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Abstract

Background: Metabolic risk varies within adult body mass index (BMI) categories; however, the development of 
BMI-specifi c metabolic risk from childhood is unknown.
Methods: The sample included 895 adults (20–38 years of age; 43% male, 34% black) from the Bogalusa Heart 
Study (1995–2002), who had been measured as children (5–18 years of age) in 1981–1982. Adult metabolic risk was 
assessed using two defi nitions: Cardiometabolic risk factor clustering (RFC) included two or more abnormal risk 
factors [blood pressure, high-density lipoprotein cholesterol (HDL-C), triglycerides, and fasting glucose] and 
insulin resistance (IR), comprising the top quartile of the homeostasis model of insulin resistance (HOMA-IR) 
distribution. Logistic regression, within BMI categories, was used to predict adult metabolic risk from childhood 
mean arterial pressure (MAP), HDL-C, low-density lipoprotein cholesterol (LDL-C), glucose, and triglycerides. 
Covariates included childhood age, race, sex, adult BMI, and length of follow-up.
Results: The prevalence of the adult abnormal metabolic risk profi le varied by defi nitions of metabolic risk 
(normal weight, 5%–9%; overweight, 15%–23%; and obese, 40%–53%). The adult abnormal profi le was associated 
with higher childhood LDL-C [IR, odds ratio (OR), 1.95; 95% confi dence interval (CI), 1.06–3.58) and insulin (IR, 
OR, 1.69; CI, 1.10–2.58) in normal-weight adults; lower childhood HDL-C in overweight adults (RFC, OR, 0.61; 
CI, 0.40–0.94); and higher childhood MAP (RFC, OR, 1.75; CI, 1.24–2.47) and glucose (IR, OR,1.38; CI, 1.06–1.81) in 
obese adults.
Conclusions: Some childhood metabolic risk factors are moderately associated with adult BMI-specifi c meta-
bolic risk profi les. The ability to identify children with high future adult cardiovascular risk may initiate early 
treatment options.

Introduction

It is well established that obese adults are more likely 
to develop adverse health conditions than normal-weight 

individuals. However, there is a subset of obese individuals 
that have a normal metabolic profi le. In contrast, normal-
weight individuals with abnormal metabolic profi les have 
also been identifi ed. There is increasing interest in describ-
ing these phenotypes, in determining the time course for 
their development, and understanding the long-term health 
risks.

The subset of normal-weight adults with abnormal risk 
factors is often differentiated from healthy normal-weight 
individuals by the presence of abdominal obesity and 

elevated cholesterol, triglycerides, and blood pressure.1,2 
Normal-weight males with greater adiposity (fat mass) have 
a higher prevalence of cardiovascular disease risk factors,3 
and normal-weight individuals with an abnormal meta-
bolic risk profi le have three times the risk of cardiovascu-
lar disease and four times the risk of type 2 diabetes than 
their healthy normal-weight counterparts.4 Conversely, 
obese adults with a “healthy” metabolic phenotype tend 
to have favorable lipid profi les,5 normal insulin sensitiv-
ity,6 lower visceral fat depots,7 lower ectopic liver and skel-
etal muscle fat,8 a slower progression of atherosclerosis as 
measured by intima media thickness,8 and do not demon-
strate an increased risk for either cardiovascular disease or 
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with nonfasting blood samples were removed (n = 86) as 
were pregnant females (n = 33). If multiple screenings were 
found for adults, the most recent data were used to max-
imize follow-up time between childhood and adulthood. 
The fi nal sample included 895 individuals: 281 adults (20–32 
years) were measured in 1995–96, 129 adults (22–36 years) 
were measured in 1998–2001, and 485 adults (26–38 years) 
were measured in 2001–2002.

