The New England
Journal of Medicine

Copyright © 2002 by the Massachusetts Medical Society

VOLUME 347

SEPTEMBER 5, 2002

NUMBER 10

DECLINE IN PHYSICAL ACTIVITY IN BLACK GIRLS AND WHITE GIRLS
DURING ADOLESCENCE

Sue VY.S. Kimm, M.D., M.P.H., NancYy W. GLYNN, PH.D., ANDREA M. KRiskA, PH.D., BRuce A. BARTON, PH.D.,
SHARI S. KRONSBERG, M.S., STEPHEN R. DANIELS, M.D., PH.D., PATRICIA B. CRAWFORD, DR.P.H.,
ZAK |. SABRY, PH.D., AND KIANG Liu, PH.D.

ABSTRACT

Background Physical activity declines during ado-
lescence, but the underlying reasons remain unknown.

Methods We prospectively followed 1213 black girls
and 1166 white girls enrolled in the National Heart,
Lung, and Blood Institute Growth and Health Study
from the ages of 9 or 10 to the ages of 18 or 19 years.
We used a validated questionnaire to measure leisure-
time physical activity on the basis of metabolic equiv-
alents (MET) for reported activities and their frequency
in MET-times per week; a higher score indicated great-
er activity.

Results The respective median activity scores for
black girls and white girls were 27.3 and 30.8 MET-
times per week at base line and declined to 0 and 11.0
by year 10 of the study (a 100 percent decline for black
girls and a 64 percent decline for white girls, P<0.001).
By the age of 16 or 17 years, 56 percent of the black
girls and 31 percent of the white girls reported no ha-
bitual leisure-time activity. Lower levels of parental ed-
ucation were associated with greater decline in activity
for white girls at both younger ages (P<0.001) and old-
er ages (P=0.005); for black girls, this association was
seen only at the older ages (P=0.04). Pregnancy was
associated with decline in activity among black girls
(P<0.001) but not among white girls, whereas ciga-
rette smoking was associated with decline in activity
among white girls (P<0.001). A higher body-mass in-
dex was associated with greater decline in activity
among girls of both races (P<0.05).

Conclusions Substantial declines in physical activ-
ity occur during adolescence in girls and are greater
in black girls than in white girls. Some determinants
of this decline, such as higher body-mass index, preg-
nancy, and smoking, may be modifiable. (N Engl J
Med 2002;347:709-15.)
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INCE the early 1960s, the prevalence of obe-
sity in female children and adolescents in the
United States has more than doubled, with the
greatest increase among black girls.! Periodic
surveys show no concomitant increase in food in-
take.2® Analogous information on trends in activity
level in this population is not available. It has been
conjectured that adolescents have become less active
in recent years, and that this trend may be responsi-
ble for the increased prevalence of obesity.*$
In cross-sectional studies, activity levels have been
reported to drop by as much as 50 percent during ad-
olescence.”® Although white girls tend to be more ac-
tive than black girls,”1# both groups become increas-
ingly sedentary with age, beginning as carly as the age
of 10 years.6111315 However, the factors associated
with the decline in activity during adolescence remain
largely unknown.!5.16
We examined longitudinal changes in physical activ-
ity in a large, biracial cohort of adolescent girls and ex-
amined racial differences and other factors associated
with these changes.

METHODS

Study Population

The National Heart, Lung, and Blood Institute Growth and
Health Study is a multicenter prospective study of 1213 black girls
and 1166 white girls followed annually from the ages of 9 or 10
years (year 1 of the study) to 18 or 19 years (year 10). The partic-
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ipants were recruited from schools near San Francisco and in Cin-
cinnati and from a health maintenance organization (HMO) in the
Washington, D.C., area. The schools were selected with the use of
census data that showed about equal percentages of black and white
children and minimal disparity in income and education between
black and white residents of the areas served by the schools. The
subjects from the HMO were randomly selected from a list of eli-
gible families. Race was defined by self-declaration as either white
or black in a racially concordant household. The study design and
base-line characteristics of the Growth and Health Study have been
reported previously.1718 The overall follow-up rate was 89 percent
(91 percent for blacks and 88 percent for whites) at the end of the
study (year 10). Written informed consent was obtained from all
participants and their parents or guardians. The study protocols
were approved by institutional review boards at each site.

