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Childhood obesity is associated with a constellation of met-
abolic derangements including glucose intolerance, hyperten-
sion, and dyslipidemia, referred to as metabolic syndrome. The
purpose of this study was to investigate genetic and environmen-
tal factors contributing to the metabolic syndrome in Hispanic
children. Metabolic syndrome, defined as having three or more
metabolic risk components, was determined in 1030 Hispanic
children, ages 4–19 y, from 319 families enrolled in the VIVA
LA FAMILIA study. Anthropometry, body composition by dual
energy x-ray absorptiometry, clinical signs, and serum biochem-
istries were measured using standard techniques. Risk factor
analysis and quantitative genetic analysis were performed. Of the
overweight children, 20%, or 28% if abnormal liver function is
included in the definition, presented with the metabolic syn-
drome. Odds ratios for the metabolic syndrome were signifi-
cantly increased by body mass index z-score and fasting serum
insulin; independent effects of sex, age, puberty, and body com-
position were not seen. Heritabilities � SE for waist circumfer-
ence, triglycerides (TG), HDL, systolic blood pressure (SBP), glu-

cose, and alanine aminotransferase (ALT) were highly significant.
Pleiotropy (a common set of genes affecting two traits) detected
between SBP and waist circumference, SBP and glucose, HDL and
waist circumference, ALT and waist circumference, and TG and
ALT may underlie the clustering of the components of the metabolic
syndrome. Significant heritabilities and pleiotropy seen for the
components of the metabolic syndrome indicate a strong genetic
contribution to the metabolic syndrome in overweight Hispanic
children. (Pediatr Res 58: 1243–1248, 2005)
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ALT, alanine aminotransferase
BMI, body mass index
CVD, cardiovascular disease
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NHANES, National Health and Nutrition Examination Survey
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TG, triglycerides

Childhood obesity in the United States has steadily increased in
the past two decades according to NHANES, especially among
Hispanic children (1,2). The prevalence of overweight, defined as
�95th BMI percentile, was �20% among Mexican-American
children. Childhood obesity is associated with several metabolic
and endocrine derangements including glucose intolerance, hy-
pertension, and dyslipidemia that predispose to early development
of CVD and T2D (3). This constellation of metabolic derange-

ments has been defined in adults as the metabolic syndrome.
According to the National Cholesterol Education Program
(NCEP) Adults Treatment Plan (ATP) III, the metabolic syn-
drome is defined as having three or more of the following risk
factors: abdominal obesity, raised TG, low HDL cholesterol,
elevated blood pressure, or glucose intolerance (4). Although
abnormal liver function is not conventionally considered among
the constellation of risk factors for the metabolic syndrome, it
most likely shares common molecular pathway(s) and may con-
tribute independently to the pathophysiology of CVD and T2D
and lead to fatty liver disease (5). Abnormal liver function thus
may be considered as part of the constellation of metabolic
derangements, even in children. In severely obese adults, the
metabolic syndrome was strongly correlated with steatosis, fibro-
sis, and cirrhosis of the liver (5). Although there is no generally
accepted clinical definition of the metabolic syndrome in children,
its prevalence has been estimated based on the ATP III definition
modified for developmental changes in waist circumference,
blood pressure, and blood lipids (6–8).
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This constellation of metabolic derangements associated with
obesity arises as a result of complex interactions between an
individual’s genetic predisposition and environmental factors
(9,10). The metabolic, physiologic, and genetic mechanisms un-
derlying the clustering of the components of the metabolic syn-
drome have been studied in adults (11–17) but not in children.

Here within, we investigated genetic and environmental factors
contributing to the metabolic syndrome in a large cohort of
Hispanic children participating in the VIVA LA FAMILIA study
that was designed to genetically map childhood obesity in approx-
imately 300 nuclear Hispanic families. Metabolic syndrome was
defined as having three or more of the following metabolic risk
factors: abdominal obesity, low HDL, hypertriglyceridemia, high
blood pressure, and/or impaired fasting glucose. Our family-based
study design allowed for the first time quantitative genetic anal-
yses of metabolic syndrome to be conducted in a pediatric pop-
ulation. The specific aims of these analyses were 1) to estimate the
percent of children with the metabolic syndrome in this cohort of
Hispanic children; 2) to determine the effects of sex, age, and
puberty on the metabolic syndrome; 3) to determine the impact of
BMI z-score, body composition, and insulin resistance on the
components of the metabolic syndrome; 4) to estimate the genetic
contribution (heritability) for each component of the metabolic
syndrome; and 5) to estimate genetic correlations between com-
ponents of the metabolic syndrome to test for pleiotropy (shared
gene effects) underlying this constellation of risk factors in His-
panic children.

