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Abstract

JEHN, MEGAN L., JOEL GITTELSOHN, MARGARITA
S. TREUTH, AND BENJAMIN CABALLERO. Prevalence
of overweight among Baltimore City schoolchildren and its
associations with nutrition and physical activity. Obesity.
2006;14:989-993.

Objective: To determine the prevalence of overweight and
at-risk-for-overweight in schoolchildren from Baltimore
City.

Research Methods and Procedures: Ten schools within
city limits were randomly selected from each tertile of
income, using eligibility for free school lunch as a proxy. A
total of 209 third grade students from eight public schools in
Baltimore City were surveyed in May 2000. Anthropomet-
ric data including height, weight, subscapular and triceps
skinfold thickness, and percentage body weight from bioel-
ectrical impedance were collected. Nutrition-related knowl-
edge, attitudes, and behaviors were assessed using a vali-
dated questionnaire. Physical activity was assessed by
questionnaire.

Results: Based on International Obesity Taskforce refer-
ence values for BMI-for-age, 20.7% of girls and 17.2% of
boys were overweight (BMI > 95th percentile) and 15.3%
of girls and 14.1% of boys were at-risk-for-overweight
(BMI between the 85th and 95th percentiles). The preva-
lence of overweight and at-risk-for-overweight did not vary
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by self-reported physical activity levels or by nutrition-
related knowledge and behaviors.

Discussion: The high prevalence of overweight and at-risk-
for-overweight in this sample of inner-city children from
Baltimore City highlights a need for targeted preventive and
treatment interventions.

Key words: overweight, children, urban, diet, physical
activity

Introduction

The prevalence of overweight in United States children is
reaching epidemic proportions. The most recent national
estimates suggest that the prevalence of at-risk-for-over-
weight continues to remain alarmingly high, with no signs
of decreasing (1). Currently, 31.0% of children 6 to 11 years
of age are estimated to be at-risk-for-overweight or obesity,
and 16.0% are estimated to be overweight (1). In addition to
the psychological and economic implications of overweight,
many studies have shown that overweight children have
adverse cardiovascular risk profiles such as dyslipidemia,
hypertension, and abnormal glucose tolerance (2). From a
public health perspective, childhood obesity is also partic-
ularly concerning because it has been documented that
obesity in childhood tracks into adulthood (2,3).

The current obesity epidemic may be even more pro-
nounced in minority children and children with low socio-
economic status (4), possibly as a result of poor food
choices and decreased opportunities for physical activity.
However, there are few reports of the prevalence of over-
weight in inner-city children incorporating combined de-
tailed measures of adiposity, nutrition, and physical activity.

The Nutrition and Physical Activity of Baltimore City
School Children Study (NAPS)' was a cross-sectional sur-
vey of children in Baltimore City, MD. Data on anthropo-

! Nonstandard abbreviations: NAPS, Nutrition and Physical Activity of Baltimore City
School Children Study.
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metric measurements, body composition, physical activity,
diet- and obesity-related knowledge, attitudes, and behav-
iors were collected. The main objective of the NAPS was to
describe the distribution of anthropometric and body com-
position values and associated health behaviors in a sample
of third grade inner-city children.

Research Methods and Procedures

Study Population

The NAPS was designed to sample third grade students
across a range of socioeconomic areas in Baltimore City.
Baltimore is a large metropolitan city (~650,000 individu-
als), largely African-American (64%), and has a relatively
low socioeconomic status compared with other U.S. cities
(22.9% of the population living below the poverty line) (5).
For each elementary school in Baltimore City, a poverty
index was created based on the proportion of children on
free or reduced lunch programs at that school (range, 56.8%
to 94.8%), and 10 schools were randomly selected within
each tertile of the poverty index using a random number
generator available in the Stata software package (StataCorp
LP, College Station, TX). Each of these schools was con-
tacted and invited to participate in the survey. All third
grade students at each school with documented parental
consent were eligible to participate in the survey.

