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Synopsis ....................................

To examine correlates and childhood predictors
of serum total cholesterol in adolescence, measures
of growth, development, and obesity were related

to serum total cholesterol levels of youths aged
12-17 years in the National Health Examination
Survey. In this sample, drawn from the U.S.
population, serum total cholesterol levels were
negatively correlated with indicators of growth and
maturation in males aged 12-14 years and posi-
tively correlated with overweight or obesity at all
ages.

All measured variables could account for less
than 15 percent of cholesterol variation in males
and less than 6 percent in females. In white males,
indicators of levels of maturation, growth, and
changes in body fatness measured 28-53 months
earlier were significant predictors of serum total
cholesterol in adolescence, explaining 13 percent of
its variation. Despite significant associations, indi-
cators of growth, sexual maturation, and obesity
explained only a small fraction of serum cholesterol
variation in adolescents.

SERUM TOTAL CHOLESTEROL concentration is a
major risk factor for coronary heart disease in
adults (1). Arteriosclerotic changes may appear in
the coronary arteries as early as the second and
third decades of life (2). Furthermore, serum total
cholesterol tracking has been demonstrated in
adults and over followup periods of at least 9 years
in children (3-6). Therefore, the determinants of
serum total cholesterol in childhood and adoles-
cence are of interest both for understanding the
origins of coronary risk and for coronary prevention.

National population estimates have been pub-
lished of serum total cholesterol levels in adoles-
cents as well as the associations of cholesterol with
age, sex, race, region, income, and education (7-9).
Other correlates of serum total cholesterol in
youths aged 12-17 years and childhood predictors

of serum total cholesterol in adolescence were
examined.

Methods

The third cycle of the National Health Examina-
tion Survey (HES) was conducted on a nationwide
multistage probability sample of 7,514 youths from
the noninstitutionalized population of the United
States, aged 12-17 years. The survey started in
March 1966 and ran until March 1970. Out of the
7,514 youths selected for the sample, 6,768 (90
percent) were examined. There were 5,735 whites,
999 blacks, and 34 others.

Details of the plan, sampling, response, and
operation were published previously, as were proce-
dures for informed consent and confidentiality of
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data (10). Demographic, medical history, and be-
havioral information was collected by household
interview and self-administered questionnaires prior
to the examination.
Conducted in a mobile center, the examination

included a pediatrician's assessment of breast devel-
opment stage in girls, male genital development
stage in boys, and pubic hair stage in both sexes
(11). A blood sample was taken with the subject in
the supine position. At the discretion of the physi-
cian, a tourniquet was used to fill the vein;
however, once the needle was inserted into the
vein, the tourniquet was taken off the arm so that
the blood flowed freely. Each tube of blood was
labeled with the examinee's number and left in the
test tube holding rack at room temperature for 1
hour, then placed in the laboratory refrigerator.
After preliminary laboratory preparation, the se-
rum samples were packed into specially devised
styrofoam containers for shipment via air freight to
the Lipid Standardization Laboratory at the Cen-
ters for Disease Control, where they were kept
frozen until assay (7).

After being thawed, samples were divided and
stored in two vials. All sample vials were then
randomized over a 6-day period so that a pair of
duplicate samples might have been analyzed on the
same day or as many as 6 days apart. A semi-
automated method based on the Abell-Kendall
procedure was employed to measure total choles-
terol (7). Determinations were carried out on an
assembly line basis so that two analysts could
analyze more than 120 samples in duplicate per
day. If a difference greater than 9 milligrams per
deciliter (mg per dl) was found in duplicate deter-
minations, a second set of determinations was
performed. An extra blood sample was drawn for
replicate studies on 424 examinees, of which 98
percent were adequate. The analyses of replicates
and originals were performed under identical labo-
ratory conditions by the same technician in a true
double blind manner.
Frequency and percent distributions have been

published of the absolute differences between the
duplicated determinations on the original specimen
and also between the duplicated determinations on
the replicate and original specimens (7). For these
distributions, the coefficient of variation was less
than 5 percent for determinations on original and
replicate specimens and less than 2 percent for
duplicated determinations on the original specimen.
Serum uric acid concentration was measured by the
Technicon auto-analyzer-I method, and protein-
bound iodine was measured as described (10,12).

Mean cholesterol levels of male and female youths 12-17 years
of age by age and race: United States, 1966-70.

Blood type was measured at the immunogenetics
laboratory of the Johns Hopkins University (13).
A nurse measured blood pressure supine at the

beginning and end of the physician's examination
using a mercury sphygmomanometer as described
(14). The average of the readings was used in the
present analysis. In the HES, diastolic pressure was
defined as the complete cessation of sounds. If
sounds failed to disappear, the pressure at which
muffling occurred was used. A pediatric or adult
cuff was used as appropriate.

