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A bs tr ac t

Background

Obesity in childhood is associated with increased cardiovascular risk. It is uncertain 
whether this risk is attenuated in persons who are overweight or obese as children 
but not obese as adults.

Methods

We analyzed data from four prospective cohort studies that measured childhood and 
adult body-mass index (BMI, the weight in kilograms divided by the square of the 
height in meters). The mean length of follow-up was 23 years. To define high adipos-
ity status, international age-specific and sex-specific BMI cutoff points for overweight 
and obesity were used for children, and a BMI cutoff point of 30 was used for adults.

Results

Data were available for 6328 subjects. Subjects with consistently high adiposity status 
from childhood to adulthood, as compared with persons who had a normal BMI as 
children and were nonobese as adults, had an increased risk of type 2 diabetes 
(relative risk, 5.4; 95% confidence interval [CI], 3.4 to 8.5), hypertension (relative risk, 
2.7; 95% CI, 2.2 to 3.3), elevated low-density lipoprotein cholesterol levels (relative 
risk, 1.8; 95% CI, 1.4 to 2.3), reduced high-density lipoprotein cholesterol levels (rela-
tive risk, 2.1; 95% CI, 1.8 to 2.5), elevated triglyceride levels (relative risk, 3.0; 95% CI, 
2.4 to 3.8), and carotid-artery atherosclerosis (increased intima–media thickness of the 
carotid artery) (relative risk, 1.7; 95% CI, 1.4 to 2.2) (P≤0.002 for all comparisons). 
Persons who were overweight or obese during childhood but were nonobese as adults 
had risks of the outcomes that were similar to those of persons who had a normal 
BMI consistently from childhood to adulthood (P>0.20 for all comparisons).

Conclusions

Overweight or obese children who were obese as adults had increased risks of type 
2 diabetes, hypertension, dyslipidemia, and carotid-artery atherosclerosis. The risks 
of these outcomes among overweight or obese children who became nonobese by 
adulthood were similar to those among persons who were never obese. (Funded by 
the Academy of Finland and others.)
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During the past three decades, the 
prevalences of overweight and obesity in 
the pediatric population have increased 

substantially.1 Childhood obesity is a predictor of 
an increased rate of death, owing primarily to an 
increased risk of cardiovascular disease.2-4 Fore-
casts suggest that the “obesity epidemic” may re-
verse the current trend of the declining rate of death 
from cardiovascular causes,5 leading to a shorter 
lifespan for today’s children.6

There is substantial evidence that the associa-
tion between obesity and cardiovascular disease is 
explained by the adverse cardiovascular risk-factor 
profile that is frequently seen in obese adults. This 
profile includes increased rates of hypertension, 
dyslipidemia, and type 2 diabetes mellitus.7,8 To 
date, the contribution of childhood body-mass in-
dex (BMI, the weight in kilograms divided by the 
square of the height in meters) to long-term car-
diovascular risk, independent of adult BMI, has not 
been clearly established. From a public health 
perspective, it would be important to determine 
whether becoming a nonobese adult can reverse 
the adverse effects of childhood overweight or 
obesity or whether childhood adiposity increases 
cardiovascular risk independently of adult BMI.

Four large studies of cardiovascular risk factors 
that initially involved children have followed par-
ticipants into adulthood: the Bogalusa Heart Study 
(conducted in the United States),9 the Muscatine 
Study (United States),10 the Childhood Determi-
nants of Adult Health (CDAH) study (Australia),11 
and the Cardiovascular Risk in Young Finns Study 
(YFS, Finland).12 In the current study, we analyzed 
data from all four cohorts to determine whether a 
change from overweight or obesity during child-
hood to a nonobese BMI in adulthood, as com-
pared with overweight or obesity during childhood 
that persists into adulthood, would be associated 
with a reduced risk of type 2 diabetes, hyperten-
sion, dyslipidemia, and carotid-artery atherosclero-
sis (as indicated by increased intima–media thick-
ness of the carotid artery).

Me thods

Study Cohorts

Descriptions of the Bogalusa, Muscatine, CDAH, 
and YFS studies, including analyses of attrition to 
show the representativeness of the cohorts, have 
been published previously.9-16 Each study was ap-

proved by the appropriate institutional review 
boards, and written informed consent was obtained 
from all the study participants or their parents.