Information Collected
Assessment of Physical Activity

The Habitual Activity Questionnaire (HAQ) is a longitudinally
validated instrument used to assess activities of adolescent girls over
the previous year, other than those performed in physical-education
classes during school.! They included sports or recreational activ-
ities (such as bicycling, basketball, and walking for exercise) and les-
sons (such as swimming, dance, and gymnastics) — that is, leisure-
time activities that require energy expenditure above that required
for activities of daily living.20 There were no differences in the types
of activities most frequently cited by black and white girls. The
HAQ was administered in years 1, 3, 5, 7, 8,9, and 10 of the study.!®
A central unit standardized the collection and coding of the HAQ
data. All HAQs reporting “zero” activities were verified in person
by centrally trained interviewers.

The HAQ score was computed by multiplying an estimate of the
metabolic equivalents (MET) for each recorded activity by the
weekly frequency and the fraction of the year during which it was
performed.!® Weekly tallies for all HAQ items were summed, and
an overall average weekly score was calculated as MET-times per
week.1? Typical activities performed during adolescence and their
corresponding values in MET-times per week are as follows: bicy-
cling one or two times per week for 52 weeks per year, 8.0 MET-
times per week; playing basketball one or two times per week for
39 weeks per year, 9.0 MET-times per week; swimming three or
more times per week for 13 weeks per year, 4.5 MET-times per
week; and walking for exercise three or more times per week for 39
weeks per year, 9.0 MET-times per week.

Measures of Socioeconomic Status

Information on socioeconomic status, collected at base line
(1987 to0 1988), included the maximal educational level achieved by
cither parent and total annual household income. Data on educa-
tion were collapsed into the categories of high school or less, some
college, and four or more years of college. Data on annual income
were collapsed into the categories of less than $20,000, $20,000
to $39,999, and $40,000 or more.

Anthropometric Measurements

The body-mass index (the weight in kilograms divided by the
square of the height in meters) was derived from annual measure-
ments of height and weight by centrally trained examiners.

Pregnancy and Smoking

Information on pregnancy and smoking was collected from year
6 (age 14 or 15) onward. The girls were asked if they had ever been
pregnant. Smoking status was categorized as positive if a girl an-
swered yes when asked whether she smoked daily, almost daily,
or weekly.
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School Dropout Rates

School dropout rates were tracked annually from year 7 (age 15
or 16) onward.

Statistical Analysis

Two-sample t-tests, x2 tests, or Wilcoxon two-sample tests were
used to examine racial differences in descriptive characteristics.2!
Because of the skewed distribution of HAQ scores, median rather
than mean scores were used. Because a higher rate of pregnancy
could confound the steeper decline in activity among black girls,
the changes in HAQ scores were examined with girls who became
pregnant excluded. In years 1 through 8, HAQ scores did not
change significantly even when those who became pregnant were
excluded; therefore, the final analysis included all girls, regardless
of pregnancy history. Because school enrollment could also affect
activity, HAQ scores for year 8 were compared including and ex-
cluding those who were out of school.

Only data from the first eight study years were analyzed, because
the median HAQ score fell to zero for black girls by year 8. Race-
specific longitudinal generalized estimating equations were used
to determine whether changes in activity scores from year 1 to year
5 differed from those from year 5 to year 8.2.22 Because the rate
of decline in activity differed significantly between the two periods,
and also because information on pregnancy and cigarette smoking
was collected in the latter half of the study, final analyses were based
on separate models for these two periods.

Initial analyses included race as an independent variable as well
as interactions between race and all the predictor variables. These
analyses showed the following to be significant: race (P<<0.001)
and interactions of race with parental education (for younger ages,
P=0.0006), living in a single-parent household (for older ages,
P=0.02), and cigarette smoking (for older ages, P=0.045). There-
fore, the final analyses were race-specific.

Race-specific generalized-estimating-equation models were con-
structed separately for years 1 to 5 (encompassing HAQ scores at
years 1, 3, and 5) and years 5 to 8 (encompassing HAQ scores at
years 5, 7, and 8).2! The outcome measure was the change in HAQ
scores between successive follow-up intervals (e.g., the year 3 score
minus the year 1 score and the year 5 score minus the year 3 score).
A similar approach was used for years 5 to 8, except that the change
in the HAQ score from year 5 to year 7 was divided by 2 so that it
represented an annualized change, to be consistent with the change
from year 7 to year 8.

