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A bs tr ac t

Background

The association of body-mass index (BMI) from adolescence to adulthood with 
obesity-related diseases in young adults has not been completely delineated.

Methods

We conducted a prospective study in which we followed 37,674 apparently healthy 
young men for incident angiography-proven coronary heart disease and diabetes 
through the Staff Periodic Examination Center of the Israeli Army Medical Corps. 
The height and weight of participants were measured at regular intervals, with the 
first measurements taken when they were 17 years of age.

Results

During approximately 650,000 person-years of follow-up (mean follow-up, 17.4 years), 
we documented 1173 incident cases of type 2 diabetes and 327 of coronary heart 
disease. In multivariate models adjusted for age, family history, blood pressure, life-
style factors, and biomarkers in blood, elevated adolescent BMI (the weight in kilo-
grams divided by the square of the height in meters; mean range for the first 
through last deciles, 17.3 to 27.6) was a significant predictor of both diabetes (haz-
ard ratio for the highest vs. the lowest decile, 2.76; 95% confidence interval [CI], 2.11 
to 3.58) and angiography-proven coronary heart disease (hazard ratio, 5.43; 95% CI, 
2.77 to 10.62). Further adjustment for BMI at adulthood completely ablated the as-
sociation of adolescent BMI with diabetes (hazard ratio, 1.01; 95% CI, 0.75 to 1.37) 
but not the association with coronary heart disease (hazard ratio, 6.85; 95% CI, 3.30 
to 14.21). After adjustment of the BMI values as continuous variables in multivariate 
models, only elevated BMI in adulthood was significantly associated with diabetes 
(β = 1.115, P = 0.003; P = 0.89 for interaction). In contrast, elevated BMI in both ado-
lescence (β = 1.355, P = 0.004) and adulthood (β = 1.207, P = 0.03) were independently 
associated with angiography-proven coronary heart disease (P = 0.048 for interaction).

Conclusions

An elevated BMI in adolescence — one that is well within the range currently consid-
ered to be normal — constitutes a substantial risk factor for obesity-related disor-
ders in midlife. Although the risk of diabetes is mainly associated with increased 
BMI close to the time of diagnosis, the risk of coronary heart disease is associated 
with an elevated BMI both in adolescence and in adulthood, supporting the hypoth-
esis that the processes causing incident coronary heart disease, particularly athero-
sclerosis, are more gradual than those resulting in incident diabetes. (Funded by 
the Chaim Sheba Medical Center and the Israel Defense Forces Medical Corps.)
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A lthough obesity in adulthood is a 
well-documented risk factor for both type 
2 diabetes and coronary heart disease, it 

remains unclear whether a longer history of rela-
tive overweight, starting earlier in life, poses an 
additional risk. Furthermore, whereas the trajec-
tory of weight and height from birth to adoles-
cence is well documented, the progression of 
body-mass index (BMI) from adolescence into 
adulthood is less well described. Obese children 
probably have higher odds of becoming obese 
adults.1 Moreover, although an elevated BMI in 
childhood or adolescence may not necessarily 
represent adiposity,2-4 childhood obesity is asso-
ciated with classic cardiometabolic risk factors, 
as is the case in adults.5-15 Some studies16-20 — 
though not all5,7,21,22 — have shown that elevated 
BMI in childhood or adolescence is associated 
with an increased risk of disease or death later in 
life. What is lacking is knowledge of how child-
hood BMI interacts with the particular patho-
logic mechanisms of obesity-related diseases and 
whether it does so even within the BMI range 
that is now considered normal.

Given the current obesity pandemic, it is im-
portant to determine whether elevated BMI in 
childhood, adolescence, or adulthood, or an in-
crease in BMI during the transition from adoles-
cence to adulthood, contributes independently to 
the risk of disease.23 Increases in BMI in child-
hood and adolescence may be closely associated 
with a higher incidence of coronary heart disease 
and type 2 diabetes mellitus in young adults.24 In 
fact, the occurrence of these diseases in the third 
to fifth decades of life may be the result of dis-
tinct associations with risk factors that are over-
looked when the diseases are studied later in life.