Data Collection

Baseline data were collected from February to May 2000.
Anthropometric measurements, including weight, height,
mid upper arm circumference, and triceps and subscapular
skinfold thickness, were collected by trained staff using a
standardized protocol (6). All children were measured at
school in light clothing with shoes and jewelry removed. All
anthropometric measurements were measured in triplicate
by the same observer, and the average was used for all
analyses. Skinfolds were measured on the right side of the
body using Lange skinfold calipers (Cambridge, MD) to the
nearest 0.1 mm. Triceps were measured over the triceps
muscle at the midpoint between the acromion and the olec-
ranon process; subscapular thickness was measured ~20
mm below the tip of the scapula using standard protocols
(6). Midarm circumference was measured to the nearest 0.5
mm at the midpoint of the upper arm with the arm hanging
freely. The Shorr Board vertical stadiometer (Shorr Produc-
tion, Olney, MD) was used to measure standing height to
the nearest 0.1 cm. A TANITA scale (model TBF 300 GS)
was used to record weight and to estimate percentage body
fat using bioelectric impedance. The built-in software uses
the measured impedance, the subject’s sex, age and height,
and the measured weight to calculate body composition
estimates based on previously derived equations obtained
from regression analyses with DXA as the reference method
(Tanita Corp., Tokyo, Japan). All anthropometric measure-
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ments (height, triceps, and subscapular thickness) were
highly reproducible, with interclass correlation coefficients
>0.98.

To collect information regarding children’s knowledge,
attitudes, and behaviors related to diet and physical activity
behaviors, a questionnaire (7) developed during the feasi-
bility phase of the Pathways study (a randomized clinical
trial designed to evaluate a comprehensive primary preven-
tion program for childhood obesity) (8) was used.

Physical activity was assessed by a physical activity
questionnaire. The questionnaire was designed to assess
activity during the previous 24 hours and was divided into
three time periods: before school, during school, and after
school. Using a standardized checklist of potential activi-
ties, children were asked about the type of activities they
participated in during each time period. Questionnaires
were distributed to children in their classrooms. Trained
staff read aloud each question and the corresponding answer
choices. Children followed along and marked their answers
on the questionnaire. An overall weighted activity score was
derived by weighting the estimated energy cost by the
duration. This study was approved by the Johns Hopkins
Bloomberg School of Public Health Institutional Review
Board.

The prevalence of overweight/at-risk-for-overweight was
estimated for the overall sample and by sex subgroups using
BMlI-for-age reference values and triceps skinfolds. Over-
weight classifications based on BMI were made using The
International Obesity Task Force criteria for children (9).
At-risk-for-overweight was defined as =85th percentile and
<95th percentile for BMI-for-age (10). Overweight was
defined as =95th percentile for BMI-for-age. Reference
values for triceps skinfolds, derived by Must et al., were
used to classify children as normal, at-risk-for-overweight,
or overweight (11). At-risk-for-overweight was defined as
between the 85th and 95th percentiles, and overweight was
defined as =95th percentile of race- and sex-specific refer-
ence values for triceps skinfolds.

Data Analysis

Comparisons in overweight prevalence by sex were per-
formed using the x> test. Comparisons of continuous vari-
ables between groups defined by sex and/or overweight
category were made using Student’s ¢ test. For continuous
variables with a normal distribution, means and standard
deviations are presented. Data on “other and missing” ethnic
groups are included in the overall prevalence estimates but
not presented when comparing African-American and non-
Hispanic white children. All analyses were performed using
Stata statistical software version 8.0 (Stata).

