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Abstract

Objectives—To examine the patterns of change in cardiometabolic risk factors associated with

the metabolic syndrome in children and adolescents between the ages of 8 to 19 years.

Study Design—Data of children and adolescents who participated in the Fels Longitudinal

Study were analyzed. Body mass index, waist circumference, fasting insulin, fasting glucose,

triglycerides, high-density lipoprotein cholesterol, systolic blood pressure, and diastolic blood

pressure were assessed annually with a standardized protocol.

Results—The proportion of participants having at least 1 change between states of high and

normal risk ranged from of 11.0% for body mass index to 30.4% for triglycerides. Youth in the

high-risk category at baseline had a higher proportion having changed their status for all risk

factors (all P < .05) except waist circumference compared with those in the normal-risk category.

There were significant time effects for all risk factors (all P < .01) except fasting glucose and

triglyceride levels in metric scores, but insignificant time effects for all risk factors in Z-scores in

growth curve analyses.
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Conclusions—The cardiometabolic risk factors associated with the MetS were relatively stable

among white children and adolescents in the normal risk category. Changes in status were

common if the risk factor was elevated.

Cardiometabolic risk factors such as excessive adiposity, abnormal glucose regulation, high

triglyceride concentration, low high-density lipoprotein (HDL) cholesterol concentration,

and high blood pressure tend to occur together.1 The clustering of 3 or more cardiometabolic

risk factors has been referred to as “the metabolic syndrome” (MetS).2 Among adolescents,

single risk factors and the MetS have been associated with an increased risk of

cardiometabolic disease and metabolic abnormalities.3 Moreover, the occurrence of elevated

cardiometabolic risk factors in childhood and adolescence increase the risks of the MetS,

type 2 diabetes, coronary heart disease, and stroke in adulthood.4–7

There are many variations in definitions for the MetS in children and adolescents,8 most of

which were adapted from the adult definition of the MetS.2 Because different criteria were

used to define the MetS components, the prevalence of the MetS in children and adolescents

differed tremendously across studies.9 Although the International Federation of Diabetes

proposed a standard definition for children and adolescents age 10 years and older,10 there is

no consensus regarding the definition of MetS in pediatrics. Regardless of the definition

used, the diagnosis of the MetS has been found to be unstable over a 3-year period in

adolescents.11

In contrast, there are a number of studies that have examined the tracking or change of the

single cardiometabolic risk factors associated with the MetS during childhood and

adolescence, including body mass index (BMI),12 blood pressure,13 fasting insulin,14

triglycerides,15 and blood glucose.15 Furthermore, many studies have demonstrated that

childhood overweight 16 and blood pressure17 track into adulthood. Data from the Bogalusa

Heart Study and the Cardiovascular Risk in Young Finns Study have demonstrated that

serum lipids (total cholesterol and triglycerides) and lipoprotein cholesterol levels (low

density lipoprotein cholesterol, very low density lipoprotein cholesterol, and HDL

cholesterol) also track from childhood to young adulthood.18 Although most previous

studies examined the tracking of single cardiometabolic risk factors from childhood and

adolescent to young adulthood and adulthood, few studies have examined the tracking of

clusters of multiple cardiometabolic risk factors comprising the MetS.19

Most previous studies have examined the tracking or stability of the cardiometabolic risk

factors by estimating the intercorrelations between baseline and one or a few follow-up

assessments. Changes in risk factor status over a longer period of time remain largely

unknown. In addition, advanced methods developed to account for both intraindividual and

interindividual variations in longitudinal studies have rarely been used in such studies.

Therefore the objective of this study was to examine the patterns of change and to estimate

the mean time effects of 8 cardiometabolic risk factors associated with the MetS in children

and adolescents with a growth curve analysis approach.
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Methods

Data for this study were drawn from the Fels Longitudinal Study.20 In brief, the Fels

Longitudinal Study collected data on health history, body composition measures, fasting

blood samples, and risk factors of cardiometabolic disease among healthy participants at

annual examinations. The Institutional Review Board of Wright State University approved

all protocols and procedures. Participants or their guardians signed informed consent

statements before they were accepted in the study. Anthropometric and blood pressure data

were recorded during regular examinations at 6 and 12 months since 1929. In this study, we

only used data at each annual assessment for BMI, waist circumference, systolic blood

pressure (SBP), and diastolic blood pressure (DBP). Fasting plasma lipids and lipoproteins

were included in the study beginning in 1976 and assessed annually. Because information on

fasting insulin and glucose began to be collected annually after 1989, all participants who

had no or only 1 fasting insulin measure were excluded from our analyses. To be included in

these analyses, participants were (1) aged 8 to 19 years at their first visit, (2) non-Hispanic

white, (3) nonpregnant, and (4) had a baseline and at least 1 follow-up visit before age 20.

