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Aerobic Fitness, Blood Lipids,
and Body Fat in Children
Ronald L. Hager, MS, LarryA. Tucker, PhD, and Gary T. Seljaas, MS

Introduction

Atherosclerosis has been shown to
begin in infancy.1 Results from the Inter-
national Atherosclerosis Project identi-
fied the presence of fatty streaks in the
aortas of many children by 3 years of age.2
Moreover, fatty streaks observed in the
coronary arteries of 10-year-olds have
been found to be associated with adult
arteriosclerosis.3

Research clearly shows that elevated
serum lipid levels promote the develop-
ment of atherosclerosis and are a princi-
pal cause of cardiovascular disease."r
Because atherosclerosis can begin to
develop in childhood, the early years of
life are a good time to intervene to reduce
the risk of cardiovascular disease.7 Re-
search indicates that regular physical
activity and subsequent high levels of
aerobic fitness can be a valuable method
of intervention in the prevention and
treatment of hypercholesterolemia in
adults.820 Unfortunately, the extent to
which these lifestyle factors are associated
with cholesterol levels in children is much
less clear.

Research has shown that physical
activity, sports participation, and training
have favorable effects on both high-
density lipoprotein (HDL) cholesterol
and total/HDL ratio levels in children;
however, results have been mixed depend-
ing on gender and age.2126 Results also
have varied regarding training effects on
total cholesterol.22-24

Although some cholesterol investiga-
tions have studied the extent to which
blood lipid levels are related to physical

activity and exercise in children, little
research to date has examined the rela-
tion between measured aerobic fitness
and blood lipids in children.24 Yet, study
of aerobic fitness and blood lipids is
probably a more valid approach than
measurement of self-reported physical
activity and blood lipids,8'27 particularly in
children. Physical activity is usually a
subjective measurement requiring accu-
rate recall. Children's accuracy in report-
ing their physical activity is likely to be
poor and may denote inaccurate percep-
tions.8

The purpose of this study was to
determine the extent to which aerobic
fitness was associated with blood lipid
levels in 262 Utah children 9 and 10 years
of age. An ancillary objective was to
determine the extent to which demo-
graphic, physiological, and lifestyle factors
confounded the fitness-cholesterol rela-
tion.

Methods
Subjects

A total of 262 children (162 boys and
100 girls) volunteered for participation in
the study. Subjects were recruited by
newspaper advertisements and word of
mouth. Ninety-five percent of the subjects

The authors are with the Department of
Physical Education, Brigham Young Univer-
sity, Provo, Utah.

Requests for reprints should be sent to
Larry A. Tucker, PhD, Department of Physical
Education, 237 SFH, Brigham Young Univer-
sity, Provo, UT 84602-2208.

This paper was accepted June 29, 1995.

