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Abstract
Objective—The value of metabolic syndrome (MetS) in childhood and adolescence and its
stability into young adulthood have been questioned. This study compared the MetS in late
childhood (mean age 13) versus a cluster score of the MetS components as predictors of young
adult (mean age 22) cardiovascular risk.

Methods—Anthropometrics, blood pressure, lipid profile, and insulin resistance (insulin clamp)
were obtained in 265 individuals at mean ages 13 and 22. MetS was defined dichotomously by
current pediatric and adult criteria. The MetS cluster score used the average of deviates of the
MetS components standardized to their means and standard deviations at mean age 13.

Results—The MetS was rarely present at mean age 13 and did not predict MetS at mean age 22
but identified individuals who continued to have adverse levels of risk factors at mean age 22. In
contrast to the standard MetS definition, the MetS cluster score tracked strongly and at mean age
22 was significantly higher in the individuals with MetS at mean age 13 (0.78 ± 0.71) than those
without MetS at mean age 13 (0.09 ± 0.70, p<0.0001).

Conclusions—Although MetS at mean age 13, using the conventional definition, is not a
reliable method for predicting MetS at mean age 22, it does predict adverse levels of
cardiovascular risk factors. A cluster score, using the MetS components as continuous variables, is
more reliable in predicting young adult risk from late childhood.
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Introduction
The increasing prevalence of childhood obesity has led to an intensive effort to identify
children at risk for development of adult cardiovascular disease and type 2 diabetes.
Prominent among the approaches proposed is the classification of children according to the
metabolic syndrome (MetS), with modification of the adult components (waist
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circumference, triglycerides, high density lipoprotein [HDL] cholesterol, fasting glucose,
blood pressure) to comply with childhood norms (1;2). There is wide recognition that the
adult MetS, as defined by the Adult Treatment Panel III (ATP III) of the National
Cholesterol Education Program (3;4), is associated with obesity in general, and in particular,
with visceral adiposity (5), and at any given level of fatness, MetS increases the long term
risk of cardiovascular disease and type 2 diabetes (6). Thus, obesity and MetS in childhood
would be expected to be predictors of MetS and cardiovascular risk factors in adulthood.

The prevalence of pediatric MetS in 12–19 year olds increased from 4.2% in NHANES III
(1) to 6.4% in NHANES 1999–2000 (7). The prevalence of MetS in children is lower than in
adults, with an overall childhood prevalence between 2% and 9.4% and even higher rates
(12.4 – 44.2%) in obese children and adolescents (8). Despite the significant prevalence of
the MetS as currently defined, the appropriateness of combining the five cardiovascular risk
components into a syndrome and the relation of MetS to insulin resistance and obesity has
recently been questioned in adults (9), and similar questions have been raised in childhood,
as noted in a scientific statement from the American Heart Association (10) highlighting the
challenges of defining the MetS in children. Relevant questions have been raised about
dichotomizing risk factors that are known to represent continuous levels of risk, failure to
develop a unified pediatric definition for MetS, and the instability of the childhood
classification of risk that cast doubt on the use of MetS to predict adult risk (11–13),
Although alternative methods to stratify cardiovascular risk in children have been proposed
(14), no consensus has been reached.

The present study was based on the hypotheses that: 1) risk factor clustering exists in
childhood, 2) the tracking of risk factors from childhood into young adulthood is strong, and
3) methods other than the categorical/dichotomous definitions used in the MetS, such as a
cluster score method (15–23), would be more powerful estimates for predicting levels of
adult cardiovascular risk factors. The study was conducted in a cohort participating in a
longitudinal evaluation between late childhood and early young adulthood of the influence
of obesity and insulin resistance on the development of cardiovascular risk factors.

Methods
Participants

Participants in this study were randomly recruited after blood pressure, height and weight
screening of 12,043 5th–8th grade Minneapolis Public School students (3,819 black, 4,216
white, 4,008 other; 6,035 male, 6,008 female), representing 93% of all students in those
grades (24). An initial clinic examination, euglycemic hyperinsulinemic clamp and other
laboratory studies were conducted at mean age 13 (range 11–15 years) in 357 Black and
non-Hispanic white children and repeated at mean age 22 (range 19–24 years). For this
analysis we had complete data available at childhood and young adulthood for 265
participants. This study was approved by the Human Subjects Committee of the University
of Minnesota. Consent was obtained from all children and their parents/guardians.

