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ABSTRACT

BACKGROUND

The worldwide epidemic of childhood obesity is progressing at an alarming rate.
Risk factors for coronary heart disease (CHD) are already identifiable in overweight
children. The severity of the long-term effects of excess childhood weight on CHD,
however, remains unknown.

METHODS

We investigated the association between body-mass index (BMI) in childhood
(7 through 13 years of age) and CHD in adulthood (25 years of age or older), with
and without adjustment for birth weight. The subjects were a cohort of 276,835
Danish schoolchildren for whom measurements of height and weight were avail-
able. CHD events were ascertained by linkage to national registers. Cox regression
analyses were performed.

RESULTS

In 5,063,622 person-years of follow-up, 10,235 men and 4318 women for whom child-
hood BMI data were available received a diagnosis of CHD or died of CHD as adults.
The risk of any CHD event, a nonfatal event, and a fatal event among adults was
positively associated with BMI at 7 to 13 years of age for boys and 10 to 13 years of
age for girls. The associations were linear for each age, and the risk increased
across the entire BMI distribution. Furthermore, the risk increased as the age of the
child increased. Adjustment for birth weight strengthened the results.

CONCLUSIONS
Higher BMI during childhood is associated with an increased risk of CHD in adult-
hood. The associations are stronger in boys than in girls and increase with the age of
the child in both sexes. Our findings suggest that as children are becoming heavier
worldwide, greater numbers of them are at risk of having CHD in adulthood.
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ORLDWIDE, CHILDREN ARE BECOM-

ing overweight at progressively younger

ages.® In the United States, an estimat-
ed 19% of children 6 to 11 years of age are classi-
fied as overweight, with a body-mass index (BMI,
the weight in kilograms divided by the square of
the height in meters) greater than the 95th percen-
tile for their age and sex according to the Centers
for Disease Control and Prevention (CDC) growth
charts.? Thus, many children are at risk for weight-
related orthopedic problems, social stigmatiza-
tion, and endocrine abnormalities.> The epidemic
of childhood obesity is of great concern because,
in addition to these concurrent effects of obesity,
it is likely that excess weight in childhood will
adversely affect health in adulthood.

Risk factors for coronary heart disease (CHD),
such as hypertension, dyslipidemia, impaired glu-
cose tolerance, and vascular abnormalities, are
already present in overweight children.*® Excess
childhood weight may increase the likelihood of
heart disease in adulthood as a result of the
early establishment of these risk factors. Given
the increasing numbers of overweight children,
it is critical to understand how severe the con-
sequences of this excess weight may be on the
risk of CHD in adulthood. We therefore investigat-
ed whether excess weight in childhood was asso-
ciated with CHD in adulthood among a very large
cohort of persons born in Denmark in 1930 or
later.

METHODS

STUDY POPULATION

We studied a cohort of children born from 1930
through 1976 who underwent mandatory annual
health examinations at public or private schools
in Copenhagen. During the examination, school
doctors or nurses measured the children, who
were either naked or wearing light clothing. Each
child was assigned a health card on which the
child’s name, date of birth, birth weight as report-
ed by the parents, and yearly height and weight
measurements were recorded. This information
has been entered into the computerized Copen-
hagen School Health Records Register.>1*

We calculated each child’s BMI and, using data
from health examinations performed between
1955 and 1960, created internal age- and sex-
specific BMI references. Data from these years
were used because the prevalence of overweight

was low and stable during this period. BMI
z scores were calculated by subtracting the BMI
for each child from the mean BMI in this fixed
reference population and dividing the result by
the standard deviation in this reference popula-
tion. The z scores were interpolated to exact ages
if two measurements were available or extrapo-
lated to exact ages if only one measurement was
available. Positive values indicate BMI values above
the average in the reference population, and nega-
tive values indicate BMI values below the average.
Birth weight was recorded on the health cards
beginning with the 1943 school year. The children
were divided into intervals according to the year
of birth (1930 to 1935, 1936 to 1939, 1940 to
1945, 1946 to 1952, and 1953 to 1976) to account
for possible birth-cohort effects.