General examination

Height and weight were measured in duplicate to the 
nearest 0.1 cm and 0.1 kg, respectively. BMI was calculated 
as the mean weight in kilograms divided by the mean height 
in meters squared (kg/m2). Waist circumference was mea-
sured midway between the lowest rib and the superior bor-
der of the iliac crest, with a fl exible tape in triplicate and 
averaged. Systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) (4th Korotkoff heart sound) were measured 
on the right arm using mercury sphygmomanometers as the 
average of six readings from two randomly assigned nurses. 
Race was self-assessed by participants.

Laboratory analyses

All blood samples were collected after a 12-h fast. Prior 
to the 1988–1991 survey, blood lipids were measured by the 
Lipid Research Clinic protocol on an Auto Analyzer II instru-
ment (Technicon Instrument Corp, Tarrytown, NY).15 After 
1988–1991, the instrumentation for lipid assessment changed 
to a VP instrument (Abbott Laboratories, North Chicago, IL) 
using enzymatic procedures16,17 as required by the Centers 
for Disease Control and Prevention (Atlanta, GA). All mea-
sures were conducted within the Core Lipid Laboratory in 
New Orleans, Louisiana. Serum triglyceride concentrations 
were measured with enzymatic procedures, and serum low-
density lipoprotein cholesterol (LDL-C) and high-density 
lipoprotein cholesterol (HDL-C) were measured using a 
heparin–calcium precipitation in combination with an agar–
agarose gel electrophoresis.18 From 1978 to 1991, plasma 
glucose was measured using the glucose oxidase method 
on a Beckman glucose analyzer (Beckman Instruments, 
Fullerton, CA) and then using an enzymatic procedure. A 
commercial radioimmunoassay kit measured plasma immu-
noreactive insulin levels (Phadebas, Pharmacia Diagnostics, 
Piscataway, NJ). For quality control, an additional indepen-
dent blind duplicate sample was collected from a 10% sub-
sample; intraclass correlation coeffi cients ranged from 0.97 
to 0.99 for triglycerides, 0.86 to 0.98 for LDL-C, 0.92 to 0.98 for 
HDL-C, 0.86 to 0.98 for glucose, and 0.94 to 0.98 for insulin.

Adults were classifi ed as normal weight (BMI <25 kg/
m2), overweight (BMI 25.0–29.9), and obese (BMI ≥30 kg/
m2) following the recommendations of the World Health 
Organization (WHO).19 Stratifi cation for high cardiovascular 
risk was assessed using two defi nitions: (1) cardiometabolic 
risk factor clustering and (2) IR. For the cardiometabolic 
risk factor clustering defi nition, elevated triglycerides (≥150 
mg/dL), high blood pressure (SBP ≥130, or DBP ≥85, or on 
hypertension medication), elevated fasting glucose (≥100 
mg/dL, or on antidiabetic medication), and low HDL-C 
(men <40 mg/dL; women <50 mg/dL, or on lipid-lower-
ing medication), were identifi ed with the American Health 
Association/National Heart, Lung and Blood Institute 

type 2 diabetes when compared to normal-weight healthy 
individuals.4 These results suggest that there is a complex 
interaction between body weight status, cardiovascular 
risk factors, metabolic profi le, and an individual’s risk for 
chronic disease.

Recently, the prevalence of body mass index–(BMI) spe-
cifi c metabolic risk profi les was published using a repre-
sentative sample of U.S. adults, demonstrating that 23.5% of 
normal-weight adults had an abnormal metabolic risk profi le 
and 31.7% of obese individuals were metabolically healthy.9 
These results suggest that these phenotypes are relatively 
common in the general population.

Although different levels of metabolic risk within BMI 
categories have been identifi ed, little is known about how 
these BMI-specifi c metabolic risk profi les develop and pro-
gress from childhood into adulthood. Previous research has 
established that individual cardiovascular disease risk factor 
levels are moderately stable from childhood to adulthood.10,11 
Clustering of multiple abnormal cardiovascular risk factors 
can occur during childhood12 and may track from childhood 
to adulthood.12–14 Thus, the ability to associate specifi c child-
hood metabolic risk factors with abnormal BMI-specifi c met-
abolic risk profi les in adults may provide an opportunity for 
early intervention efforts to reduce progression of chronic 
disease from childhood into adulthood.