Anthropometry and Blood Pressure
The children underwent a complete physical examination including Tanner staging and
anthropometric measurements. Height was measured by a wall-mounted stadiometer.
Weight was measured by a balance scale. Body fat percentage and lean body mass (LBM),
or fat-free mass, was calculated by skinfold analysis (25) at mean age 13 and using dual
energy x-ray absorptiometry (DXA) (Prodigy, 3M, Madison, WI, USA) at mean age 22.
Since DXA was not available at the mean age 13 examination, the body fat percentage and
LBM values at mean age 13 were calibrated to DXA values according to equations derived
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from studies in siblings of the present cohort, and within the same age range (26). Blood
pressure was measured twice on the right arm using a random-zero sphygmomanometer
with participants seated; the averages of the two measurements (systolic blood pressure
[SBP] and 5th phase Korotkoff diastolic blood pressure [DBP]) were used in the analyses.

Measurement of Insulin Sensitivity
Euglycemic hyperinsulinemic clamp studies were conducted in the University of Minnesota
Clinical Research Center as previously described (24). Blood samples for fasting serum
insulin and lipoproteins were obtained at baseline (before starting the insulin infusion).
Plasma glucose was measured at baseline and every five minutes during the age 13 clamp
and every 10 minutes during the mean age 22 clamp. The insulin infusion of 1 mU/kg/min
was started at time 0 and continued for 3 hours. An infusion of 20% glucose was started at
time 0 and adjusted, based on plasma glucose levels, to maintain plasma glucose at 5.6
mmol/l (100 mg/dl). Insulin sensitivity, M, was determined from the amount of glucose
administered over the final 40 minutes of the euglycemic clamp and was expressed as Mlbm
(i.e., glucose utilization/ kg lean body mass/ minute). Blood samples were analyzed for
glucose immediately at the bedside with a Beckman Glucose Analyzer II (Beckman
Instruments Inc., Fullerton, CA). Insulin levels (radioimmunoassay) and serum lipids were
determined in the laboratory of the Fairview- University Medical Center.

Definitions of Metabolic Syndrome
Categorical designation of MetS at mean age 22 was based on the previously published adult
ATP III criteria (3;4). The definition of MetS at mean age 13 was based on modification of
ATP III criteria from two sources: 1) a study of NHANES data in children (1); and 2) adult
criteria modified for children by the International Diabetes Federation (2).

Calculation of the Metabolic Syndrome Cluster Score
A MetS cluster score was developed, consisting of the average of standardized deviates of
the primary components of the MetS (i.e., the sum of the z scores of waist circumference,
SBP, triglycerides, inverse HDL-cholesterol, and fasting glucose divided by 5) at mean age
13. As base values, we used means and standard deviations for the five MetS components at
mean age 13, namely the values observed in our initial examination of the cohort (Table 1).
Thus, the score at any age can be computed as: 1/5*((waist circumference-77.7)/11.4 −
(HDL-cholesterol-44.6)/10.2 + (triglycerides-90.5)/52.9 + (SBP-107.6)/9.2 + (glucose-88.2)/
7.4). The concept allows the score to grow with age and changes in the MetS components by
inserting the observed values of waist circumference, HDL-cholesterol, triglycerides, SBP,
and fasting glucose for that age into the formula. A higher z-score indicates that the
components tend to cluster in the higher sections of the distributions, i.e., represent overall
higher risk. While it is theoretically possible that a high cluster score could arise from an
extreme value of a single component, we verified that high scores are almost always the
result of high values in two or more components.

Statistical Analysis
Data from all participants were combined considering participant age but ignoring Tanner
stage, based on the fact that there was a similar relation of insulin sensitivity to body mass
index (BMI) across Tanner stages as previously reported in this cohort (27). Data were
expressed as mean ± standard deviation unless otherwise stated. Variables that were not
normally distributed (i.e., fasting insulin, triglycerides) were log-transformed; however,
results were not qualitatively different from those using non-transformed data and non-
transformed data were presented for simplicity and were used for the calculation of the MetS
cluster score.
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Prediction of development of young adult cardiovascular risk from late childhood factors
was assessed by three methods of analysis, as follows: 1) partial Pearson correlation analysis
for tracking of the risk factors between mean ages 13 and 22; 2) using the modified ATP III
classification of MetS at mean age 13 to predict the ATP III MetS at mean age 22; and 3)
using the MetS cluster score, referenced to the mean age 13 risk factor values, to predict the
mean age 22 ATP III MetS and risk factors. In the second set of analyses we used logistic
regression analysis with dependent variable MetS at mean age 22 (adult ATP III criteria)
and adjustments made for sex, race, and age. In the third set of analyses we performed
parallel linear regression with dependent variable MetS cluster score at mean age 22.