Heart rate was measured from a electrocardio-
gram monitor strip containing 15 to 20 clear
complexes taken with the subject standing quietly
prior to a 5-minute treadmill exercise test (10). An
ECG monitor strip was recorded again at the end
of the exercise test for the 5-minute exercise heart
rate. The grade of the treadmill was zero degrees
for the first 2 minutes, and was raised to 10
degrees for the last 3 minutes of the test. The
calibrated treadmill speed was 3.5 miles per hour
for the entire test. The subject was instructed to
walk naturally with hips straight, head up and arms
swinging. ECG measurements were made by an
expert consultant. Room temperature was main-

May-June 1989, Vol. 104, No. 3 257



Table 1. Correlations of serum cholesterol with other variables in youths 12-17 years of age; Health Examination Survey

12-14 years 15-17 yeas

White Black White Black Whte Black White Blck
Varable male male female female male male female female

Age (months) .................... 1_0.18 -0.12 -0.04 -0.03 -0.01 0.03 10.09 0.06
Weight (kg) ...................... ..-0.12 -0.15 0.01 0.01 10.16 0.12 10.08 0.05
Height (cm) ....................... -0.26 1'- 0.24 -0.05 -0.06 -0.04 0.00 -0.04 -0.13
Subscapular skinfold (mm) .....1...0.12 0.11 10.07 0.08 10.22 0.09 10.11 0.10
Triceps skinfold (mm) ............. 10.19 0.10 0.05 0.09 10.19 0.02 10.11 0.03
Body mass index (kg per in) ...... 0.02 -0.04 0.04 0.04 10.21 0.16 10.11 0.11
Ponderal index (in per lb ½h) ...... 1..0.12 -0.06 -0.05 -0.05 1'-.0.21 -0.15 1-0.12 0.14
Waist-to-hip ratio ...........1...... 0.12 0.11 0.06 -0.03 10.13 -0.03 10.07 10.18
Waist (cm) ....................... -0.02 -0.03 0.04 0.01 10.20 0.14 10.11 10.17
Hip (cm) ......................... '-0.08 -0.09 0.00 0.03 10.17 0.15 10.09 0.09
Thigh (cm) ....................... -0.05 -0.10 0.01 0.03 10.17 0.13 10.08 0.05
Bone age (months)............... '-0.28 1'-.0.17 1'-.0.08 -0.08 0.01 -0.08 0.02 -0.00
Systolic blood pressure (mmHg) -0.06 -0.12 0.04 0.06 10.14 0.04 0.02 0.08
Diastolic blood pressure (mmHg) -0.00 -0.02 0.05 0.08 10.11 0.10 10.08 -0.03
Serum uric acid (mg per dl) ....... 1..-0.12 -0.00 10.08 -0.07 10.07 -0.10 10.08 -0.06
Hematocrit (percent) .............. -0.01 0.00 10.15 10.17 10.13 10.19 10.11 -0.10
Protein bound iodine (mcg per dl) 10.13 0.12 0.06 0.11 10.09 0.00 10.10 10.33
Resting pulse (beats per min) 1.....0.09 0.07 0.05 -0.09 10.09 -0.01 10.11 0.08
Exercise pulse (beats per min) 1....0.19 0.08 10.10 -0.01 10.11 0.07 10.09 0.08
Grip strength (Ibs) ................ 1-0.17 1-0.20 -0.01 -0.02 0.03 -0.06 0.03 0.04
Body temperature (degrees F.) 1....0.10 0.02 -0.01 -0.11 0.05 -0.06 -0.01 -0.12

Total ...................... 1,69 268 1,428 280 1,438 209 1,258 240

1P lem than or equal to 0.01.

Table 2. Relationship of serum cholesterol with subscapular skinfold, waist-to-hip ratio, and serum protein bound iodine, by age
of youths 12-17 years of age; Health Examination Survey

Subacapular aklntold Walsto-hlp rato Proteln.bound xdi"e

White Black White Black White Black White Back White Bl Wht BSack
Age In yes male mab female female male male female female male male female female

12 .......... 0.13 0.13 0.06 -0.04 0.10 -0.04 0.11 0.08 0.11 10.27 0.11 0.09
13 .......... 10.13 0.17 0.10 0.06 10.10 0.17 0.06 -0.10 10.21 0.16 -0.03 0.19
14 .......... 10.13 0.06 0.05 0.19 0.09 0.17 0.01 -0.05 -0.01 -0.04 0.09 0.05
15 .......... 10.18 0.07 0.09 0.09 10.11 -0.14 0.05 0.04 0.08 0.15 0.00 0.22
16 .......... 10.25 0.29 10.14 0.11 0.13 -0.12 0.02 0.09 -0.03 0.09 0.11 10.34
17 .......... 10.25 -0.00 0.10 0.08 10.19 0.14 10.17 10.38 10.15 -0.27 10.19 10.47

'P less than or equal to 0.01.

