
Adolescent  Overweight Is Associated With Adult  Overweight and Related 
Mult iple  Cardiovascular  Risk Factors: The Bogalusa Heart Study 
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Overweight in adolescence is considered an important predictor of long-term morbidity and mortality. The impact of 
adolescent overweight on adult overweight and related multiple cardiovascular risk factors was examined in a biracial 
(black-white) cohort (N = 783) who participated in two cross-sectional surveys as adolescents aged 13 to 17 years and as young 
adults aged 27 to 31 years. The cohort was categorized as adolescent-onset adult overweight (N = 110) or lean (N = 81) 
according to age-, race-, and sex-specific body mass index (BMI) greater than the 75th percentile or between the 25th and 50th 
percentiles on both surveys. The risk for overweight adolescents to remain overweight as young adults ranged from 52% in 
black males to 62% in black females. As young adults, the overweight cohort showed adverse levels of body fatness measures, 
systolic and diastolic blood pressure, lipoprotein cholesterol, insulin, and glucose as compared with the lean cohort (P < .01 to 
P < .0001). The prevalence of clinically recognized hypertension and dyslipidemia increased 8.5-fold and 3,1- to 8.3-fold, 
respectively, in the overweight cohort versus the lean cohort (P < .05 to P < .0001). The prevalence of parental history of 
diabetes mellitus and hypertension increased 2.4-fold (P < .01) and 1.3-fold (P < .05), respectively, in the overweight cohort. 
Clustering of adverse values (> 75th percentile) for the total cholesterol to high-density lipoprotein (HDL) cholesterol ratio, 
insulin level, and systolic blood pressure occurred only among the overweight cohort (P < .0001). Thus, excess weight in 
adolescence persists into young adulthood, and has a strong adverse impact on multiple cardiovascular risk factors, requiring 
primary prevention early in life. 
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O V E R W E I G H T  in adulthood is associated with cardio- 
vascular disease, diabetes, hypertension, dyslipide- 

mia, certain types of c~ncer, and premature mortality. 1 The 
adverse impact of overweight and obesity on serum lipopro- 
tein levels, blood pressure, and insulin level, the major 
cardiovascular disease risk factor variables, has been found 
in adults and children alike) -s Because adult obesity is 
considered intractable 1 and truncal body fat is known to 
increase in adolescence, 9 there is a need to identify children 
at risk for adult obesity and its attendant metabolic and 
clinical manifestations. 

The impact of adolescent-onset adult overweight o n  
long-term morbidity and mortality has been investigated in 
several studies. 1°-15 In general, these studies found tracking 
of obesity measures from adolescence through adult- 
hood. l°,n The strongest associations between morbidity and 
mortality from cardiovascular disease were found with 
adolescent overweight, not with adult overweight. 12,14 On 
the other hand, overweight adults who were lean as 
adolescents also showed adverse health effects of obesity. 15 
While longitudinal studies have mainly examined the effect 
of childhood weight status on morbidity and mortality in an 
older age group, few population-based studies have as- 
sessed simultaneously the risk for overweight adolescents to 
become overweight young adults and related multiple 
cardiovascular risk factors. 

The early natural history of obesity has been studied as 
part of the Bogalusa Heart Study, a long-term epidemio- 
logic study of cardiovascular disease risk factors beginning 
in childhoodJ 6,x7 The purpose of this study was (1) to 
determine the risk for overweight adolescents to remain 
overweight as young adults 12 to 14 years later in a biracial 
(black-white) cohort, and (2) to assess the association of 
multiple cardiovascular risk factors with adult overweight 
of adolescent-onset. 

SUBJECTS AND METHODS 

Study Population and Design 

The Bogalusa Heart Study is a biracial (65% white and 35% 
black) community-based study of the early natural history of 
cardiovascular disease. 16 The population consists of all children 
and eligible young adults living in Ward 4 of Washington Parish, 
which includes Bogalusa, LA (total population, ~ 22,000). Partici- 
pation rates ranged from over 80% for school-aged children to over 
60% for the adult cohort. 

