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BACKGROUND
In light of the worldwide increase in childhood obesity, we examined the associa-
tion between body-mass index (BMI) in late adolescence and death from cardio-
vascular causes in adulthood.

METHODS
We grouped data on BMI, as measured from 1967 through 2010 in 2.3 million 
Israeli adolescents (mean age, 17.3±0.4 years), according to age- and sex-specific 
percentiles from the U.S. Centers for Disease Control and Prevention. Primary out-
comes were the number of deaths attributed to coronary heart disease, stroke, sud-
den death from an unknown cause, or a combination of all three categories (total 
cardiovascular causes) by mid-2011. Cox proportional-hazards models were used.

RESULTS
During 42,297,007 person-years of follow-up, 2918 of 32,127 deaths (9.1%) were 
from cardiovascular causes, including 1497 from coronary heart disease, 528 from 
stroke, and 893 from sudden death. On multivariable analysis, there was a graded 
increase in the risk of death from cardiovascular causes and all causes that start-
ed among participants in the group that was in the 50th to 74th percentiles of BMI 
(i.e., within the accepted normal range). Hazard ratios in the obese group (≥95th 
percentile for BMI), as compared with the reference group in the 5th to 24th per-
centiles, were 4.9 (95% confidence interval [CI], 3.9 to 6.1) for death from coronary 
heart disease, 2.6 (95% CI, 1.7 to 4.1) for death from stroke, 2.1 (95% CI, 1.5 to 
2.9) for sudden death, and 3.5 (95% CI, 2.9 to 4.1) for death from total cardiovas-
cular causes, after adjustment for sex, age, birth year, sociodemographic charac-
teristics, and height. Hazard ratios for death from cardiovascular causes in the 
same percentile groups increased from 2.0 (95% CI, 1.1 to 3.9) during follow-up 
for 0 to 10 years to 4.1 (95% CI, 3.1 to 5.4) during follow-up for 30 to 40 years; 
during both periods, hazard ratios were consistently high for death from coronary 
heart disease. Findings persisted in extensive sensitivity analyses.

CONCLUSIONS
A BMI in the 50th to 74th percentiles, within the accepted normal range, during 
adolescence was associated with increased cardiovascular and all-cause mortality 
during 40 years of follow-up. Overweight and obesity were strongly associated with 
increased cardiovascular mortality in adulthood. (Funded by the Environment and 
Health Fund.)
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BMI in Adolescents and Cardiovascular Death

Overweight and obesity in adoles-
cents have increased substantially in re-
cent decades and affect a third of the 

adolescent population in some developed coun-
tries.1 Obesity early in life is considered to be a 
risk factor for death from cardiovascular disease 
and from all causes in adulthood,2-5 although not 
all investigators concur6; such obesity may limit 
the increase in life expectancy that otherwise 
would be achieved.7,8 Despite progress in preven-
tion and treatment of cardiovascular disease, 
cardiovascular mortality among young adults 
either has not declined or the decline has slowed 
over recent decades in several developed coun-
tries coincident with the obesity epidemic.9,10 
Some,2,3,11 although not all,12 studies suggest that 
a body-mass index (BMI, the weight in kilograms 
divided by the square of the height in meters) 
that falls within the upper-normal range in ado-
lescence is associated with an increased risk of 
death from cardiovascular causes, although a 
determination of the BMI threshold that is associ-
ated with such an increased risk of remains 
uncertain. Thus, our main objective was to as-
sess the risk of fatal cardiovascular events in 
adulthood according to the BMI range during 
adolescence. We also estimated the predicted 
proportion of cardiovascular deaths that could 
be attributed to the increasing prevalence of 
overweight and obesity among adolescents.

Our study was based on a national database 
of 2.3 million Israeli adolescents in whom height 
and weight were measured between 1967 and 
2010. We assessed the association between the 
BMI in late adolescence and death from coro-
nary heart disease, stroke, and sudden death in 
adulthood.