Table 3. Correlations of serum cholesterol with stage of sexual maturation and skeletal age in youths 12-17 years of age; Health
Examination Survey

12-14 yer 15-17 years

White Black White Black White Black White Black
Variable male male female female male male female female

Bone age . . -0.19 1-.0.12 1'-.0.06 -0.06 0.02 -0.07 -0.00 0.01
Pubic hair .1-0.21 1-0.17 -0.03 0.01 0.00 -0.03 0.02 10.13
Male genital . . -0.20 1-0.13 ... ... -0.00 -0.06 ... ...

Right breast ........... ... ... 1-0.06 0.01 ... ... 1o.09 0.12
Left breast ............. ... ... 1-0.06 -0.01 ... ... 10.09 10.14

1P ks than or equal to 0.01.
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Table 4. Correlations of serum cholesterol with stage of sexual maturation and skeletal age, by age in youths 12-17 years;
Health Examination Survey

Bone age Pubic hair Male genital Breast

Age White Black White Black White Black White Black White Black White Black
In years male male female female male male female female male male female female

12 ........... 1-0.14 -0.12 -0.07 -0.12 1-0.20 -0.19 -0.05 -0.07 1-0.19 -0.16 -0.06 -0.08
13 .......... '-0.16 -0.10 -0.04 -0.04 1-0.17 -0.12 -0.04 0.09 -0.18 -0.09 -0.04 -0.02
14 .......... 1'-0.14 -0.02 1- 0.08 -0.06 1-0.12 -0.07 0.01 -0.01 -0.12 -0.03 -0.05 0.03
15 .......... -0.04 -0.15 -0.03 0.07 -0.04 -0.12 0.05 0.15 -0.04 -0.19 0.09 0.12
16 .......... -0.00 -0.17 -0.04 -0.04 0.00 -0.08 -0.05 0.12 0.03 -0.01 0.03 0.12
17 .......... 0.08 0.00 0.01 0.03 0.05 0.10 0.03 0.14 -0.00 0.12 10.15 0.18

1P less than or equal to 0.01.

tained at 70-74 degrees F. and relative humidity was
maintained at 50-60 percent during the exercise test.

Technicians took an X-ray of the hand and wrist
for assessment of bone age (10). Weight was
measured to the nearest pound, standing height to
the nearest centimeter, and waist and hip girth,
subscapular skinfold, and tricep skinfold thickness
to the nearest millimeter (15). Prior to examina-
tion, body temperature was measured to the nearest
0.1 degree F. with an oral thermometer. Any
examinee with a temperature of 100 degrees or
more could be sent home and rescheduled for
another date at the physician's discretion.
The Health Examination Survey Cycle III of

youth was based on the same sample design as the
previous survey of children aged 6-11 years (16).
Since the same sampling areas and households were
used, nearly one-third of the youths examined in
Cycle III had been examined in the earlier Cycle II
survey of children. Cycle II was conducted in the
period 1963-65. The time lapse between the two
examinations of the same sample person ranged
from 28 months to 5 years. In longitudinal analy-
ses, only subjects with followup times of 28-53
months were included.
Methods used in the earlier examination were

similar to those described above. No blood samples
were taken. Resting heart rate was measured from
a 10-lead electrocardiogram with the child supine.
A nurse took two blood pressure readings in the
right arm with the child supine with a mercury
sphygmomanometer as described in detail (17). The
average of these was used in the present analysis.

Technicians measured height to the nearest milli-
meter, weight to the nearest half pound, and a
series of body measurements, including waist and
hip girth, and subscapular and triceps skinfold
thickness, to the nearest millimeter (18). An X-ray
film of the right hand and wrist was taken for
determination of skeletal age as described (19).

Population estimates for most of the variables
have been published by the National Center for
Health Statistics in the form of Series 11 reports.
Data in this paper were not weighted to give precise
estimates for the U.S. population. However, the
sample was large and quite like the population in
most demographic characteristics. Furthermore, the
subsample examined two times resembled the over-
all sample for most characteristics.

All descriptive statistics were computed by stan-
dard methods using unweighted data. Pearson
product moment correlation was used to assess the
association of serum cholesterol with other continu-
ous variables. Kendall's nonparametric rank corre-
lation was used to assess the association of serum
cholesterol with ordinal variables (20). Because of
the large number of correlation coefficients com-
puted, only those with an associated P value of
0.01 or less were considered significant. Stepwise
forward linear multiple regression analysis was used
to assess the independent relationship of multiple
variables to serum cholesterol level in Cycle III
data (21).
Models for predicting serum cholesterol level at

Cycle III from variables measured at Cycle II were
developed for white males only using the maximum
R2 technique for forward stepwise linear regression
with pair switching (21). Age in months was forced
to enter each model as the first variable. After age,
only variables with statistically significant bivariate
correlation coefficients were eligible to enter the
model. Change variables were expressed as the
logarithm of the ratio of the followup to the
baseline value.