To address these points, we used data from the 
Metabolic, Lifestyle, and Nutrition Assessment in 
Young Adults (MELANY)25 study of the Israel De-
fense Forces (IDF) Medical Corps and followed 
more than 37,000 apparently healthy young men 
whose BMI was measured at adolescence and into 
early adulthood, in order to identify incident 
cases of type 2 diabetes and angiography-proven 
coronary heart disease.

Me thods

Study Population

The MELANY study25-28 is an ongoing investiga-
tion conducted at the IDF Medical Corps Staff Pe-

riodic Examination Center (SPEC). All personnel 
remaining in the army beyond the period of man-
datory military service are periodically examined 
(every 3 to 5 years) at the SPEC, beginning at ap-
proximately 25 years of age. At each examination, 
participants complete a questionnaire to provide 
demographic and medical information. Weight, 
height, and blood pressure are measured, and a 
complete physical examination is performed. Be-
tween SPEC visits, primary care for IDF personnel 
is provided at designated military clinics, and med-
ical information is recorded in a central database, 
allowing ongoing, close, uniform follow-up, with 
repeated updates of measurements. For all the co-
hort participants, the SPEC database also includes 
data on weight and height measured at adoles-
cence (17 years of age) obtained during an initial 
medical evaluation before induction into the army.

The study included 37,674 male career person-
nel whose BMI (calculated as the weight in kilo-
grams divided by the square of the height in 
meters) at adolescence ranged between 15 and 36. 
Men with previously diagnosed diabetes (type 1 
or 2) or coronary heart disease at adolescence 
were excluded, as were 135 men with newly diag-
nosed diabetes presenting with diabetic ketoaci-
dosis and positive autoantibodies (diagnosis of 
type 1 diabetes). Among the 1173 men in whom 
incident diabetes developed during the study, 20 
(1.7%) were suspected of having type 1 diabetes 
because of the need for rapid initiation of insulin 
treatment. Since no data on levels of autoantibod-
ies were available for this subgroup, however, they 
were not excluded.

The IDF Institutional Review Board approved 
the study and waved the requirement for in-
formed consent on the basis of the understand-
ing that the anonymity of participants would be 
preserved.

Follow-up and Outcomes

Participants were followed prospectively from the 
time of their first visit to the SPEC (at ≥25 years of 
age). Their measured height and weight at 17 years 
of age (adolescence) were tracked retrospectively 
from the IDF central database. Two cases of dia-
betes were retrospectively defined as having de-
veloped between adolescence and the first SPEC 
visit. Follow-up ended at the time of diagnosis of 
diabetes or coronary heart disease, death, or re-
tirement from military service or on December 
31, 2007, whichever came first. Mean (±SD) total 
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follow-up was 17.4±7.4 years (median, 16.9) (cor-
responding to conclusion of follow-up after at 
least 8 years for 99.99% of participants and after 
at least 12 years for 96.4%). There were 127 deaths 
during follow-up.

The diagnosis of 1173 incident cases of dia-
betes was based on two fasting plasma glucose 
levels of 126 mg per deciliter (7.0 mmol per liter) 
or higher, in accordance with criteria established 
by the American Diabetes Association Expert Com-
mittee. To accommodate changes in the diagnos-
tic criteria for diabetes during follow-up, all fast-
ing glucose values were reviewed to identify 
participants as having type 2 diabetes if their 
level of fasting plasma glucose was 126 to 140 mg 
per deciliter (7.0 to 7.8 mmol per liter). End-point 
determination was made at each sequential SPEC 
visit by measuring fasting glucose levels. Diagno-
ses of diabetes made between visits were estab-
lished by IDF primary care physicians and con-
firmed by a committee of military physicians.