On April 2, 1968, the National Civil Register
of vital statistics was established.'? All Danish
residents alive on that day or born thereafter were
assigned a unique identification number, referred
to as their CPR number. Children who were in
school at this time or later had the numbers re-
corded on their health cards. With the use of the
CPR number (if available) or information on the
name and date of birth, 289,044 computerized
records (more than 88% of the total) were suc-
cessfully linked to the National Civil Register.
The main reasons for nonlinkage were emigra-
tion, death, and changes in women’s surnames
before 1968.

Information about CHD events was obtained
by linking the CPR number to the National Cause
of Death Register'® (computerized records were
available from 1970) and the National Hospital
Discharge Register (established in 1977).14 Dis-
charge diagnoses and causes of death were clas-
sified according to the International Classification of
Diseases, Eighth Revision (ICD-8), before 1994 and
the Tenth Revision (ICD-10) thereafter. CHD was
defined as ICD-8 codes 410.0 to 414.9 and ICD-10
codes 120.0 to 125.9. The coverage of each register
is very high, with virtually every event record-
ed.’3* In the Hospital Discharge Register, myo-
cardial infarctions are recorded with a high de-
gree of validity,®> but in the Cause of Death
Register, cardiovascular disease diagnoses are less
accurate.*?

CHD events were classified as nonfatal or fa-
tal. In analyses of nonfatal outcomes of CHD,
only the first nonfatal event was defined as the
outcome. In analyses of fatal outcomes, the out-
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come was defined as recorded in the Cause of
Death Register or as death within 28 days after
a diagnosis of CHD in the Hospital Discharge
Register.

Follow-up of subjects began at 25 years of age
or in 1977 (when the Hospital Discharge Regis-
ter was established), whichever came later. We
chose 25 as the earliest entry age to restrict our
analyses to adult outcomes, since CHD events at
younger ages often reflect congenital defects and
arrhythmia disorders.*® Therefore, 280,678 sub-
jects were eligible for our analyses. Follow-up of
subjects ended on the date when a CHD event oc-
curred (any event, a fatal event, or a nonfatal
event); the date of death, emigration, or loss to
follow-up; or December 31, 2001, the date of the
last available update from the Cause of Death
Register.

STATISTICAL ANALYSIS
Cox proportional-hazards regression was used to
examine the association between BMI z score at
each age from 7 to 13 years and the risk of any
CHD event, a nonfatal event, or a fatal event. Analy-
ses were performed with subjects stratified ac-
cording to birth cohort, separately for each sex,
and with and without adjustment for birth weight.
The underlying time scale was age.” Potential in-
teractions between birth cohort and BMI z score
were investigated in stratified models. Potential
interactions between the effects of birth weight
and BMI z score on the risk of CHD were also
investigated. The linearity of associations was as-

sessed by testing against a restricted cubic spline
with five knots.*® To translate the results of the
Cox analysis to a prediction of CHD events, we
calculated the probability of an event’s occurring
in an adult between the ages of 25 and 60 years.
The predictions were based on an average-size
child with a BMI z score of 0 and a larger-than-
average child with a BMI z score of 2; the prob-
abilities were calculated separately for boys and
girls at 7 and 13 years of age.

RESULTS

Height and weight measurements were available
for 276,835 of the 280,678 eligible subjects (98.6%).
As expected for children, the BMI values (and
standard deviations) increased with age (Table 1).
To put the z scores in perspective, we calculated
the amount of weight equivalent to a 1-unit in-
crease in BMI z score at each age (Table 1). Dur-
ing the 46-year period of this study, 10,235 CHD
events occurred among men and 4318 among
women. There were 5,063,622 person-years of
follow-up.

We examined the effect of childhood BMI on
the risk of any CHD event, the outcome most
relevant for public health. Among boys, there was
no interaction between BMI and birth cohort in
their effects on the risk of CHD (not shown).
The risk of an event in adulthood increased sig-
nificantly for each 1-unit increase in BMI z score
at each age from 7 to 13 years (Fig. 1A). The shape
of the association was mainly linear at every age,

Table 1. Mean BMI Values for 276,835 Children 7 to 13 Years of Age.*

Age Boys (N=139,857) Girls (N=136,978)
Weight Equivalent Weight Equivalent
to a 1-Unit Increase to a 1-Unit Increase

BMI in BMI z Score BMI in BMI z Scoref
mean +SD kg mean +SD kg

7yr 15.5+1.2 1.96 15.4+1.4 2.17

8yr 15.8+1.3 2.44 15.8+1.5 2.66

9yr 16.2+1.5 2.96 16.2+1.7 3.25

10yr 16.6+1.6 3.58 16.6+1.9 3.91

11yr 17.0+1.8 4.22 17.1+2.0 4.67

12 yr 17.5+£2.0 4.90 17.8+2.2 5.58

13 yr 18.1+2.1 5.60 18.6+2.4 6.30

* BMI denotes body-mass index, which is the weight in kilograms divided by the square of the height in meters. Values

are from the Copenhagen School Health Records Register.