Adolescents (n = 1,594) aged 13 to 17 years were examined as 
part of the 1976 to 1977 cross-sectional survey of school children. 
Subsequently, 783 of these individuals participated in the 1988 to 
1991 cross-sectional survey of young adults. Individuals who 
participated as adolescents aged 13 to 17 years and young adults 
aged 25 to 31 years in both surveys were selected retrospectively as 
the study cohort. At the initial examination, age/race/sex distribu- 
tions and body mass indices ([BMIs] weight [kilograms]/height 
[meters] 2) of the study cohort were similar to those of 13- to 
17-year-old subjects who did not participate as young adults in the 
1988 to 1991 survey (data not shown). 

The study cohort was categorized as adolescent-onset adult 
overweight or lean according to the age-, race-, and sex-specific 
BMI percentile of the Bogalusa population: those who remained 
above the 75th percentile and those who remained between the 
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25th and 50th percentiles, respectively, during adolescence, as well 
as adulthood (see results). Although clinically the term obesity 
usually refers to individuals with obesity measures such as BMI 
greater than the 95th percentile, the present study categorized 
individuals in the upper 25th percentile as overweight and obese. 
Overweight individuals were compared with moderately lean 
individuals rather than with those with a BMI less than the 25th 
percentile, to reduce the potential bias related to choosing the 
leanest individuals for comparison. Although BMI does not distin- 
guish between body fatness and lean body mass, measurements are 
made with good accuracy and track relatively well over time in 
comparison to other obesity measures such as skinfold thickness. 1°,16 

General Examinations 

Identical protocols were used across all surveys36 Subjects were 
instructed to fast 12 hours before venipuncture, and compliance 
was determined by interview on the morning of examination. 

Height was measured to the nearest 0.1 cm, weight to the nearest 
0.1 kg, and triceps and subscapular skinfold thicknesses to the 
nearest 1 mm. These measurements were obtained in triplicate, 
~ind mean values were used in analyses. Replicate blood pressure 
measurements were obtained in a relaxed, sitting position. Systolic 
and diastolic blood pressures were recorded as the first and fourth 
Korotkoff phases, respectively. The mean of six readings was used 
in analyses. 

Medical histories of adult participants and their biological 
parents were obtained through questionnaires. Verification of 
parental histories was not performed. 

Laboratory Measurements 

Cholesterol/triglyceride levels of whole serum and the fraction 
containing high-density lipoprotein (HDL) were determined using 
enzymatic procedures 1s,19 on the Abbott VP instrument (Abbott 
Laboratories, North Chicago, IL). Serum very-low-density lipopro- 
tein (VLDL), low-density lipoprotein (LDL), and HDL cholesterol 
were analyzed by a combination of heparin-calcium precipitation 
and agar-agarose gel electrophoresis procedures. 2° The laboratory 
is monitored by the Centers for Disease Control (Atlanta, GA) 
surveillance program. 

Plasma glucose levels were analyzed by an enzymatic method 
using the Beckman glucose analyzer (Beckman Instruments, Palo 
Alto, CA). Plasma immunoreactive insulin levels were measured by 
a commercial radioimmunoassay kit (Phadebas; Pharmacia Diag- 
nostics, Piscataway, NJ). According to the manufacturer, the 
detection limit is less than 2 p.U/mL; the antibody has 41% (by 
weight) cross-reactivity with proinsulin, which is disproportionately 
low in nondiabetics. 

Measurement error, estimated from the coefficient of variation 
of 189 pairs of blind duplicate determinations, was 2.1% for total 
cholesterol, 3.9% for triglycerides, 3.6% for LDL cholesterol, 4.9% 
for HDL cholesterol, i3.4% for VLDL cholesterol, 9.9% for 
insulin, and 3.2% for glucose. Reproducibility (intraclass correla- 
tion coefficient) of measurements for these variables varied from 
.95 (HDL cholesterol) to 1.0 (triglycerides). 