The International Childhood Cardiovascular 
Cohort Consortium was created to perform an 
analysis of data from all four cohorts. Our analysis 
included participants from each of the four studies 
who had a baseline evaluation during childhood 
and underwent a follow-up evaluation as an adult. 
Details regarding the age range of the participants 
and the dates of evaluation in each study are pro-
vided in the Supplementary Appendix, available 
with the full text of this article at NEJM.org.

All blood biochemical values were measured 
from fasting samples. Details of the methods 
used for the measurement of weight, height, blood 
pressure, lipid levels, glucose levels, carotid-artery 
intima–media thickness, and other covariates in 
each cohort study are provided in the Supplemen-
tary Appendix.

Classification of Adiposity Status

For the definitions of childhood overweight and 
obesity, we used age-specific and sex-specific in-
ternational BMI percentiles17 to extrapolate cut-
off points for subjects 3 to 18 years of age that 
correspond to adult BMIs of 25 (overweight) and 
30 (obese) (see Table 1 in the Supplementary Ap-
pendix). With the use of these definitions, the prev-
alence of overweight or obesity among children was 
12.2%, and the prevalence of obesity was 2.3%. 
Among adults, the prevalence of overweight or 
obesity was 54.9%, and the prevalence of obesity 
was 20.7%.

For the comparison of outcomes, the partici-
pants were categorized into four groups on the 
basis of adiposity status in childhood and adult-
hood. Group I included participants with normal 
BMI in childhood who were nonobese as adults; 
group II, those who were overweight or obese in 
childhood but nonobese as adults; group III, those 
who were overweight or obese in childhood and 
obese as adults; and group IV, those with normal 
BMI in childhood who were obese as adults.

Definition of Study Outcomes

Participants were classified as having type 2 diabe-
tes mellitus if they had a fasting plasma glucose 
level of 7 mmol per liter (126 mg per deciliter) or 
higher, reported the use of oral glucose-lowering 
medication or insulin but had not reported having 
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type 1 diabetes, or had received a diagnosis of type 
2 diabetes from a physician.18 Participants were 
classified as having hypertension if they had a 
systolic blood pressure of 140 mm Hg or higher or 
a diastolic blood pressure of 90 mm Hg or higher 
or if they reported the use of blood-pressure–
lowering medication. Dyslipidemia (referred to 
elsewhere in this article as high-risk lipid levels) 
was defined, according to National Cholesterol Ed-
ucation Program guidelines, as low-density lipo-
protein (LDL) cholesterol levels of 160 mg per deci-
liter (4.14 mmol per liter) or higher, high-density 
lipoprotein (HDL) cholesterol levels of less than 
40 mg per deciliter (1.03 mmol per liter), and tri-
glyceride levels of 200 mg per deciliter (2.26 mmol 
per liter) or higher.19 With respect to LDL choles-
terol, subjects who were taking lipid-lowering med-
ication were also classified as having dyslipidemia. 
We defined high-risk intima–media thickness in 
adulthood as an intima–media thickness equal to 
or greater than the 90th percentile for age-, sex-, 
race-, study-year–, and cohort-specific values.20 In 
addition, a combined two-level outcome variable 
(with 0 indicating no high-risk outcomes and 1 in-
dicating one to six high-risk outcomes) was con-
structed.

Statistical Analysis

We compared patient characteristics among the 
individual cohorts using chi-square tests or analy-
ses of variance. Comparisons of the baseline char-
acteristics of the study subjects among the adiposity 
groups were performed with the use of linear or 
logistic regression.

Relative risks and 95% confidence intervals 
were calculated with the use of Poisson regression 
to determine the associations between childhood 
adiposity status and adult outcomes and between 
adiposity groups and adult outcomes. Both data-
pooling and meta-analysis21,22 techniques were 
used. Effects of the interaction between cohort and 
adiposity group and between race and adiposity 
group were tested for all outcomes. To further de-
termine the separate effects that adiposity status 
during childhood and adulthood had on the out-
comes, we compared subjects in various adult BMI 
groups (<25, 25 to 30, and >30) according to child-
hood adiposity status (normal vs. overweight or 
obese).

We performed a series of sensitivity analyses 
to determine the influence on the results of age, 

length of follow-up, height, race, cohort, the use of 
an alternative definition (95th percentile of child-
hood BMI for childhood obesity) and measure 
(skinfold thickness) of adiposity, and the use of 
alternative definitions of diabetes and hyperten-
sion. In cohorts with available data, analyses were 
rerun after additional adjustments for socioeco-
nomic status, stage of puberty, and smoking sta-
tus. In the YFS, serial data from several follow-up 
assessments were used to determine the age at 
which adiposity normalized.