METHODS
Study Design and Subjects. Genetic and environmental factors affecting the

components of the metabolic syndrome were investigated in 1030 children
enrolled in the VIVA LA FAMILIA study that was designed to genetically
map childhood obesity in the Hispanic population. Each family was ascer-
tained on an overweight proband between the ages 4 and 19 y using a bivariate
ascertainment scheme [i.e. overweight �95th percentile for BMI (18) and
�85th percentile for FM (19,20)]. Once identified, the overweight proband and
all siblings, 4–19 y of age, and their parents were invited to the Children’s
Nutrition Research Center for a tour and full explanation of the study. All
children and their parents gave written informed consent or assent. The
overweight proband and all siblings were characterized for body size, body
composition, and phenotypes associated with the development of obesity. The
protocol was approved by the Institutional Review Board for Human Subject
Research for Baylor College of Medicine and Affiliated Hospitals.

Anthropometry and Body Composition. Body weight to the nearest 0.1 kg
was measured with a digital balance and height to the nearest 1 mm was
measured with a stadiometer. Body composition was determined by dual-
energy x-ray absorptiometry (DXA) using a Hologic Delphi-A whole-body
scanner (Delphi-A, Hologic, Inc., Waltham, MA). Total body estimates of FM
and fat free mass (FFM), as well as truncal FM were obtained.

Clinical Signs. Blood pressure, heart rate, and temperature were taken in
triplicate using a DINAMAP Vital Signs Monitor (8100T, Critikon, Inc.,
Tampa, FL). The child was seated quietly for at least 5 min before measure-
ment. The arm was supported at heart level and the appropriate cuff size used.
Tanner stages of sexual maturation based on pubic hair and breast and penis
development, illustrated with drawings, were by self-report (21,22).

Fasting Blood Biochemistries. A fasting blood sample was drawn for
biochemical determinations. Fasting serum concentrations of glucose, TG,
total cholesterol, and HDL were measured by enzymatic-colorimetric tech-
niques using the GM7 Analyzer (Analox Instruments, Lundeburg, MA) and
Microquant Platereader (Biotek Instruments, Winooski, VT). Glucose was
assayed using glucose oxidase. TG were determined using lipase, glycerol
kinase, glycerol phosphate oxidase, and peroxidase. Total cholesterol and HDL
were determined using cholesterol esterase, cholesterol oxidase, and peroxi-
dase (23,24). Serum ALT was determined according to standard enzymatic
assay procedures using a SPECTRAmaxPLUS spectrophotometer (Molecular
Devices, Sunnyvale, CA) and reagents from ThermoDMA (Arlington, TX).

Definition of the Metabolic Syndrome. Metabolic syndrome was defined as
having three or more of the following components:

1. Abdominal obesity (waist circumference �90th percentile for age, sex,
and ethnicity based on NHANES III) (25);

2. Low HDL (HDL �10th percentile for age and sex based on NHANES
III) (26);

3. Hypertriglyceridemia (TG �90th percentile for ages 12–19 y and
ethnicity based on NHANES III) (26);

4. High blood pressure (BP �90th percentile for height, age, and sex) (27);
5. Impaired fasting glucose (glucose �100 mg/dL) (28);
6. Abnormal liver function (ALT �97.5th percentile for age and sex) (29).
Statistical Methods. Descriptive and risk factor analysis. ACCESS (version 9,

Microsoft Corp, Seattle, WA) was used for database management. STATA
(version 8.2, STAT Corp., College Station, TX) and MINITAB (version 13;
Minitab Inc., State College, PA) were used for statistical analyses. Data are
summarized as means � SD. If the data were not normally distributed (kurtosis
�1.9), a log transformation was performed and used in further analyses (30).
Descriptive statistics, ordered logit regression, generalized estimating equations,
and general least squares regression were performed. Model building began with
Pearson correlation coefficients, followed by regression analysis to identify the
independent contributions of age, sex, Tanner stage, insulin resistance, and body
size and composition to the metabolic syndrome. In the case of collinearity, the
strongest predictor was entered into the model. Dichotomous outcomes were
coded 0 (i.e. absence of the metabolic syndrome) or 1 (i.e. presence of the
metabolic syndrome). Odds ratio estimates, �-coefficients, and confidence inter-
vals were obtained using ordered logit regression for ordinal outcomes and general
estimating equations for dichotomous outcomes (logit link, binomial). To account
for correlated data within families, family identification number was used as the
cluster variable. Statistical significance was set at p � 0.05.