December 1995, Vol. 85, No. 12
~~~~~~~~~~~~~~~~~~~~~~~~~. ....... .... ...........



Public Health Briefs

were White; other descriptive information
and demographic data are displayed in
Table 1.

Data Collection and Measurement

Subjects and parents completed ques-

tionnaires requesting information on de-
mographics and dietary intake. Body
weight and height were assessed with the
children wearing light exercise clothes but
not wearing shoes.

The 1-mile run/walk test was used
for the measurement of aerobic fitness.
This test is recommended for the measure-
ment of aerobic fitness in children in
kindergarten through fourth grade.28 The
test has been shown to have good intra-
class reliability (.83 < r < .90) for both
boys and girls in grades 3 and 4.29

Aerobic fitness was indexed in two
ways: (1) by time on the 1-mile run/walk
test only and (2) by estimated oxygen

consumption per kg body weight (VO2).
In the latter index, a regression equation
that included three variables-gender,
sum of three skinfolds (triceps, calf,
subscapula), and 1-mile run/walk time-
was used. The standard error of estimate
for the VO2 measure is 3.96 for children 6
to 13 years of age.30

To determine percentage of body fat,
three sites on the right side of the
body-triceps, subscapula, and calf-
were assessed with Harpenden calipers.
All skinfolds were assessed by the same

researcher to eliminate intertester variabil-
ity. The test-retest intraclass correlations
on a random sample of 30 subjects were

greater than .99. The three skinfold
measurements were used in two separate
formulas (one using triceps and calf and
the other using triceps and subscapula)
described by Lohman.3I The standard
error of estimate for the two equations are

3.8 and 3.6 to 3.9, respectively.3' The
average of the two results was calculated
to index the percentage of body fat. The
protocol for precise skinfold locations (as
outlined by Allsen et al.32) was followed.

Abdominal fat was assessed by tak-
ing a skinfold measure at a location 3.8 cm
(1.5 in) from the umbilicus. Research has
shown that a positive relationship exists
between body fat distribution, particularly
abdominal fat, and blood lipids.33'34 Fur-
thermore, amount of abdominal fat has
been found to have a negative correlation
with levels of high-density lipoprotein
cholesterol.35,36

Dietary intake was assessed with the
food frequency component of the Health
Habits and History Questionnaire devel-
oped by the National Cancer Institute.37

This food frequency instrument, when
used to calculate nutrients from a diet
record, has yielded correlations of greater
than .70 in comparisons with actual
nutrient intake, and field administration
has produced mean values comparable to
national data.37 The subjects' parents
completed the questionnaire with input
from the subjects.

As a means of determining serum

lipid levels, blood was drawn from an

antecubital vein after subjects had fasted
for 12 hours. A certified laboratory ana-

lyzed the blood using the enzymatic
method.38

Data Analysis

Serum cholesterol levels and aerobic
fitness were treated as continuous vari-
ables. Pearson product-moment correla-
tion coefficients were calculated to deter-
mine the extent and direction of the
bivariate associations between the blood
lipids and the two measures of aerobic
fitness. Trend analysis, using the multiple
regression technique, was computed up to
the cubic level to ascertain the extent of

curvilinear relations between each of the
cholesterol measures and fitness. Partial
correlation was used to determine the
extent of the association between serum

cholesterol and aerobic fitness, with poten-
tial confounders controlled statistically.

Results

As can be seen in Table 2, regression
analysis showed that both estimated V02
and time on the 1-mile run/walk test
individually accounted for a significant
percentage of the variance in all of the
blood lipids, particularly triglycerides,
without control for any of the potentially
confounding variables. After differences
in gender and dietary saturated fat intake
had been controlled, V02 and time on the
1-mile run/walk test remained significant
contributors to all of the blood lipid
measures. However, after adjustment for
differences in abdominal fat, the signifi-
cant associations between both measures

of fitness and the various blood lipid
measures were eliminated. Similarly, when
body fat percentage was controlled, there
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TABLE 1 -Descriptive and Demographic Data: 262 Utah Children

All Subjects Boys Girls
(n = 262) (n = 162) (n = 100)

Mean SD Mean SD Mean SD

General
Age, y 9.79 0.48 9.88 0.44 9.63 0.51
Height, cm 141.95 7.69 142.47 7.72 141.43 7.67
Weight, kg 35.67 8.35 35.85 8.39 35.37 8.31

Blood lipids
Total cholesterol, 4.37 0.80 4.42 0.86 4.31 0.70
mmol/L

Total cholesterol, mg/dl 169.12 30.99 170.77 33.23 166.53 27.02
High-density lipoprotein 1.25 0.31 1.31 0.33 1.16 0.25

cholesterol, mmol/L
High-density lipoprotein 48.36 11.81 50.51 12.63 44.93 9.50