Statistical analyses were performed with the use 
of STATA software, version 10; SAS software, ver-
sion 9.1.3; and the R statistical package. P values of 
less than 0.05 were considered to indicate statisti-
cal significance. All reported P values are two-
tailed and have not been adjusted for multiple 
comparisons.

R esult s

Study Cohort

The study cohort consisted of 6328 subjects (2961 
male and 3367 female subjects) with a mean (±SD) 
age of 11.4±4.0 years at baseline. The mean length 
of follow-up was 23.1±3.3 years. Among 5554 sub-
jects who had had normal weight as children, 812 
(14.6%) were obese as adults. Among 774 subjects 
who had been overweight or obese as children, 500 
(64.6%) were obese as adults, and among 147 sub-
jects who had been obese as children, 121 (82.3%) 
were obese as adults. With respect to the individ-
ual adiposity groups defined above, there were 
4742 subjects in group I, 274 in group II, 500 in 
group III, and 812 in group IV. Characteristics of 
the participants according to cohort are shown in 
Table 1; baseline (childhood) characteristics ac-
cording to adiposity group are shown in Table 2 
in the Supplementary Appendix.

Associations of Childhood Overweight  
or Obesity with Outcomes in Adulthood

Childhood overweight or obesity was a predictor of 
type 2 diabetes and high-risk HDL cholesterol lev-
els in the Bogalusa, Muscatine, and YFS cohorts 
(Table 2). In the Bogalusa and CDAH cohorts, there 
was an association between childhood overweight 
or obesity and the prevalence of high-risk LDL cho-
lesterol levels. In all the cohorts, there was a sig-
nificant association with hypertension and high-
risk triglyceride levels. In the Bogalusa and YFS 
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Table 1. Characteristics of Subjects in the Four Cohorts, in Childhood and Adulthood.*

Variable
Bogalusa 
(N = 635)

Muscatine 
(N = 722)

CDAH
(N = 2331)

YFS
(N = 2640) P Value†

Sex — no. (%) <0.001

Male 261 (41.1) 345 (47.8) 1147 (49.2) 1208 (45.8)

Female 374 (58.9) 377 (52.2) 1184 (50.8) 1432 (54.2)

Black race — no. (%)‡ 227 (35.7)

Characteristics of participants as children

Age — yr

Mean 12.6±3.5 14.6±1.9 11.1±2.5 10.6±5.0 <0.001

Range 4–18 8–19 7–15 3–18

Height — cm 153.0±17.8 163.4±10.2 146.9±15.4 141.7±25.9 <0.001

Body-mass index¶ 20.0±4.3 21.4±3.4 18.1±2.7 17.9±3.1 <0.001

Overweight or obese — no. (%) 147 (23.1) 148 (20.5) 261 (11.2) 218 (8.3) <0.001

Obese — no. (%) 48 (7.6) 27 (3.7) 39 (1.7) 33 (1.2) <0.001

Regular smoking — no. (%)§ 127 (20.0) not available 201 (8.6) 204 (7.7) <0.001

Characteristic of participants as adults

Age — yr

Mean 33.9±3.5 38.6±2.9 31.0±2.6 36.6±5.6 <0.001

Range 23–43 33–46 26–36 24–45

Body-mass index¶ 30.2±7.9 28.2±5.8 25.7±4.8 25.9±4.8 <0.001

Intima–media thickness — mm 0.74±0.16 0.71±0.15 0.60±0.10 0.66±0.10 <0.001

Length of follow-up — yr 21.3±1.6 24.0±2.1 19.9±0.6 26.0±2.3 <0.001

Overweight or obese — no. (%) 447 (70.4) 486 (67.3) 1166 (50.0) 1373 (52.0) <0.001

Obese — no. (%) 274 (43.1) 241 (33.4) 357 (15.3) 440 (16.7) <0.001

Type 2 diabetes mellitus — no. (%)‖ 48 (7.6) 26 (3.6) 18 (0.8) 37 (1.4) <0.001

Hypertension — no./total no. (%)** 86/635 (13.5) 43/722 (6.0) 183/2331 (7.9) 389/2637 (14.8) <0.001