The outcome definition for coronary heart 
disease in MELANY27 was angiography-proven 
stenosis of more than 50% in at least one coro-
nary artery. Before 35 years of age, participants 
were referred for a diagnostic procedure on the 
basis of their own report of a specific problem; all 
participants 35 years of age or older underwent 
a treadmill exercise test (in accordance with the 
Bruce protocol) in the presence of a board-certi-
fied cardiologist. End points for the exercise test 
were ST-segment depression of more than 2 mm 
in two contiguous leads, measured 80 msec after 
the J point; symptoms of angina; exhaustion; or 
achievement of the target heart rate. All partici-
pants with an abnormal stress test were referred 
for coronary angiography. When the stress-test 
findings were borderline or when participants 
reported angina symptoms without diagnostic 
changes on electrocardiography, thallium-201 
myocardial-perfusion imaging was performed, 
followed by coronary angiography for partici-
pants with an abnormal scan. Those presenting 
with symptoms of angina or myocardial infarc-
tion between SPEC visits were referred for coro-
nary angiography after consultation with a board-
certified cardiologist.

Laboratory Methods

Glucose levels were determined at an on-site lab-
oratory with the use of fresh blood samples col-
lected in test tubes containing sodium fluoride 

to inhibit in vitro glycolysis. Biochemical analyses 
were performed at a laboratory authorized to per-
form tests according to the international quality 
standard ISO-9002. Lipids were measured directly, 
with the exception of low-density lipoproteins, 
which were calculated. Biochemical markers were 
measured with an automated analyzer (BM/Hitachi 
917, Boehringer Mannheim).

Statistical Analysis

General linear models were used to compare age-
adjusted means and proportions for the baseline 
characteristics of the population across the deciles 
of mean BMI at adolescence (Table 1). The medi-
ans of the deciles were fit as continuous variables 
to estimate the trend of variables across deciles 
in a linear regression model. Cox proportional-
hazards analysis, stratified according to the in-
terval between SPEC visits, was used to estimate 
the hazard ratio and 95% confidence interval for 
the development of type 2 diabetes or coronary 
heart disease. Repeated assessments of smoking 
status, physical activity, and BMI in adulthood 
were time-dependent variables. We controlled for 
blood biomarkers only at baseline, since these 
variables might be part of the causal chain. In sev-
eral steps, we gradually added to the  age-adjusted 
model selected traditional risk factors considered 
to be potential confounders for the specific dis-
eases, as detailed in Tables 2 and 3. For both dia-
betes and coronary heart disease, the final mod-
el across deciles of adolescent BMI (model 4) was 
additionally adjusted for BMI in adulthood as a 
time-dependent, continuous variable. In addition, 
a linear model was used to assess adolescent BMI 
as a continuous variable. In a longitudinal growth 
chart, we depicted repeated BMI measurements 
from adolescence until data were censored in 
adulthood. BMI was stratified according to cut-
off points established by the Centers for Disease 
Control and Prevention (CDC), with the use of 
the 10th, 25th, 50th, 75th, and 90th percentiles 
of the entire population. The curves correspond-
ing to the 50th percentile for persons in whom 
coronary heart disease or diabetes developed 
were also calculated. To assess the interaction 
between quintiles of BMI at adolescence and in 
adulthood in relation to the risk of diabetes or 
coronary heart disease, we cross-classified the 
study population across 25 groups and excluded 
two extreme combinations (participants in quin-
tile 1 in adolescence who were in quintile 5 in 
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adulthood, and participants in quintile 5 in ado-
lescence who were in quintile 1 in adulthood), 
each including less than 0.4% of the study popu-
lation. All statistical analyses were performed with 
SPSS statistical software, version 16.0.

R esult s

Characteristics of Study Participants

Characteristics of the cohort of 37,674 men across 
increasing deciles of BMI at adolescence are pre-
sented in Table 1. The mean age at adolescence 
was 17.44±0.46 years, and the mean BMI ranged 
between 17.3 in the bottom decile to 27.6 in the 
top decile, corresponding to a mean weight rang-
ing from 51.9 to 83.8 kg. The mean age at first 
assessment in adulthood was 30.59±5.30 years 
(median, 28.02). The mean BMI decile range in 
adulthood was 21.4 to 30.6. Systolic and diastolic 
blood pressure, resting heart rate, and serum lev-
els of fasting glucose, low-density lipoprotein 
(LDL) cholesterol, triglycerides, and liver enzymes 
increased progressively across deciles of adoles-
cent BMI, whereas the level of high-density lipo-
protein (HDL) cholesterol decreased (P<0.001 for 
trend for all comparisons). With increasing deciles 
of adolescent BMI, the percentage of current smok-
ers increased, whereas the mean duration of 
physical exercise per week significantly decreased. 
The prevalence of a family history of coronary 
heart disease and a family history of diabetes in-
creased across BMI deciles (P<0.001 for the trend 
in both categories).

