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Introduction
Cardiovascular disease mortality is

significantly higher in Black than in White
women. The Black mortality rate is be-
tween two and four times that of White
women,} 2 a difference that translates to
an excess of 8000 annual cardiovascular
disease deaths for Black women under 65
years of age. One possible explanation for
the excess of cardiovascular disease
deaths is the greater prevalence of obesity
among Black women. Although the role of
obesity in the occurrence of cardiovascu-
lar disease is likely to be mediated largely
through its association with risk factors
such as blood pressure and blood lipids,
the etiology of the difference in obesity
between the races remains unknown.

The National Heart, Lung, and
Blood Institute Growth and Health Study
(NGHS) is a 5-year prospective cohort
study designed to assess factors associ-
ated with the onset and development of
obesity in Black and White preadolescent
girls and obesity's effects on major car-
diovascular-disease risk factors. The
study's goals include the identification of
variables relevant to progressive weight
gain and to the attainment of obesity
(which is generally defined as adiposity in
the upper portion of the population distri-
bution). The elucidation of these critical
variables should ultimately guide studies
aimed at prevention.

The purpose of this paper is to de-
scribe the NGHS study and provide basic
descriptive information on the cohort as
measured at baseline. This includes de-
mographic composition, stage of matura-
tion, and levels of the cardiovascular-
disease risk factors: anthropometry,
blood pressure, and blood lipids. Future
papers will provide more in-depth analy-
ses for each targeted subject area.

A cohort study to investigate obesity
can assess relationships with the variables
under study, many of which are temporal
in nature, and can help identify potential
causal models. Associations reported in
cross-sectional studies are not always rep-
licated when subjects are followed longi-
tudinally, because the cross-sectional ap-
proach provides only one assessment in
time. This is especially true when one uses
cross-sectional data to infer pubertal
changes. Longitudinal studies inevitably
support stronger inferences regarding eti-
ology than do other observational designs.
Thus, NGHS's cohort design allows the
study of diverse independent variables, in-
cluding those that are time-dependent.

Previous reports on Black and White
women have provided some insight on the
age interval when various obesity mea-
sures differ between the races. Black
women are fatter than White women from
their twenties onward both in terms of
skinfolds314 5 and body mass index,3 5
whereas White girls in elementary and
junior high school tend to be similar to6 or
fatter than their Black counterparts.7-8
Gartside et al.9 reported a significant dif-
ference in Quetelet Indices between Black
and White females in the 12- to 20-year age
range. Because differences in body fat and
body mass index between Black and
White girls appear to occur sometime be-
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tween childhood and young adulthood,
the age of 9 through 10 years was chosen
as the entry age range for NGHS; this is
also the age at which little difference be-
tween Blacks and Whites in the preva-
lence of obesity is expected and that en-
compasses the prepubertal stage of
development. Because ofthe profound ef-
fects of maturation on body fatness and
cardiovascular-disease risk factors, this
choice of entry age led to the necessity of
determining maturation level. Differing
rates of maturation may explain some of
the observed Black-White differences in
body mass index, although other factors
may also contribute.

Although an imprecise measure of
obesity, the bodymass index-particularly
the Quetelet Index (kg/m2)-has gained
widespread acceptance in population stud-
ies and is currently used by the National
Center for Health Statistics to measure the
prevalence ofobesity in the United States.3
Body mass index is moderately well cor-
related with subscapular skinfolds'0 and
with percentage of body fat based on un-
derwater weighing.1112 However, the sole
use ofthe Quetelet Index as the measure of
obesity in children may not be adequate
during their periods of growth because
height, weight, and adiposity may increase
at different rates within and between races.
Thus, NGHS uses two other independent
measures ofbody composition suitable for
population studies: skinfolds at three sites
and bioelectric impedance. Skinfolds are a
direct measure of subcutaneous fat and
have been found to be highly correlated
with percentage of body fat based on un-
derwater weighing.'3 Bioelectrical inped-
ance, a newer method of measuring body
composition, is highly correlated with to-
tal-body water and fat-free mass and has
been validated in children.14

The presence of cardiovascular-dis-
ease risk factorsmaybe secondary to obe-
sity or may be of other etiology. Elevated
blood pressure is more prevalent in the
Black population'5 and is known to be as-
sociated with obesity.16-8 Hypertriglyc-
eridemia, low levels of high-density lipo-
protein (HI)L) cholesterol, and high levels
of low-density lipoprotein (LDL) choles-
terol represent additional primary cardio-
vascular-disease risk factors that are often
observed in obese adults.19 Lipid profiles
(including total, LDL, and HDL choles-
terol and their associated apolipoproteins)
were performed to assess their relation-
ships to obesity.