Statistical Analyses 

The Statistical Analysis System was used for data analyses. 21 
Distributions of study variables were examined, and proper trans- 
formations were used for certain analyses. Differences between 
adolescent-onset adult overweight and lean cohorts were evaluated 
in an analysis of covariance, adjusting for race, sex, and age. To 
examine the effect of adolescent weight status (overweight v lean) 
and change in BMI from adolescence to adulthood on adult 
cardiovascular risk factor variables, a stepwise regression was 

conducted in subjects who were overweight or lean as adolescents; 
age, race, and sex were also included as independent variables. 
Prevalence of risk factors or parental disease of adolescent-onset 
adult overweight and lean cohorts was compared using a chi-square 
test. Coexistence of adverse levels of risk factor variables was 
expressed as a relative proportion of observed frequency to 
expected frequency (risk ratio). Significance of the risk ratio was 
calculated based on a binomial distribution. 

RESULTS 

The risk of overweight adolescents (BMI, > 75th percen- 
tile) to remain so as young adults 12 to 14 years later was 
examined in the study cohort by race and sex (Fig 1). 
Corresponding data for lean adolescents (BMI, 25th to 50th 
percentile) were included for comparison. Overall, of 191 
adolescents originally identified as overweight, 110 (58%, 
the predictive value) remained overweight as adults 12 to 14 
years later, with the remainder  classified as lean (n = 17) or 
between the 50th and 75th percentiles (n = 64, data not  
shown). Among the four race-sex groups, the predictive 
value of overweight status was lowest in black males (52%) 
and highest in black females (62%). With respect to lean 
adolescents (n = 199), 41% (the predictive value) retained 
this status as adults, with the remainder  shifted to the 
overweight category (n = 19) or other percentiles ( <  25th 
percentile or 50th to 75th percentile, data not  shown). The 
predictive value of lean status was lowest in black males 
(28%) and highest in white males (52%). Of 192 overweight 
adults, 110 were overweight as adolescents, for a sensitivity 
of 57%. Likewise, 81 (41%) of lean adults had been initially 
classified as lean adolescents. 

Adulthood characteristics of the cohort who remained 
overweight (n --- 110) or lean (n = 81) as adolescents and 
adults over the 12- to 14-year follow-up period were then 
examined (Table 1). With respect to race-sex distributions, 
the overweight cohort contained 33% white males, 35% 
white females, 13% black males, and 19% black females; 
corresponding values for the lean cohort were 41%, 32%, 
10%, and 17%. Due  to small sample size, data are not  
presented separately by race and sex. Unlike body weight 
and BMI, age and height did not differ significantly between 
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Fig 1. Persistence of adolescent overweight and lean status over 12 
to 14 years in the study cohort. Bars depicting percentage of fol- 
low-up overweight status do not add up to 100% within adolescent 
overweight or lean groups due to shifts of subjects into other 
percentiles in adulthood. WM, white males; WF, white females; BM, 
black males; BF, black females. 
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Table 1. Follow-up Characteristics of Adolescent-Onset Overweight 
Versus Lean Young Adult Cohort: The Bogalusa Heart Study 

Overweight Lean 
Variable (n = 110) (n = 81) 

Age (yr) 28.0 -+ 1.5 28.0 -+ 1.5 

Height (m) 1.7 -+ 0.1 1.7 -+ 0.1 

Weight (kg) 97.3 -+ 17.75 67.2 -+ 9.5 

BMI (kg/m 2) 33.9 + 5.15 22.9 + 1.5 

Triceps (T) skinfold (mm) 24 - 8:1: 15 --- 7 

Subscapular (S) skinfold (mm) 31 -+ 10:1: 14 - 5 

Skinfold ratio (S/T) 1.4 -+ 0.7¢ 1.1 -+ 0.6 

Systolic blood pressure (ram Hg) 117 -+ 13:1: 109 -+ 9 

Diastolic blood pressure (ram Hg) 77 -+ 115 71 4- 8 

Total cholesterol (mg/dL) 200 ~- 351" 177 _+ 36 

Triglycerides (mg/dL) 157 +_ 132" 100 _+ 112 

VLDL cholesterol (mg/dL) 22 -+ 181- 12 -+ 14 

LDL cholesterol (mg/dL) 132 - 305 111 -+ 28 

HDL cholesterol (mg/dL) 46 +-- 131" 54 -+ 16 

Insulin (I~U/mL) 17 -+ 121" 8 + 3 

Glucose (mg/dL) 91 -+ 32* 80 + 8 

NOTE. Values are the unadjusted mean -+ SD. 