Quantitative genetic analysis. Univariate quantitative genetic analysis was
used to partition the total phenotypic variance (�2

P) of a trait into additive
genetic (�2

G) and environmental (�2
E) components:

�2
P � �2

G � �2
E

The environmental component includes factors such as diet and physical
activity, measurement errors, and any genetic factor that is not additive. The
additive heritability (h2) of a trait represents the portion of the total phenotypic
variance accounted for by the additive genetic variance:

h2 � �2
G/�2

P

To determine the p value of the heritability, a null model in which the additive
genetic variance (�2

G) for the trait equals zero is compared with another model,
where the �2

G is estimated using maximum likelihood method. Twice the differ-
ence between the natural logarithm likelihood of the two models asymptotically
distributes as a ½:½ mixture of a �2 distribution with one degree of freedom (31).

Bivariate analyses were conducted to partition the phenotypic relationships
(�p) between two traits into genetic (�G) and environmental correlations (�E):

�p � �G�h2
1�h2

2 � �E��1 	 h2
1���1 	 h2

2�

In this equation, h2
1 and h2

2 correspond to the heritabilities of the two traits.
The bivariate phenotype is considered a linear function of the individual’s
phenotypic values, the population means, the additive genetic values, and
environmental effects (32). A model with the genetic correlation constrained to
zero is compared with another model where all parameters are estimated. To
test for complete pleiotropy, a model where the genetic correlation is con-
strained to 1.0 is compared with an alternative model where all parameters are
estimated. Twice the difference of logarithm likelihood of the two models
asymptotically yields a distribution of �2 with one degree of freedom. Evi-
dence of pleiotropy (a common set of genes influencing more than one trait) is
indicated by a genetic correlation significantly different from 0.

The segenetic analyses have been implemented in the computer program
SOLAR 2.0 (Southwest Foundation for Biomedical Research, San Antonio,
TX) (33). Age, sex, age2, and the interactions of age � sex and age2 � sex
were simultaneously estimated in these analyses. Since our cohort was selected
based on a proband who was an overweight child, an ascertainment correction
is required and performed in SOLAR to obtain unbiased parameter estimates
in the variance component model. In the variance component method, ascer-
tainment corrections condition on the trait value of the proband (34).

RESULTS
A total of 1030 children and their biologic parents (n � 600)

from 319 Hispanic families were included in the final VIVA LA
FAMILIA cohort. The average family size was 5.3 (range, 2–10).
The age distribution of the children was 14, 45, and 41% in the
age brackets 4–5 y, 6–11 y, and 12–19 y, respectively. Tanner
stage distribution was 51, 14, 16, 12, and 7% in stages 1–5,
respectively. The majority (82%) of the children participating in
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the VIVA LA FAMILIA study are first-generation Americans of
Mexican and Central American descent. The majority of the
parents were either overweight (34%) or obese (57%). A family
history of diabetes (68%), CVD (60%), and hypertension (78%)
was reported for the parents and/or grandparents. Previously
undiagnosed T2D was detected in four children from different
families and T1D was present in one child. For the present
analyses, these five children have been excluded.

Anthropometry, body composition, and the components of
the metabolic syndrome are presented in Table 1. Eighteen
percent of the children were at risk of overweight (85th � BMI
� 95th percentile). Fifty-one percent of the children were
classified as overweight (BMI � 95th percentile). Of the
overweight children, 47% were above the 99.0th BMI percen-
tile with z-scores ranging from 2.3 to 4.5.

SBP was significantly higher in boys (p � 0.001) and over-
weight children (p � 0.001). Diastolic blood pressure (DBP) was
within normal limits for all children. Waist circumference differed
by overweight status and sex (two-way interaction, p � 0.04),
with the highest values in overweight boys. Fasting HDL was
lowest among overweight children (p � 0.001). Fasting plasma
glucose was slightly higher in boys (p � 0.002) and overweight
children (p � 0.001). Fasting ALT was higher in boys (p � 0.001)
and overweight children (p � 0.001).