Moore and Stunkard20 demonstrated
a strong inverse relationship between so-
cioeconomic status and obesity in chil-

dren, while Gamn et al.21 reported an in-
verse relationship between income and
obesity in girls from childhood to adoles-
cence. The mechanism by which socio-
economic status affects obesity is unclear.
Potentially, it operates through other in-
terrelated environmental factors, includ-
ing diet, physical activity, and psychoso-
cial and cultural influences. These factors
may also act independently of socioeco-
nomic status. Because of the relationship
between socioeconomic background and
obesity, and to examine socioeconomic
status' impact, NGHS was designed to in-
clude participants from a broad range of
backgrounds. NGHS also investigated
both physical-activity levels and physical-
activity pattems, including habits such as
TV watching, which may indicate how an
individual uses leisure time and thus may
affect energyexpenditure. Using food rec-
ords and several psychosocial instru-
ments, we also investigated dietary, psy-
chosocial, and cultural aspects of obesity.

The participants were recruited from
three different geographical areas to allow
for a wide range of socioeconomic back-
grounds and to reduce the chance ofbiased
results due to local habits or local ancestry.
Each clinic site succeeded in enrolling
roughly similar percentages of Black and
White children. Subjects were recruited
between January 1987 and May 1988.

Materials and Medhods
Subjects and Recnsitnent

Participants were recruited by three
clinical centers: UniversityofCalifornia at
Berkeley, University of Cincinnati/
Cincinnati Children's Hospital Medical
Center, and Westat, Inc./Group Health
Association in Rockville, Md. The Mary-
land Medical Research Institute in Balti-
more, Md, is the Coordinating Center, and
The Johns Hopkins University Depart-
ment of Lipid Research is the Central
Lipid Laboratory. Berkeley recruited par-
ticipants from public and parochial
schools in the Richmond Unified School
District. The area was chosen based on
census tract data showing approximately
equal percentages of Black and White
children with the least degree of income
and occupational disparity between the
races. Cincinnati recruited participants
from public and parochial schools in
greater Cincinnati that were selected to be
racially and socioeconomically represen-
tative ofHamilton County (which includes
inner city, urban residential, and suburban
areas). The cohort selected byWestatwas

randomly drawn from a membership list-
ing of potentially eligible familieswho had
girls aged 9 or 10 andwhowere enrolled in
the prepaid medical program of Group
Health Association, a large Washington,
DC, area health maintenance organiza-
tion. It was found that the Group Health
Association membership did not have
enough families with 9- through 10-year-
old White girls. To increase the sample of
White girls, a troop of Girl Scouts was
recrited from the same geographic area
of a predominantly White Group Health
Association clinic and was enrolled in the
study. In both Berkeley and Cincinnati,
the examinations were conducted in
schools, while in the Washington, DC,
area the girls were seen at Group Health
Association clinics.

Eligibility criteria were based primar-
ily on the child's age and on the parents'
provision of household information by ei-
ther self-administered questionnaire or in-
terview. To reduce the influence ofcultural
diversity, eligibility was restricted to girls
living in racially concordant households
and excluded Hispanics of either race and
other ethnic groups. If a guardian was not
the natural parent, we attempted to ascer-
tain the race of the natural parent. Thus,
girls were eligible for enrollment in NGHS
if: (1) they declared themselves as being
either Black or White; (2) theywere within
2weeks of age 9 or 10 at the time ofthe first
clinical visit; (3) they had parents or guard-
ianswho identified themselves as the same
race as the child; (4) their parents or guard-
ians completed a household demographic
information form and gave consent.

Sample Size and Power
Considerations

The primary consideration for sample
size was adequate power for comparing
change in subscapular skinfold between
Black and White girls. The following for-
mula for sample size was used:

4(4/2 + Z)2or2(1 -p)
N = ~~d2

where
Z,/2 = 1.96 and corresponds to a

two-tailed test at a significance level of
P = .05,

Z3= 1.28 and corresponds to a
power of 90%,

v = 6.0 and is the standard deviation
of subscapular skinfolds from National
Health and Nutrition Examination Survey
(NHANES) I data for the age group,
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p = .50 and is the correlation be-
tween first- and fourth-year skinfolds,

d = l.Omm and is the desired detect-
able difference.