A challenge in the existing literature is lack of a stan-
dardized defi nition to describe this interaction between BMI 
and metabolic risk. Currently, two defi nitions are employed 
throughout the research: (1) cardiometabolic risk factor clus-
tering9 and (2) insulin resistance (IR),6–8 or a combination of 
the two.4,5 Meigs and colleagues compared two BMI-specifi c 
metabolic risk defi nitions in the association of adult BMI-
specifi c risk for the development of type 2 diabetes and car-
diovascular disease.4 Although no differences were found 
between these defi nitions,4 no other studies have compared 
defi nitions within the same sample to examine development 
from childhood.

The purpose of this study was to (1) determine whether 
childhood metabolic risk factors are associated with abnor-
mal adult BMI-specifi c metabolic risk profi les, and (2) 
 compare the associations utilizing two different adult meta-
bolic risk defi nitions (cardiometabolic risk factor clustering 
and IR).

Materials and Methods

Study population

The Bogalusa Heart Study is a community-based inves-
tigation of the natural history of cardiovascular disease 
from childhood into adulthood. Eligible participants were 
drawn from children and adolescents living in Ward 4 of 
Washington Parish in South East Louisiana, a biracial com-
munity (65% white, 35% black) of approximately 20,000 peo-
ple. Several cross-sectional surveys have been conducted 
between 1973 and 2002, and many individuals have par-
ticipated in multiple surveys. The present study sample 
includes adults who had been measured in the 1995–1996, 
1998–2001, or 2001–2002 surveys. Participants met the fol-
lowing criteria for inclusion into this analysis: (1) Previously 
measured as a child in 1981–1982, (2) no missing data for the 
metabolic variables of interest at either time points, (3) child-
hood age 5–17.9 years, 4) adult age ≥18 years. Participants 
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factors generally increased from the adult normal-weight 
category through the adult obese category for both the child-
hood and adulthood physiological values, with the excep-
tion of HDL-C, which decreased as expected.

BMI-specifi c metabolic risk

The cardiometabolic risk factor clustering defi nition 
resulted in an abnormal risk profi le in approximately 9% of 
normal-weight individuals, 23% of overweight individuals, 
and 40% of obese individuals (Fig. 1A), whereas the IR def-
inition resulted in approximately 5% of the normal weight, 
15% of overweight, and 54% of obese groups classifi ed as 
abnormal (Fig. 1B). The percent agreement between the car-
diometabolic risk factor clustering defi nition and the IR def-
inition was 47% in normal weight, 47% in overweight, and 
51% in obese adults. In other words, between 47% and 51% of 
the participants classifi ed as abnormal by cardiometabolic 
risk factor clustering were also classifi ed as abnormal using 
IR as the criterion.

Cardiometabolic risk factor clustering defi nition

The most common abnormal metabolic risk factors among 
all adults were elevated triglycerides for normal-weight 
adults and low HDL-C for both overweight and obese adults 
(Fig. 2). Among normal-weight adults, no childhood meta-
bolic risk factors were associated with having an abnormal 
metabolic risk profi le in either the single risk factor or the 
multiple risk factor models (Table 3). Among overweight 
adults, higher levels of childhood LDL-C [single risk factor 
model: odds ratio (OR) per standard deviation (SD), 1.49; 95% 
confi dence interval (CI), 1.07–2.07] and lower levels of HDL-C 
(single risk factor model, OR per SD, 0.58; 95% CI, 0.41–0.84; 
multiple risk factor model, OR per SD, 0.61; 95% CI, 0.40–0.94) 
were associated with having an abnormal adult metabolic 
risk profi le (Table 3). Therefore, among overweight adults, 
for each 1 SD higher childhood LDL-C or lower HDL-C, 
there is a 49% increase and 39%–42% increase, respectively, 
in the odds of becoming an abnormal overweight adult. In 
obese adults, the abnormal metabolic risk profi le was asso-
ciated with having higher childhood LDL (single risk factor 
model, OR per SD, 1.34; 95% CI, 1.02–1.76), lower HDL (single 