The impact of sex, age, BMI z-score, body composition, and
insulin resistance on the components of the metabolic syndrome
was explored (Table 2). Because of high correlation between BMI
z-score and other body composition parameters, only BMI z-score
and truncal FM as an indicator of central obesity were used in the
linear regression models. Bivariate analysis revealed that all the
components of the metabolic syndrome were correlated with BMI
z-score, truncal FM, and insulin (p � 0.001). Together, sex, age,
fasting serum insulin, BMI z-score, and truncal FM explained 43,
37, 18, 15, and 22% of the variance in SBP, TG, HDL , serum
glucose, and serum ALT, respectively, in the linear regression
models. The degree of obesity (BMI z-score), insulin resistance

and central adiposity (truncal FM) was associated with an increase
in the components of the metabolic syndrome.

The percentage of children with components of the metabolic
syndrome and the percentage of children with zero, one, two, or
three or more components of the metabolic syndrome are pre-
sented in Table 3. Metabolic syndrome, defined as three or more
components, was present in 20% of overweight boys and 19% of
overweight girls. The metabolic syndrome was present in 11% of
children with BMI z-scores above 1.64 (95th BMI percentile) and
in 30% of children with BMI z-scores above 2.33 (99th BMI
percentile). Including serum ALT in the definition, the prevalence
of the metabolic syndrome defined using three out of six compo-
nents was 28% in overweight boys and 27% in overweight girls.
Defined as such, the metabolic syndrome was present in 16% of
the children with BMI z-scores above 1.64 (95th BMI percentile)
and in 40% with BMI z-scores above 2.4 (99th BMI percentile).

Risk factors influencing the number of components and pres-
ence of the metabolic syndrome were explored in Table 4, and in
Figures 1 and 2. Sex, age, fasting serum insulin, BMI z-score, and
truncal FM were associated independently with the number of
components of the metabolic syndrome. Sexual maturation esti-
mated by Tanner stages did not have an independent effect on the
metabolic syndrome. The estimated odds ratios for the presence of
metabolic syndrome were significant for fasting serum insulin and
BMI z-score, but not for sex, age, or truncal FM. Similar results
were obtained for the number of components and presence of the
metabolic syndrome, including fasting serum ALT.

Given the near absence of the metabolic syndrome in non-
overweight subjects, the impact of risk factors on the presence
of the metabolic syndrome in the overweight children only was
examined. Controlling for sex and age, the estimated odds
ratios for the effects of BMI z-score (3.04, 3.64) and fasting
serum insulin (2.11, 3.12) on the metabolic syndrome com-
puted using the five and six components, respectively, were
significant and similar to the values for the entire sample.

Table 1. Characterization of children enrolled in VIVA LA FAMILIA study

Nonoverweight boys
(n � 228)

Overweight boys
(n � 281)

Nonoverweight girls
(n � 276)

Overweight girls
(n � 240)

Age (y) 11 � 4* 11 � 4 10 � 5 11 � 4
Weight (kg)† 43 � 20a 71 � 30b 38 � 18a 64 � 25c

Height (cm)‡ 143 � 23 148 � 19 134 � 21 143 � 17
BMI (kg/m2)§ 20 � 4 31 � 7 20 � 4 30 � 6
BMI z-score‡ 0.69 � 0.76 2.39 � 0.43 0.59 � 0.82 2.22 � 0.33
FFM (kg)‡ 33.5 � 15.6 42.0 � 15.9 26.3 � 10.8 36.6 � 12.5
FM (kg)‡ 10.0 � 5.5 26.5 � 11.4 12.0 � 7.3 26.6 � 11.6
FM (%WT)† 23 � 6a 38 � 6b 29 � 6c 41 � 5d

Truncal FM (kg)‡ 3.8 � 2.6 11.9 � 5.8 4.9 � 3.5 12.7 � 6.1
SBP (mm Hg)‡ 107 � 12* 113 � 11 102 � 10 110 � 8
Waist circumference (cm) † 66 � 12a 89 � 17b 62 � 10c 83 � 15d

Fasting serum TG (mg/dL)§ 85 � 46 123 � 58 86 � 42 120 � 53
Fasting HDL cholesterol (mg/dL)§ 50 � 12 44 � 10 50 � 12 43 � 9
Fasting plasma glucose (mg/dL)‡ 91 � 8 94 � 8 89 � 8 93 � 8
Fasting serum insulin (U/mL)‡ 12.1 � 8.1 29.6 � 20.4 13.6 � 8.6 33.0 � 21.8
Fasting ALT (U/L)‡ 17 � 13 33 � 30 16 � 10 28 � 26