High-risk LDL cholesterol —  
no./total no. (%)††

102/635 (16.1) 53/722 (7.3) 176/2252 (7.8) 315/2605 (12.1) <0.001

High-risk HDL cholesterol —  
no./total no. (%)‡‡

190/635(29.9) 281/722 (38.9) 263/2272 (11.6) 507/2631 (19.3) <0.001

High-risk triglycerides — no./total no. (%)§§ 81/635 (12.8) 109/722 (15.1) 145/2272 (6.4) 340/2640 (12.9) <0.001

Daily smoking — no./total no. (%) 186/635 (29.3) 212/722 (29.4) 347/2217 (15.7) 676/2614 (25.9) <0.001

* Plus–minus values are means ±SD. The four study cohorts were the Bogalusa Heart Study,9 the Muscatine Study,10 the Childhood 
Determinants of Adult Health (CDAH) study,11 and the Cardiovascular Risk in Young Finns Study (YFS).12

† P values are for the comparisons across cohorts, with the use of analysis of variance and chi-square tests.
‡ Race was self-reported.
§ Regular smoking was defined as smoking at least once a week.
¶ The body-mass index is the weight in kilograms divided by the square of the height in meters.
‖ Participants were classified as having type 2 diabetes mellitus if they had a fasting plasma glucose level of 7 mmol per liter (126 mg per 

deciliter) or higher, reported the use of oral glucose-lowering medication or insulin but had not reported having type 1 diabetes, or had re-
ceived a diagnosis of type 2 diabetes from a physician.

** Participants were classified as having hypertension if they had a systolic blood pressure of 140 mm Hg or higher or a diastolic blood pres-
sure of 90 mm Hg or higher or if they reported the use of blood-pressure–lowering medication.

†† Participants were classified as having high-risk low-density lipoprotein (LDL) cholesterol levels if they had LDL cholesterol levels of 160 mg 
per deciliter (4.14 mmol per liter) or higher or were taking cholesterol-lowering medications.

‡‡ High-risk high-density lipoprotein (HDL) cholesterol levels were defined as levels of less than 40 mg per deciliter (1.03 mmol per liter).
§§ High-risk triglyceride levels were defined as levels of 200 mg per deciliter (2.26 mmol per liter) or higher.
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cohorts, childhood overweight or obesity was as-
sociated with high-risk intima–media thickness.

In pooled analyses of the four cohorts, signifi-
cant associations were observed between child-
hood overweight or obesity and all the outcomes 
we assessed. Similar risk estimates were seen in a 
meta-analysis (Table 3 in the Supplementary Ap-
pendix). When the 95th percentile of childhood 
BMI was used to define childhood obesity, the as-
sociations were significant with respect to all the 
outcomes except high-risk LDL cholesterol levels 
(relative risk, 1.2; 95% confidence interval [CI], 
0.8 to 1.6; P = 0.49). Among female subjects in the 
four cohorts, childhood overweight or obesity was 
associated with all the outcomes except high-risk 
intima–media thickness, and among male subjects 
with all the outcomes except high-risk LDL choles-
terol levels (Table 2).

Influence of Adiposity in Childhood  
and Adulthood

Pooled Analyses

In pooled analyses, the risks among subjects who 
were overweight or obese in childhood but non-
obese as adults (group II) were similar to the risks 
among subjects who had a consistently normal BMI 
(group I), with respect to all the outcomes we as-
sessed (Table 3). In contrast, subjects who were 
obese as adults, irrespective of their childhood adi-
posity status (i.e., groups III and IV), had a sig-
nificantly increased risk with respect to all the 
outcomes. Similar estimates were shown in a meta-
analysis (Table 4 in the Supplementary Appendix) 
and in analyses in which the 95th percentile of 
childhood BMI was used to define childhood obe-
sity (data not shown). In a pooled analysis (Table 3), 
the relative risks were significantly lower among 

Table 2. Relative Risks of High-Risk Outcomes in Adulthood among Participants in Four Cohort Studies Who Were Overweight or Obese 
in Childhood.*

Outcome Bogalusa Muscatine CDAH YFS
Male 

Subjects†
Female 

Subjects†
All  

Subjects†

Type 2 diabetes

Relative risk (95% CI) 2.2 (1.3–3.8) 3.4 (1.6–7.1) 0.5 (0.1–3.5) 2.6 (1.2–5.8) 3.8 (2.1–6.9) 1.8 (1.1–3.0) 2.4 (1.6–3.6)