Me thods

Study Population

One year before mandatory military service, 
Israeli adolescents who are 17 years of age are 
required to undergo a medical evaluation (Fig. 1). 
Of the 2,454,693 adolescents between the ages of 
16 and 19 years who were examined from Janu-
ary 1, 1967, to December 31, 2010, we excluded 
64,186 with missing weight and height measure-
ments and 92,377 who were from non-Jewish 
populations, since these adolescents were not 
representative of the overall minority population, 
in which residents are mostly exempt from mili-

tary service and therefore are not routinely 
called up for an obligatory health examination. 
These exclusions resulted in a study sample of 
2,298,130 participants, which included a nation-
ally representative group of Jewish men but not 
of Jewish women, since Orthodox women are 
also exempt from military service.

Mortality Outcomes and Documentation  
of Cause of Death

The primary outcomes of the study were deaths 
that had occurred by June 30, 2011, and that 
were attributed to coronary heart disease, stroke, 
sudden death from an unknown cause, or a 
combination of the three categories (total car-

Figure 1. Study Design and Mortality Outcomes.

Officially coded underlying causes of death were available starting in 1981, 
whereas data regarding service-related deaths were available from the Israel 
Defense Forces throughout the full study period (1967 through 2011). The 
body-mass index (BMI) among adolescents between the ages of 16 and 19 
years was determined from measurements of weight and height during 
medical examinations as part of their evaluation for service in the Israeli 
military. Codes in the International Classif ication of Diseases (ICD) referring 
to the primary cardiovascular outcomes are indicated in parentheses. The 
underlying cause of death was coded from death notifications by the Israel 
Central Bureau of Statistics, according to the ICD 9th revision (ICD-9) from 
1981 through 1997 and 10th revision (ICD-10) from 1998 through 2011.

2,298,130 Were included in the analysis

2,454,693 Were assessed from
1967 through 2010

156,563 Were excluded
64,186 Had missing 

BMI data
92,377 Were non-Jewish 

minorities who were 
unrepresentative of
the minority population

3,991 Died between 1967 and 1980
803 Had missing cause of death

32,127 Died between 1981 and 2011
1497 Had coronary heart disease 

(ICD-9 codes, 410–414; ICD-10
codes, 120–125)

528 Had a stroke (ICD-9 codes, 
430–434 and 436–438; ICD-10
codes, 160–169)

893 Had sudden death (ICD-9 code,
798; ICD-10 code, R96)

1662 Had missing cause of death

36,118 Died between 1967 and 2011
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diovascular causes). Codes for causes of death 
from the International Classification of Diseases (ICD) 
are provided in Fig. 1. We also evaluated deaths 
from noncardiovascular causes and all causes. 
We linked the underlying cause of death, as of-
ficially coded from death notifications by the 
Israel Central Bureau of Statistics according to 
the ICD ninth revision (ICD-9) (1981–1997) and 
tenth revision (ICD-10) (1998–2011), to the mili-
tary health-examination database; the official 
cause of death was unavailable before 1981. 
Deaths among Israel Defense Forces personnel 
have been recorded since 1967 with a notation 
as to whether the death was service-related.

Data Collection and Study Variables

We calculated the BMI from weight and height 
measured by means of a beam balance and sta-
diometer with each participant barefoot and 
wearing underwear. Physicians reviewed medical 
records, performed the health examinations, and 
provided standardized diagnostic codes where ap-
plicable. Data regarding education, socioeconom-
ic status, and country of origin were recorded.