Predictor variables for each model included household income
(reference category, $40,000 or more), parental level of education
(reference category, four or more years of college), number of par-
ents in the household (reference category, two parents), body-mass
index, and the HAQ score at the outset of each successive follow-up
interval. Pregnancy (reference category, never pregnant) and smok-
ing (reference category, nonsmoker) were examined for years 5 to
8. The final model excluded income or education if the effect was
not statistically significant.

RESULTS
Study Population

Throughout the study, black girls had significantly
higher body-mass index values. By the age of 16 or 17
years (year 8), the frequency of pregnancy was higher
among black girls and the frequency of cigarette smok-
ing was higher among white girls (Table 1). A great-
er proportion of black girls came from single-parent
households and had parents with lower levels of edu-
cation and household income. Although school drop-
out rates in year 7 were similar in the two groups, 5.7
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TABLE 1. COHORT CHARACTERISTICS ACCORDING TO RACE.*

BLAck GIRLS WHITE GIRLS
VARIABLE (N=1213) (N=1166)
Body-mass index

Year 1 (age, 9 or 10 yr) 19.2+4.1 17.9+3.3t1

Year 3 (age, 11 or 12 yr) 21.5%5.1 19.9+4.01

Year 5 (age, 13 or 14 yr) 23.7%5.8 21.6+4.3t

Year 7 (age, 15 or 16 yr) 25.1+6.4 22.7+4.6t

Year 8 (age, 16 or 17 yr) 259+7.0 23.1+4.8%
Maximal parental level of education (%)

High school or less 31.6 20.3%

Some college 47.3 30.1

=4 yr college 21.1 49.6
Annual household income (%)

<$20,000 50.5 21.1t

$20,000-$39,999 27.6 30.8

=$40,000 21.9 47.8
No. of parents in household (%)

1 43.7 18.9%

2 56.3 81.1
Ever pregnant by year 8 (%) 22.3 7.5
Cigarette smoking (%) 5.7 27.0t
School dropout rate (%)

Year 7 (age, 15 or 16 yr) 1.8 1.5

Year 8 (age, 16 or 17 yr) 5.7 3.7t

*Plus—minus values are means =SD.
1P<<0.001 for the comparison with black girls.
$1P=0.04 for the comparison with black girls.

percent of black girls had dropped out of school by
year 8, as compared with 3.7 percent of white girls
(P=0.04).

Decline in Activity

HAQ scores were skewed toward the lower end of
the distribution at base line for both groups and shift-
ed more to the left with time (Fig. 1). Racial differ-
ences became more notable at older ages, particularly
at the lower end of the distributions.

The median activity score for the whole group de-
creased by 83 percent from year 1 (age, 9 or 10 years)
to year 10 (age, 18 or 19 years) (Fig. 2). During the
same period, the decrease in median HAQ scores for
black girls was 100 percent, as compared with 64 per-
cent for white girls (P<<0.001). For both races, the
mean annual decline in scores was greater at older ages
(years 5 to 8: 4.1 MET-times per week for black girls
and 3.5 MET-times per week for white girls) than at
younger ages (years 1 to 5: 3.5 MET-times per week
for black girls and 2.7 MET-times per week for white
girls) (Fig. 2). Even at year 1, activity levels were lower
for black girls than for white girls (P=0.008). By year
8 (age, 16 or 17 years), 56 percent of black girls and
31 percent of white girls reported no habitual leisure-
time activity (HAQ scores of zero). School enrollment

N Engl ] Med, Vol. 347, No. 10 -

had no effect on HAQ scores at year 8 for either
white or black girls.

Predictors of Decline from Year 1 to Year 5

Because in all the generalized-estimating-equation
analyses household income was not significantly as-
sociated with changes in HAQ scores, the final analy-
ses excluded income. For year 1 to year 5, parental ed-
ucation was associated with the extent of decline in
activity among white girls, but not among black girls
(Table 2). Among white girls, those for whom the
maximal level of parental education was “some col-
lege” had a greater decline in physical activity than
those who had at least one parent with four or more
years of college. The decline was most marked in girls
whose parents had attended high school only. Liv-
ing in a single-parent household was not associated
with decline in activity among either black girls or
white girls.