(AHA/NHLBI) guidelines for abnormal cardiometabolic 
risk factors.20 Adult waist circumference was not used in the 
defi nition of risk due to multi–colinearity  with adult BMI. 
Metabolically normal (normal) was defi ned as having 0 or 1 
abnormal risk factors, and metabolically abnormal (abnor-
mal) was defi ned as having 2 or more abnormal risk fac-
tors. For the insulin resistance defi nition of metabolic risk, 
the homeostasis model for IR (HOMA-IR) was calculated by 
{[fasting glucose (mmol/L) ∙ fasting insulin (μU/mL)]/22.5}.21 
In the insulin resistance defi nition, “abnormal” was defi ned 
as a HOMA-IR value equal or greater than the lower limit of 
the top quartile of HOMA-IR distribution values in sample, 
as suggested by WHO,22 or any individual on antidiabetic 
medication (top quartile for HOMA-IR ≥3.2).

Statistical analyses

Within each adult BMI category, age-, race-, and sex-
adjusted child and adult means for the individual metabolic 
risk factors were examined between persons classifi ed as 
abnormal and normal. Similarly, individuals were stratifi ed 
into BMI categories (normal weight, overweight, and obese) 
for logistic regression analyses to predict adult metabolic risk 
(abnormal versus normal). The logistic regressions modeled 
the risk of abnormal metabolic risk (either cardiometabolic 
risk factor clustering or insulin resistance) as an adult from 
childhood measurements of triglycerides, HDL-C, LDL-C, 
mean arterial blood pressure (MAP) [1/3(SBP − DBP) + 
DBP], fasting glucose, and insulin. MAP was chosen to 
include both SBP and DBP into a single variable to represent 
blood pressure. In all models, childhood BMI, childhood age, 
race, sex, adult BMI, and length of follow-up were included 
as covariates. Childhood BMI was added into the model as 
a covariate to model the effects of the childhood risk factors 
independent of the effects of childhood BMI.

Two statistical approaches were used to examine predic-
tors of BMI-specifi c metabolic risk profi les for both defi ni-
tions of metabolic risk (cardiometabolic risk factor clustering 
and IR): (1) single risk factor models, in which each child-
hood metabolic risk factor was examined individually with 
covariates; (2) multiple risk factor model, in which all child-
hood metabolic risk factors were entered into the model with 
covariates, to permit simultaneous adjustment to determine 
the independent contribution of each predictor. Last, effect 
sizes in the models were given in standard deviation units 
to facilitate comparisons among predictors.

Percent agreement between cardiometabolic clustering 
and IR defi nitions was calculated from a cross tabulation. 
(To convert metabolic risk factors to SI units, multiply by 
0.0259 for LDL-C, 0.0259 for HDL-C, by 0.0113 for triglycer-
ides, by 0.0555 for glucose, and by 6.945 for insulin.)

Results

The mean age was 11.8 ± 3.4 years in childhood and 
29.5 ± 4.8 years in adulthood, with a mean follow-up of 
17.8 ± 2.6 years. Approximately 43% of the sample was 
male and 34% was African American. Table 1 presents these 
demographic characteristics within the adult BMI catego-
ries. Approximately 37% of adults were normal weight, 26% 
were overweight, and 36% were obese. Table 2 presents the 
adjusted childhood and adulthood individual metabolic 
risk factors by BMI category. The individual metabolic risk 