The age at the time of examination, year of 
birth, and height were treated as continuous 
variables. Education was grouped according to 
whether the participant attended formal school-
ing for less than 9 years, 10 years, 11 years, or 
12 years. Socioeconomic status was estimated 
according to residential locality,13 with partici-
pants grouped into low, medium, and high cate-
gories. The place of origin was defined as the 
birthplace of the father or grandfather (if the 
father was born in Israel) and categorized ac-
cording to country or region. BMI values were 
grouped according to percentiles for age and sex 
established by the U.S. Centers for Disease Con-
trol and Prevention (CDC)14 as follows: less than 
5th percentile (underweight), 5th to 24th percen-
tile (reference group), 25th to 49th percentile, 
50th to 74th percentile, 75th to 84th percentile, 
85th to 94th percentile (overweight), and 95th 
percentile or higher (obese) (Table 1). We also 
analyzed absolute BMI values.

Study Oversight and Conduct

The study was funded by a research grant from 
the Environment and Health Fund in Jerusa-
lem. The first and last authors designed the 
study, wrote the first draft of the manuscript, 
incorporated revisions from the coauthors, and 

made the decision to submit the manuscript for 
publication. The institutional review board of the 
Israel Defense Forces Medical Corps approved 
the study and waived the requirement for written 
informed consent.

Statistical Analysis

We calculated unadjusted rates of death per 
person-year and Kaplan–Meier survival curves 
for the BMI percentile categories. We used Cox 
proportional-hazards models to estimate the 
hazard ratios and 95% confidence intervals for 
the cardiovascular-specific outcomes. In these 
analyses, we compared the CDC percentile cate-
gories with the reference group, which included 
BMI values in the 5th through 24th percentiles. 
Time to event was modeled. Follow-up began at 
the time of the original medical examination 
and concluded on the date of death from any 
cause or June 30, 2011, whichever came first.

Included in multivariable models as potential 
confounders were all available variables that were 
known to be associated with cardiovascular out-
comes and with BMI and that were confirmed in 
our study (age, birth year, sex, education, socio-
economic status, and country of origin) as well 
as height, which was not confirmed as an asso-
ciation in our study (Table S1 in the Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org). We included age, birth year, 
and sex in model 1 and all the variables in 
model 2. We imputed missing values for country 
of origin, education, and socioeconomic status 
(1.4% of the cohort) using multiple imputation 
algorithms (SAS Miner, version 13.1). The assump-
tion of proportionality of the hazards was con-
firmed for all variables.

We applied the PHREG procedure to account 
for competing risks using the Cox proportional-
hazards model (PROC PHREG, SAS software, 
version 9.4). In tests for trend, we applied linear 
and quadratic terms using the midpoint of each 
BMI percentile group or the median of each ab-
solute BMI group. Spline models (SmoothHR and 
survival packages, R software, version 3.2.2) 
were fit to estimate the BMI value associated 
with minimum cardiovascular mortality and the 
lowest BMI associated with significantly in-
creased mortality. Details regarding extensive 
sensitivity analyses are provided in the Supple-
mentary Appendix.

Of the 36,118 deaths that were recorded be-
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tween 1967 and 2011, a total of 3991 occurred 
between 1967 and 1980. Of these deaths, 3188 
were attributed to causes related to military ser-
vice, and 803 had a missing underlying cause. 
The cause of death was also missing for 1662 of 
the 32,127 deaths (5.2%) that occurred from 
1981 through 2011, predominantly among young 
adults (of whom 48% were <35 years of age and 
24% were 35 to 44 years of age). We conducted 
simulations of the potential effect of the 2465 
missing causes of death (6.8% of all deaths) on 
the associations. We calculated population- 
attributable fractions (or population-attributable 
risk percentages, the proportion by which car-
diovascular mortality in the population would be 
reduced if the exposure were eliminated) under 
an unverifiable causal assumption (Table S2 in 
the Supplementary Appendix). The main analy-
ses were performed with the use of SPSS soft-
ware, version 21.0 (IBM).

R esult s

Participants

Baseline characteristics of the study participants 
are shown in Table 1. The mean age at the time 
of the medical evaluation was 17.3±0.4 years. A 
total of 85% of the cohort were Israeli born, al-
though their families came from multiple coun-
tries. More than 75% had completed high school, 
with the lowest percentage in the underweight 
group. Low socioeconomic status was more prev-
alent among both underweight and obese partici-
pants.