Results

Mean levels of serum total cholesterol by age,
sex, and race as previously published are shown in
the chart. Because serum total cholesterol values of
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Table 5. Relationship of serum total cholesterol levels to relative skeletal maturity (bone age minus chronologic age in years),
with standard error (SE)

-2 to More than
Less than - 2 less than - 1 -1 to 1 1 to 2 More than 2

Age in years Mean SE Mean SE Mean SE Mean SE Mean SE

12-14 years:
White males ............ 188.5 2.0 183.1 2.0 170.9 1.0 166.6 1.9 170.0 4.1
Black males ............ 186.2 4.5 187.9 4.9 183.7 2.8 174.9 5.8 ...

White females .......... ... ... 182.9 2.0 176.1 1.3 176.1 1.1
Black females ........... ... ... 185.8 6.4 181.5 3.7 177.7 2.3

15-17 years:
White males ............ 172.7 2.8 167.0 2.1 167.7 1.0 169.0 2.0 181.1 6.4
Black males ............ 184.9 7.7 172.2 3.6 175.3 2.4 164.6 5.0 ...
White females .......... 182.1 2.6 180.7 5.6 180.7 1.5 176.9 1.4 175.8 2.1
Black females........... 187.5 5.9 ... 184.8 3.7 178.9 4.0 180.7 3.9

NOTE: No mean was tabulated when the number of persons in a category was less than 15.

Table 6. Serum total cholesterol in youths aged 12-17 years
by sex, race, and stage of breast development (females), or

genital development (males)

Females Males

Stage Mean SE Number Mean SE Number

12-14 years
Whites:
1. 183.80 4.20 30 188.77 2.18 207
2. 180.17 2.25 144 182.40 1.55 422
3. 180.85 1.57 332 174.81 1.53 337
4. 173.92 1.27 502 166.85 1.47 356
5. 176.18 1.53 420 164.36 1.60 283

Blacks:
1 ........ ... 190.95 6.06 28
2 ........ ... 190.19 4.14 60
3. 182.51 4.69 47 186.30 4.29 60
4. 177.18 3.05 98 173.27 4.53 52
5. 179.15 2.81 117 177.90 3.71 67
15-17 years

Whites:
1........... ... ...
2 ........ ... 181.00 7.67 17
3........... 174.92 3.81 63 176.38 5.27 38
4........... 174.49 1.46 409 166.38 2.03 240
5........... 181.65 1.12 773 168.27 0.86 1,137

Blacks:
1........... ... ...

2......... ... ...

3......... ... ...
4......... 175.39 3.63 55 175.34 4.90 28
5......... 185.59 2.62 175 174.52 2.22 168

NOTE: No mean was tabulated when number of persons was ess than 15.

350 mg per dl or greater may indicate familial
hypercholesterolemia, two male and three female
subjects with such levels were excluded from the
present analyses. Also excluded were youths of
races other than black or white.

Table 1 shows correlations of serum total choles-
terol with other continuous variables by age, sex,
and race. The correlations of serum cholesterol

with age in months were consistent with the differ-
ing patterns by age shown in the chart in early
versus late adolescence. The negative association
with age in early adolescence was reflected in the
negative associations with other maturity indica-
tors, such as height, bone age, weight, and pon-
deral index. In contrast to these correlations, skin-
fold thickness was positively correlated with serum
cholesterol in both early and late adolescence. This
relationship seemed strongest in white males. The
ratio of waist to hip girth was a significant
correlate of serum cholesterol level in white males
and older females. Serum uric acid showed weak
but significant associations in most groups, while
hematocrit showed the strongest associations in
younger females and older males. Protein-bound
iodine concentration was significantly correlated
with serum cholesterol in several groups. To assess
the effect of residual confounding by age, all cor-
relations were repeated within 1-year age groups.
The results for selected variables are shown in

table 2. In younger white males, the correlations of
serum cholesterol with age in months and weight
were diminished, and no longer significant except
for that with age in months in 12-year-olds. Height
and bone age remained significantly correlated with
serum cholesterol, as did subscapular skinfold and
triceps skinfold, and the ratio of waist to hip girth,
exercise pulse, and grip strength. Protein-bound
iodine concentration was significantly correlated
with serum cholesterol only at ages 12 and 13 in
white males. In younger females, the significant
correlation of cholesterol with hematocrit persisted.