cholesterol, mg/dl
Low-density lipoprotein 2.72 0.72 2.73 0.77 2.71 0.64

cholesterol, mmol/L
Low-density lipoprotein 105.15 28.00 105.50 29.94 104.61 24.78

cholesterol, mg/dl
Triglycerides, mmol/L 2.03 1.09 1.91 1.06 2.22 1.13
Triglycerides, mg/dl 78.52 42.03 73.81 40.95 85.95 43.83

Fitness
V02, ml/kg/min 51.35 7.17 53.43 7.21 47.99 5.70
Time on 1-mile run/walk 10.37 2.40 9.96 2.45 11.03 2.16

test, min
Body fat

Total body fat, % 20.90 8.08 19.15 8.67 23.73 6.07
Abdominal skinfold, mm 11.60 8.69 11.61 9.34 11.57 7.24

Dietary fat intake
Saturated fat intake, %a 13.13 2.33 12.92 2.21 13.48 2.50

aPercentage of total energy intake derived from saturated fat.
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TABLE 2-Results of Multiple Regression Analysis

Blood Lipid and Variable(s) Controlled F R2 p

Estimated V02
Total cholesterol
None
Gender
Gender, abdominal skinfold
Gender, % body fat
Gender, saturated fat intake
Gender, % body fat, abdominal skinfold,

saturated fat intake
High-density lipoprotein cholesterol
None
Gender
Gender, abdominal skinfold
Gender, % body fat
Gender, saturated fat intake
Gender, % body fat, abdominal skinfold,

saturated fat intake
Low-density lipoprotein cholesterol
None
Gender
Gender, abdominal skinfold
Gender, % body fat
Gender, saturated fat intake
Gender, % body fat, abdominal skinfold,

saturated fat intake
Triglycerides
None
Gender
Gender, abdominal skinfold
Gender, % body fat
Gender, saturated fat intake
Gender, % body fat, abdominal skinfold,

saturated fat intake

10.32
15.52
0.27
0.06

15.54
0.04

12.95
5.73
0.65
2.41
7.76
1.97

10.64
13.17
0.09
0.41
13.70
0.05

42.11
36.10
0.26
1.47

40.61
0.63

.039

.058

.001

.000

.058

.000

.049

.021

.002

.009

.027

.007

.040

.050

.000

.002

.052

.000

.143

.123

.001

.005

.134

.002

<.01
<.01

.61

.80
<.01

.85

<.01
.02
.42
.12

<.01
.16

<.01
<.01

.77

.55
<.01

.83

<.01
<.01

.61

.23
<.01

.43

Time on 1-mile run/walk test
Total cholesterol
None
Gender
Gender, abdominal skinfold
Gender, % body fat
Gender, saturated fat intake
Gender, % body fat, abdominal skinfold,

saturated fat intake
High-density lipoprotein cholesterol
None
Gender
Gender, abdominal skinfold
Gender, % body fat
Gender, saturated fat intake
Gender, % body fat, abdominal skinfold,

saturated fat intake
Low-density lipoprotein cholesterol
None
Gender
Gender, abdominal skinfold
Gender, % body fat
Gender, saturated fat intake
Gender, % body, fat, abdominal skinfold,

saturated fat intake
Triglycerides
None
Gender
Gender, abdominal skinfold
Gender, % body fat
Gender, saturated fat intake
Gender, % body fat, abdominal skinfold,

saturated fat intake

4.32
5.82
0.06
0.06
5.77
0.03

8.97
4.87
1.34
2.12
6.14
1.76

5.89
6.55
0.06
0.55
6.73
0.13

16.69
13.28
0.05
0.50

14.75
0.10

.017

.022

.000

.000

.022

.000

.034

.018

.005

.008

.022

.006

.023

.025

.000

.002

.026

.001

.062

.049

.000

.002

.054

.000

.04

.02

.80

.81

.02

.87

<.01

.03

.25

.15

.01

.19

.02

.01

.81

.46

.01

.72

<.01

<.01

.82

.48
<.01

.76

was no link between the fitness measures
and the blood lipid variables. None of the
curvilinear relationships between the two
fitness measurements and the blood lipid
levels were significant.

Discussion

The sample of children studied in the
present investigation displayed higher
than average measures of total cholesterol
(169.12 mg/dl), low-density lipoprotein
cholesterol (105.15 mg/dl), and triglycer-
ides (78.52 mg/dl) and lower than average

results for high-density lipoprotein choles-
terol (48.36 mg/dl) in comparison with
data on children of similar ages who
participated in the Lipid Research Clinics
Prevalence Study (values of 163 mg/dl,
99.5 mg/dl, 73 mg/dl, and 55.5 mg/dl,
respectively).39 In terms of the current cut
points of 170 mg/dl for increased risk in
children and 200 mg/dl (95th percentile)
for high-risk total cholesterol,40 results for
26.5% of the boys and 37.0% of the girls in
the present study corresponded to the
increased risk category, and results for
17.3% of the boys and 8.0% of the girls
corresponded to the high-risk category
(see Table 1).

According to the regression results,
level of aerobic fitness is a significant
predictor of blood lipid levels in children.
However, in the present study, this rela-
tionship was influenced strongly by levels
of abdominal fat and percentage of body
fat. Hence, it appears that aerobic fitness
and physical activity are related to blood
lipids in children as a function of body fat
variation.

The interrelationships among the
triad of physical activity/fitness, body fat,
and blood lipid levels have been well
established in adults. Many studies have
shown that regular physical activity and a

high fitness level can have favorable
effects on total cholesterol, low-density
lipoprotein cholesterol, high-density lipo-
protein cholesterol, and triglycerides, par-

ticularly the latter two.8,21-26,41 In addition,
a number of studies have indicated that
obesity is closely linked to undesirable