NHANES' estimate of the correla-
tion for skinfolds was .75. However, the
variability of this estimate was large, and
therefore a conservative estimate of .50
was used in the NGHS sample-size cal-
culation. This lead to a total sample size of
750. Taking a conservative approach
again, we increased the sample size in or-
der to maintain sufficient power should
only 65% of the children be available for
follow-up measurements. The sample size
was then doubled to allow half to be used
for testing specific subgroup hypotheses.
With these adjustments the target sample
size was 1150 per group. Recruitment re-
sulted in a final sample of 1213 Black and
1166 White girls.

Data Collection
Data collected on each participant in-

cluded anthropometric data, bioelectrical
impedance, blood pressure, serum lipids,
lipoproteins and apolipoproteins, medical
history, dietary intake and eating patterns,
physical activity levels and patterns, be-
liefs and attitudes about certain aspects of
health, body satisfaction and family influ-
ences, and psychosocial measures.
Throughout the 5 years of the study, the
children are seen at 1-year intervals. Pa-
rental data collected at baseline included
anthropometric data, blood pressure, se-
rum lipids, medical history, and demo-
graphic data on education, income, family
composition, diet and physical-activity
patterns and beliefs, and familial influ-
ences. At baseline (Year 1), parents were
seen in a clinic setting, and at follow-up in
Year 3 they complete questionnaires. In-
formation on age, relation to child, marital
status, education, work status, and race
are collected for the male and female
guardians living in the household with the
child.

During the measurement part of the
visit, girls wore either paper hospital
gowns or large tee shirts supplied by the
center. Weight was measured using a
Health-o-meter electronic scale (Model
482). Two weight measurements were ob-
tained, and a third measurement was
taken if the first two differed by more than
0.3 kg. Using a custom portable stadiom-
eter (Creative Health Products, Ply-
mouth, Mich.), we measured each girl's
height when she was in socks, with her
heels together, toes apart at a 45 degree
angle, and head in the Frankfort horizon-
tal plane. Two height measures were ob-

tained, with a third measure taken if the
first two were more than 0.5 cm apart.
Girth measurements were obtained at the
upper thigh and at the upper arm, using a
fiberglass tape. Skinfold measures were
obtained at the triceps, suprailiac, and
subscapular sites, using Holtain calipers
(Pfister Import-Export, Inc., Carlstadt,
NJ). Skinfolds and girths were measured
twice and repeated a third time if the first
two measurements were discrepant by
more than 1.0 mm and 0.5 cm, respec-
tively. The average of the two or the clos-
est two of three measurements was used
in data analysis. Both girth and skinfold
measurements were taken according to
Cameron's method.22

The girls' blood pressure was ob-
tained through a standardized protocol23
after examiners received 16 hours of in-
struction and evaluation. The diastolic
blood-pressure standard is the fourth Ko-
rotkoff (K4) sound for children younger
than 12 years of age, and the fifth Korot-
koff (K5) sound for those older than 12
years of age. Lack of reference standards
for K4 prompted the recording of both
fourth and fifth sounds to follow the re-
lationship between K4 and K5 from age 9
through 10 at entry to 13 through 14 at
study completion. Participants were
seated with feet resting flat on a surface
and right arm resting at heart level. The
appropriate cuff was selected from five
cuff sizes and placed around the upper
arm. Using a standard mercury sphyg-
momanometer (Baum Desktop Model
with V-Lok cuffs), we measured three
blood pressures by rapidly inflating to the
maximum inflation level and deflating at a
rate of 2 mm Hg per second, with 30 sec-
onds rest between each determination.
The first appearance of two consecutive
beats determined the first Korotkoff
sound (K1); the point at which the sound
became muffled determined K4; and
when the sound disappeared determined
K5. The pulse rate was measured for 30
to 60 seconds between blood pressure de-
terminations.

The second and third blood pressure
determinations were used to calculate the
mean blood pressure.

Maturation staging consisted of two
parts: pubic hair distribution and areolar
development. Because breast size may be
difficult to stage because of underlying fat
and muscle, a modification of the Tanner
staging method24 was developed by S.M.
Gain and F. Falkner (unpublished data,
1986) in order to more accurately assess
the maturation stages. Criteria describing
areolar development replaced the breast

maturation system of Tanner. Special
drawings were produced illustrating these
criteria. Preliminary analyses during the
study revealed a smooth, orderly progres-
sion through the four stages of areolar de-
velopment (F.M.B., unpublished data,
1991). Areolar stages were recorded over
the range 1 (prepubertal) to 4 (fully ma-
ture), and pubic hair stages were recorded
over the range 1 (prepubertal) to 5 (fully
mature).