*P < .01, I-P < .001, ~:P < .0001 : overweight v lean (adjusted for race, 

sex, and age). 

the two groups. Triceps (peripheral fat) and subscapular 
(truncal fat) skinfold thicknesses, which have been gener- 
ally used as indirect measures of body fat pattern, 22-25 were 
also markedly elevated in the overweight versus the lean 
cohort (P < .0001). Further, the ratio of subscapular skin- 
fold thickness to triceps skinfold thickness, a measure of 
truncal fat distribution, 24,26 was higher in the overweight 
cohort (P < .0001). In terms of other cardiovascular risk 
factor variables, the overweight cohort, as compared with 
the lean cohort, had increased systolic and diastolic blood 
pressure and total cholesterol, triglycerides, VLDL choles- 
terol, LDL cholesterol, insulin, and glucose levels and 
decreased HDL cholesterol levels (P < .01 to P < .0001). 

Adult weight status reflects adolescent weight status, as 
well as weight gain from adolescence to adulthood. A 
stepwise regression analysis was therefore performed in 
subjects who were overweight (n = 191) or lean (n = 199) 
as adolescents to assess the independent effects of adoles- 
cent overweight and weight gain on adult risk factor 
variables. Both adolescent overweight and weight gain from 
adolescence to adulthood had independent adverse effects 
on adult risk factor variables (Table 2). 

The impact of adolescent-onset adult overweight on the 
prevalence of cardiovascular risk factors, determined accord- 
ing to clinically recognized high-risk limits, 27-29 and parental 
histories of cardiovascular disease are presented in Table 3. 
The prevalence of hypertension increased 8.5-fold in the 
overweight versus the lean cohort (P < .0001). Within the 
overweight cohort, the prevalence of hypertension tended 
to be 2.7-fold higher in blacks than in whites (data not 
shown). With respect to serum LDL cholesterol, HDL 
cholesterol, and triglycerides, the overweight cohort had a 
3.1- to 8.3-fold higher prevalence of high-risk values than 
their lean counterparts (P < .05 to P < .01). The adverse 
lipoprotein pattern tended to be 1.3- to 3.5-fold more 
prevalent in whites, especially white males, than in blacks 
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Table 2. Effect of Adolescent Weight Status and Change in BMI on 
Adult Cardiovascular Risk Factor Variables: The Bogalusa Heart 

Study 

Adult Risk Adolescent Change  Black v Female 
Factor Variable Weight Status in BMI White v Male 

Systolic BP (ram Hg) 4.1§ 0.8§ 2.7* -7.0§ 

Diastolic BP (mm Hg) 2.75 0.5§ -4.5§ 

Cholesterol (mg/dL) 

Total 14.35 2.2§ 

VLDL 5.11. 0.8:1: -6 .15 -3 .9 *  

LDL 12.4¢ 2.3§ -8 .2 *  

HDL -3 .4 *  -0.8§ 7.9§ 3.4* 

Triglycerides (mg/dL) 37.55 5.45 -29 .3*  -23 .3*  

Insulin (p,U/mL) 5.1 § 1.0§ 

Glucose (mg/dL) 5.3* 0.81- -5 .7 *  

NOTE. Values are regression coefficients. 

Abbreviation: BP, blood pressure. 

*P < .05, 1-P < .01, 5P < .001, §P _< .0001: overweight (n = 191) v 

lean (n = 199). 

(data not shown). Although not statistically significant, 
high-risk plasma glucose levels occurred only among the 
overweight cohort. These individuals were found to be 
diabetic black males. Whereas the prevalence of parental 
history of heart attack was similar in both groups, parental 
history of diabetes mellitus and hypertension increased 
2.4-fold (P < .01) and 1.3-fold (P < .05), respectively, in 
the overweight cohort. 