Table 1. Childhood and Adulthood Demographics by 
Adult BMI Category

 
Normal 
weight Overweight Obese

N (%) 333 (37) 236 (26) 326 (36)
Sex
 Male, n (%) 118 (35) 138 (58) 125 (38)
 Female, n (%) 215 (65) 98 (42) 201 (62)
Race
 White, n (%) 243 (73) 154 (65) 193 (59)
 Black, n (%) 90 (27) 82 (35) 133 (41)
Age (years)
 Childhood 11.5 ± 3.4 12.1 ± 3.3 11.8 ± 3.6
 Adulthood 28.8 ± 4.9 30.0 ± 4.4 29.9 ± 4.9
Length of follow-up 

(years)
 17.2 ± 2.7  17.9 ± 2.6 18.2 ± 2.5
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CI, 2.76–8.83, P < 0.0001) were independently and positively 
associated with an abnormal risk profi le in the multiple risk 
factor model.

IR defi nition

Among normal-weight adults, for each SD higher child-
hood LDL-C, there was between 78% and 95% increase in 
odds of having an abnormal cardiovascular risk profi le (sin-
gle risk factor model P = 0.02; multiple risk factor model 
P = 0.03). Furthermore, within normal-weight adults, higher 
fasting insulin in childhood resulted in a 51%–69% increased 
odds of having an abnormal adult profi le (single risk factor 
model P = 0.04; multiple risk factor model P = 0.02) (Table 4). 
In overweight adults, no childhood metabolic risk factors 
were related to the abnormal metabolic risk profi le. For obese 
adults, higher levels of glucose in childhood were associated 
with 38% increased odds of having an abnormal metabolic 
risk profi le in adulthood (single risk factor model P= 0.01; 
multiple risk factor model P = 0.02) (Table 4).

In normal-weight and obese adults, there was no effect 
of either sex or race when using the insulin resistance def-
inition for adult metabolic risk. In overweight individuals, 
however, white adults were less likely to have an abnormal 
metabolic risk profi le according to the insulin resistance 
defi nition (reference = black, OR, 0.39; 95% CI, 0.17–0.86, 
P = 0.02).

Discussion

The results of this study demonstrate that adult BMI-
specifi c metabolic risk is associated with childhood met-
abolic risk factors, although the results vary across BMI 
categories and defi nitions of adult metabolic risk. These 
results suggest that the development of adult metabolic risk 
within BMI may begin in childhood; however, specifi c child-
hood risk factors that associate with the adult profi le depend 
on the defi nition of metabolic risk.

In the current study, we found that different metabolic 
risk factors were associated with the abnormal adult pro-
fi le depending on the defi nitions of adult metabolic risk. 
Within the cardiometabolic risk factor clustering defi nition, 
some individual risk factors were signifi cant in the single 
risk factor model, but then lost signifi cance in the multiple 
risk factor model. These results suggest that these specifi c 
childhood risk factors are not independent predictors of the 
abnormal profi le in overweight and obese adults once the 
other related risk factors are taken into account. It is also 
interesting to note that different childhood cardiometabolic 
risk factors were predictors for the overweight and obese 
abnormal profi les. This may suggest a different physiolog-
ical mechanism to explain the development of the adult 
abnormal profi le from childhood.

These results also highlight the fi nding that only 47%–51% 
of the same individuals were classifi ed as abnormal by both 
methods; thus, to some extent the two methods identifi ed 
different individuals as being at elevated risk. Meigs and 
colleagues4 compared similar defi nitions of metabolic risk as 
the present study (cardiometabolic risk factor clustering and 
insulin resistance) and found comparable results between 
the two defi nitions when assessing risk for development of 
cardiovascular disease and type 2 diabetes in adults. Our 
study examined the period of development from childhood 

risk factor model, OR per SD, 0.75; 95% CI, 0.57–0.99), higher 
childhood MAP (single risk factor model, OR per SD, 1.74; 
95% CI, 1.25–2.42; multiple risk factor models, OR per SD, 
1.75; 95% CI, 1.24–2.47), and higher childhood insulin (single 
risk factor model, OR per SD, 1.33; 95% CI, 1.01–1.74) (Table 3). 
Thus, in the multiple risk factor model, among obese adults, 
a 1 SD higher childhood MAP was associated with a 75% 
higher odds of having an abnormal metabolic risk profi le.