7 Calculations are based on children of average height at each age.
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Figure 1. Body-Mass Index (BMI) in Childhood and the Risk of Coronary Heart Disease (CHD) in Adulthood.

The graphs depict the association between childhood BMI and the risk of having a CHD event (nonfatal or fatal) in
adulthood. Hazard ratios and 95% confidence intervals are given for a 1-unit increase in BMI z score at each age
from 7 to 13 years. The data are from 139,857 boys (Panel A) and 136,978 girls (Panel B) in the Copenhagen School
Health Records Cohort. The associations were linear within each age, since trend tests resulted in the rejection of
the alternative of nonlinearity modeled as a restricted cubic spline with five knots (all P values >0.15).

since the results of tests against the cubic spline
were nonsignificant (all P values >0.10). These
findings show that the risk of CHD in adulthood
was highest for boys with the highest BMI values
and lowest for boys with the lowest BMI values.
Furthermore, the risk of an adult event increased
as the child’s age increased; for 13-year-old boys,
the risk for each 1-unit increase in BMI z score
was nearly double that for 7-year-olds.

Similar results were found for girls (Fig. 1B).
The only notable difference between girls and
boys was that the estimates of the association
between BMI and the risk of an event in adult-
hood were systematically lower in girls. At the
ages of 7 and 8 years, the associations were posi-
tive and consistent with the overall trend but not
statistically significant.

There were 8392 nonfatal events among men
and 3637 nonfatal events among women. The
overall pattern was similar to that for any CHD
event (Table 2). The risk associated with child-
hood BMI increased with the age of the child,
and the association between childhood BMI and
adult nonfatal events was linear within each age
for boys and girls (not shown).

There were 3113 fatal events among men and
991 fatal events among women. Again, the risk
associated with childhood BMI increased with
the age of the child (Table 2), and within each age
the association between childhood BMI and adult

fatal events was linear for boys and girls. The
estimates of the association between BMI and fatal
events were greater than those between BMI and
nonfatal events alone or between BMI and any
CHD event.

Because birth weight has independent and op-
posing associations with BMI and CHD,%° we
examined whether adjusting for birth weight
would change the observed associations. Among
boys, birth weight was associated with the risk of
adult CHD in a nonlinear manner (not shown).
There were no interactions between the effects of
birth weight and BMI on the risk of CHD (any
event, a nonfatal event, or a fatal event) (all P val-
ues >0.10). Among boys, the associations between
BMI at the ages of 7 to 13 years and the risk of
CHD (any event, a nonfatal event, or a fatal event)
remained significant and were greater in models
adjusted for birth weight than in unadjusted mod-
els (Table 3, showing the results for any CHD
event). Similar results were observed for girls
(Table 3).

The probability of having a CHD event be-
tween 25 and 60 years of age was calculated for
boys and girls of average and higher-than-aver-
age BML. Overall, the probability was not high for
either group of children (Table 4). However, in
comparison with an average-size 13-year-old boy,
a boy of the same age and height weighing 11.2 kg
more had a 33% higher risk of having a CHD
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Table 2. Adjusted Hazard Ratio for the Risk of a Fatal or a Nonfatal CHD Event in Adulthood in Relation to a 1-Unit

Increase in BMI z Score in a Cohort of 276,835 Children.*
Age Nonfatal Event
Boys Girls