BMI and Incidence of Disease

During approximately 650,000 person-years of 
follow-up (mean follow-up, 17.4±7.4 years), we 
documented 1173 incident cases of type 2 diabe-
tes and 327 incident cases of angiography-proven 
coronary heart disease, diagnosed between 25 and 
45 years of age (i.e., in young adulthood). In a 
multivariate model adjusted for age, presence or 
absence of a family history of diabetes, blood 
pressure, physical activity, and glucose and tri-
glyceride levels, adolescent BMI was a predictor 
of incident diabetes, with a significantly increased 
risk observed for the three highest BMI deciles 
(hazard ratio observed in the highest decile vs. the 
lowest decile, 2.76; 95% confidence interval [CI], 
2.11 to 3.58 [model 3]) (Table 2). When adolescent 
BMI was modeled as a continuous variable in a 
multivariate model, the risk of diabetes increased Fa
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by 9.8% for each increment in 1 BMI unit (hazard 
ratio, 1.10; 95% CI, 1.08 to 1.12).

In a multivariate model adjusted for age, pres-
ence or absence of a family history of coronary 
heart disease, blood pressure, physical activity, 
smoking status, and levels of LDL cholesterol, HDL 
cholesterol, and triglycerides, elevated adolescent 
BMI was a significant predictor of the incidence 
of angiography-proven coronary heart disease in 
young men across the entire BMI range (hazard 
ratio, 5.43; 95% CI, 2.77 to 10.62 between extreme 
deciles [model 3]) (Table 3). When adolescent BMI 
was modeled as a continuous variable in a multi-
variate model, the risk of coronary heart disease 
increased by 12.0% for each increment in 1 BMI 
unit (hazard ratio, 1.12; 95% CI, 1.067 to 1.18).

Trajectory of BMI
The trajectory of BMI between adolescence and 
young adulthood was studied longitudinally with 
the use of common CDC categories for growth 
charts (Fig. 1). BMI progression lines increased 
in parallel with the transition from adolescence 
into young adulthood. Mean annual increase in 
BMI was 0.3 BMI units between the ages of 17 

and 30 years (increasing by approximately 15 kg, 
or 4 BMI units), and 0.2 BMI units per year there-
after. The 50th percentile for the group of pa-
tients in whom either coronary heart disease or 
diabetes eventually developed deviated from the 
corresponding curve in the entire study popula-
tion. (A complementary approach to describing 
BMI trajectory is shown in Fig. 1 in the Supple-
mentary Appendix, available with the full text of 
this article at NEJM.org.) For the entire study 
population, the correlation of adolescent BMI 
with adult BMI was r = 0.68.

We assessed whether diabetes and coronary 
heart disease are more closely associated with 
BMI in adolescence than in early adulthood. In a 
multivariate Cox model adjusted for age, pres-
ence or absence of a family history of diabetes, 
triglyceride levels, and fasting glucose levels, 
only BMI in adulthood was significantly associ-
ated with the risk of diabetes (β = 1.115, P = 0.003; 
P = 0.89 for interaction). In contrast, in a model 
adjusted for age, smoking status, presence or ab-
sence of a family history of coronary heart disease, 
and levels of HDL cholesterol, LDL cholesterol, 
and triglycerides, both the BMI in adolescence 

Table 2. Hazard Ratios for Incident Diabetes in Adulthood According to Percentile of BMI in Adolescence.*

Variable

1–10 11–20 21–30 31–40

Characteristic

BMI range <18.11 18.12–19.00 19.01–19.69 19.70–20.28

No. of participants 3,783 3,690 3,860 3,668

No. of cases of diabetes 76 74 81 94

Mean follow-up (yr) 17.6±7.3 17.8±7.4 17.6±7.4 17.8±7.4

Person-yr of follow-up 63,994 64,644 68,419 64,295

Hazard ratio (95% CI)