Race and sex were not signifi cantly related to having 
the abnormal phenotype among either normal-weight or 
overweight adults. However, for obese individuals, both 
white race (reference = black, OR, 2.37; 95% CI, 1.30–4.31, 
P = 0.005) and male sex (reference = female, OR, 4.94; 95% 

Table 2. Adjusteda Childhood and Adulthood 
Metabolic Risk Factors by Adult BMI Category

 
Normal 
weight Overweight Obese

BMI (kg/m2)
 Childhood   17.1 ± 0.2  18.3 ± 0.2  21.7 ± 0.2
 Adulthood   22.1 ± 0.2  27.4 ± 0.2  36.4 ± 0.2
Waist (cm)
 Childhood NA NA NA
 Adulthood    75.9 ± 0.6  87.7 ± 0.7 108.1 ± 0.6
TGs (mg/dL)
 Childhood   58.0 ± 1.7  62.6 ± 2.0  70.4 ± 1.7
 Adulthood   84.1 ± 5.2 111.9 ± 5.9 139.6 ± 5.1
LDL-C (mg/dL)
 Childhood   92.0 ± 1.5   92.5 ± 1.7   96.3 ± 1.4
 Adulthood 109.6 ± 1.9 119.6 ± 2.1 128.8 ± 1.8
HDL-C (mg/dL)
 Childhood   63.5 ± 1.1   61.6 ± 1.3  58.1 ± 1.1
 Adulthood   52.8 ± 0.7  48.5 ± 0.8  43.6 ± 0.6
MAP (mmHg)
 Childhood  76.1 ± 0.4  77.0 ± 0.5  79.3 ± 0.4
 Adulthood  85.9 ± 0.5  87.2 ± 0.6  93.7 ± 0.5
SBP (mmHg)
 Childhood 102.4 ± 0.5 104.1 ± 0.6  107.2 ± 0.5 
 Adulthood 110.8 ± 0.6 112.5 ± 0.7 120.2 ± 0.7 
DBP (mmHg)
 Childhood   63.0 ± 0.4  63.6 ± 0.5  65.4 ± 0.4
 Adulthood  73.4 ± 0.5  74.6 ± 0.6  80.5 ± 0.5
Glucose (mg/dL)
 Childhood   80.3 ± 0.4  79.5 ± 0.5  80.9 ± 0.4 
 Adulthood   80.5 ± 1.3   82.7 ± 1.4  89.9 ± 1.2 
Insulin (μU/mL) 
 Childhood  9.9 ± 0.5  10.8 ± 0.5  13.3 ± 0.5
 Adulthood  7.8 ± 0.6  11.1 ± 0.7  19.0 ± 0.6
HOMA-IR
 Childhood    2.0 ± 0.1  2.1 ± 0.1    2.7 ± 0.1 
 Adulthood    1.6 ± 0.1    2.3 ± 0.2    4.2 ± 0.1 

aMeans ± standard error adjusted for sex, race, and age.

For SI conversion factors, multiply by 0.0259 for HDL-C, by 

0.0259 for LDL-C, by 0.0113 for triglycerides, by 0.0555 for glucose, 

and by 6.945 for insulin.

Abbreviations: BMI, body mass index; NA, not available; 

TGs, triglycerides; LDL-C, low-density lipoprotein cholesterol; 

HDL-C, high-density lipoprotein cholesterol; MAP, mean arterial 

blood pressure; DBP, diastolic blood pressure; SBP, systolic blood 

pressure; HOMA-IR, homeostasis model for insulin resistance.
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adult with a normal profi le. While our analyses predicted 
an abnormal metabolic risk profi le in obese adults, these 
results imply that obese adults with the normal risk profi le 
are associated with lower MAP and lower fasting glucose 
in childhood. We also examined BMI-specifi c metabolic risk 
in overweight adults, in which low HDL-C emerged as an 
important indicator of abnormal metabolic risk.