* Mean � SD.
† Controlling for age, significant two-way interaction between overweight status and sex (p � 0.04–0.001).
‡ Controlling for age, significant main effects of overweight status and sex (p � 0.05–0.001).
§ Controlling for age, significant main effect of overweight status (p � 0.001).
Significantly different mean values by posthoc Tukey testing are indicated by different superscripts.
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Heritabilities � SE for FM (h2 � 0.33 � 0.07), truncal FM
(h2 � 0.31 � 0.08), waist circumference (h2 � 0.42 � 0.08),
TG (h2 � 0.54 � 0.08), HDL (h2 � 0.64 � 0.07), SBP (h2 �
0.32 � 0.07), glucose (h2 � 0.62 � 0.08), insulin (h2 � 0.37
� 0.08), and ALT (h2 � 0.28 � 0.08) were highly significant
for these Hispanic children (p � 5.4 � 10�5 to 3.0 � 10�22).
Environmental correlations between the components of the
metabolic syndrome were all highly significant, with the ex-
ceptions of SBP and glucose, and TG and glucose. The genetic
correlations between the components of the metabolic syn-
drome are given in Table 5. Positive genetic correlations � SE
also were seen between ALT and BMI z-score (�G � 0.41 �
0.16) and insulin (�G � 0.68 � 0.16). All the genetic correla-
tions were significantly different from 1.0.

DISCUSSION
Genetic and environmental contributions to the metabolic syn-

drome were established in a large cohort of Hispanic children
participating in the VIVA LA FAMILIA study. Although the
prevalence of the metabolic syndrome has been described in other
pediatric studies (6–8), this is the first family-based study in
which heritabilities for the components of the metabolic syndrome
could be estimated in Hispanic children. Although the genetics of
the metabolic syndrome have been studied in adults (12–17),
heritabilities are not necessarily transferable to children even in
the same population, because the genetic expression and environ-
mental influences may vary with age. Metabolic risk factor anal-
ysis conferred a central role for insulin resistance and severe
obesity in the presentation of the metabolic syndrome in these
Hispanic children.

The presentation of the metabolic syndrome in these over-
weight Hispanic children, as young as 4–5 y of age, confers
serious health risks. The metabolic syndrome presented in 20% of
the overweight Hispanic children using the five conventional
components or in 28% if abnormal liver function was included in
the definition of metabolic syndrome. As in adults, the metabolic
syndrome in children and adolescents is largely confined to over-
weight individuals. These results are similar to the prevalence
(28.7%) estimated in overweight adolescents participating in
NHANES III (6). In NHANES III, the metabolic syndrome was
more common in boys than girls, and more frequent in Mexican-
Americans and Caucasians than African Americans (6); age and
Tanner stage did not significantly influence the prevalence of the
metabolic syndrome. In another study of 126 overweight Hispanic
children (8–13 y) with a family history of T2D (7), 22% had one,
38% had two, and 30% had three or more components of the
metabolic syndrome (7). As in the present study, insulin resistance
was found to be a central contributor to the metabolic syndrome
in overweight Hispanic children. The prevalence of the metabolic
syndrome also increased with the severity of obesity, as also seen
in a large multiethnic cohort of children (8). The metabolic
syndrome appears to emerge when a child’s predisposition for
insulin resistance worsens with increased adiposity (35).

Our cohort was ascertained on an overweight proband and, there-
fore, obesity prevalence rates are not representative of Hispanic
children in the United States. In the latest NHANES (2), 14.1–26.5%
of Mexican-American children had BMI values in the overweight
range. Trends in the prevalence of overweight in Mexican-American
youth showed a steady increase from 1982–1984 HHANES, 1988–
1994 NHANES III to the latest 1999–2002 NHANES (2). In our
cohort, 51% of the children were overweight; and 24% were above
the 99th BMI percentile. By design, our cohort is enriched for genes
and behaviors related to obesity, and therefore informative with
respect to the metabolic consequences associated with childhood
obesity. Given the strong family history of obesity, diabetes, CVD,
and hypertension reported for these Hispanic children, the early
presentation of the metabolic syndrome portends a poor prognosis. In
NHANES III, Mexican-American adults had the highest age-
adjusted prevalence (31.9%) of the metabolic syndrome (36). Simi-
larly, the age-adjusted prevalence was 26.6% in Mexican adults
according to the NCEP-III definition (37).