The body-mass index at base line was directly asso-
ciated with declines in activity scores for both races
(P=0.006 for black girls and P=0.03 for white girls).
For each additional 1 unit in body-mass index, the
yearly decrease in activity scores was 0.17 MET-time
per week for black girls and 0.21 MET-time per week
for white girls. For each additional 1 MET-time per
week in HAQ score at the outset, the yearly decline
in activity scores was, on average, 0.79 MET-time per
week for black girls and 0.82 MET-time per week for
white girls (P<<0.001).

Predictors of Decline from Year 5 to Year 8

Parental education continued to be inversely asso-
ciated with the extent of decline in activity among
white girls in years 5 to 8, although this association
was less marked than during years 1 to 5 (Table 2).
In this older age group, parental education was also
inversely associated with decline in activity among
black girls. As among white girls, the decline was
greater for those whose parents had only a high-school
education or less or some college education than for
those with at least one college-educated parent.

In contrast to years 1 to 5, in years 5 to 8 living
in a single-parent houschold was associated with a
greater decline in activity than living in a two-parent
household for white girls in this older age group; this
association with household composition was not ob-
served in older black girls. Higher body-mass index
remained associated with a decline in activity among
both black girls and white girls (Table 2). Higher
HAQ scores were also associated with a decline in ac-
tivity (P<<0.001 for both groups).

Pregnancy was associated with a decrease in physi-
cal activity among black girls (P<<0.001) but not
among white girls, whereas cigarette smoking was as-
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Figure 1. Frequency Distribution of Habitual Activity Questionnaire Scores According to Year of Study and Race.
Scores are expressed in MET-times per week. Solid circles represent black girls, and open circles white girls.

sociated with a decrease in activity among white girls
only (P<0.001) (Table 2).

DISCUSSION

Our findings suggest that levels of physical activity
decline precipitously in girls in the United States dur-
ing adolescence. Although the decline in our study
began at the outset of adolescence, its rate accelerated
so that by the ages of 18 and 19 years, the majority of
the girls engaged in virtually no habitual physical ac-
tivities other than those performed during school.

Because the study prospectively assessed physical ac-
tivity in the same cohort of about 2400 girls, the nat-
ural history and determinants of this steep decline
could be tracked through adolescence. Race was a fac-

712 - N Engl J Med, Vol. 347, No. 10 - September 5, 2002 -

tor, with black girls having a decline in activity twice
that of white girls. Behavioral risk factors such as
smoking (for white girls) and pregnancy (for black
girls) also affected the decline in activity. Although
information on the correlates of decline in activity
among adults is limited, both childbirth (in Swedish
women) and cigarette smoking (in U.S. men and
women) have been found to be significant risk factors
for inactivity and for a decline in leisure-time activi-
ties.23:24 In our study, living in a single-parent house-
hold was a risk factor for a decline in activity among
older white girls but not older black girls. A similar
racial difference in the effect of household composi-
tion on obesity was reported previously.?s Heavier
girls of both races also had a greater decline in ac-
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Figure 2. Median Habitual Activity Questionnaire Scores According to Year of Study and Race.
Scores are expressed in MET-times per week. Solid circles represent black girls, and open circles white girls. Values in parentheses

are the 25th and 75th percentiles.

tivity than less heavy girls. Higher body-mass index
has been observed as a barrier to activity in other
studies.26-28

The relation between parental education and decline
in physical activity differed according to race. For white
girls, the level of parental education was inversely asso-
ciated with the decline in activity throughout adoles-
cence but became less pronounced at older ages. This
observation suggests that as white girls get older, phys-
ical activity may become more self-motivated and less
influenced by parents. In contrast, for black girls, an
inverse association between parental education and
decline in activity was manifested only at older ages.