Model 1 — adjusted for age 1.00 0.93 (0.67–1.28) 1.07 (0.79–1.45) 1.09 (0.75–1.37)

Model 2 — adjusted for age and family history of diabetes 1.00 0.93 (0.67–1.27) 1.06 (0.78–1.44) 1.01 (0.74–1.39)

Model 3 — adjusted for age, family history of diabetes, blood pressure, 
physical activity level, fasting glucose level, and triglyceride level†

1.00 0.86 (0.62–1.18) 1.03 (0.76–1.40) 1.02 (0.75–1.39)

Model 4 — adjusted for age, family history of diabetes, blood pressure, 
physical activity level, fasting glucose level, triglyceride level, and 
BMI in adulthood‡

1.00 0.75 (0.55–1.04) 0.86 (0.64–1.17) 0.76 (0.56–1.05)

* Plus–minus values are means ±SD. BMI denotes body-mass index.
† In model 3, we controlled for age as a continuous variable, presence or absence of family history of diabetes, systolic and diastolic blood 

pressure (systolic, <120 mm Hg; diastolic, <80 mm Hg; systolic,³120 to 129 mm Hg, or diastolic,³80 to 84 mm Hg; systolic, 130 to 139 mm Hg, 
or diastolic, 85 to 89 mm Hg; and systolic, ≥140 mm Hg, or diastolic, ≥90 mm Hg), physical activity level (nonactive, <150 min per week; 
active, >150 min per week), fasting glucose level (quintiles), and serum triglyceride level (quintiles).

‡ In model 4, for diabetes, the final model across deciles of BMI at 17 years of age was additionally adjusted for BMI in adulthood as a time- 
dependent, continuous variable.
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(β = 1.355, P = 0.004) and that in adulthood 
(β = 1.207, P = 0.03) were significantly and inde-
pendently associated with the risk of coronary 
heart disease (P = 0.048 for interaction). These 
joint associations are depicted in Figures 2A and 
2B. Furthermore, the addition of the repeated 
BMI measurements in adulthood to model 3 for 
diabetes (model 4, Table 2) completely attenu-
ated the association between BMI in adolescence 
and the risk of diabetes, whereas for coronary 
heart disease (model 4, Table 3), adolescent BMI 
remained a risk factor that was independent of 
adult BMI.

To assess the importance of weight gain be-
tween adolescence and early adulthood in pre-
dicting subsequent incident diabetes or coronary 
heart disease, we calculated the change in BMI 
between the ages of 17 and 30 years and used it 
as a continuous variable. When added to the 
multivariate model (model 3 for each disease), 
adolescent BMI remained an independent pre-
dictor of both diabetes and coronary heart dis-
ease. The incremental change in BMI unit was 
an additional independent predictor of diabetes 
(hazard ratio, 1.083; 95% CI, 1.063 to 1.105), but 
not of coronary heart disease (hazard ratio, 
1.006; 95% CI, 0.969 to 1.045). The change in 
BMI was lower among adolescents in the highest 
decile for BMI than among those in lower de-
ciles (Table 1), which may have led to an under-

estimation of the added deleterious effect of 
weight gain on the risk of coronary heart disease.

Discussion

This large-scale, long-term follow-up study sug-
gests that elevated BMI in adolescence has dis-
tinctive relationships with type 2 diabetes and 
coronary heart disease in young adulthood. Dia-
betes is influenced mainly by recent BMI and 
weight gain, whereas for coronary heart disease 
both elevated BMI in adolescence and recent BMI 
are independent risk factors — that is, the natu-
ral history of coronary heart disease (in contrast 
with that of diabetes) is probably the consequence 
of gradually increasing atherosclerosis during ad-
olescence and early adulthood that leads to clini-
cally important disease in midlife. It is noteworthy 
that these conclusions were deduced with BMI 
values well within the range that is now defined 
as normal. Adolescent BMIs corresponding with 
the CDC growth charts at the percentiles of 49.3 
(z score, −0.02) and 69.3 (z score, +0.51) were 
already associated with an increased risk of cor-
onary heart disease and diabetes, respectively. 
These conclusions highlight the clinical impor-
tance of considering BMI history when assessing 
the risk of coronary heart disease versus the risk 
of diabetes in overweight or obese young adults. 
In terms of public health, this study supports 