All measurements were performed by trained data collection staff. Height was measured to

0.1 cm with a Holtain stadiometer, and weight was measured to 0.1 kg on a SECA scale

according to standard protocols.21 Participants’ BMI (weight [kg]/height [m]2) was

calculated from their measured weight and height; and their BMI percentile was determined

on the basis of Centers for Disease Control and Prevention growth charts for 2000.22 Waist

circumference was measured to the 0.1 cm at the suprailiac crest. SBP and DBP were

measured in the right arm with the participant seated and resting following standard

procedures. The mean of 3 blood pressure measurements was calculated and used in all

analyses.

Fasting blood samples were drawn after an 8- to 12-hour fast. Serum concentrations of

insulin (μU/mL) and glucose (mg/dL), and plasma concentrations of triglycerides (mg/dL)

and HDL cholesterol (mg/dL) were assessed with standard assays at the Population Genetics

Phenotyping Laboratory, Southwest Foundation for Biomedical Research (San Antonio,

Texas), and by the Medical Research Laboratory (Cincinnati, Ohio).

Definition of the High-Risk Status of Cardiometabolic Risk Factors

Threshold levels for the eight cardiovascular risks used to define high risk status were

defined as follow: (1) BMI ≥95th percentile for sex and age,22 (2) waist circumference

≥90th percentile by sex, age, and race/ethnicity,23 (3) fasting insulin >20 mU/L (120

pmol/L),24 (4) fasting glucose ≥100 mg/dL (5.6 mmol/L),25 (5) triglycerides ≥100 mg/dL

(1.13 mmol/L) for ages 2 to 9 years and ≥130 mg/dL (1.47 mmol/L) for ages 10 to 19

years,26 (6) HDL <35 mg/dL (0.91 mmol/L),26 (7) SBP ≥90th percentile by sex, age, and

height percentile,27 and (8) DBP ≥90th percentile by sex, age, and height percentile.27 Status

changes in cardiometabolic risk factors were defined as any time the value from 1

examination to the next crossed this threshold (ie, from normal-risk value to a high-risk

value or vice versa).
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Statistical Analyses

We assessed the patterns of change in risk status for each cardiometabolic risk factor overall,

as well as by the high-risk status at baseline. Fisher exact test was used to test the overall

differences in the proportion of the number of changes in status between 2 groups. In

addition, the continuous metric scores of all 8 cardiometabolic risk factors were standardized

(mean of 0 and standard deviation of 1) by sex and age. A linear growth curve analysis was

performed to assess the time effects with both metric scores and standardized scores (Z-

scores) for each risk factor over time. The metric scores represent the absolute (raw or

original) values in metric units; Z-scores represent the relative distance above or below the

mean without metric units and account for sex and age. The time since baseline was

determined as the difference between the age at each follow-up assessment and the age at

baseline.

In the linear growth curve models, intercept and time were modeled as random variables.

We assumed that age at baseline may have had an impact on the intercept and time effects,

thus it was included in the linear growth curve analysis. The regression coefficients of age at

baseline (“age”) represent the difference in the mean levels of cardiometabolic risk factors

per 1-year increment in age at baseline; the regression coefficients of “time” represent the

mean rates of change (increase or decrease) or linear time effects on cardiometabolic risk

factors per 1 year increment in time; the regression coefficients of “time2” represent the

quadratic time effects on cardiometabolic risk factors per 1-year increment in time; and the

interaction terms between age at baseline and the time variables (“time” and “time2”)

represent the difference in the time effects per 1-year increment in age at baseline,

respectively. A linear time effect indicates that the mean levels of a cardiometabolic risk

factor increase or decrease as a strait line across the baseline and all follow-up assessments.

A quadratic time effect indicates that the mean levels increase or decrease as a concave or

convex. A combination of both linear and quadratic time effects indicates some nonlinear

variations in addition to a linear trend. All analyses were conducted using SAS (version

9.1.3; SPSS, Inc, Chicago, Illinois). A 2-tailed P value ≤ .05 was considered to be

statistically significant.

Results

The sample size varied from 209 to 237 depending on the availability of assessments among

the 8 risk factor. The participants had a baseline and up to 11 follow-up assessments. The

mean number of visits was 7.1 for BMI, SBP, and DBP, 5.6 for waist circumference, 5.5 for

triglycerides and HDL cholesterol, 5.0 for fasting glucose, and 4.9 for fasting insulin. The

age at baseline ranged from 8 to 18.5 years. The age at last follow-up ranged from 9 to 19.9

years.