7yr 1.05 (1.03-1.08) 1.02 (0.98-1.06)
8yr 1.08 (1.05-1.11) 1.02 (0.98-1.06)
9yr 1.10 (1.07-1.12) 1.03 (0.99-1.07)
10yr 1.11 (1.08-1.14) 1.06 (1.02-1.10)
1lyr 1.13 (1.10-1.16) 1.07 (1.03-1.12)
12yr 1.15 (1.13-1.18) 1.10 (1.06-1.14)
13yr 1.17 (1.14-1.20) 1.11 (1.07-1.15)

relative risk (95% confidence interval)y

Fatal Event

Boys Girls

1.10 (1.06-1.15) 1.07 (0.99-1.15)
1.14 (1.09-1.19) 1.08 (1.01-1.17)
1.16 (1.11-1.21) 1.10 (1.02-1.19)
1.18 (1.13-1.23) 1.12 (1.04-1.20)
1.22 (1.17-1.27) 1.18 (1.10-1.27)
1.23 (1.18-1.28) 1.20 (1.11-1.29)
1.24 (1.19-1.29) 1.23 (1.15-1.32)

* Analyses were stratified according to birth cohort.

T Trend tests led to the rejection of the alternative of nonlinearity modeled as a restricted cubic spline with five knots

(all P values >0.10).

event in adulthood. Similar results were observed
for girls.

DISCUSSION

In this large, population-based cohort study of
276,835 children, we found that higher childhood
BMI values elevated the risk of having a CHD
event in adulthood. Each 1-unit increase in BMI
z score, at every age from 7 to 13 years in boys and
from 10 to 13 years in girls, significantly increased
the risk of an event. The associations became stron-
ger with increasing age during this period of child-
hood. As children are becoming heavier world-
wide, our findings suggest that more children are
at risk of having a CHD event in adulthood.

The large size of our study gave us the statisti-
cal power to investigate the effects of childhood
BMI separately in relation to sex and age. Among
boys, we identified significant associations at
each age from 7 to 13 years for any event, non-
fatal events, and fatal events. A similar pattern
was identified among girls. In studies from Fin-
land, childhood BMI at specific ages was not sig-
nificantly associated with adult CHD in 4630
men?° and 3447 women,?! but this result was
probably due to inadequate power. We found that
the risk of future CHD associated with childhood
BMI increased with the child’s age; at 7 years, the
risks were small, but by 13 years they had in-
creased considerably in boys and girls. A similar
pattern of increase was found in the study of
Finnish men.2° As children become older, the

BMI distribution widens, and the increase in
weight required for a 1-unit increase in BMI
z score at 13 years of age is more than double
that at 7 years. We speculate that, aside from the
fact that body size in late childhood is more prox-
imal in time to adult body size, increases in BMI
z scores at these later ages could reflect a greater
accumulation of fat, in particular intraabdominal
fat, which increases the risk of CHD.??

Comparisons with studies other than the Finn-
ish ones2%2* are challenging, because associations
of childhood BMI with CHD according to age and
with the same definitions of CHD have rarely
been investigated. These methodologic differenc-
es probably reflect limitations of the available
data sources. Two early studies, one in the United
States?3 and the other in Sweden,?»25 found indi-
cations that heavier children were at greater risk
for cardiovascular disease. A British study of 2399
children aged 2 to 14 years reported an associa-
tion between childhood BMI and death from is-
chemic heart disease.2° Unlike our study, howev-
er, this study did not find significant associations
when the data for boys and girls were analyzed
separately.2°

An investigation of 11,106 Scottish children
with a mean age of 4.9 years did not detect an
effect of childhood BMI on CHD.?” In our study,
the associations were moderate for children at
7 years of age and then increased with age. Thus,
it is possible that these associations do not exist
for younger children or that the Scottish study
lacked sufficient power to detect an effect. A re-
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Table 3. Adjusted Hazard Ratio for the Risk of Any CHD Event in Adulthood in Relation to a 1-Unit Increase in BMI
z Score in Models Unadjusted and Adjusted for Birth Weight in a Cohort of 208,433 Children.*

Age Boys

Model Unadjusted
for Birth Weight

Model Adjusted
for Birth Weight

7yr 1.09 (1.05-1.12) 1.10 (1.07-1.14)
8yr 1.11 (1.08-1.15) 1.13 (1.10-1.17)
9yr 1.13 (1.10-1.17) 1.15 (1.12-1.19)
10yr 1.15 (1.11-1.18) 1.16 (1.13-1.20)
11yr 1.17 (1.14-1.20) 1.19 (1.15-1.22)
12yr 1.20 (1.16-1.23) 1.21 (1.18-1.25)
13yr 1.20 (1.17-1.24) 1.22 (1.19-1.26)

relative risk (95% confidence interval)