Percentile of BMI in Adolescence (N = 37,674)

41–50 51–60 61–70 71–80 81–90 91–100

20.29–20.90 20.91–21.56 21.57–22.34 22.35–23.39 23.40–25.06 >25.07

3,856 3,739 3,761 3,852 3,698 3,767

96 93 101 132 162 264

17.9±7.4 17.9±7.4 17.4±7.4 17.2±7.3 16.2±7.2 <0.001

68,620 66,979 67,066 66,691 63,181 60,354

1.11 (0.82–1.50) 1.11 (0.81–1.49) 1.21 (0.89–1.61) 1.69 (1.27–2.24) 2.26 (1.72–2.97) 4.18 (3.21–5.40)

1.10 (0.82–1.49) 1.11 (0.82–1.50) 1.15 (0.86–1.55) 1.67 (1.26–2.21) 2.21 (1.68–2.90) 4.02 (3.12–5.19)

1.06 (0.78–1.43) 1.00 (0.74–1.37) 1.03 (0.76–1.38) 1.47 (1.11–1.95) 1.79 (1.36–2.35) 2.76 (2.12–3.58)

0.74 (0.54–1.01) 0.69 (0.51–0.94) 0.63 (0.46–0.86) 0.84 (0.63–1.13) 0.89 (0.66–1.19) 1.01 (0.75–1.37)
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concerns about the association between increas-
ing cardiometabolic morbidity in early adulthood 
and the increase in BMI in adolescence, and the 
findings may suggest specific age-related consid-
erations for the design of diabetes prevention 
programs that are distinct from those needed to 
prevent coronary heart disease. Finally, aided by 
the growth chart for young adults presented in 
Figure 1, our study may help to redefine what 
constitutes a “normal” or “healthy” BMI in ado-
lescence and to highlight the role of elevated BMI 
at different ages in the pathogenesis of different 
diseases.

Our study has certain limitations. By the time 
they are 17 years old, not all boys will have com-
pleted puberty or reached their final height; 
thus, body composition at this age is not equiva-
lent to that of adults, mainly because muscle 
mass is lower than that of adults. Indeed, in-
creases in height between 17 and 30 years of age 
were greater on average in the lower deciles of 
BMI at adolescence; BMI increased by 4 units in 
the lower deciles and by 3 units in the 10th de-
cile. Intriguingly, both early pubertal develop-

ment and early adiposity rebound in childhood 
(the age at which BMI begins to rise after its phys-
iologic nadir at 5 to 7 years of age) were impli-
cated in the development of obesity. Thus, being 
placed in a lower decile for BMI during adoles-
cence may be associated with having a lower risk 
of coronary heart disease or type 2 diabetes in 
early adulthood, reflecting a later onset of pu-
berty or later increase in BMI.

A second consideration is waist circumfer-
ence, a measure that would have been of value7 
in our study but that was not available to us. 
Nevertheless, the use of BMI, a ratiometric mea-
sure, may partly diminish the variation in height 
over weight. Third, generalization of the study’s 
conclusions may be limited by the nature of the 
cohort — army personnel. However, the charac-
teristics of our cohort are similar to those of 
other cohorts of young adults (as we discussed 
previously).25 The exclusion of women precludes 
our ability to determine sex-based differences in 
the association between BMI and the risk of dia-
betes or heart disease; we recently addressed 
this concern as it relates to the incidence of hy-

Table 3. Hazard Ratios for Incident Angiography-Proven Coronary Heart Disease in Adulthood According to Percentile of BMI in Adolescence.*

Variable

1–10 11–20 21–30 31–40

Characteristic

BMI range 15.04–18.11 18.12–19.00 19.01–19.69 19.70–20.28

No. of participants 3783 3690 3860 3668

No. of cases of CHD 10 18 28 32

Person-yr of follow-up 64,199 64,819 68,663 64,516

Hazard ratio (95% CI)