BMI in Adolescence and Cardiovascular 
Mortality

During 25,959,547 and 16,337,460 person-years 
of follow-up in men and women, respectively, 
there were 2918 deaths from cardiovascular 
causes (2633 in men and 285 in women), includ-
ing 1497 deaths from coronary heart disease, 
528 from stroke, and 893 from sudden death 
from an unknown cause. The mean ages at the 
time of death were 47.4 years for coronary heart 
disease, 46.0 years for stroke, and 41.3 years for 
sudden death (Table 2). The low proportional 
mortality attributed to cardiovascular deaths 
(9.1%) reflects the relatively young ages in our 
cohort at the end of follow-up (Fig. S1 in the 
Supplementary Appendix). The shorter median 
follow-up in the overweight and obese groups V
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probably reflects the more recent increase in 
obesity (Table 2). From 1981 through 2011, there 
were 29,209 deaths from noncardiovascular 
causes and 32,127 deaths from all causes. A list 
of the main causes of death in our cohort and 
a comparison with the officially coded major 
causes of death among persons of similar ages 
in the general Israeli population are provided in 
Table S3 in the Supplementary Appendix.

The rates of death per person-year were gen-
erally lowest in the group that had BMI values 
during adolescence in the 25th to 49th percen-
tiles, with higher rates observed among those 
below the 5th percentile. There was a graded in-
crease in crude rates of cardiovascular death 
starting in the group of participants who had BMI 
values in the 50th to 74th percentiles (Table 2), 
a finding that was confirmed by the Kaplan–
Meier survival curves for total cardiovascular 
mortality (Fig. S1 in the Supplementary Appen-
dix). In unadjusted Cox models, starting in the 
50th to 74th percentiles for BMI, participants 
had increased rates of death from coronary heart 
disease, stroke, and total cardiovascular causes; 
starting in the 75th to 84th percentiles, partici-
pants had an increased risk of sudden death 
(Table S4 in the Supplementary Appendix).

After multivariable adjustment, the risk of 
death from coronary heart disease was already 
significantly higher among those with adoles-
cent BMI values in the 50th to 74th percentiles 
than among those with BMI values in the 5th to 
24th percentiles (hazard ratio, 1.5; 95% confi-
dence interval [CI], 1.3 to 1.8), as were the risks 
of death from total cardiovascular causes (haz-
ard ratio, 1.3; 95% CI, 1.2 to 1.5), and from 
noncardiovascular causes and all causes, and 
there were graded increases in the risk of death 
from all cardiovascular-specific causes as BMI 
percentile levels increased above the 50th to 74th 
percentiles (Table 3 and Fig. 2, and Table S4 and 
Fig. S2 in the Supplementary Appendix). After 
multivariable adjustment, obesity was associated 
with hazard ratios of 4.9 (95% CI, 3.9 to 6.1) for 
death from coronary heart disease, 2.6 (95% CI, 
1.7 to 4.1) for death from stroke, 2.1 (95% CI, 
1.5 to 2.9) for sudden death from unknown 
causes, 3.5 (95% CI, 2.9 to 4.1) for death from 
total cardiovascular causes, 1.5 (95% CI, 1.4 to 
1.6) for death from noncardiovascular causes, 
and 1.7 (95% CI, 1.6 to 1.8) for death from all 
causes (Table 3, and Table S4 in the Supplemen-

tary Appendix). Participants in the BMI group 
categorized as overweight (85th to 94th percen-
tiles) had hazard ratios of 3.0 (95% CI, 2.5 to 3.7) 
for death from coronary heart disease, 1.8 (95% 
CI, 1.3 to 2.5) for death from stroke, 1.5 (95% CI, 
1.1 to 1.9) for sudden death, and 2.2 (95% CI, 1.9 
to 2.6) for death from total cardiovascular causes. 
The hazard ratios were generally lowest for all 
categories of death among participants in the 
BMI groups that were in the 25th to 49th or the 
5th to 24th BMI percentiles.