The proportion having at least 1 change over time was 13.2% for BMI, 15.3% for waist

circumference, 13.5% for fasting insulin, 13.4% for fasting glucose, 30.4% for triglycerides,

11.0% for HDL cholesterol, 11.8% for SBP, and 11.9% for DBP (Table I). The proportion

having 1 change in risk status ranged from 4.8% for SBP to 18.1% for triglycerides. The

proportion having 2 changes in risk status ranged from 3.3% for fasting glucose to 8.9% for

triglycerides and the proportion having changed risk status 3 or more times ranged from 0%
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for insulin and glucose to 3.4% for triglycerides. Youth in the high-risk category of BMI (P

< .0001), insulin (P = .008), glucose (P = .008), triglycerides (P < .0001), HDL cholesterol

(P = .021), SBP (P < .0001), or DBP (P = .013) at baseline were more likely to have

changed their status over time compared with those in the normal-risk category.

The means of metric- and Z-scores for the 8 cardiometabolic risk factor are illustrated in

Figure 1 and Figure 2, respectively, and the results of linear growth curve analyses for these

variables are shown in Table II. In growth curve analyses with metric scores, there were

significant linear and quadratic time effects for waist circumference and fasting insulin (all P

< .0001), significant linear time effects only for BMI, SBP, DBP (all P < .001), HDL

cholesterol (P = .002), and insignificant time effects for fasting glucose and triglycerides.

There were no in significant time effects on all 8 risk factors in growth curve analyses with

Z-scores. In addition, age at baseline had significant impact on the linear time effects for

fasting insulin (P < .0001) and on the quadratic time effects for waist circumference (P < .

001) and HDL (P = .009) in growth curve analyses with metric scores, and on both linear

and quadratic time effects for fasting glucose (all P = .001) in growth curve analyses with Z-

scores.

Discussion

With a longitudinal design, we demonstrated that 8 cardiometabolic risk factors associated

with the MetS were relatively stable among white children and adolescents when the levels

of these risks were in the normal risk category. Changes in status were common if the risk

factor was elevated. The proportion of change in participants’ high-risk status determined

with proposed cutoff values ranged between 11% and 14% for all risk factors except waist

circumference (15.3%) and triglycerides (30.4%).

Our finding that the frequency of changes in risk status for overweight was similar to the

findings of previous studies, which showed that overall mean change in BMI Z-scores over

time was not statistically significant.12 However, our results suggested that greater than 60%

of children and adolescents who had a high-risk category at baseline tended to change their

status in the follow-up, indicating a considerable fluctuation or regression of overweight

status over time. Few previous studies assessed the stability of waist circumference during

childhood and adolescence. One study that tracked the waist circumference of adolescents as

they progressed into adulthood showed that the tracking coefficient (ie, correlation

coefficient) was moderate (0.79).19 The overall proportion of at least 1 status change for

waist circumference was similar to that of BMI in our study; however, the insignificant

difference in the proportion of change between those with and without a high-risk category

at baseline for waist circumference indicated that abdominal obesity as measured by waist

circumference seemed to be more stable than general overweight as defined by BMI from

childhood to adolescence.

Similar to results from previous studies,14 our results indicated that there was a significant

time effects on the metric scores of fasting insulin concentration over time. This was not the

case when Z-scores were used in growth curve modeling, suggesting that the relative ranks

of fasting insulin standardized according to sex and age may be stable over time. However,
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the fact that about 35% of children and adolescent with a high-risk category had changed

their risk status at least once in the follow-up assessments indicates instability in their risk

status. In addition, fasting glucose appeared to be relatively stable in both metric- and Z-

scores over time. Our results were in contrast to the findings of the Cittadella study18 in

which postprandial blood glucose was found to be instable with increasing age. The use of

fasting glucose in our study versus postprandial glucose in the Cittadella study may

contribute to the inconsistent results, because fasting glucose and postprandial glucose have

distinct metabolic mechanisms.28 Nevertheless, the relative stability of fasting glucose in its

metric values had clinical implications because the diagnosis of diabetes and prediabetes is

made according to its metric values rather than its percentile values or rank orders.25

Triglycerides was the cardiometabolic risk factor with the most changes in status, indicating

that children and adolescents may frequently fluctuate between their normal or high-risk

status with increasing age.26 The results of insignificant time effects on mean levels in both

metric- and Z-scores for triglyceride levels in growth curve analyses seemed to be

contradictory to the high variability in the dichotomized risk status. Perhaps the use of

relatively low threshold values to define high triglyceride levels in children and adolescents

could be attributable to these inconsistent results. In fact, we replicated our analyses using

the threshold value of 130 mg/dL to define high triglyceride levels regardless of age and

obtained a slightly decreased proportion of change in high-risk status at least once (27.8%).