In older males, the correlation of serum choles-
terol with weight, skinfolds, body mass index,
ponderal index, waist-to-hip ratio, waist girth, hip
girth, blood pressure, and exercise pulse were little
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diminished within one-year age groups. The corre-
lations of hematocrit and protein bound iodine
with serum cholesterol were significant only in
17-year-olds. In older females, correlations of se-
rum cholesterol with weight, skinfold, body mass
index, ponderal index, uric acid, and hematocrit
were significant only in 16-year-olds, and that of
waist-to-hip ratio only in 17-year-olds. The correla-
tion of serum cholesterol with diastolic blood
pressure was significant only in 15-year-olds, and
that with protein-bound iodine concentration only
at age 17.

Within 1-year age groups with sufficient numbers
of current smokers, mean serum cholesterol was
lower in smokers at ages 14, 15, and 16 years, but
not at age 17, in white males; and at 14 and 16,
but not at 15 and 17 in white females. For ages
15-17 years combined, serum cholesterol was lower
in smokers than non-smokers in black males.
The association of serum total cholesterol with

indicators of sexual maturation was assessed in
detail. Table 3 shows rank-order correlations of
serum cholesterol with stage of sexual maturation
in youths. Correlations with bone age are shown
for comparison. Stage 5 indicates full sexual matu-
rity, while stage 1 indicates immaturity. Serum
cholesterol was negatively correlated with stage of
sexual development in boys aged 12-14 years.
Correlations were smaller and less consistent
among females. Surprisingly, larger positive corre-
lations were observed for females aged 15-17 years.
Most females have reached sexual maturity by age
15. Further, these results seem inconsistent with
lack of correlation with bone age in older females.

Table 4 shows correlations of serum cholesterol
with stage of sexual maturation within 1-year age
groups. The same general pattern is revealed.
The difference between bone age and chronologic

age is an expression of relative progress of biologic
maturity. Table 5 shows that relatively advanced
bone age was most clearly associated with lower
serum total cholesterol only in younger males, the
results being less consistent for other groups.

Table 6 shows that mean serum cholesterol was
7.6 mg per dl lower in the most mature, compared
to the least mature, 12-14-year-old white females.
At ages 15-17 years, cholesterol was 6 mg per dl
higher in the most mature, compared to those at
stage 3. In white males 12-14 years of age, mean
serum cholesterol was 24 mg per dl lower in the
most mature compared to the least mature. At age
15-17 no consistent differences were observed.
No data on oral contraceptive use were available.

White girls 12-14 years who reported that their men-

Table 7. Stepwise multiple regression of selected variables
on serum cholesterol concentration in males

Standard
Variables Coefficient1 error1 F2

12-14 years
White males:
Age (months) ............. 0.565 0.146 0.035
Age times bone age ....... -0.003 0.000 0.080
Subscapular skinfold ...... 0.809 0.151 0.120
Blood group Al ........... 6.00 1.705 0.130
Exercise pulse ............ 0.151 0.053 0.136
Parental education ........ 4.173 1.623 0.141
Region ................... 4.358 1.827 0.144
PBI ..................... 0.137 0.064 0.147

Black males:
Age (months) ............. 0.237 0.288 0.014
Age times subscapular
skinfold .................. 0.014 0.004 0.047
Bone age ................. -0.464 0.132 0.103

15-17 years
White males:
Age (months) ............. -0.398 0.127 0.001

Age times subscapular 0.004 0.001 0.044
skinfold.
Family income ............ 7.018 1.884 0.055
Age times PBI ............ 0.001 0.000 0.064
Region ................... 6.738 2.061 0.071
Season ................... 4.454 1.789 0.076
Age times waist-to-hip
ratio ..................... 0.282 0.117 0.081

Black males:
Age (months) ............. 0.063 0.180 0.001
Waist-to-hip ratio .......... -99.816 41.682 0.039

'Coefficient and standard error with all significant (P less than 0.05) variables in
model. Variables are listed in the order of entry. Age was forced to enter first
regardWss of significance.

NOTE: R2 is the percent of variation explained by the variables in the model
(the multiple correlation coefficlent squared).

strual periods had started had lower mean serum
cholesterol levels than girls whose periods had not
started (age 12, 174.5 versus 180.1 mg per dl; age
13, 176.6 versus 181.3; and age 14, 175.5 versus
179.5). There were similar differences in black girls.
After age 14, there were too few girls whose pe-
riods had not started to obtain meaningful analysis.