Girls

Model Unadjusted Model Adjusted
for Birth Weight for Birth Weight

1.04 (1.00-1.09) 1.05 (1.00-1.10)
1.05 (1.00-1.10) 1.06 (1.01-1.11)
1.06 (1.01-1.11) 1.07 (1.02-1.12)
1.09 (1.04-1.15) 1.10 (1.05-1.15)
1.11 (1.06-1.17) 1.12 (1.07-1.17)
1.13 (1.08-1.19) 1.14 (1.09-1.19)
1.15 (1.10-1.20) 1.15 (1.10-1.21)

* Analyses were stratified according to birth cohort. Birth weight is modeled as a cubic spline with five knots. Birth weight
was recorded from 1943 and was available for 208,433 of the boys and girls.
T Trend tests led to the rejection of the alternative of nonlinearity modeled as a restricted cubic spline with five knots

(all P values >0.15).

cent meta-analysis did not detect an effect of BMI
on future ischemic heart disease, but consider-
able uncertainty remains because of the wide age
range of the subjects (2 to 22 years).?® In accor-
dance with our findings, the results of most of
these studies indicate that higher childhood BMI
is associated with a greater risk of some aspect
of cardiovascular disease in adulthood.

Currently, children are typically classified as
being at risk only if their BMI values are above
cutoff points such as the 85th or 95th percentile
on growth charts. Our results do not support this
approach. The linearity of the associations we
identified between childhood BMI and adult CHD
implies that even a surprisingly small amount of
weight gain (illustrated in Table 4) will increase
the risk of CHD.

We investigated whether birth weight would
modify the associations between childhood BMI
and CHD, since it has independent associations
with these factors.1>2° No interactions were iden-
tified, even in our large data set with sufficient
statistical power to detect them if they had been
present. We found that, after adjustment for birth
weight, the effect of an increase in BMI z score
on the risk of CHD in adulthood remained and
that this effect was greater than that in models
containing only BMI. These results show that
childhood BMI, even after the effects of birth
weight have been taken into account, is associat-
ed with CHD in adulthood. From a public health
perspective, focusing on the effect of BMI alone

is of greater importance because it is modifiable,
whereas birth weight is not.

Our study is based on a unique and very large
population-based cohort. The register includes
virtually every schoolchild in Copenhagen from
1930 to 1976. Health examinations were per-
formed at all public and private schools, thus
eliminating selection bias due to socioeconomic
status. Unlike other studies in this area of re-
search, complete follow-up was available for every
eligible subject in the study as a result of the ef-
ficiency of the National Civil Register. Data on
the ethnic background of the schoolchildren are
not available, but since less than 3.1% of the
population of Copenhagen was of non-European
origin in 1980%° (the earliest year for which in-
formation on ethnic background is available), it
can be assumed that nearly all our subjects were
white. The population-based nature of our cohort,
the complete follow-up, and the ethnic back-
ground of the cohort suggest that the results of
our study are generalizable to other populations
of white descent.

Investigations of the risk factors for CHD have
shown that hypertension, dyslipidemia, impaired
glucose tolerance, and vascular abnormalities are
already present in overweight children.*# Higher
body weight in childhood is associated with the
presence of these risk factors in children,*3* and
this association suggests a plausible mechanism
linking higher childhood BMI with an increased
risk of adult CHD. It is also possible that child-
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Table 4. Predicted Risk of Having a CHD Event between 25 and 60 Years of Age in a Cohort of 276,835 Children of Average or Higher-Than-
Average BMI.*
Relative Risk of an Event
Weight Equivalent Weight Equivalent with a 1-Unit Increase Estimated Percentage That Will
Variable Heighty  toa BMI zScore of 0 toaBMIzScoreof2 inBMIz Score (95% Cl) Have an Event by 60 Yr of Age
BMI z Score of 0 BMI z Score of 2
cm kg percent