Results
Baseline factors (anthropometric measures, blood pressure, fasting insulin, fasting glucose,
and fasting lipids) were not significantly different between the participants included in the
present cohort and those examined at mean age 13 but not included at mean age 22. Table 1
shows the clinical characteristics of the cohort at mean ages 13 and 22 along with tracking
correlations for each of the variables. The cohort consisted of 265 youth (age 13 ± 1 years
old; 151 (57%) males; 218 (82%) white). All correlations of the individual risk factors were
statistically significant, and the strongest correlations were related to body fatness (BMI,
waist circumference, percent body fat). Correlations of the other risk factors (total
cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, SBP, DBP, fasting glucose,
Mlbm, fasting insulin) were somewhat weaker, suggesting considerable within person
variation during this period of maturation.

At mean age 13, pediatric MetS (1) was diagnosed in 18 (7%) participants. Of these, only 3
continued to have MetS at mean age 22, and of the 12 participants with pediatric MetS
according to criteria proposed by the International Diabetes Federation (2), only one
continued to have MetS at mean age 22. In a stepwise multiple regression analysis of the
five MetS components, only waist circumference was a significant predictor of young adult
MetS: OR = 1.05 (95% CI = 1.01–1.09, p = 0.008). For every 1 cm increase in waist
circumference at mean age 13, the odds for developing MetS at mean age 22 increased by
5%. For every one standard deviation (11.5 cm) increase in waist circumference at mean age
13, the odds for developing MetS at mean age 22 increased by 78% (OR = 1.78; 95% CI =
1.16–2.72, p = 0.008). Similar to waist circumference, for every 1 unit (kg/m2) increase in
BMI at mean age 13, the odds for developing MetS at mean age 22 increased by 13% (OR =
1.13; 95% CI = 1.04–1.23, p = 0.003). For every one standard deviation (4.7 BMI units)
increase in BMI at mean age 13, the odds for developing MetS at mean age 22 increased by
80% (OR = 1.80; 95% CI = 1.22–2.67, p = 0.003).

Despite the failure of MetS at mean age 13 to show a tracking effect, the individuals with
MetS had significantly adverse levels of many risk factors at mean age 22 when compared to
the individuals without mean age 13 MS (Table 2). The mean age 22 risk factor levels were
significantly higher for BMI, waist circumference, percent body fat, and triglycerides, and
significantly lower for HDL cholesterol and Mlbm. Total cholesterol, LDL cholesterol, SBP,
DBP, fasting glucose, and fasting insulin were not significantly different between the two
groups. In contrast, the difference in the cluster score at mean age 22, based on MetS at
mean age 13, was striking (Figure 1.)

We also looked retrospectively at tracking of MetS by comparing the clinical characteristics
at mean age 13 between individuals with (N=16) and without MetS at mean age 22.
Although all but three with MetS at mean age 22 did not have pediatric MetS, the group had
significantly greater mean values at mean age 13 for BMI, waist circumference, body fat
percent, total cholesterol, LDL cholesterol, and the MetS cluster score than the group
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without mean age 22 MetS. The mean levels of SBP, triglycerides, glucose and fasting
insulin were higher and the mean levels for Mlbm and HDL were lower, but these
differences were not statistically significant.

The tracking correlation for the MetS cluster score was substantial (r = 0.51, p<0.0001),
indicating that relative rank of the MetS cluster score at mean age 13 predicted its rank at
mean age 22 (Table 1.). Tracking by quartile of cluster score was also significant; 82% of
those in quartile 1 (lowest cluster scores) at mean age 13 were in either quartile 1 or quartile
2 at mean age 22 and 76% of those in quartile 4 at mean age 13 were in either quartile 4 or
quartile 3 at mean age 22. Table 3 shows risk factors at mean age 22 by mean age 13 cluster
score quartile. All risk factors, including insulin resistance (Mlbm), worsened across
increasing quartiles of MetS cluster score, except DBP and fasting insulin.

Conclusions
The main findings of this study are as follows 1) MetS at mean age 13 (using two separate
categorical definitions) does not predict MetS in young adulthood but, nevertheless,
identifies individuals who continue to have significantly adverse levels of cardiovascular
risk factors in young adulthood, thus, tracking of MetS across adolescence into young
adulthood is masked by the arbitrary dichotomization of the risk factors; 2) combining the
MetS risk factors into a cluster score that considers each risk factor as a continuous variable,
as opposed to the dichotomization used in the MetS, not only resulted in a substantial
tracking correlation between mean age 13 and mean age 22, but also showed that the mean
age 13 cluster models discriminated mean age 22 risk factors better than any single
component of the cluster. Thus, these findings suggest that MetS, as a dichotomous
designation, is not a reliable predictor of adults MetS and that alternative classifications,
such as a cluster score (15–23), may be preferred methods of identifying youth at risk of
developing early cardiovascular disease and type 2 diabetes.