Stepwise forward multiple linear regression anal-
yses were performed for each of eight age, sex, and
race groups. Serum total cholesterol level was the
dependent variable. Age in months was forced to
enter each model. Based on the results of correla-
tion analyses, the following variables could be
selected to enter the model: subscapular skinfold
thickness, waist-to-hip ratio, bone age, protein-
bound iodine concentration, exercise heart rate,
breast development stage (females), male genital
development stage (males), family income (1 =
$10,000 or more per year; zero = less than $10,000
per year), education of parent (1 = high school or
greater; zero = less than high school), ABO blood
groups (1 = group Al; zero = other), region (1 =
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Table 8. Stepwise multiple regression of selected variables
on serum cholesterol concentration in females

Standard
variable Coeffcientl oro1 R2

12-14 years

White females:
Age (months) ............. 0.491 0.181 0.002
Age times bone age ....... -0.002 0.000 0.011
Exercise pulse ............ 0.178 0.064 0.024
Blood group Al ............ 6.157 1.800 0.033
Region ................... 6.147 1.995 0.041
Parental education ........ 4.135 1.715 0.045
Age times subscapular
skinfold .................. 0.002 0.001 0.049
Age times PBI ............ 0.001 0.000 0.054

Black females2 .............. ...

15-17 years

White females:
Age (months) ............. 0.270 0.109 0.010
Age times subscapular
skinfold .................. 0.003 0.001 0.031
Region ................... 7.706 2.461 0.042
Bone age ................. -0.241 0.112 0.047
Age times PBI ............ 0.001 0.000 0.052

Black females:
Age (months) ............. 0.111 0.254 0.001
PBI ..................... 0.412 0.139 0.058

Coefficient and standard error with all significant (P less than 0.05) variables
in model. Variables are listed in order of entry. Age was forced to enter first
regardless of significance. 2No significant variables.

NOTE: R2 iS percent of variation explained by the variables in the model (the
multiple correlation coefficient squared).

North East; zero = other), season (1 = October-
March; zero = other), smoking (1 = current
smoker; zero = other), plus interaction terms for
age in months with each of the above variables.
The results of these analyses are shown in tables

7 and 8. All variables whose regression coefficients
were significant (P less than 0.05) are shown in the
order of entry into the model. The cummulative R2
after entry of each variable is shown in the last
column. The coefficient and standard error in
columns 2 and 3 were computed with all significant
variables in the model. In males, variables related
to body fat have significant independent associa-
tions with serum cholesterol in both age groups and
both races. Maturity variables were important only
among younger males.

Overall, less than 15 percent of the variation in
serum cholesterol was explained for younger males
and less than 9 percent for older males. Less of the
variation was explained among blacks, compared to
whites. The positive regression coefficients for age
among 12-14-year-old white males and among
white females when bone age or age times bone age
was in the model (tables 7 and 8) indicate that at a
given bone age, mean serum cholesterol increases
slightly with increasing chronologic age. The find-

ing was confirmed by examination of mean choles-
terol levels by age within 12-month strata of bone
age in whites. In 12-14-year-olds, serum cholesterol
decreased with increasing bone age. However, the
difference between bone age and chronologic age at
Cycle II was not significantly correlated with serum
cholesterol at Cycle III in children examined at
both times, noted subsequently.
Rank correlations among the differences between

bone age and chronologic age at the two examina-
tions ranged from 0.3 to 0.4 (P less than 0.01). In
females, less than 6 percent of the variation in
serum cholesterol was explained for any age, or
race group. Thus, the variables measured in the
Health Examination Survey explained little of the
variation in serum total cholesterol.

Table 9 shows the correlations of serum total
cholesterol at age 12-17 years with other variables
measured 28-53 months earlier. With few excep-
tions, variables from the earlier examination were
significantly correlated with serum cholesterol at
the second examination only for white males. The
average followup interval was 42 months in white
males, 42 months in white females, 43 months in
black males, and 43 months in black females.
Significantly correlated variables were those indi-
cating level of maturation, growth, and changes in
body fatness. None of the correlations was large.
These relationships resided chiefly among the ma-
jority of subjects who were aged 12-14 years at the
second examination (table 10).
Owing to the age ranges for eligibility in the two

surveys, few subjects were 15-17 years of age at the
second examination. In a stepwise multiple regres-
sion analysis, with serum cholesterol at second
examination as the dependent variable, and the
baseline variables with significant correlation coef-
ficients in table 9 as independent variables, only 13
percent of the variation of serum cholesterol
among white males aged 12-14 years was explained
with all 10 variables in the model. All of the
variables with significant correlation coefficients in
table 9 had significant regression coefficients, ex-
cept for change in subscapular skinfold thickness
and change in weight. The best three-variable
model included only age, change in height, and
height at baseline, and explained 9 percent of the
variance in followup serum cholesterol.