Twelve-hour-fasting blood speci-
mens were obtained in the morning. The
total and HDL cholesterol levels were de-
termined using the Cholesterol CHOD-
PAP method (Boehringer-Mannheim Di-
agnostics).25 Triglycerides were analyzed
enzymatically using a commercially avail-
able method (Abbott A-Gent Triglycer-
ides Reagent Set). LDL cholesterol was
calculated using the Friedewald formula26
as modified based on the Lipid Research
Clinics data27:

LDL Cholesterol = Total Cholesterol
- HDL Cholesterol - (Triglycerides/6.5)

or
Adults' LDL Cholesterol =

Total Cholesterol - HDL Cholesterol
- (Triglycerides/6.3).

Apolipoprotein Al was measured by
radial immunodiffusion in commercially
prepared agarose plates containing mono-
specific goat antibody to apolipoprotein
Al (Diffu-Gen Apo-Al plates, TAGO,
Burlingame, Cal). Apolipoprotein B was
determined by radial immunodiffusion
modified after Sniderman et al.,28 using
M-PARTIGEN Apo-B Kit (Calbiochemi-
Boehring Corp., La Jolla, Cal). NGHS
Central Lipid Laboratory was a partici-
pant in the Centers for Disease Control
Lipid Standardization Program.29

To help ensure comparability of the
data collected at the three centers, a "mas-
ter trainer" was identified from among the
collaborating investigators. The master
trainer subsequently trained and certified a
local trainer at each site. The local trainers
trained, certified, and monitored data col-
lected by the field staff at each site. Quality
control procedures included a 10%o remea-
surement of girls for anthropometric vari-
ables and blood pressure.

Statistical Methods
We used multiple linear regression,

using SAS procedures,30 to assess the re-
lationship between variables. Age was
used for adjustment because of uninten-
tional imbalances between the racial
groups. Although there was an average of
only 1 month's difference between the
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White and Black girls, age is an important
factor in terms ofgrowth, and the 1-month
difference was significant. In the model,
we used a clinic term to control for other
population differences that could have
been related to the geographic area of the
clinical site. Since the unadjusted and
adjusted means were virtually identical,
only the unadjusted tables by age group
are presented. The chi-square statisticwas
used to compare the distributions of mat-

uration stage between the Black and
White girls.

Resufts
Demographic characteristics of the

NGHS study population from the three
clinic sites are shown in Table 1. The par-
ticipation rate was defined as the percent-
age of girls who came to the first clinic
visit, out of all girls who were asked to

participate (i.e., given a consent form in
Berkeley and Cincinnati) orwho were de-
termined to be eligible by a telephone in-
terview (in Washington, DC). The rate
was 81% at Berkeley, 74% at Cincinnati,
and 81% at Washington, DC. Overall,
1166 White girls and 1213 Black girls were
recruited. There were more 10-year-old
Black girls and more 9-year-old White
girls in the total cohort, particularly in
Washington, DC. Thus, the Black girls
were slightly older than the White girls
(mean age of 10.1 years vs 10.0 years, re-
spectively).

Most of the girls lived with their nat-
ural (i.e., biological) mother (93.9% and
91.5% for White and Black girls, respec-
tively), but the percentage of girls who
lived with their natural fathers was lower,
especially for the Black girls (70.9% and
44.1% for White and Black girls, respec-
tively). The number ofgirlswho livedwith
both natural parents was 786 (67.4%) for
White girls and 508 (41.9%) for Black girls.

On average, the Black households
had lower family incomes, lower educa-
tional levels, and were less likely to own
their homes than White households (Table
2). However, of the 1110 White house-
holds reporting income, there were 193
(17.4%) with total family income below
$20 000, and, of the 1135 Black house-
holds reporting income, there were 265
(23.3%) with total family income over
$40 000. Thus, the NGHS cohort had a
good distribution of income for both
Blacks and Whites. The income levels
presented here have not been adjusted for
cost-of-living differences among the geo-
graphic locations of the three clinics. Such
regional variations in cost of living may be
important when income is used as a mea-
sure of socioeconomic status.

At both ages 9 and 10, Black girls
were more advanced in physical matura-
tion than White girls, as defined by either
areolar or pubic hair stage (Table 3). Black
girls were taller, heavier, had greater
Quetelet Indices, and larger subscapular
and suprailiac skinfolds at both ages (Ta-
ble 4). Adjusted meanswere similar to un-
adjusted means. Except for suprailiac
skinfolds, the race differences shown in
Table 4 were greater at age 10 than at age
9, suggesting a greater proportional in-
crease in these measurements for Black
girls than for White girls. When we col-
lapsed the measures across age and com-
pared the mean anthropometric measures
either unadjusted or adjusted by age and
clinic, our calculations showed that
height, weight, Quetelet Index, and sub-
scapular and suprailiac skinfolds were sig-
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nificantly higher in Black girls than in
White girls (Table 5).