It is well established that many lipid, blood pressure, and 
metabolic abnormalities in adulthood are partly modifi -
able through positive lifestyle changes. Recommendations 
for adults focus on the incorporation of increased physical 
activity and altered dietary intake for improving both lipid 
profi les,20 elevated blood pressure,23 glucose, and insulin lev-
els.24,25 However, more research is needed to assess whether 

to early adulthood, whereas Meigs and colleagues examined 
the period of development from abnormal risk in adulthood 
to the manifestation of chronic disease. Thus, it is possible 
for there to be different physiological mechanisms to explain 
these distinct periods of development for risk and disease.

The existing research on BMI-specifi c metabolic risk pro-
fi les explores mostly cross-sectional physiological, demo-
graphic, and behavioral correlates in adults.4,5,7–9 Our study 
extends these results to the prediction of adult BMI-specifi c 
metabolic risk profi les from childhood risk factors, indepen-
dent of childhood BMI, providing insight concerning the lon-
gitudinal development of these risk profi les. Furthermore, 
much of the previous research has focused on normal-weight 
adults with the abnormal profi le, or, conversely, the obese 
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FIG. 1. (A) Prevalence of BMI-specifi c 
metabolic profi les among Bogalusa Heart 
Study participants using the cardiometa-
bolic risk factor clustering defi nition (nor-
mal = 0 or 1 irregular risk factor; abnormal 
= 2 or more irregular risk factors). (B) 
Prevalence of adult BMI-specifi c metabolic 
profi les among Bogalusa Heart Study par-
ticipants using the insulin resistance defi -
nition (abnormal = top 25% of HOMA-IR 
distribution). Abbreviations: BMI, body 
mass index; HOMA-IR, homeostasis model 
assessment of insulin resistance.
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tors. Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; BP, blood pressure.
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In conclusion, adult BMI-specifi c metabolic risk is asso-
ciated with childhood metabolic risk factors such as high 
LDL-C, low HDL-C, and high MAP with the cardiometa-
bolic risk factor clustering defi nition of risk; and high 
LDL-C, high glucose, and high insulin with the IR defi -
nition. These risk factors in childhood may develop into 
abnormal metabolic risk in adulthood. Recommendations 
for improving overall lipid, blood pressure, and metabolic 
profi les should continue to emphasize positive lifestyle 
changes in adults. Future research is needed to establish 
whether positive lifestyle changes, if adopted during child-
hood, decrease the development and progression of meta-
bolic risk in adulthood.
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childhood physical activity level and nutritional habits pre-
dict BMI-specifi c metabolic risk in adulthood and whether 
modifying these habits in childhood can reduce the progres-
sion of an abnormal metabolic risk profi le.

There are strengths and limitations to this study that 
warrant discussion. Future studies should determine the 
extent to which metabolic risk differs within categories 
of adiposity such as dual-energy X-ray absorptiometry– 
(DEXA) derived fat mass. The well-characterized biracial 
cohort of men and women with standardized clinical mea-
surements available in both childhood and adulthood is 
also a signifi cant strength of this study. Future studies that 
employ longer periods of follow-up into older ages are war-
ranted. Although the sample size was large for the overall 
cohort, the statistical analysis did stratify analyses fi rst into 
BMI categories, signifi cantly reducing sample sizes and sta-
tistical power for each subsequent analysis. Efforts should 
be made to replicate these results in other cohorts to better 
generalize the ethnic and sex results to other populations, 
as well as to characterize these relationships with a longer 
follow-up into middle age.

