.3-3.9) (1.45-2.7) 0.45
. . 24.14 42.69
Weight (Kg) (8.1-31.85) (9.87-28.8) <0.01
. 123.67 £ 7.24 129.58 £ 5.97
T
Height (cm) (123-124.8) (122.7-129.2) <0.01
. 55 785
WC (cm) (8.8-45.3) (8.15-27.5) <0.01
. -0.06 3.37
Z-BMUA (1.81-6.52) (1.73-3.52) <0.01
26.37 44.13
o1
Body fat (%) (9.92-41.73) (5.12-9.85) <0.01
Triglycerides (mg/ 85.95 138.88 <0.01
dLy* (41.93-225.54) (65.57-301.42) :
. 169.38 178.31
TC (mg/dL) (46.26-191.08) (43.30-162.1) 0.05
N 49.75 42.35
HDL-C (mg/dL) (11.84-96.68) (10.98-35.57) <0.01
100.76 + 30.49 117.88 £ 38.30
— T
LDL-C (mgfdL) (30.2-200.1) (47.9-224.2) 0.07
. 17.19 27.78
VLDL (mg/dL) (8.39-45.11) (13.11-60.28) <0.01
. 90 115
SBP (mmHg) (20-70) (2040) <0.01
. 60 80
DBP (mmHg) (15-52.5) (11.25-55) <0.01
N 92.98 100.78
Glucose (mg/dL)"  1q 51.g5 39) (14.2-55.9) 0.27
. . 5.7 13.74
Insulin (mU/L) (5.72-33.79) (10.89-57.09) <0.01
. 1.34 3.21
HOMA (1.38-7.18) (2.27-14.31) <0.01
AN, n (%)** 7(2.8) 8(47.1) <0.01
Mean + standard deviation (minimum - maximum). *Median (interquartile range
[p25-p75)).

'Difference between groups by two sample Student’s t-test and Mann Whitney U
Test for non-normal data (p<0.05). **Chi-squared test.

Abbreviations: z-BMI/A z: score of body mass index for age, z-H/A z: score height
for age, z-W/A z: score weight for age, SBP: systolic blood pressure, DBP: diastolic
blood pressure, AN: acanthosis nigricans, WC: waist circumference, HDL-C: high
density lipoprotein cholesterol, SBP: systolic blood pressure, DBP: diastolic blood
pressure, TC: total cholesterol, LDL-C: low density lipoprotein, VLDL: very low
density lipoprotein, HOMA: Homeostasis Model A ment.

Table 5: Anthropometric characteristics and metabolic profile according to the
presences of metabolic syndrome (MS) with abdominal obesity as an obligatory
factor (second criteria used in this study).

population, overweight and obesity represented one of the risk factors
for MetS. In both the rural and urban areas, the prevalence of obesity
was elevated (31.1% and 37%, respectively). The percentage of urban
children with obesity was higher than that reported by the Nutrition
and Health National Survey 2012 [32].

Towards the end of the first year of life, a physiological loss of fat
mass takes place, so that in normal conditions a child between 5 and 6
years should be physiologically thinner. When a 6-year old is an obese
child, the probability of persistent obesity increases by 50% [33]. Obesity
in parents influenced the development of obesity in their children and
this influence seemed higher when the child was aged less than 10 years
[33,34]. In this study, the results from the family history questionnaire
on chronic diseases showed that children from the rural area with a
family history of cardiovascular diseases and obesity had higher waist
circumference. In contrast, children from the urban area with the same
family history had higher systolic and diastolic blood pressure (data
not shown). We do not have a clear idea of the differences between
urban and rural children, as they have similar family history. A possible

explanation is that in the urban areas, there is a greater tendency to
consume fast foods that typically have a high sodium content, which
probably could be affecting the gene expression associated with blood
pressure. Kuschnir and Mendoga mentioned that the risk of developing
hypertension is higher when both parents have the disease [35].

Beside heredity, other factors that may contribute to the growing
prevalence of obesity and its complications in this population are low
physical activity and an inadequate diet. Although data on dietary habits
and physical activity were not collected. Results from others studies
[36-38] in urban locations of the same region showed that children
consumed a hypercaloric diet, with adequate quantities of protein and
fiber but excessive amounts of simple carbohydrates and saturated fat
and a low quantity of polyunsaturated fat. Those studies also showed
that most of the children were sedentary [36,38]. The development of
obesity secondary to genetic or excessive consumption of food has been
proposed as a risk factor for developing metabolic alterations including
insulin resistance and diabetes mellitus [39]. Transnational food chains
have made energy-dense, low-cost food available and accessible to
Mexican children in a community environment where food regulation
is still scarce [40].