It is uncertain why parental education was not re-
lated to the extent of decline in activity among black
girls at younger ages. In a previous report from the
National Heart, Lung, and Blood Institute Growth
and Health Study, it was found that 9- and 10-year-old
black girls felt socially accepted regardless of their de-
gree of adiposity, and white girls with greater adi-
posity felt rejected.?® Although there was less obe-

N Engl ] Med, Vol. 347, No. 10 -

sity among 9- and 10-year-old white girls from better-
educated families, no such variation in obesity accord-
ing to level of parental education was seen among
black girls.2> We speculate that as black girls become
older, their ideal body image may evolve to be more
consonant with that in the popular culture. Girls with
better-educated parents may be better informed about
or more encouraged to participate in physical activity
to achieve this goal.

Annual household income, although generally cor-
related with educational level, was not associated with
the decline in activity. The association of parental ed-
ucation, but not income, with health and behavior
among white girls has been consistently found in oth-
er reports from the Growth and Health Study.2530:31
In addition, a previous report noted a lower prevalence
of obesity among black mothers with higher levels
of education, but not among those with higher in-
come.?* National data have also linked lower levels of
education, but not of income, to physical inactivity
and obesity in both white and black women.'2!3 The
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TABLE 2. DETERMINANTS OF CHANGES IN HAQ SCORES ACCORDING TO PERIOD.*

PRepICTORT
EFFECT SIZE IN P

YEAR 1 70 YEAR 5
EFFECT SIZE IN P

YEAR 5 TO YEAR 8

EFFECT SIZE IN P EFFECT SIZE IN P

BLACK GIRLS ~ VALUE WHITE GIRLS ~ VALUE BLACK GIRLS ~ VALUE WHITE GIRLS ~ VALUE
MET-times/ MET-times/ MET-times/ MET-times/
wk/yr wk/yr wk/yr wk/yr
Parental level of education <0.001 0.04 0.005
High school or less —0.49 —4.34 <0.001 —-1.28 0.01 —1.80 0.01
Some college 0.49 —2.53 0.003 -0.99 0.04 -1.57 0.003
Single-parent household 0.35 0.10 —0.02 -1.27 0.02
Ever pregnant — — -191 <0.001 -0.25
Cigarette smoking — — —0.38 -1.89  <0.001
Body-mass index} -0.17 0.006 —0.21 0.03 —0.08 0.05 —0.08 0.05
HAQ score (MET-times/wk)} -0.79 <0.001 —0.82 <0.001 -0.43 <0.001 -0.35 <0.001

*HAQ denotes Habitual Activity Questionnaire, and MET metabolic equivalents. Effect size represents the change in HAQ scores (in MET-
times per week per year) as compared with that in the reference category of the predictor variable of interest (for categorical variables) or per
one-unit increase in the predictor variable of interest (for continuous variables), after adjustment for all other predictor variables listed. The
effect size was determined with the use of generalized estimating equations. A decline of 4.34 MET-times per week per year, for example, is
equivalent to one fewer time per week participating in bicycling or in walking for exercise. P values for tests of effect size different from 0 are

given for statistically significant effects.

1The reference categories for categorical variables were as follows: parental level of education, four or more years of college; number of
parents in houschold, two; pregnancy, never pregnant; and cigarette smoking, nonsmoker. Body-mass index and HAQ score were treated as

continuous variables.

fData represent the values at the outset of each successive follow-up interval.

effect of education on activity among adolescent girls
in this study and among U.S. women, regardless of
race, suggests that educational underattainment has
an important role in the development of sedentary
lifestyles.

Some limitations of our measure of physical activ-
ity should be noted. The HAQ scores do not take into
account the duration of the activities performed. This
is because pilot testing indicated that girls 9 or 10
years of age were relatively unaware of the duration of
activities, even when they were provided with wrist-
watches. Also, activities such as nonrecreational walk-
ing are not included in this measure. However, omis-
sion of these activities would not be expected to
account for racial differences or observed declines in
activity over time.

We documented a precipitous drop in levels of ac-
tivity during adolescence among both black girls and
white girls, and the drop was particularly marked
among black girls. These findings should sound an
alarm, given the current epidemic of obesity. Some of
the identified risk factors for declining activity could
be helpful in prioritizing resources to reach more
vulnerable girls. Moreover, some determinants of de-
clining activity levels, such as teenage pregnancy and
cigarette smoking, are possible targets of structured in-
terventions to increase physical activity among ado-
lescents.
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