Table 3. Results of Logistic Regression Predicting Abnormal Adult BMI-Specific Metabolic Profiles 
From Childhood Metabolic Measures Using the Cardiometabolic Risk Factor Clustering Definition

Childhood measure

Single risk factor modela Multiple risk factor modelb

OR per SD3 (CI) P value OR per SD3 (CI) P value

 Normal weightc

 Triglycerides (mg/dL) 1.17 (0.78–1.77)  0.45 0.89 (0.53–1.49) 0.65
 LDL-C (mg/dL) 1.26 (0.86–1.85)  0.23 1.24 (0.80–1.91) 0.33
 HDL-C (mg/dL) 0.72 (0.48–1.08)  0.11 0.77 (0.48–1.23) 0.27
 MAP (mmHg) 0.97 (0.58–1.61)  0.89 0.99 (0.58–1.69) 0.96
 Glucose (mg/dL) 0.82 (0.54–1.25)  0.36 0.82 (0.53–1.26) 0.36
 Insulin (μU/mL) 1.30 (0.94–1.79) 0.11 1.35 (0.97–1.89) 0.08
Overweightc

 Triglycerides (mg/dL) 1.26 (0.91–1.74) 0.17 0.95 (0.60–1.50) 0.82
 LDL-C (mg/dL) 1.49 (1.07–2.07)  0.02 1.34 (0.92–1.94) 0.12
 HDL-C (mg/dL) 0.58 (0.41–0.84)   0.003 0.61 (0.40–0.94) 0.03
 MAP (mmHg) 1.01 (0.67–1.50)  0.98 1.01 (0.65–1.58) 0.96
 Glucose (mg/dL) 1.30 (0.92–1.85)  0.14 1.37(0.94–1.98) 0.10
 Insulin (μU/mL) 0.93 (0.65–1.33)  0.68 0.86 (0.57–1.30) 0.48
Obesec

 Triglycerides (mg/dL) 1.30 (0.99–1.70)  0.06 0.98 (0.70–1.38) 0.92
 LDL-C (mg/dL) 1.34 (1.02–1.76)  0.04 1.22 (0.89–1.66) 0.21
 HDL-C (mg/dL) 0.75 (0.57–0.99)  0.04 0.76 (0.56–1.04) 0.08
 MAP (mmHg) 1.74 (1.25–2.42)   0.001 1.75 (1.24–2.47) 0.002
 Glucose (mg/dL) 1.27 (0.96–1.68)  0.09 1.16 (0.86–1.56) 0.32
 Insulin (μU/mL) 1.33 (1.01–1.74)  0.04 1.29 (0.95–1.75) 0.10

Standard deviations: Normal weight—triglycerides 25.8 mg/dL, LDL-C 24.2 mg/dL, HDL-C 18.4 mg/dL, MAP 8.7 

mmHg, glucose 7.2 mg/dL, insulin 7.5 μU/mL; overweight—triglycerides 30.4 mg/dL, LDL-C 26.2 mg/dL, HDL-C 20.3 

mg/dL, MAP 9.3 mmHg, glucose 7.6 mg/dL, insulin 8.2 μU/mL; obese—triglycerides 34.3 mg/dL, LDL-C 26.4 mg/dL, 

HDL-C 20.8 mg/dL, MAP 7.9 mmHg, glucose 7.2 mg/dL, insulin 9.5 μU/mL.

For SI conversion factors, multiply by 0.0259 for HDL-C, by 0.0259 for LDL-C, by 0.0113 for triglycerides, by 0.0555 for 

glucose, and by 6.945 for insulin.

Bold indicates P < 0.05.
aEach model included only one childhood metabolic risk factor as a predictor, with covariates (childhood age, 

childhood BMI, time for follow-up, adult BMI, race, and sex).
bThe model included all childhood metabolic risk factors as predictors, with covariates.
cAbnormal metabolic risk is predicted for each model within adult BMI categories.

Abbreviations: BMI, body mass index; OR, odds ratio; SD, standard deviation; CI, confi dence interval; LDL-C, low-

density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; MAP, mean arterial blood pressure.
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