Both systolic and diastolic blood
pressures (K4 and KS) were significantly
higher in Black girls than in White girls at
age 9. Adjusted means were similar to un-
adjusted means. All blood pressures were
higher for the 10-year-old Black girls;
however, only their systolic blood pres-
surewas significantly different from White
girls (Table 6). When blood pressures be-
tween Black and White girls of all ages
were compared, both the adjusted and un-
adjusted systolic and diastolic blood pres-
sureswere significantly different (Table 7).

Adjusted means of fasting lipids, lipo-
proteins, and apolipoproteins (Table 8)
were similar to unadjusted means. Race
differences in total cholesterol, LDL cho-
lesterol, and apolipoprotein B levels were
not apparent in either age group. At both
ages, White girls had greater triglycerides
and Black girls higherHDL cholesterol and
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apolipoprotein Al. These findings did not
change when Black and White girls of all
ages were compared, either unadjusted or
after adjusting for age and clinic (Table 9).

Diwussion
Designed to obtain equal numbers of

Black and White girls and to cover a wide
range of family educational and income
levels, the NGHS recruitment strategies
were highly successful. For the two sites
using schools, prior to recruitment we
paid special attention to the suitability of
the racial and socioeconomic mix of the
geographic localities and schools. How-
ever, the NGHS cohort is not a national
random sample of 9- and 10-year-old girls,
because it is restricted to three geographic
areas and requires that parents and guard-

ians be of the same race as the girl and
provide demographic information and
consent.

In this cohort of2379 Black and White
girls, race differences in body mass and an-
thropometric measures were already pre-
sent by age 9 and 10 years, with Black girls
being significantly taller and heavier and
having sigificantly higher Quetelet Indices
than White girls. Subscapular skinfolds
were significantly higher in Black than
White girls, whether the girls were com-
pared by race orby age and race. Although
suprailiac skinfolds were larger in Black
girls than in White girls at age 9 and age 10,
this difference achieved statistical signifi-
cance only when the race comparison in-
cluded girls of all ages. However, triceps
skinfolds were the same in both races.
These data are comparable to results re-

ported by the Bogalusa Heart Study for
similarly aged children3' and suggest the
possibility of Black girls having higher lev-
els of truncal obesity.

Maturational differences between
Black and White girls have been reported
in the past31 and are corroborated in this
current study. In cross-sectional analysis,
Black girls are further in the maturation
process than White girls at both ages 9 and
10. This earlier onset of maturation may
have a primary role in the development of
obesity differences between the races.
However, the period of maturational de-
velopment is also associated with striking
changes in self-awareness, body image,
and factors of cultural and socioeconomic
nature. Thus the difference in family in-
come and maximum education noted in
NGHS (as well as in previous studies32'33)
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may be relevant to the development of
obesity.

Like the Bogalusa Heart Study,m this
study also found significantly higher sys-
tolic and diastolic blood pressures in Black
girls compared with White girls, with the
difference being more consistently signif-
icant for systolic blood pressure. Future
analyses will look at the relationship
adjusted for anthropometric and matura-
tional differences between the two groups.

Another parameter that may be re-
lated to obesity is lipid and/or lipoprotein
plasma levels. As in the Princeton and
Bogalusa studies,31,35 Black girls had lower
levels of triglycerides and higher levels of
HDL cholesterol and apolipoprotein Al.
Tyroler et al.18 reported a higherHDLcho-
lesterol level in Black girls that decreased
with advancing age from 5 to 19 years. It is
tempting to speculate that Black girls have
an initial genetically determined advantage
in HDL cholesterol levels that diminishes
with increasing obesity. Therefore, the in-
crease in obesitywith age might negate the
earlier HDL cholesterol advantage of
Black women. This idea is consistent with
the higherHDL cholesterol levels noted in
White women compared with Black
women in the CARDIA study's young
adult population.36 Finally, total choles-
terol, LDL cholesterol, and apolipoprotein
B were not found to be different between
Black and White NGHS girls, consistent
with previous reports for this age
group.31,35,37,38

NGHS will continue to follow these
girls at least until they are 15 and 16 years
old to observe changes. With the nutri-
tional, physical activity, and psychosocial
information being concurrently collected,
these longitudinal data will provide a valu-
able resource for determiining the origins
and nature of the divergence in adiposity
and for increasing our understanding of
the greater propensity of Black adult fe-
males to develop obesity. LI
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