Age of boys

7yr 1238 23.7 276 1.06 (1.04-1.08) 11.7 12.9

13 yr 156.2 43.8 55.0 1.17 (1.15-1.20) 11.7 15.5
Age of girls

7yr 123.1 233 27.7 1.02 (0.99-1.06) 4.6 4.3

13 yr 157.5 45.7 58.3 1.12 (1.09-1.16) 4.6 5.7

* A z score of 0 was considered to indicate an average BMI, and a z score of 2 a higher-than-average BMI. These estimates do not take into
account competing risks that are assumed to be of minimal importance for children within this age range.
T The average heights are given for children born between 1965 and 1969, the last birth years for which anthropometric measurements were

available for children up to 13 years of age.

hood BMI is associated with CHD as a result of
its relation with adult BMI. Correlations between
childhood and adult BMI exist; however, they vary
in magnitude, and not every heavy child becomes
a heavy adult, nor was every heavy adult a heavy
child.**32:33 We do not have information on adult
body size for our subjects. Nonetheless, the abil-
ity to identify boys and girls who are at risk be-
cause of their childhood BMI, whatever their BMI
may be when they become adults, is important
for the prevention of future CHD. An analysis of
the relation between adolescent BMI and adult
CHD found that the effects were independent of
adult BMI, although this study was conducted on
subjects older than those in our study.3*

The subjects of our study were born from the
1930s onward and therefore include children
born before and during the emergence of the
obesity epidemic.?>3” We found that the associa-
tion between childhood BMI and adult CHD was
the same irrespective of which birth cohort the
children came from. Several studies have demon-
strated that socioeconomic status in childhood is
inversely associated with the risk of CHD, but
these associations often diminish when adult
socioeconomic status is taken into account.3:3°
Information about socioeconomic status was not
available for our cohort. In a study of childhood
BMI and adult heart disease, the associations re-
mained virtually unchanged when adjustments
were made for childhood and adult socioeco-
nomic status.2® Of course, it cannot be ruled out

that socioeconomic status, through its associa-
tions with different behavioral and psychosocial
risk factors, has a direct effect on CHD indepen-
dent of childhood body weight. However, because
childhood obesity is already associated with dis-
tinct biologic risk factors for CHD,* it is likely that
the associations we observed are based on biolog-
ic effects of the children’s BMI. Moreover, the
population-based nature of our sample (which in-
cluded all socioeconomic-status groups) and the
dramatic societal, environmental, and medical
changes that occurred throughout the time peri-
od under study make it unlikely that differences
in socioeconomic status explain the effects of
childhood BMI that we observed. We indirectly
adjusted for these factors by stratifying the analy-
ses according to birth cohort, and the associa-
tion was surprisingly stable across birth cohorts,
a result suggesting that the mechanism of the
association is probably biologic in nature.
Contemporary children are heavier than their
counterparts from the past. In the United States,
there is no sign that the increases in childhood
overweight and obesity are slowing down,? and
the situation is similar in Denmark.*® The linear
association we identified between childhood BMI
and adult CHD suggests that more children than
ever before are facing increased risks of CHD in
adulthood. To put these results in perspective, we
calculated the children’s probability of having a
future CHD event. The example of a 13-year-old
boy who weighs 11.2 kg more than average —
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which results in a 33% increase in the probabil-
ity of his having a CHD event before the age of 60
— illustrates the deleterious effect of childhood
obesity on future health. The BMI values of aver-
age and larger-than-average boys in this predic-
tion correspond to the 41st and 88th percentiles,
respectively, of the BMI-for-age references of the
CDC; thus, these predictions are based on boys
who fit within the range of body size of contem-
porary children.#* Similar predictions were ob-
tained for girls. Nonetheless, since the magni-
tude of the risk was moderate for 7-year-olds and
increased dramatically by the age of 13, these re-
sults suggest the possibility of intervention dur-
ing this period of childhood to reduce the risk of
future CHD.

In this study, we determined that higher BMI
values in childhood are associated with a greater

risk of CHD in adulthood. Furthermore, these
risks increase with increasing age of the chil-
dren. Cutoff points at which the risk dramati-
cally increased were not identified; the risk in-
creased across the spectrum of BMI values. Because
more children are becoming heavier at progres-
sively younger ages, our results suggest that a
focus should be placed on helping children to
attain and maintain appropriate weight to pre-
vent future adverse health consequences.
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