Discussion

Data from more than 6,000 youths aged 12-17
years in the National Health Examination Survey
revealed that serum total cholesterol levels were
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negatively correlated with indicators of growth and
maturation in younger male adolescents. Correla-
tions with measures of obesity were positive and
significant at all ages, although small in magnitude.

All measured variables could account for less
than 15 percent of variation in males and less than
6 percent in females. Although significantly corre-
lated with serum cholesterol levels, sexual matura-
tion added little to the explanation of variation.
Genetic variables other than race and blood group
probably account for some of the unexplained
variation. Other environmental factors, such as
diet, probably would add little to the explanation
of variance in this cross-sectional study, given the
difficulty in measuring inter-individual variation in
fat and cholesterol intake within populations (1).
The mechanism of the striking decline in serum

total cholesterol in early adolescence is unknown.
Decreases in both beta and alpha lipoprotein cho-
lesterol contribute to the decrease (22,23). About
40 percent of serum total cholesterol is in the alpha
lipoprotein fraction in white and 45 percent in
black adolescents. This fraction decreases between
ages 12 and 17 only in white males (22).
The much stronger correlations of serum choles-

terol with sexual maturation in boys compared to
girls in this and other studies suggest a role for
testosterone in determining serum cholesterol levels
and changes during adolescence (23-25).
The fall in serum cholesterol also coincides with

the adolescent growth spurt (23). It is of interest to
note that the level of the ratio of waist to hip girth
declines between the ages of 12 and 17 (26).
Waist-to-hip girth ratio increases during the third
decade similar to serum cholesterol. However, the
decline in the ratio begins earlier than that in serum
cholesterol in cross-sectional data beginning at least
by age 6.
Some of the decrease in serum cholesterol with

age is consistent with the increasing prevalence of
cigarette smoking, which is associated with a lower
level of alpha, or high density lipoprotein choles-
terol (27).
The slight increase in total cholesterol in late

adolescence in girls could be related to increasing
use of oral contraceptives (23).
The positive association of serum total choles-

terol with protein-bound iodine concentration was
unexpected, since thyroxin administration and hy-
perthyroidism are associated with lowered serum
cholesterol and thyroid hormone deficiency with ele-
vated serum cholesterol (28). Thyroid hormones en-
hance cholesterol synthesis and degradation with a
predominant effect on degradation. However, with-

Table 9. Correlations of serum cholesterol at age 12-17
years with other variables measured 28-53 months earlier;

Health Examination Survey

White Black White Black
196-6.5 variable male male female female

Age (months) ........... - 0.15 - 0.18 -0.04 -0.03
Body mass index........ -0.00 -0.03 0.06 -0.02
Subscapular skinfold .... 0.04 0.01 0.06 -0.00
Waist-to-hip ratio ........ -0.01 0.04 0.05 0.02
Bone age ............... -0.17 1-.0.24 -0.08 -0.09
Ponderal index .......... -0.07 -0.06 -0.08 0.01
Systolic blood pressure .. -0.01 0.13 0.08 -0.18
Diastolic blood pressure . -0.00 0.15 0.02 -0.00
Resting heart rate ....... -0.07 0.01 0.04 -0.16
Height .................. '-0.18 -0.20 -0.03 -0.04
Weight ................... -0.09 -0.15 0.03 -0.01
Change in age .......... -0.07 0.05 0.00 0.10
Change in height........ '-0.20 -0.02 -0.02 -0.03
Change in weight ........ -0.12 0.04 -0.01 0.10
Change in subscapular

skinfold ............... 10.11 0.20 -0.00 0.11
Change in body mass

index ................. 0.00 0.07 0.00 0.16
Change in ponderal index -0.07 -0.07 -0.02 -0.15
Change in waist-to-hip

ratio .................. 10.11 0.02 0.01 -0.03
Change in bone age..... '-0.15 0.07 0.04 0.12
Change in systolic blood

pressure -0.05 -0.17 0.02 10.28
Change in diastolic blood

pressure -0.01 -0.00 0.06 0.11

Total ............ 1001 129 892 141

1 P s than or equa toO.O1.

in normal limits, thyroxin might have predomi-
nantly anabolic effects (28). Since thyroxin and T3
levels are stable between ages 12 and 17 years, they
are not likely to explain changes in serum choles-
terol during adolescence. The results are generally
similar to those reported by other cross-sectional
sudies of serum cholesterol in adolescents (22-31).
The Bogalusa Heart Study found similar rela-

tionships of total serum cholesterol to measures of
obesity and sexual maturation (24,29). Similar re-
sults were reported from an English study (23,30).
Longitudinal studies have focused on tracking of
serum lipid levels (2-6). One study revealed that
serum total cholesterol at age 12 was well corre-
lated with levels 9 years later (r = 0.52) (6). In
Bogalusa, LA, significant positive correlations were
found between changes in triceps skinfold, percent-
age body fat and ponderal index, and changes in
serum total cholesterol levels over a 5-year follow-
up of children initially aged 5 to 12 years (32).