P value 0.006 0.002 0.46 0.02 <0.001 0.02 <0.001

Hypertension

Relative risk (95% CI) 2.0 (1.3–2.8) 2.3 (1.4–3.9) 1.5 (1.0–2.2) 1.8 (1.4–2.3) 1.8 (1.5–2.2) 1.7 (1.3–2.4) 1.8 (1.5–2.1)

P value <0.001 0.001 0.03 <0.001 <0.001 <0.001 <0.001

High-risk LDL cholesterol

Relative risk (95% CI) 1.8 (1.3–2.6) 1.3 (0.7–2.4) 1.6 (1.1–2.3) 1.2 (0.8–1.7) 1.2 (0.9–1.6) 2.0 (1.4–2.7) 1.4 (1.2–1.8)

P value 0.001 0.39 0.02 0.31 0.18 <0.001 <0.001

High-risk HDL cholesterol

Relative risk (95% CI) 1.5 (1.2–1.9) 1.3 (1.1–1.6) 1.4 (1.0–1.9) 1.6 (1.2–2.0) 1.2 (1.0–1.5) 1.8 (1.4–2.3) 1.4 (1.2–1.6)

P value 0.001 0.004 0.06 0.001 0.03 <0.001 <0.001

High-risk triglycerides

Relative risk (95% CI) 1.8 (1.2–2.7) 1.8 (1.2–2.5) 1.8 (1.2–2.6) 1.5 (1.1–2.0) 1.6 (1.3–2.1) 1.6 (1.1–2.3) 1.6 (1.3–1.9)

P value 0.009 0.002 0.007 0.01 <0.001 0.02 <0.001

High-risk carotid-artery intima–
media thickness‡

Relative risk (95% CI) 2.5 (1.5–4.1) 1.4 (0.9–2.2) 1.0 (0.7–1.3) 1.5 (1.1–2.1) 1.3 (1.0–1.7) 1.3 (1.0–1.7) 1.3 (1.1–1.6)

P value 0.001 0.14 0.98 0.007 0.05 0.06 0.007

* Childhood overweight and obesity were defined according to the international cutoff points17 (see Table 1 in the Supplementary Appendix). 
CI denotes confidence interval, HDL high-density lipoprotein, and LDL low-density lipoprotein.

† These analyses included pooled data from all four cohorts, adjusted for age, height, cohort, and length of follow-up. The pooled analysis of 
all subjects was also adjusted for sex.

‡ High-risk intima–media thickness was defined as an intima–media thickness equal to or greater than the 90th percentile for age-, sex-, race-, 
study-year–, and cohort-specific values.
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subjects who were overweight or obese during 
childhood but nonobese as adults (group II) than 
among subjects who were consistently obese or 
who became obese as adults (groups III and IV). 

The only exception was the relative risk of high-
risk LDL cholesterol levels, which was lower — but 
not significantly lower — in group II than in group 
IV (relative risk, 1.1; 95% CI, 0.7 to 1.6; vs. relative 

Table 3. Relative Risks of High-Risk Outcomes in Adulthood According to Adiposity Group in Childhood and Adulthood.*

Outcome and Adiposity 
Group Male Subjects Female Subjects All Subjects

%
Relative Risk 

(95% CI) P Value† %
Relative Risk 

(95% CI) P Value† %
Relative Risk 

(95% CI) P Value†

Type 2 diabetes

Group I 0.5 Reference 1.3 Reference 1.0 Reference

Group II 1.8 3.6 (0.8–16.3) 0.10 0.7 0.5 (0.1–4.0) 0.54 1.1 1.3 (0.4–4.1) 0.69

Group III 6.9 10.3 (4.7–22.7) <0.001 7.9 3.8 (2.1–6.8) <0.001 7.4 5.4 (3.4–8.5) <0.001

Group IV 4.6 7.5 (3.5–16.1) <0.001 6.9 3.5 (2.1–5.9) <0.001 5.8 4.5 (2.9–6.8) <0.001

Hypertension

Group I 15.3 Reference 6.9 Reference 10.8 Reference

Group II 16.0 1.1 (0.7–1.8) 0.61 3.2 0.6 (0.2–1.4) 0.25 8.8 0.9 (0.6–1.4) 0.80

Group III 37.0 2.5 (2.0–3.2) <0.001 19.6 3.2 (2.3–4.4) <0.001 28.5 2.7 (2.2–3.3) <0.001

Group IV 30.0 1.8 (1.4–2.2) <0.001 19.6 2.6 (2.0–3.4) <0.001 23.6 2.1 (1.7–2.4) <0.001