blood lipid levels.3542-45 Furthermore, re-

search indicates that there is a significant
relationship between body fat distribu-
tion, particularly abdominal fat, and blood
lipids.3B36 Finally, abundant data show a

strong connection between physical activ-
ity level and body fat percentage.4647
Hence, it is not surprising that people who
have sedentary lifestyles also have low

1704 American Journal of Public Health

Note. Values for F, R2, and P represent not the total model but the contribution of the blood lipid after
control for the other potential confounders.
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levels of fitness, excess body fat, and
undesirable blood lipid levels.

In the present study of children,
fitness, body fat, and blood lipid levels
were significantly interconnected. Post
hoc analyses indicated that, after gender
had been controlled, time on the 1-mile
run/walk test was closely tied to body fat
(r = .50, P = .0001), body fat levels were
linked to low-density lipoprotein choles-
terol (r = .23, P = .0002), and low-density
lipoprotein cholesterol was correlated
significantly with aerobic fitness (r = .16,
P = .0111). If high levels of aerobic fitness
and low levels of body fat actually contrib-
ute to more favorable blood lipid concen-
trations in children, it may be most
beneficial to encourage increased levels of
physical activity in children, thus reducing
body fat.

Given that this study was cross
sectional in design, cause-and-effect con-
clusions are not warranted. However, if a
causal relation is assumed, it appears that
the goal of favorably altering blood lipids
in children should begin with increasing
physical activity and fitness, which in turn
will lead to reductions in body fat.
Moreover, because children who are
physically unfit or who carry excess body
fat are more likely to suffer from un-
healthy blood lipid levels than their
physically fit counterparts, it seems that
these high-risk children should be screened
for possible blood lipid problems more
frequently than normal. O
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The Reporting Sensitivities of Two
Passive Surveillance Systems
for Vaccine Adverse Events
Steven Rosenthal, MD, MPH, and Robert Chen, MD, AM

Introduction
Vaccines are one of the most cost-

effective public health measures.' But
while their benefits far outweigh their
risks and costs, no vaccine is perfectly
safe. Vaccine safety is initially assessed in
prelicensure clinical trials. However, such
trials usually have sample sizes that are
insufficient to detect rare adverse events.
In addition, vaccine trials are usually
carried out in well-defined, homogeneous
populations with relatively short fol-
low-up periods, which may limit their
generalizability. Postlicensure drug evalu-
ations have relied on passive surveillance
systems to monitor adverse events. Such
systems are more practical and less expen-
sive than controlled trials; however, their
data are usually inadequate to determine
causality.2

Passive surveillance systems for vac-
cine adverse events have been useful for
evaluating contraindications to the diph-
theria-tetanus-pertussis (DTP) vaccine3
and for assessing the safety of simulta-
neous or combined vaccinations.4 Report-
ing sensitivities allow the utility of such
systems for detecting and analyzing rare
adverse events to be evaluated. In this
paper, we assess the reporting sensitivities
of two passive vaccine adverse event
reporting systems for selected adverse
events.

From 1978 through 1990, the Centers
for Disease Control and Prevention (CDC)
and the Food and Drug Administration
(FDA) divided the responsibility for post-
marketing surveillance of vaccines in the
United States. The FDA received reports
of adverse events after vaccines were

administered in the private sector; events
occurring after the administration of
vaccines purchased with public funds
were reported to the Monitoring System
for Adverse Events Following Immuniza-
tion.5

The monitoring system was a stimu-
lated passive surveillance system. In other
words, when vaccines purchased with
federal funds were administered in the
public sector, "Important Information"
forms were given to recipients or their
parents or guardians instructing them to
report any illnesses requiring medical
attention that occurred within 4 weeks of
vaccination. System coordinators at each
immunization project/grantee site and at
the state health department completed
standardized forms that were reviewed
for consistency and completeness and
then forwarded to the CDC for data entry
and analysis.5

In response to the National Child-
hood Vaccine Injury Act of 1988, which
required health workers to report vaccine
adverse events, the CDC and the FDA
collaborated in 1990 to implement the
Vaccine Adverse Event Reporting System
to monitor the safety of vaccines in both
sectors.6 Health care professionals and
parents/caretakers are encouraged to re-
port all clinically significant vaccine ad-
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