Model 1 — adjusted for age 1.00 1.69 (0.78–3.66) 2.43 (0.87–4.18) 2.72 (1.43–5.94)

Model 2 — adjusted for age and family history of CHD 1.00 1.72 (0.79–3.72) 3.06 (1.52–6.16) 2.92 (1.43–5.94)

Model 3 — adjusted for age, family history of CHD, blood pressure, 
physical activity level, smoking status, LDL cholesterol level, and 
HDL cholesterol level†

1.00 1.71 (0.79–3.71) 3.17 (1.58–6.39) 2.88 (1.42–5.87)

Model 4 — adjusted for age, family history of CHD, blood pressure, 
physical activity level, smoking status, LDL cholesterol level, 
HDL cholesterol level, triglyceride level, and BMI in adulthood‡

1.00 1.77 (0.82–3.85) 3.34 (1.65–6.74) 3.10 (1.51–6.34)

* Cox proportional-hazards analysis, stratified over each visit to the Staff Periodic Examination Center (3-to-5-year intervals), was used to esti-
mate the hazard ratios and 95% confidence intervals for the development of type 2 diabetes or coronary heart disease (CHD). Smoking sta-
tus, physical activity level, and BMI (body-mass index) in adulthood were time-dependent variables. HDL denotes high-density lipoprotein, 
and LDL low-density lipoprotein.

† In Model 3, we controlled for age, presence or absence of family history of CHD, blood pressure, physical activity level, smoking status (cur-
rent or noncurrent), LDL cholesterol level (quintiles), HDL cholesterol level (quintiles), and serum triglyceride level (quintiles).

‡ In model 4, for CHD, the final model across deciles of BMI at 17 years of age was additionally adjusted for BMI in adulthood as a time- 
dependent, continuous variable.
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pertension.26 The strengths of our follow-up 
study include well-documented outcomes based 
on strict diagnostic criteria, uniform and sys-
tematic follow-up assessments, a high rate of 
adherence during follow-up, standardized direct 
(rather than reported) measurements of weight 
and height, repeated measurements of many con-
founders, and the large size of the cohort.

Some studies have not shown an association 
between childhood or adolescent BMI and coro-
nary heart disease in adulthood.22,29,30 However, 
our study suggests that adolescent BMI predicts 
angiography-proven coronary heart disease in 
young adulthood, a finding that is consistent 
with the results of the Norwegian Health Sur-
vey,17 which showed that the risk of coronary 

heart disease in adulthood is increased by a fac-
tor of approximately three among adolescent boys 
whose BMI is in the 86th percentile or higher. 

Percentile of BMI in Adolescence (N = 37,674)

41–50 51–60 61–70 71–80 81–90 91–100

20.29–20.90 20.91–21.56 21.57–22.34 22.35–23.39 23.40–25.06 25.07–35.99

3856 3739 3761 3852 3698 3767

28 33 33 35 43 67

68,841 67,152 67,281 67,048 63,520 60,935

2.48 (0.94–4.54) 2.83 (1.39–5.74) 2.84 (1.40–5.77) 3.27 (1.62–6.61) 4.33 (2.17–8.61) 7.65 (3.93–14.88)

1.61 (0.75–3.47) 2.80 (1.38–5.69) 2.83 (1.39–5.74) 3.23 (1.60–6.52) 4.34 (2.18–8.64) 7.53 (3.87–14.65)

1.56 (0.73–3.37) 2.64 (1.30–5.38) 2.63 (1.29–5.34) 2.96 (1.46–6.01) 3.58 (1.79–7.16) 5.43 (2.77–10.62)

1.70 (0.79–3.70) 2.90 (1.42–5.96) 2.96 (1.43–6.09) 3.41 (1.65–7.06) 4.27 (2.07–8.81) 6.85 (3.30–14.21)
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Figure 1. Trajectory of BMI from Adolescence to Young 
Adulthood.