In calculations of the risk of death from total 
cardiovascular causes at different follow-up times 
and 10-year intervals, the association between 
cardiovascular mortality and increased BMI was 
evident by 10 years of follow-up (hazard ratio, 
2.0; 95% CI, 1.1 to 3.9) and was more pro-
nounced during the follow-up period from 30 to 
40 years (hazard ratio, 4.1; 95% CI, 3.1 to 5.4) 
(Table S5 and Fig. S3 in the Supplementary Ap-
pendix). The risk was persistently high for death 
from coronary heart disease across the entire 
period of follow-up.

In the analysis of absolute values of BMI, 
participants with a BMI ranging from 20.0 to 
22.4 had a higher risk of death from coronary 
heart disease than did those with a BMI ranging 
from 17.5 to 19.9 (hazard ratio, 1.2; 95% CI, 1.1 
to 1.4) (Table S6 in the Supplementary Appen-
dix). The risks of death from stroke, sudden 
death, and total cardiovascular causes (along 
with noncardiovascular causes and all causes) 
were also elevated starting with a BMI of 22.5 
and increased more steeply among the extremely 
obese for cardiovascular-specific death. We used 
multivariable-adjusted spline models to estimate 
that the minimum risks of death from stroke, 
sudden death, and cardiovascular causes were 
among participants who had BMI values of 19.8, 
19.3, and 18.3, respectively, whereas the associa-
tion with death from coronary artery disease 
was graded across the full range of BMI-percen-
tile groups. Participants had a significantly ele-
vated risk of death from total cardiovascular 
causes starting at BMI values above 20.3 (Fig. S4 
in the Supplementary Appendix). To compare 
our data with previous observations,2 we com-
puted z scores of BMI for the 1,854,522 partici-
pants who were 17 or 18 years of age when they 
were evaluated. After multivariable adjustment, 
the hazard ratios for death from coronary heart 
disease were 1.54 (95% CI, 1.46 to 1.62) for men 
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and 1.58 (95% CI, 1.31 to 1.91) for women per 
1-unit increment in the z score.

The findings persisted in a series of sensitiv-
ity analyses, including a sex-specific analysis 
(which showed overall consistency between the 
sexes), an analysis restricted to adolescents with 
unimpaired health status, an analysis modeling 
the association without competing risks that 
used the group with BMI values in the 25th to 
49th percentiles as the reference category, analy-
ses that were restricted to participants who were 
evaluated after 1981 and to those who were 
evaluated from 1967 through 1980, an analysis 
comparing deaths that occurred before the age 
of 45 years with those that occurred at the age 
of 45 years or older, analyses according to calen-
dar periods of follow-up and country of origin, 
and an analysis that included all cardiovascular 
diseases defined according to ICD coding (9.9% 
of all deaths) (Table S4 and Tables S7 through 
S13 in the Supplementary Appendix). Simulation 
of deaths with an unknown underlying cause 

with varying assignment as cardiovascular deaths 
was shown to have a minor effect on the asso-
ciation between BMI and the study outcomes 
(Tables S14 and S15 in the Supplementary Ap-
pendix). In an analysis of population-attribut-
able fractions, among participants with a BMI 
higher than the 50th percentile in 2013, the 
projected population-attributable fractions were 
28% for death from total cardiovascular causes 
and 36% for death from coronary heart disease 
(Table S2 in the Supplementary Appendix).