The relation of adolescent-onset adult overweight to the 
clustering or coexistence of increased values ( > 75th percen- 
tile) for the serum total cholesterol to HDL cholesterol 
ratio, plasma insulin level, and systolic blood pressure is 
given in Table 4. A markedly increased frequency of 
association of two or three of these adverse conditions 
resulting in an elevated risk ratio was noted only among the 
overweight cohort (P < .0001). If there was no association 
between these conditions, one would expect 6.3% fre- 

Table 3. Impact of Adolescent-Onset Adult Overweight on the 
Prevalence of Cardiovascular Risk Factors and Parental Diseases: 

The Bogalusa Heart Study 

Overweight Lean Cohort 
Prevalence (%)? Cohort (n = 110) (n = 81) 

Cardiovascular risk factors 

Hypertension* 21.311 2.5 
Total cholesterol >240 mg/dL 14.6 5.8 

LDL cholesterol > 160 mg/dL 18.0:1: 5.8 

HDL cholesterol <35 mg/dL 15.7§ 2.9 

Triglycerides > 250 mg/dL 12.4§ 1.5 

Glucose > 115 mg/dL 2.4 0 

Parental history 

Heart attack 27.1 26.7 

Diabetes mellitus 30.9§ 12.7 

Hypertension 69.05 52.1 

*Systolic blood pressure > 140 mm Hg, diastolic blood pressure >90 

mm Hg, or on medication for  hypertension. 

1.Young adults. 

5P < .05. 

§P < .01. 

liP < .0001. 
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Table 4, Relation of Adolescent-Onset Adult Overweight to the 
Clustering of Cardiovascular Risk Factors: The Bogalusa Heart Study 

Coexisting Conditions 
(> 75th percentile)'i" 

Total cholesterol/HDL cholesterol + + 
Insulin + + + 
Systolic blood pressure* + + 

Overweight cohort (n = 110) 

Frequency (%) 36 34 19 

Risk ratio:~ 5.8§ 5.4§ 3.0§ 

Lean cohort (n = 81) 

Frequency (%) 9 3 3 
Risk ratio1" 1.4 0.5 0.5 

*Includes those on medication for hypertension. 
1"Young adults. 

:l:Observed frequency/expected frequency, 

§P < .0001, 

quency for two associations and 1.6% frequency for three 
associations by chance alone. 

DISCUSSION 

The present study demonstrates that adolescent over- 
weight persists over a period of 12 to 14 years into young 
adulthood, especially in black females, and adversely im- 
pacts multiple cardiovascular risk factors. These observa- 
tions are based on a community-based study that has 
examined multiple cardiovascular risk factor variables in 
subjects as children and as adults. Since age/race/sex 
distributions and BMIs of the study cohort at initial 
examination remained essentially similar to those of sub- 
jects who did not participate as young adults in subsequent 
surveys, it is unlikely that selection bias could have distorted 
the current findings. 

The present observations regarding the persistence of 
adolescent overweight extend our earlier reports 3°,31 and 
agree with other studies. 13J4,32-35 In general, it has been 
found that the risk of becoming an overweight adult was 
greater among children who were overweight at or around 
puberty and among those who were at extremely high 
percentiles of the distribution. 35 Although the 75th rather 
than a higher percentile of BMI was used to define 
overweight or obesity in the present study, 52% to 62% of 
overweight adolescents remained so as adults 12 to 14 years 
later. This percentile reflects the upper limit of recom- 
mended weights for young adults. I4 As previously re- 
ported, 31,36,37 the persistence of overweight in the study 
cohort was strongest in black females. 

Although adolescent overweight persists into young adult- 
hood, many overweight young adults in the present study 
were lean as adolescents. Since adolescent weight status, as 
well as weight gain from adolescence to adulthood, had an 
independent adverse effect on adult cardiovascular risk 
factor variables in the study cohort, weight gain during the 
transition to adulthood may be important in this regard. It 
has been reported that increased cardiovascular disease 
and diabetes occur among overweight adults who were lean 
as adolescents. 15,3s The present study did not address this 
issue, due to limitations of sample size. 