Furthermore, we used the threshold value of 150 mg/dL as suggested by the International

Federation of Diabetes10 and obtained the lowest proportion of change in high-risk status

(19.4%). The contradiction in findings between the threshold analyses and growth curve

models also highlights the problems of translating a continuous variable into a dichotomy.

The relative stability of triglycerides in both metric- and Z-scores over time adds support for

the use of a single threshold value regardless of age to define the elevated concentration of

triglycerides in children and adolescents.

The findings of most previous studies on the tracking of blood pressure have shown that the

correlation coefficients between baseline and follow-up ranged from 0.16 to 0.36 for SBP

and 0.15 to 0.24 for DBP, indicating weak stability during childhood and adolescence.13 In

addition, 1 previous study found that there was only 28% agreement in high blood pressure

status between age 7 and the 2 subsequent examinations at age 9, 11, and 13 years.29 Our

results, in contrast to previous findings, suggested that both SBP and DBP were relatively

stable over time and that the overall change in the status of elevated SBP was very similar to

that of DBP. The low prevalence of elevated blood pressure among white children and

adolescents in this study may be attributable to the relative stability.

The change or instability of status in cardiometabolic risk factors from childhood to

adolescence could be resulted from (1) natural development such as growth and

physiological maturation across pubertal stages, (2) behavioral modifications such as change

in the frequency and intensity of physical activity or dietary habits, (3) medical treatment or

public health intervention for those with an elevated level of risk factors, and (4)

measurement errors such as variations in equipments, assays, examiners, or quality control

methods. Future research on identifying specific predictors associated with change in the

status of these cardiometabolic risk factors, particularly change in the clusters of these
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variables, would be helpful to understand the dynamics of growth during childhood and

adolescence.

There were 2 strengths in our study. First, the follow-up period for many of the subjects was

long, and each of 8 cardiometabolic risk factors was measured at least annually, resulting in

up to a total of 10 follow-up assessments. Use of multiple follow-up measures enabled us to

assess the patterns of change more adequately than with just 2 time points. Second, we

examined the patterns of change in the 8 cardiometabolic risk factors associated with the

MetS with growth curve analyses simultaneously, which enabled us to compare the

differences and similarities among these factors in a single study. However, our results were

subject to 2 limitations. First, because 98% of participants of the Fels Longitudinal Study

were non-Hispanic whites and we only analyzed data of white children and adolescents, our

results may be generalized to non-Hispanic white populations. Caution may be needed when

applying our results to other racial/ethnic populations. Second, because of relatively small

sample size in our study, particularly among children with a very high Z-score (ie, Z-score

≥2) at baseline, we were unable to conduct separate growth curve analyses to assess the

patterns of change in cardiometabolic risk factors over time in this clinically meaningful

subgroup of children.

In sum, the MetS, clustering of multiple cardiometabolic risk factors, has been well

recognized; however, its precise definition including the optimal threshold values of its

elements and its utility are still not established in children and adolescents.8,30 In this study,

we provided comprehensive information about the dynamic changes in the 8

cardiometabolic risk factors in a long period of time during childhood and adolescence. Our

results suggest that these risk factors appear to be relatively stable on average in the total

sample, albeit considerable changes in risk status may occur commonly in the subsample of

youth with a high-risk category at baseline. The fact that cardiometabolic risk factors are

variable over time is important because cross-sectional assessment of these risk

cardiometabolic risk factors can provide challenges in predicting disease risk later on in life.

Long-term monitoring is critical to identify the dynamics of change in risk status during

childhood and adolescence and, in turn, the prediction of disease risks in adulthood.
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Glossary

BMI Body mass index

DBP Diastolic blood pressure

HDL High-density lipoprotein

MetS Metabolic syndrome

SBP Systolic blood pressure
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Figure 1.
The mean levels in the metric scores of the 8 cardiometabolic risk factors in participants of

the Fels Longitudinal Study between 8 to 19 years of age.
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Figure 2.
The mean levels in the Z-scores of the 8 cardiometabolic risk factors in participants of the

Fels Longitudinal Study between 8 to 19 years of age.
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