Discussion

In this nationwide population-based study, we 
found an association between the BMI in late 
adolescence and subsequent cardiovascular mor-
tality, predominantly in midlife, since the cohort 
did not include participants who had reached the 
older ages at which cardiovascular disease is a 
dominant cause of death. BMI, including mea-
surements in the currently accepted mid-normal 
range, was associated with a graded increase in 
the risk of death from cardiovascular causes. 
Obesity during adolescence was associated with 
a substantially increased risk of cardiovascular 
outcomes in middle age, particularly death from 
coronary heart disease. The associations, which 
were similarly evident in both sexes, persisted 
strongly for cardiovascular deaths occurring dur-
ing four decades after the measurement of BMI 
in adolescence. The association withstood a series 
of sensitivity analyses. The population-attribut-
able fractions in our study are projected to rise 
with the secular shift in the BMI distribution 
and indicate that overweight and obesity in ado-
lescence may account for a fifth of cardiovascu-
lar deaths and a quarter of deaths from coronary 
heart disease by the time the participants reach 
midlife. Modeled predictions for the United States 
point to a marked increase in the incidence of 
coronary heart disease and in the rate of death 
in young and middle adulthood.15

Several studies2-4,11,16 (although not all6) have 
shown an association between obesity during 
adolescence and a future risk of death from 
coronary heart disease, with conflicting evi-
dence regarding death from cerebrovascular 
causes.5,6 In the study by Baker et al.,2 in which 
investigators evaluated the association between 
childhood BMI and coronary events in adult-
hood, the BMI at the age of 7 years was associ-
ated with adult mortality from coronary heart 

Figure 2. Body-Mass Index (BMI) during Adolescence and Subsequent 
 Cardiovascular Mortality.

Shown are rates of death from cardiovascular causes during up to 44 years 
of follow-up according to the percentile of BMI during adolescence, among 
2,298,130 participants who were assessed between the ages of 16 and 19 
years. Included in the 2918 deaths from cardiovascular causes were deaths 
from coronary artery disease and stroke and sudden deaths of unknown 
cause. Gray shading denotes 95% confidence intervals. The model was ad-
justed for sex, age at examination, birth year, education, residential socio-
economic status, country of origin, and height. Also shown are the num-
bers of participants at risk, cumulative person-years, and the cumulative 
numbers of deaths from cardiovascular causes through 40 years of follow-
up. An additional 242 deaths from cardiovascular causes occurred between 
40 years and the study cutoff of 44 years.
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disease (hazard ratio, 1.10 per 1-unit increment 
in the z score in boys); the strength of the as-
sociation increased up to the age of 13 years 
(hazard ratio, 1.24). In our study, in similar 
analyses restricted to adolescents who were 17 
or 18 years of age, we estimated hazard ratios for 
death from coronary heart disease of 1.54 and 
1.58 for boys and girls, respectively, findings that 
appear to be consistent with a stronger associa-
tion in adolescence than earlier in childhood.

The large size of our study, which incorpo-
rated more than 42 million person-years of fol-
low-up, provided adequate statistical power to 
assess the associations within the currently ac-
cepted normal range of BMI values. Excess all-
cause mortality (including cardiovascular mor-
tality) starting at the 50th percentile of adolescent 
BMI values confirmed the findings of an earlier 
study on a portion of this cohort.17 Thus, the 
classification of BMI according to the accepted 
normal range (i.e., the 5th to 84th percentiles 
and a BMI ranging from 18.5 to 25.0) may under-
estimate the risk associated with being over-
weight in adolescence. This inference is support-
ed by our findings that there is a graded increase 
in the risk of death starting at the mid-normal 
range of adolescent BMI (50th to 74th percen-
tiles) and that the high-normal BMI range (75th 
to 84th percentiles) was associated with hazard 
ratios of 2.2 for coronary heart disease and 1.8 
for total cardiovascular causes.