High-risk LDL cholesterol

Group I 12.7 Reference 5.9 Reference 9.1 Reference

Group II 13.6 1.1 (0.7–1.9) 0.61 4.6 0.9 (0.4–1.9) 0.79 8.5 1.1 (0.7–1.6) 0.81

Group III 19.0 1.5 (1.1–2.0) 0.02 16.5 2.7 (1.8–3.9) <0.001 17.8 1.8 (1.4–2.3) <0.001

Group IV 22.3 1.7 (1.3–2.2) <0.001 8.2 1.3 (0.9–1.8) 0.25 14.7 1.5 (1.2–1.9) <0.001

High-risk HDL cholesterol

Group I 23.9 Reference 7.2 Reference 15.0 Reference

Group II 21.9 0.9 (0.6–1.3) 0.58 8.5 1.1 (0.6–2.0) 0.64 14.3 1.0 (0.7–1.3) 0.77

Group III 47.2 1.7 (1.4–2.1) <0.001 30.5 3.3 (2.4–4.3) <0.001 39.1 2.1 (1.8–2.5) <0.001

Group IV 51.7 2.0 (1.7–2.3) <0.001 25.7 3.0 (2.3–3.8) <0.001 38.1 2.2 (1.9–2.6) <0.001

High-risk triglycerides

Group I 11.0 Reference 4.2 Reference 7.4 Reference

Group II 5.9 0.6 (0.3–1.2) 0.13 3.9 1.0 (0.4–2.3) 0.99 4.8 0.7 (0.4–1.2) 0.21

Group III 34.0 3.0 (2.4–3.9) <0.001 12.4 2.9 (1.9–4.4) <0.001 23.4 3.0 (2.4–3.8) <0.001

Group IV 35.7 3.2 (2.6–3.9) <0.001 15.0 3.2 (2.3–4.4) <0.001 25.0 3.2 (2.7–3.8) <0.001

High-risk carotid-artery intima–
media thickness

Group I 12.5 Reference 12.7 Reference 12.6 Reference

Group II 15.2 1.2 (0.7–1.9) 0.49 8.8 0.7 (0.4–1.2) 0.16 11.7 0.9 (0.6–1.3) 0.54

Group III 18.1 1.5 (1.1–2.2) 0.01 22.5 1.9 (1.4–2.6) <0.001 20.2 1.7 (1.4–2.2) 0.002

Group IV 17.5 1.5 (1.1–1.9)  0.007 17.9 1.6 (1.2–2.0) <0.001 17.7 1.5 (1.3–1.8) 0.009

* Data are pooled from four large studies of cardiovascular risk factors — the Bogalusa Heart Study, the Muscatine Study, the Childhood 
Determinants of Adult Health study, and the Cardiovascular Risk in Young Finns Study. The analyses were adjusted for age, sex, height, 
length of follow-up, and cohort. The adiposity groups were as follows: group I (4742 subjects) included subjects with a normal BMI in child-
hood who were nonobese as adults; group II (274 subjects), those who were overweight or obese in childhood but nonobese as adults; 
group III (500 subjects), those who were overweight or obese in childhood and obese as adults; and group IV (812 subjects), those with a 
normal BMI in childhood who were obese as adults.

† P values are for the comparison with group I (reference).
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risk, 1.5; 95% CI, 1.2 to 1.9; P = 0.10). The associa-
tion between the normalization of BMI and low 
risk was similar in male and female subjects (Table 
3). The risk estimates for hypertension and high-
risk HDL cholesterol levels among obese women, 
irrespective of their childhood adiposity status, 
were higher than those among obese men.

Meta-Analysis
As shown in Figure 1, the two larger studies (CDAH 
and YFS) had a greater influence on the results of 
the meta-analysis than did the two smaller studies 
(Bogalusa and Muscatine); however, the overall ef-
fect was similar in each cohort. The risk of one or 
more high-risk outcomes among subjects who were 
overweight or obese in childhood but nonobese as 
adults (group II) was similar to the risk among 
those who had a consistently normal BMI (group I). 
Subjects who were obese as adults (groups III and 
IV) had a significantly increased risk of having one 
or more high-risk outcomes.