The MetS was originally defined in adults as the presence of abnormal levels for three out of
five cardiovascular risk factors (waist circumference, triglycerides, HDL cholesterol, blood
pressure, and fasting glucose) (3) and there is general agreement that these MetS risk factors
tend to cluster more frequently than would otherwise be expected. However, there continues
to be debate regarding the use of the MetS diagnosis to assign levels of risk of
cardiovascular disease and type 2 diabetes, as opposed to giving greater consideration to
individual levels of each of the MetS constituent parts (28). Nevertheless, the MetS concept
is conceptually grounded in mutually occurring and reinforcing adverse metabolic processes
and has both theoretical and practical utility (9;29). In an attempt to adapt the MetS to
children, arbitrary definitions, analogous to the adult definition, were constructed by
modifying the same five risk factors to conform to pediatric standards (1;2). However, the
questions raised about the validity of an adult MetS (28) are also relevant for children (10),
based on an incomplete understanding of the underlying pathophysiology of MetS, lack of
consensus on appropriate pediatric cut-points for specific components, the effect of puberty
on some cardiovascular risk factors and lack of hard clinical endpoints and outcomes data.
The present study supports the current concerns about the MetS in childhood, as suggested
by the instability of the risk factors reported in several studies (11–13) and underscores the
need to examine alternative methods of risk stratification (15–23). Ongoing research in this
area has provided initial evidence supporting the validation of a continuous MetS score in
children (21).

The current study, because of the longitudinal evaluation from late childhood to early young
adulthood, expands on those prior findings and helps clarify the relation of risk factors and
insulin resistance in childhood to establishment of adult cardiovascular risk. While showing
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that use of the current dichotomous definitions of childhood MetS is a poor identifier of at-
risk children, the broader concepts (i.e., that metabolic clustering is already present in
childhood and tracks into adulthood) remain sound. By deriving a cluster score consisting of
the five commonly used MetS components considered as continuous variables, it was
possible to show the significant relation between childhood MetS and adult cardiovascular
risk that otherwise was lost. We suggest that prediction from this risk score will grow
stronger as the subjects are followed into later adulthood and levels of the risk factors and
potential morbid events are magnified.

The tracking correlation for insulin resistance (Mlbm) was low ( r = 0.15), but significant, in
contrast to the higher correlation previously reported from this cohort (r = 0.42) between
ages 13 and 19 (30). This suggests that the overall tracking effect for Mlbm in a randomly
selected cohort may decrease with time. However, the relevance of insulin resistance to the
MetS was established since almost all individuals with MetS were below the median for
insulin sensitivity (i.e., relative insulin resistance) at mean age 13 (95%) and mean age 22
(88%), consistent with previous studies reporting a modest relation between insulin
resistance and MetS in children (5;31). Moreover, the MetS cluster score at mean age 13
was directly related to insulin resistance at mean age 22. Thus, despite the low degree of
tracking between mean ages 13 and 22, when MetS is present, it is accompanied by higher
levels of insulin resistance. Previous studies from the present cohort using the insulin clamp
have shown an interaction between insulin resistance and body fatness that is related cross-
sectionally to an adverse cardiovascular risk factor profile in adolescence (32), and insulin
resistance, independent of BMI, predicts future individual cardiovascular risk factors (30).
Analysis of relations between insulin resistance and cardiovascular risk during childhood
and adolescence may be influenced by the significant changes in insulin resistance that
occur during pubertal development (27) and the additional gender-specific changes in
insulin resistance that are independent of puberty and occur during the second decade of life
(30).

As has been well recognized in prior studies, measures of body fatness (i.e., waist
circumference and BMI) in this study tracked strongly from adolescence into young
adulthood. Waist at mean age 13 was the only significant predictor of young adult MetS
among the five MetS components. Longitudinal reports from the Bogalusa Heart Study (33)
and Cardiovascular Risk in Young Finns Study (34) reported that obesity is a primary factor
involved in risk factor clustering in childhood and strongly predicts cardiovascular risk
factors and vascular outcomes in adulthood. A recent report from the Muscatine Study
Longitudinal Adult Cohort highlighted BMI as the strongest childhood predictor of adult
MetS (35). Therefore, data from the current study, along with these previous reports, suggest
that adiposity in childhood is the single strongest predictor of future cardiovascular risk in
adulthood.