The genetics underlying the clustering of the components of the
metabolic syndrome have been studied in adults (12–17) but not

Table 2. Risk factors influencing the components of the metabolic
syndrome in children enrolled in VIVA LA FAMILIA study
evaluated simultaneously by linear regression (n � 1025)

Factor �-coefficient � SE* p Value (adjusted)*

Systolic blood pressure
Sex �3.45 � 0.54 0.001
Age 1.20 � 0.10 0.001
Ln fasting serum insulin 2.70 � 0.54 0.001
BMI z-score 2.25 � 0.41 0.001
Truncal FM 0.04 � 0.09 0.61

Adj r2 � 0.43
Ln Serum triglycerides

Sex �0.01 � 0.02 0.86
Age 0.02 � 0.01 0.001
Ln fasting serum insulin 0.25 � 0.02 0.001
BMI z-score 0.06 � 0.02 0.001
Truncal FM 0.01 � 0.01 0.18

Adj r2 � 0.37
Serum HDL cholesterol

Sex �0.42 � 0.61 0.49
Age �0.14 � 0.11 0.19
Ln fasting serum insulin �1.99 � 0.63 0.001
BMI z-score �1.94 � 0.48 0.001
Truncal FM �0.30 � 0.10 0.002

Adj r2 � 0.18
Ln Serum glucose

Sex �0.022 � 0.005 0.001
Age 0.001 � 0.001 0.47
Ln fasting serum insulin 0.044 � 0.005 0.001
BMI z-score 0.009 � 0.004 0.03
Truncal FM �0.002 � 0.001 0.05

Adj r2 � 0.15
Ln Serum ALT

Sex �0.20 � 0.04 0.001
Age �0.04 � 0.01 0.001
Ln fasting serum insulin 0.28 � 0.04 0.001
BMI z-score 0.002 � 0.03 0.93
Truncal FM 0.02 � 0.01 0.001

Adj r2 � 0.22

Sex is coded 1 male, 2 female; age (y), truncal FM (kg), ln fasting serum
insulin (
U/mL). Risk factors influencing the components of the metabolic
syndrome also were tested individually and yielded similar results, except for
positive associations between SBP and ln serum TG with truncal FM; negative
association between HDL cholesterol and age; positive associations between ln
serum glucose and ALT with age; and positive association between ln serum
ALT and BMI z-score (all p values � 0.001).

* �-coefficients and p values are presented for risk factors adjusted simul-
taneously for all other factors in the model. Adj r2 is the percentage of variance
explained with all factors in the model, i.e. sex, age, ln fasting serum insulin,
BMI z-score, and truncal FM.
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in children. In adults there is evidence that the components of the
metabolic syndrome share common genetic determinants. In the
San Antonio Family Heart Study, a common set of genes influ-
enced insulin levels and the components (12). Pleiotropy among
the components of the metabolic syndrome was demonstrated in
the Swedish Adoption/Twin Study of Aging (13). Genome scans
also have provided evidence that genes may contribute to the
clustering of risk factors for the metabolic syndrome (13–15,17).

Heritability (h2) is defined as the relative proportion of the total
phenotypic variance in a complex trait that is attributable to the
additive effects of genes. Using quantitative genetic analysis, the total
phenotypic variance for the components of the metabolic syndrome
was decomposed into genetic and environmental components.

Significant heritabilities (h2) for BMI, FM, waist circumfer-
ence, TG, HDL, SBP, fasting serum glucose, and ALT were
demonstrated for this cohort of Hispanic children, indicating a
significant portion of the variance in these components is due to
additive genetic effects (9). The ascertainment of our cohort was

based on an obese proband, which theoretically could introduce bias
into our estimate of heritability. However, we routinely correct for
ascertainment bias in all our genetic analyses. Therefore, this estimate
of heritability is generalizable to Hispanic children and, therefore,
substantiates a strong genetic contribution to the components of the
metabolic syndrome in Hispanic children.