Our findings appear to provide a link between 
the secular trends in adolescent overweight and 
coronary mortality during the past decades. In 
contrast to the steep decline in the rate of death 
from cardiovascular causes among older age 
groups, cardiovascular mortality among young 
adults has not decreased or the decline has 
slowed in several developed countries.9,10

How might adolescent BMI affect adult car-
diovascular mortality? In our study, we could not 
control for important risk factors (e.g., smoking, 
exercise, and physical fitness)18 or for adult BMI. 
We have considered two pathways by which ado-
lescent BMI might influence cardiovascular out-
comes in adulthood. First, obesity may be delete-
rious during adolescence, since it has been 
associated with unfavorable metabolic abnor-
malities (suggesting an indirect pathway medi-
ated through risk factors such as unfavorable 
plasma lipid or lipoprotein levels, increased 
blood pressure, impaired glucose metabolism, 
and insulin resistance15,19), cardiac remodeling,20 

lengthening of the QT interval,21 and formation 
of coronary and aortic atherosclerotic plaques.22 
Furthermore, a mendelian randomization study 
showed a strong association between BMI and 
several cardiometabolic risk markers in the young 
(even within the nonobese weight range), which 
effectively ruled out uncontrolled confounding 
and reverse causation as explanations for their 
findings.23 Increased coronary risk associated 
with adolescent obesity persisted in a subgroup 
in our cohort,24 even after adjustment for BMI in 
young adulthood, which suggests the importance 
of the timing of exposure to obesity during a 
lifetime.12,25 However, other studies26,27 have not 
shown an independent association between BMI 
during adolescence and adult cardiovascular dis-
ease after adjustment for adult BMI. Second, as 
BMI tracks over time25,26 (and more strongly 
starting at the age of 18 years28), adult BMI may 
mediate the risk association. The association 
between adult BMI and cardiovascular disease is 
supported by a mendelian randomization study.29 
Such a pathway might explain the association 
between seemingly normal levels of BMI (50th 
to 74th percentiles) and death from total cardio-
vascular causes and between a BMI of more than 
20.0 and death from coronary artery disease. In 
the absence of adult measures of BMI, we were 
unable to address this question.

Our study has certain limitations. First, as 
noted, in the absence of adult measures of BMI, 
we could not assess an independent effect of 
adolescent BMI on death from cardiovascular 
disease in adulthood. Second, cause-specific data 
were unavailable to us for 6.8% of all deaths. 
However, simulations indicated only minor ef-
fects of missing data on our risk estimates. 
Third, we were unable to account for important 
cardiovascular lifestyle risk factors that may 
confound the BMI association, although adjust-
ment for smoking had no effect in other stud-
ies,3,25 and a mendelian randomization study 
showed effects for BMI that were independent of 
confounding.23 Fourth, since our follow-up in-
cluded participants in early and mid-adulthood 
but not in the older age groups in which cardio-
vascular death predominates, fewer than 10% of 
our study participants died from cardiovascular 
causes. Fifth, although the study sample was 
highly representative of the Israeli adolescent 
male Jewish population, it was less representa-
tive of Israeli women, and our findings need to 
be confirmed in a racially and ethnically diverse 
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population. Finally, since we were analyzing only 
death outcomes, we cannot determine whether 
BMI was associated with the incidence of cardio-
vascular disease, death from cardiovascular dis-
ease, or both. The strengths of the study include 
the use of standardized measurements of weight 
and height rather than recalled values,30 the 
large sample size, and the extended follow-up, 
which provided adequate power to examine nar-
row subgroups of BMI percentiles.

In conclusion, an increased BMI in late ado-
lescence, even within the currently accepted nor-
mal range, was strongly associated with cardio-
vascular mortality in young adulthood or midlife. 
We could not determine whether an increased 
BMI in adolescence is an independent risk fac-

tor, is mediated by adult obesity, or both. The 
secular shift to the right in the distribution of 
adolescent BMI and the rising prevalence of over-
weight and obesity among adolescents may ac-
count for a substantial and increasing future 
burden of cardiovascular disease, particularly 
coronary heart disease.
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