Additional Analyses
The observation that the risk of high-risk outcomes 
among subjects who were overweight or obese as 
children but nonobese as adults was similar to the 
risk among subjects who had a favorable BMI in 
both childhood and adulthood was seen consis-
tently in a series of sensitivity analyses (see Tables 
5 to 15 and Fig. 1 in the Supplementary Appendix). 
No significant interactions between cohort and 
adiposity group or between race and adiposity 
group were identified. The influence on risk esti-
mates of various levels of adult overweight and 
obesity can be seen in Figure 2 in the Supplemen-
tary Appendix. This figure shows the relative risks 
among subjects who had normal weight in child-
hood, as compared with those who were overweight 
or obese in childhood, in subgroups according to 
the BMI as adults (<25, 25 to 30, and >30). The in-
crease in risk was seen predominantly in adult sub-
jects who had a BMI greater than 30, regardless of 
their childhood BMI.

To determine the effect of childhood adiposity 
status on the risk of high-risk outcomes among 
obese adults, we compared the relative risks of 
high-risk outcomes between the subjects who were 
overweight or obese in childhood and obese in 
adulthood (group III) and those who had normal 
weight in childhood but were obese as adults 
(group IV). The relative risk of hypertension was 
significantly higher in group III than in group IV 
(relative risk, 2.7; 95% CI, 2.2 to 3.3; vs. relative 

risk, 2.1; 95% CI, 1.7 to 2.4; P = 0.01). No signifi-
cant differences were seen with respect to the 
other outcomes.

We also constructed multivariable models for 
predicting each outcome, with adult obesity, child-
hood adiposity, or both included in the model. 
The associations between childhood adiposity and 
adult outcomes were attenuated and became non-
significant after adjustment for adult obesity, ex-
cept for the association between childhood obesity 
and hypertension in adulthood (Tables 16 and 17 
in the Supplementary Appendix). Childhood obe-
sity was significantly associated with hypertension 
even after adjustment for adult obesity (relative 
risk, 1.5; 95% CI, 1.1 to 2.1; P = 0.009).

Data collected in the YFS allowed us to deter-
mine the timing of BMI normalization. The age 
range in which the BMI decreased to normal levels 
in the greatest number of previously overweight or 
obese children was the 12-to-15-year age range, but 
the risk of adult outcomes was similar regardless 
of the average age at which BMI normalized (Ta-
bles 18 and 19 in the Supplementary Appendix).

Discussion

Childhood overweight or obesity is associated with 
adverse long-term outcomes. Previous studies have 
shown that obesity in childhood predicts the de-
velopment of type 2 diabetes mellitus and cardio-
vascular disease.2-4,23-25 In addition, a high BMI 
in childhood is known to be associated with a high 
risk of obesity in adulthood.26 Our data confirm 
both the increase in cardiovascular risk associated 
with childhood overweight or obesity and the track-
ing of adiposity between childhood and adulthood.

However, it has not been clear whether the as-
sociation between childhood adiposity and cardio-
vascular risk persists when overweight or obese 
children become nonobese as adults. In our study, 
we found that a decrease in adiposity between 
childhood and adulthood was associated with 
marked reductions in the risks of type 2 diabetes, 
hypertension, and dyslipidemia. The risk of type 
2 diabetes among obese adults (regardless of 
whether they were obese in childhood), as com-
pared with the risk among nonobese adults who 
were overweight or obese as children, was in-
creased by a factor of 4. In line with our findings, 
a recent retrospective report showed that obese 
girls who became lean as adults did not have an 
increased risk of type 2 diabetes.27 We also ob-
served that obese adults, irrespective of their 
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childhood BMI, had risks of hypertension and 
dyslipidemias that were higher by a factor of ap-
proximately 2 to 3 than the risks among persons 
who were overweight or obese in childhood but 
nonobese as adults.

These findings were supported by multivariable 
models that showed that with respect to type 2 

diabetes, dyslipidemias, and high-risk intima–
media thickness, the effect of childhood adipos-
ity (regardless of the definition) was reduced and 
became nonsignificant when adult obesity was 
taken into account. Only the association between 
childhood obesity and the risk of hypertension re-
mained significant (although the association was 
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Figure 1. Forest Plots Showing Relative Risks of High-Risk Outcomes in Four Cohorts.