Significant genetic correlations were detected among the compo-
nents of the metabolic syndrome, suggesting pleiotropy may underlie
the clustering of these components. Pleiotropy was seen between

Table 3. Percentage of children enrolled in VIVA LA FAMILIA study with the metabolic syndrome (n � 1025)

Percentage of children with components of the metabolic
syndrome

Nonoverweight boys
(n � 228)

%

Overweight boys
(n � 281)

%

Nonoverweight girls
(n � 276)

%

Overweight girls
(n � 240)

%

High SBP† 11 29 9 24
High waist circumference† 1 62 0 57
High TG 7 28 7 21
Low HDL cholesterol 8 17 8 21
High fasting plasma glucose 12 20 7 17
High fasting ALT† 5 24 4 24
Percentage of children with zero, one, two, or three or more

components of the metabolic syndrome
None 68‡ 63§ 19 19 74 72 25 22
One 24 28 30 22 20 21 31 27
Two 6 7 31 31 4 6 24 24
Three or more 1 1 20 28 1 1 19 27

† Significant main effect of overweight status (p � 0.004–0.001).
‡ Percentage computed with five conventional features of the metabolic syndrome.
§ Percentage calculated with six features, including high fasting ALT.

Table 4. Factors influencing the number of components and
presence of the metabolic syndrome

Factor
Odds
ratio* p Value*

95% confidence
interval*

Number of components of
the metabolic syndrome

Sex 0.64 0.002 0.48, 0.85
Age 0.93 0.02 0.88, 0.99
Ln fasting serum insulin 2.61 0.001 1.86, 3.68
BMI z-score 2.05 0.001 1.52, 2.76
Truncal FM 1.09 0.001 1.04, 1.15

Presence of the metabolic
syndrome

Sex 1.11 0.72 0.63, 1.94
Age 0.99 0.87 0.85, 1.15
Ln fasting serum insulin 2.48 0.001 1.49, 4.11
BMI z-score 3.18 0.009 1.34, 7.58
Truncal FM 1.06 0.19 0.97, 1.17

Sex is coded 1 male, 2 female; age (y), truncal FM (kg), ln fasting serum
insulin (
U/mL). Odds ratios for risk factors influencing the number of
components and presence of the metabolic syndrome also were tested individ-
ually and yielded similar results, except for the odds ratio (1.06) of age on the
presence of the metabolic syndrome (p � 0.02).

* Odds ratios, p values, and 95% confidence intervals are presented for risk
factors simultaneously adjusted for all other factors in the model.

Figure 1. Percentage of overweight boys shown in dark gray bars (n � 281) and
overweight girls shown in light gray bars (n � 240) in the VIVA LA FAMILIA
study with the metabolic syndrome displayed as a function of age (p � 0.015).

Figure 2. Percentage of overweight boys shown in dark gray bars (n � 281) and
overweight girls shown in light gray bars (n � 240) in the VIVA LA FAMILIA study
with the metabolic syndrome displayed as a function of Tanner stage (p � 0.07).
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SBP and glucose and adiposity-related traits (waist circumference
and BMI z-score). The positive genetic correlations indicate that
shared genes that augment glucose and adiposity also increase SBP.
A negative genetic correlation between HDL and waist circumfer-
ence was found, implying that the genes influencing these pheno-
types have opposite effects on each trait. Positive genetic correlations
were found between ALT and TG, insulin, waist circumference, as
well as BMI z-score. Pleiotropy between BMI and insulin also has
been reported in adult Hispanics (38) and in baboons (39). These
observations suggest that the association between the metabolic
syndrome and liver damage has a significant genetic component.

In conclusion, the complications of obesity in Hispanic children
arise as a result of complex interactions between genetic and
environmental factors. Significant heritabilities and pleiotropy
seen for the components of the metabolic syndrome indicate a
strong genetic contribution to the high prevalence of the metabolic
syndrome in overweight Hispanic children.
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Table 5. Genetic (�G) correlations � SE between the components of the metabolic syndrome in Hispanic children (n � 1025)

SBP Waist TG HDL-C Glucose

Waist 0.33 � 0.09* (0.002)
TG 0.07 � 0.12 (0.57) 0.17 � 0.10 (0.11)
HDL-C 0.08 � 0.11 (0.42) �0.21 � 0.09 (0.02) �0.05 � 0.11 (0.62)
Glucose 0.44 � 0.10 (0.00004) 0.14 � 0.10 (0.18) 0.18 � 0.12 (0.12) 0.04 � 0.03 (0.69)
ALT 0.17 � 0.15 (0.27) 0.33 � 0.12 (0.01) 0.32 � 0.14 (0.04) �0.05 � 0.14 (0.73) �0.01 � 0.16 (0.93)

* Genetic (�G) correlations; adjusted for age, age2, and sex (p value in parenthesis).
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