The figure depicts the trajectory of body-mass index 
(BMI, the weight in kilograms divided by the square of 
the height in meters) between adolescence and young 
adulthood (solid lines), as determined on the basis of 
repeated measurements of BMI among 37,674 men. It 
also shows the 50th percentile curves for the group of 
men in whom coronary heart disease (CHD) or diabetes 
eventually developed (dashed lines). BMI progression 
lines increased roughly in parallel during the transition 
from adolescence to young adulthood. The mean annual 
rate of rise in BMI between the ages of 17 and 30 years 
was 0.3 BMI units per year, corresponding to a  total of 
approximately 15 kg, or 4 BMI units. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 364;14 nejm.org april 7, 20111324

The present analyses show that an elevated BMI 
in adolescence predicts coronary heart disease in 
early adulthood, even independently of the BMI 
at a point in time that is closer to the diagnosis, 
with a risk for the upper decile of adolescent 
BMI that is nearly seven times as high as that for 
the lowest decile. In fact, such a relationship 
already exists within the normal BMI range as 
defined by the CDC, which is lower than the 
cutoffs at the 85th percentile that are normally 
used in population surveys. Thus, obesity in ado-
lescence is probably only the tip of an iceberg of 
BMI-related increases in the risk of coronary 
heart disease that is relevant to approximately 
50% of adolescent boys.

Remarkably, for type 2 diabetes, a signifi-
cantly elevated hazard ratio was observed only in 
the 80th percentile of adolescent BMI and higher 
(>22.4), translating into a risk of disease that is 
nearly three times as high as that for those 

whose adolescent BMI is in the lowest decile. 
Moreover, adjustment for BMI in adulthood com-
pletely attenuated the effect, suggesting that 
BMI in adolescence has a more reversible or 
shorter term effect on the risk of diabetes as 
compared with its effect on the risk of coronary 
heart disease. Notably, however, those in the 
lowest decile for adolescent BMI tended to have 
a higher risk of future diabetes than those in the 
higher deciles, particularly when the analysis was 
adjusted for BMI in adulthood.

Our results might be explained by the fact 
that diabetes represents a more functional patho-
mechanism than coronary heart disease, which 
relies on anatomical changes (atherosclerosis). 
Such an explanation is consistent with the fact 
that even clinically established diabetes is read-
ily reversible in response to changes in lifestyle 
or surgical interventions, whereas atherosclero-
sis, for example, is responsive to dietary interven-
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Figure 2. Hazard Ratios for the Risk of Diabetes and Coronary Heart Disease among Apparently Healthy Young Adults, According to BMI 
in Adolescence and in Adulthood.

The joint association of body-mass index (BMI) at 17 years of age (adolescence) and 30 years of age (adulthood) is shown for the inci-
dence of diabetes (Panel A) and the incidence of angiography-proven coronary heart disease (CHD) (Panel B), as calculated with the use 
of multivariate Cox proportional-hazards models. The gray columns denote significantly elevated hazard ratios as compared with those in 
the lowest BMI quintile in both adolescence and adulthood (reference group). When BMI was analyzed as a continuous variable with the 
use of a Cox regression model adjusted for age, triglyceride level, presence or absence of a family history of diabetes, and fasting glucose 
level, only BMI in adulthood was significantly associated with the risk of diabetes (β = 1.115, P = 0.003; P = 0.89 for interaction with BMI in 
adolescence). In contrast, in a regression model adjusted for age, triglyceride level, smoking status, presence or absence of a family history 
of CHD, and levels of high-density lipoprotein cholesterol and low-density lipoprotein cholesterol, BMI in both adolescence and adulthood 
was significantly and independently associated with the risk of CHD (BMI in adolescence, β = 1.355, P=0.004; BMI in adulthood, β = 1.207, 
P = 0.03; P < 0.05 for interaction).
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tion31 only if the intervention takes place before 
the “clinical horizon” of the disease has been 
reached.

In conclusion, BMI at the age of 17 years is 
an independent predictor of coronary heart dis-
ease in young adulthood, even when it is well 
within what is now defined as the normal range 
of BMI, suggesting that body mass has long-
term consequences. Although adolescent BMI is 

also a predictor of the risk of type 2 diabetes, 
the risk is not independent of that predicted by 
BMI in adulthood.
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