Data were analyzed from four large studies of cardiovascular risk factors — the Bogalusa Heart Study (BOGA) the 
Muscatine Study (MUSC), the Childhood Determinants of Adult Health (CDAH) study, and the Cardiovascular Risk 
in Young Finns Study (YFS). In each individual study cohort and in a meta-analysis of all four cohorts, the risk of 
one or more of the following high-risk outcomes is shown: type 2 diabetes, hypertension, high-risk low-density lipo-
protein cholesterol levels (≥160 mg per deciliter [4.14 mmol per liter]), high-risk high-density lipoprotein cholesterol 
levels (<40 mg per deciliter [1.03 mmol per liter]), high-risk triglyceride levels (≥200 mg per deciliter [2.26 mmol per 
liter]), and high-risk carotid-artery intima–media thickness (≥90th percentile for age-, sex-, race-, study-year–, and 
cohort-specific values). Subjects who had a normal body-mass index (BMI, the weight in kilograms divided by the 
square of the height in meters) in childhood and were nonobese as adults (group I) were compared with subjects 
who were overweight or obese in childhood but nonobese as adults (group II), subjects who were overweight or 
obese in childhood and obese as adults (group III), and subjects with a normal BMI in childhood who were obese 
as adults (group IV). The size of each box is proportional to the weight of the cohort in the meta-analysis. The dia-
monds represent the relative risks estimated from the meta-analysis, with the lateral points indicating the 95% con-
fidence intervals. The P values for heterogeneity were 0.86 for the comparison of group II with group I, 0.77 for the 
comparison of group III with group I, and 0.30 for the comparison of group IV with group I, suggesting that there 
was no dissimilarity between cohorts.
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attenuated) after accounting for adult obesity. The 
finding with respect to hypertension was also seen 
in comparisons among adiposity groups; obese 
adults who were overweight or obese as children 
had a higher risk of hypertension than did obese 
adults who had normal weight as children. This 
result suggests that childhood adiposity has a re-
sidual effect on the risk of hypertension. Neverthe-
less, a reduction in adiposity status was associated 
with a reduced risk for hypertension, as for the 
other outcomes.

Childhood BMI is a predictor of adult BMI, and 
obesity is very hard to treat once it is established.28 
As shown here, although BMI does track over time, 
some children and adolescents with a high BMI 
become nonobese as adults, and this change is as-
sociated with a reduction in cardiovascular risk. 
Although the observational nature of our study 
precludes making clinical recommendations, we 
hypothesize that reducing BMI in children and 
adolescents who are overweight or obese could 
reduce their cardiovascular risk. If this hypothesis 
is correct, primary care physicians should not take 
the pessimistic view that once childhood obesity 
is established, cardiovascular risk is also deter-
mined but should recognize that cardiovascular 
risk may be substantially reduced if childhood 
obesity is successfully treated.

Some limitations of our study should be consid-
ered. First, differences among the cohorts in the 
acquisition of data did not allow complete com-
parisons to be made across cohorts with respect to 
some variables, such as puberty stage and socio-
economic status. Second, since the cohorts com-
prised young adults, we were not able to study the 
associations of adiposity status with cardiovascu-
lar events. Instead, we used cardiovascular risk 
factors and carotid intima–media thickness as the 
outcomes. Third, with respect to the establishment 
of causality, observational studies are prone to 
bias; therefore, we cannot make definitive state-
ments regarding causality. Fourth, owing to a lack 
of comprehensive serial data, we were unable to 
examine in detail the timing of BMI normaliza-
tion. Analyses restricted to YFS suggested that 
normalization most frequently occurs around the 
time of puberty, but the numbers in these analyses 
were very small. Fifth, the association between 
adult obesity and cardiovascular outcomes may be 
influenced by differential acquisition of muscle 
and adipose tissue in childhood.29,30 Therefore, 
high BMI is not an ideal marker of adiposity in 

children, since it may reflect either adiposity or 
muscularity. However, similar results were seen 
when childhood skinfold thickness was used as 
the measure of adiposity (see Table 12 in the Sup-
plementary Appendix). Finally, since the study par-
ticipants were predominantly white, the results 
cannot be generalized to other races or ethnic 
groups. Although the exclusion of blacks did 
not affect the results, we caution against gener-
alizing the findings to different races or ethnic 
groups.

In summary, our analysis of data from four 
longitudinal cohort studies showed that childhood 
overweight or obesity was predictive of type 2 dia-
betes, hypertension, dyslipidemia, and high-risk 
carotid intima–media thickness in adulthood. The 
data also showed that persons who had normal 
BMI in childhood but who became obese as adults 
had adverse risk-factor profiles, whereas those who 
were overweight or obese as children but who be-
came nonobese as adults had a cardiovascular-risk 
profile that was similar to that of persons who 
were never obese.
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