The analysis of the metabolic profile showed that children from
the rural area had more alterations in their lipid profile, with higher
triglyceride and VLDL-C values than children from the urban area. In
contrast, children from the urban area had more alterations in glucose
metabolism, with higher concentrations of glucose and insulin and
higher HOMA than children from the rural area. These results suggest
that children from the urban area at greater risk for developing heart
disease or diabetes, possibly due to risk factors related to lifestyle.
Studies on the migration of people from rural to urban areas have
reported similar changes in body composition and clinical markers
associated with their new lifestyle, which involve higher consumption
of energy-dense foods and less physical activity [41,42].

A simple analysis of fasting blood glucose does not determine the
diagnosis of diabetes, but it may be the first step in its detection. In this
study, we classified fasting blood glucose concentrations according to
the American Diabetes Association [31]. Of the total population of the
study, 31.3% (21% rural, 38.3% urban) of children had impaired fasting
blood glucose. These children are probably producing more insulin to
compensate for the elevated glucose, but the two are not balancing each
other out [43]. We could assume that this situation has progressed for
some time and could turn into T2DM in the future.

T2DM begins with reduced insulin action due to an impairment in
the ability of the target cells to respond to this hormone, which leads
to insulin resistance. During this process, there is a decrease in the
peripheral consumption of glucose and also in hepatic glycogenesis,
and an increase in glyconeogenesis with results in hyperglycemia.
Also, B cells from the pancreatic islet cells hypersecrete insulin to
compensate for the excess glucose, producing hyperinsulinemia
and normoglycemia. When the cycle is exhausted, it leads to glucose
intolerance and, in later stages to T2DM [43,44].

We found children with insulin resistance in both areas (7.5%
rural, 14.8% urban, p=0.06). Even when we did not detect significant
differences between groups, the proportion of children with insulin
resistance was higher in the urban area. Secondary to obesity,
insulin resistance may be a common etiopathogenic mechanism for
hypertension and dyslipidemia. Generally, children with obesity have
a higher prevalence of hypertriglyceridemia and low levels of HDL-C
[45]. In adipose tissue, hyperinsulinemia increases lipolysis, leading to
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more availability of free fatty acids, an increase in the hepatic synthesis
of VLDL, and a decrease in HDL-C [46].

AN was found only in children with high body fat mass, and this
coincided with insulin resistance being present only in children with
high fat mass. The prevalence of high SBP and/or DBP was 16% rural
vs 11.4% urban, the presence of hypertension at an early age is might be
an early sign of glucose intolerance [47] and a risk factor for coronary
disease [48].

Another risk factor for coronary disease is dyslipidemia. In this
study, 32.1% of children had hypertriglyceridemia and 19% had
low HDL-C. Other studies in Sonoran children reported low levels
of HDL-C and the predominant subfraction was HDL,, which is
associated with higher cardiovascular risk [38]. Obesity, hypertension,
hypertriglyceridemia, low HDL-C, and impaired glucose are
components of MetS.

One of the most important goals of this study was to evaluate
the prevalence of MetS in children using three different diagnostic
criteria and determine which of them might be more appropriate
for the diagnosis of MetS in a pediatric population. The first criteria
used for the diagnosis of MetS in this study were the one according
to the IDF [4] for 10-year-old children. These criteria use cutoffs for
adults for the biochemical indicators and account for the presence
of waist circumference > 90" percentile for the diagnosis of MetS.
The general prevalence of MetS using these criteria was 4.1% (2.5%
rural; 5.4% urban). The IDF does not consider the presence of MetS
in children aged < 10 years and does not recommend its diagnosis
unless the children have a family history of risk factors [4]. This
study demonstrates that even when criteria for adults is used, there
are children with MetS in the region of Sonora. A study by Elizondo-
Montemayor et al. [49] using the IDF criteria [4] in overweight children
age 6 to 12 years from Mexico City reported a prevalence of MetS of
6.7%. When they observed age groups of 6-9 years and 10-12 years, the
prevalence of MetS was 7.3% and 5.9% (p=0.91), respectively. These
authors mentioned that there were more children with MetS in the
younger age group, and this may be due to the fact that the percentage
of children with waist circumference above the 90" percentile [4] was
significantly higher (p<0.001) in the group of children aged 6-9 years
compared with the older age group .