Earlier analyses of the HES data showed high
rank-order correlations of skinfold thickness in
childhood with that in adolescence (33). Although
dietary intakes of saturated fat and cholesterol may
be important in cross-cultural and within-individual
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Table 10. Correlations of serum cholesterol at age 12-17
years with variables measured 28-53 months earlier, by age;

Health Examination Survey

1966-1970 ae

12-14 years old 15-17 years old

Wf7ie Whmtwhite Whito
1963-1965 varIable mao female male female

Age (months) .......... ' -0.15 -0.03 0.01 -0.15
Height ................. '-0,19 -0.01 -0.06 -0.11
Weight. ............... '-0.10 -0.03 0.05 0.07
Subscapular skinfold ... 0.04 0.05 0.09 0.13
Waist-to-hip ratio ....... -0.02 0.03 -0.02 0.11
Body mass index....... -0.01 0.05 0.10 0.15
Ponderal index ......... -0.06 -0.06 -0.13 -0.21
Bone age.............. '-0.18 -0.06 0.00 -0.22
Systolic blood pressure . - 0.00 0.08 -0.01 0.07
Diastolic blood pressure 0.02 0.02 -0.13 0.03
Resting heart rate ...... 0.06 0.03 0.13 0.08
Change in age ......... 0.08 -0.01 -0.06 0.15
Change in height ....... .' -0.21 - 0.04 -0.05 0.00
Change in weight ...... 1-0.15 -0.03 0.06 0.03
Change in skinfold .. -. 10.09 0.00 0.15 -0.02
Change in body mass

index ................ -0.02 0.00 0.10 0.03
Change in ponderal

index ................ -0.07 -0.02 -0.12 -0.04
Change in waist-to-hip

ratio ................. 10.10 0.01 0.15 0.02
Change in systolic blood

pressure ..... ....... -0.07 0.00 0.15 0.17
Change in diastolic

blood pressure ....... - 0.03 0.05 10.23 0.13
Change in bone age.... 1-0.16 0.01 -0.03 10.27

Total ............ 854 771 147 121

1 P less than or equal to 0.01.

differences in serum cholesterol, they are inconsis-
tently related to within-population differences in
cross-sectional studies (1).

Genetic variables may be important in explaining
inter-individual differences within populations
(29,30). The role of genetics in explaining the
timing and magnitude of changes in serum choles-
terol in adolescence remains to be explored.
The limitations of the present study were several.

Although no major sources of bias were likely to
exist, the fact that only total serum cholesterol was
measured makes interpretation of associations diffi-
cult. This is because a given variable may have
opposite associations with low density lipoprotein
and high density lipoprotein cholesterol, the latter
comprising about 40 percent of serum total choles-
terol in children (23-31).
No data were available on two important con-

founders, alcohol intake and oral contraceptive
usage. Alcohol may raise and oral contraceptives
may lower high density lipoprotein cholesterol con-
centrations (23-31). Both of these variables were
most likely to have had an effect in the 15-17-year-old

age group. Thus, correlations in the younger group
were unlikely to have been seriously affected.
The large study sample size ensured high statisti-

cal power, especially for whites. The use of the
criterion of P less than or equal to 0.01 for
statistical significance of correlation coefficients
minimized the likelihood of conclusions being
based on chance alone. Furthermore, the data were
presented in detail, so that the consistency and
strength of associations among various age, sex,
and race groups could be evaluated. However, some
between-group differences in associations could be
due to chance or to differences in average age of
puberty. Even so, the generally low strength of the
associations and the cross-sectional nature of the
study design make causal conclusions impossible.

Unlike blood pressure (34-36), serum cholesterol
was not measured in Cycle II, weakening longitudi-
nal analyses in the sub-group examined twice. Due
to the use of a large nationwide sample with a 90
percent response rate, the results are more likely to
be widely generalizable than those from smaller
local studies with lower response rates.

In conclusion, serum total cholesterol levels were
significantly related to variables indicating level of
growth, sexual maturation, and obesity. However,
all measured variables explained only a small frac-
tion of cholesterol variation.

Longitudinal studies with repeated measures of
indices of growth, sexual maturation, obesity, mul-
tiple confounder variables, and serum lipoprotein
levels are needed for the explanation of levels and
changes in levels of serum lipids during adoles-
cence. The role of sex hormones, thyroid hor-
mones, and dietary factors should be examined.
Also to be examined where possible are genetic
variables, such as parental or sibling serum lipopro-
tein levels, and family history of premature coro-
nary heart disease or familial hyperlipoproteinemia.
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