Although BMI does not reflect body fatness exclusively, 

the overweight study cohort also displayed increased skin- 
fold thicknesses and ratios of subscapular to triceps skin- 
fold thickness, measures of body fat pattern and truncal fat 
distribution. This may reflect the central deposition of fat 
that occurs in adolescence. 9,39 The adverse impact of 
obesity, especially central body fatness, on cardiovascular 
risk factor variables is well known. 23-26 Consistent with this 
relationship, the overweight study cohort showed an ad- 
verse serum lipoprotein level, blood pressure, and plasma 
insulin and glucose levels. This is noteworthy, because in 
the current study overweight individuals were compared 
with moderately lean individuals rather than with those in 
the lowest quartile of BMI. 

From the clinical viewpoint, a markedly higher preva- 
lence of hypertension (especially among black subjects) and 
dyslipoproteinemia (especially among white males) was 
noted in the overweight cohort versus the lean cohort. Of 
particular interest is that the prevalence of parental history 
of diabetes mellitus and hypertension was also significantly 
higher in the overweight cohort. Parental history may be a 
surrogate measure of future risk of morbidity in this 
relatively younger adult cohort, given the familial aggrega- 
tion or resemblance of obesity. 4°,41 Although not statisti- 
cally significant, 2.4% of the overweight cohort expressed 
frank diabetes mellitus, versus none in the lean group. 
There was no increase in the prevalence of heart attack in 
parents of the overweight cohort. The reason for this is not 
clear. The multifactorial nature of coronary artery disease 42 
might have obscured the association. 

The present study demonstrates that adverse serum 
lipoprotein levels, plasma insulin level, and systolic blood 
pressure cluster strongly in the overweight cohort. The 
clinically evident ubiquitous association of hyperinsulin- 
emia/insulin resistance, hypertension, and dyslipidemia 
seen among obese middle-aged adults has been termed 
syndrome X, 43 the deadly quartet, 44 and the insulin resis- 
tance syndrome. 45 Insulin resistance is considered to play a 
pathogenic role in this multiple metabolic disorder. 43-45 The 
link between obesity and insulin resistance and the atten- 
dant hyperinsulinemia is well known. 24,46 In terms of dyslip- 
idemia, increased VLDL synthesis in the presence of 
hyperinsulinemia/insulin resistance has been attributed to 
increased transport of glucose and free fatty acids, sub- 
strates that promote hepatic triglyceride synthesis, 47,48 or 
alternatively, reduced adipose tissue lipoprotein lipase 
activity and the attendant inhibition of VLDL clearance 
from the circulation. 49 Regarding hypertension, hyperinsu- 
linemia/insulin resistance could elevate blood pressure in 
different ways, ie, (1) by increasing renal sodium reten- 
tion, 5° (2) by disturbing cell membrane cation transport, 51 
(3) by stimulating the sympathetic nervous system, s2 and (4) 
by increasing proliferation of smooth muscle cells. 53 

Earlier, we noted that "healthy" young adults with 
elevated VLDL cholesterol levels displayed clustering of 
adverse insulin level, subscapular skinfold thickness, and 
systolic blood pressure. 54 These individuals as a group also 
had increased subscapular skinfold thicknesses, postglu- 
cose plasma insulin level, and fasting and postglucose 
plasma free fatty acid levels in childhood. However, a 
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considerable proport ion of these individuals displayed in- 
creased insulin levels, but did not  show a concomitant  
increase in subscapular skinfold thickness. Further,  in a 
related study, we found that clustering, measured in terms 
of risk ratio, was markedly reduced but remained significant 
after adjusting for subscapular skinfold thickness. 55 These 
observations suggest that insulin resistance, as well as 
truncal obesity, may underlie the clustering early in life. 

Because adolescent  overweight is associated with adult 
overweight and related multiple cardiovascular risk factors 
in young adults, there is a need for prevention in early life. 
Further,  an upward secular t rend for being overweight 
during childhood underscores the need for early preven- 

tion. 1°,56 Therefore ,  universal adoption of a healthy life- 
style such as eating a prudent  diet and exercising, if 
under taken early in life, may have a long-term salutary 
effect in preventing adult obesity and related morbidity and 
mortality. 
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