Another study done in Campeche, México, used the same IDF
criteria [4] and reported a prevalence of 20% MetS in adolescents
aged 11 to 13 years. Nevertheless, only obese participants (BMI = 95%
percentile) were included [3].

The second way in which we determined the prevalence of MetS
also considered the IDF criteria [4] using a waist circumference = 90*
percentile as a condition for the diagnosis, but also employed adequate
cutoffs for metabolic measurements in children aged 6 to 9 years
provided by the NCEP [30] for the lipid profile, and by the NHBPEP
[20] for blood pressure. Thus, the observed prevalence of MetS in the
total study population was 6.3% (5.0% rural vs. 7.4% urban, p=0.43).
Thus, the ratio obtained was similar to that reported by Elizondo-
Montemayor et al. (7.3%) in obese children aged 6-9 years [49].
However, they used the IDF definition [4] without adjusting the cutoffs
for children. Differences in physical and metabolic characteristics
between children with and without the presence of MetS were evident
(Table 5). Children with MetS had higher values in all the body
composition variables and metabolic risk factors, and approximately
50% of children diagnosed with MetS presented AN. The consideration
of central obesity plus the appropriate clinical cutoffs for children,
could be a better criterion for evaluating MetS in a pediatric population

The third way to diagnose MetS did not take into account the
presence of a waist circumference >90™ percentile as a condition for
evaluating MetS and used lipid profile metabolic indicator cutoffs for
children aged 6 to 9 years from the NCEP and blood pressure criteria
from the NHBPEP. Thus, the prevalence of MetS using these criteria
was 10.4% (10.1% rural vs. 10.7% urban), and 32.1% of the children
presented with AN. When we diagnosed MetS this way, children with a
normal body composition met this criterion because other risk factors
like impaired fasting glucose, hypertension, hypertriglyceridemia,
or low HDL-C were present. Even without considering obesity,
some children may have altered metabolic factors, possibly due to
genetic factors that put children at risk. High levels of TC, LDL-C,
plasma glucose, and high blood pressure are risk factors that could be
influenced by family history due to shared genetic and environmental
factors [5].

Considering central obesity as the major factor for the diagnosis of
MetS may underestimate the risk of developing cardiovascular diseases
and T2DM because it excludes children without obesity who have
other metabolic alterations.

The proportions of MetS identified in this population of children
varied depending on the criteria used. We hypothesize that the IDF
[4] criteria could underestimate the prevalence of MetS in children
aged less than 10 years because the cutoffs for the lipid profile and
blood pressure are not adequate for this age group. Instead, the second
criteria included cutoffs suggested for this age from the NCEP [30]
and the NHBPEP [20], which may detect more accurately children
with MetS. The third criteria for evaluation of MetS included children
with a normal waist circumference but who presented with three
other risk factors. This third way of diagnosing MetS could be useful
for identifying children at risk for cardiovascular and T2DM due to
heredity factors.

We recognize that one of the limitations of this study was that we
did not collect data on dietary habits and physical activity as factors
related to obesity; however, data from recent studies were available for
a proper discussion. The main strength of this study is that we measured
MetS in children aged less than 10 years from rural and urban areas.
We established three different criteria for evaluating MetS in children,
and all the techniques used were applied by trained personnel.

Conclusions

This study demonstrates that MetS is present in children aged
6 to 9 years living in a community with serious problems of obesity
and cardiovascular diseases. We also demonstrate that MetS is more
prevalent in overweight and obese children. The second criteria used
in this study could be most suitable for diagnosis of MetS in a pediatric
population because it takes into account the appropriate cutoffs
suggested for this age. Considering abdominal obesity as an obligatory
factor for the diagnosis of MetS could underestimate the number of
children at risk for cardiovascular diseases and T2DM because the
criteria exclude children without abdominal obesity but who do have
metabolic alterations. Therefore, MetS should be diagnosed using an
age-appropriate definition. Our information suggests that metabolic
problems in children from an urban area are at increased risk for heart
disease and diabetes compared to the rural area.

Because obesity is associated risk factors for cardiovascular
diseases and T2DM, health promotion programs should consider the
combination of genetic and environmental factors. If these factors are
detected and controlled in time, the development of non-communicable
diseases related to MetS could be prevented.
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Implications for School Health

The development of metabolic syndrome or related-conditions
including obesity, hypertension, cardiovascular diseases, and type 2
diabetes mellitus in school-aged children could interfere with their
adequate physical and mental development. The diagnostic criteria
evaluated in this study may be useful to develop a useful definition for
clinical and epidemiological practices of pediatric population in risk of
chronic diseases.
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