This study has some limitations that should be noted. The sample size of the cohort was
modest and the age-range of the participants was relatively narrow. We had complete MetS
risk factor data at baseline and follow-up for only 265 (sample size reported in this study) of
the 357 participants in the cohort. However, baseline factors were similar between those
without full data at mean age 22 (excluded from the analysis) and those included in the
current analysis. The generalizability of the results may be limited since the cohort was
mainly white and the study was conducted in only one region.

In conclusion, the findings of this study show that the childhood MetS, using the five MetS
factors as dichotomous variables, is not a reliable predictor of MetS in young adulthood and
underestimates the magnitude of risk factor tracking. Nevertheless, it may continue to have a
role in childhood healthcare because it identifies children and adolescents who will continue
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to have significantly adverse levels of risk factors in young adulthood. The MetS cluster
score improves upon the dichotomized definition by better predicting levels of young
adulthood cardiovascular risk factors, suggesting it may be a useful method of predicting the
risk factor trajectory and clustering of children and adolescents into adulthood. Thus, these
data highlight the limitations of a dichotomous definition of the MetS in children and
adolescents and underscore the importance of exploring alternative methods, such as risk
factor cluster scoring, for identifying youth at risk of developing early cardiovascular
disease and type 2 diabetes.
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Figure 1.
Metabolic Syndrome Cluster Score at Mean Age 22 According to Metabolic Syndrome
Status at Mean Age 13
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Table 1

Clinical Characteristics of the Cohort (N = 265) at Mean Ages 13 and 22 and Correlations between Mean
Ages 13 and 22

Variable Mean age 13 Mean age 22 Correlation

Age (years) 13 ± 1.2 21.6 ± 1.6

Gender (number)

 Males 151 (57%)

 Females 114 (43%)

Race (number)

 White 218 (82%)

 Black 47 (18%)

Body Mass Index (kg/m2) 22 ± 4.7 26.2 ± 6.5 0.80

Waist Circumference (cm) 77.7 ± 11.4 87.1 ± 16.2 0.73

Body Fat (%) 29.7 ± 11.3 28.5 ± 12.5 0.76

Total Cholesterol (mg/dL) 151.2 ± 29.3 161.0 ± 31.4 0.50

LDL Cholesterol (mg/dL) 88.6 ± 25.4 95.8 ± 27.6 0.57

HDL Cholesterol (mg/dL) 44.6 ± 10.2 46.1 ± 11.4 0.54

Triglycerides (mg/dL) 90.5 ± 52.9 96.6 ± 54.1 0.29

Systolic Blood Pressure (mmHg) 107.6 ± 9.2 110.2 ± 10 0.42

Diastolic Blood Pressure (mmHg) 56.0 ± 13.1 65.1 ± 10.2 0.31

Fasting Glucose (mg/dL) 88.2 ± 7.4 85.6 ± 9.4 0.21

Fasting Insulin (mU/L) 11.4 ± 8.9 8.8 ± 12.4 0.13

Mlbm (mg/kg/min) 12.8 ± 4.4 11.7 ± 4.1 0.15

MetS Cluster Score −0.01 ± 0.58 0.14 ± 0.72 0.51

Data are presented as mean ± standard deviation. All tracking correlations are statistically significant.
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Table 2

Clinical Characteristics of the Cohort (N = 265) at Mean Age 22 According to Metabolic Syndrome Status at
Mean Age 13

Variable No MetS at Age 13 (N = 247) MetS at Age 13 (N = 18) P-Value

Body Mass Index (kg/m2) 25.7 ± 6.0 32.6 ± 9.5 <0.0001

Waist Circumference (cm) 85.7 ± 14.9 106.4 ± 20.7 <0.0001

Body Fat (%) 27.8 ± 12.5 39.4 ± 8.1 0.0007

Total Cholesterol (mg/dL) 160.1 ± 31.0 173.6 ± 35.4 0.104

LDL Cholesterol (mg/dL) 94.9 ± 27.2 107.8 ± 31.1 0.071

HDL Cholesterol (mg/dL) 46.5 ± 11.3 40.0 ± 10.7 0.021

Triglycerides (mg/dL) 94.2 ± 52.2 128.9 ± 69.7 0.013

Systolic Blood Pressure (mmHg) 110.1 ± 10.2 111.2 ± 7.1 0.538

Diastolic Blood Pressure (mmHg) 65.2 ± 10.4 64.2 ± 8.6 0.743

Fasting Glucose (mg/dL) 85.4 ± 9.6 87.2 ± 6.9 0.294

Fasting Insulin (mU/L) 8.6 ± 12.7 10.9 ± 6.9 0.436

Mlbm (mg/kg LBM/min) 11.9 ± 3.9 9.6 ± 5.3 0.037

Data are presented as mean ± standard deviation. All analyses were adjusted for sex, race, and age.
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