Results
Of the 30 schools selected, 8 schools agreed to participate
in the survey (response rate of 27%), with 2 to 3 schools
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from each tertile. Parental consent was obtained for 217
(102 boys and 115 girls) of 243 third grade students enrolled
at the time of the study (89.3% response rate). Of the 217
students examined, we excluded 2 children who were <8
years of age and 6 students who had incomplete anthropom-
etry data. The final analytic sample was 209 children (99
boys and 110 girls); 72% of the children were African-
American, and the mean age of the students was 9.0 years
(range, 8.4 to 10.8 years). Girls had significantly higher
BMI (19.4 vs. 18.1 kg/m? p < 0.05), percent body fat
(21.3% vs. 16.8%, p < 0.05), and triceps skinfold thickness
values (15.3 vs. 10.6 mm; p < 0.05) than boys.

Overall, the prevalence of at-risk-for-overweight (BMI >
85th percentile and <95th percentile) was 14.8%, and the
prevalence of overweight (BMI > 95th percentile) was
19.1%. Comparisons between African-American children
and non-Hispanic white children suggested that the preva-
lence of overweight was higher among African-American
children (18.5%) vs. non-Hispanic white children (15.2%),
whereas the prevalence of at-risk-for-overweight was higher
among non-Hispanic white children (18.2%) than African-
American children (15.5%). However, because of the small
number of non-Hispanic white children included in this
study (N = 34), comparisons between racial/ethnic groups
could not be estimated with a high degree of statistical
reliability.

When sex-specific triceps skinfold thickness cut-off
points were used to categorize obesity, the prevalence of
at-risk-for-overweight was 16.6% and the prevalence of
overweight was 11.8% (Table 1). More specifically, 12.8%
of boys and 18% of girls were classified as overweight
(triceps skinfold thicknesses > 95th percentile), and an
additional 12.9% of boys and 11.8% of girls were classified
as at-risk-for-overweight (triceps skinfold thicknesses be-
tween the 85th and 95th percentiles). Although triceps skin-
fold measurements were significantly higher than standard
reference values for both boys and girls, the prevalence of
overweight was most pronounced in girls. When comparing
the prevalence of overweight and at-risk-for-overweight
based on BMI with the prevalence based on triceps skin-
folds, a greater number of boys and girls were classified as
both overweight and at-risk-for-overweight when using
BMI.

In Table 2, we present the prevalence of overweight for
boys and girls by selected nutritional and physical activity
behaviors including breakfast skipping, consumption of
breakfast and lunch in school programs, health knowledge
score, and physical activity assessed by self-report. We did
not identify any significant correlates of overweight for
either boys or girls in this sample.

Discussion
Our findings indicate a high prevalence of overweight
and at-risk-for-overweight in this population of inner-city

Table 1. Prevalence of at-risk-for-overweight and
overweight by sex in Baltimore City schoolchildren
At-risk-for-
overweight Overweight
[% (standard [% (standard
N error)] error)]
BMI*
Both sexes 209  14.8(2.2) 19.1 (2.3)
Boys 99  14.1(2.1) 17.2 (4.1)
Girls 110 153 (3.5) 20.7 (2.6)
Triceps skinfolds¥
Both sexes 209 11.8 (2.9) 16.6 (2.1)
Boys 99 12.9 (4.6) 12.8 (3.3)
Girls 110  10.8(3.5) 18.0 (1.9)

* BMI values were compared with age- and sex-specific Interna-
tional Obesity Taskforce cut-off points (9). At-risk-for-overweight
was defined as BMI for age =85th percentile and <95th percen-
tile, and overweight was defined as BMI for age =95th percentile.
T Triceps skinfold measurements were compared with reference
values by Must et al. (11).

Baltimore City schoolchildren. Overall, 33.9% of children
in this sample were overweight or at-risk-for-overweight
based on age-specific BMI reference values. Differences
were noted in the prevalence of at-risk-for-overweight and
overweight for boys and girls, with a higher prevalence of
overweight in girls. Other indices of adiposity including
triceps and subscapular skinfolds and percentage body fat
from impedance provided similar results.

Defining overweight in children is difficult, and there is
currently no expert consensus for quantifying measures of
body fat to determine obesity. In many studies, BMI is the
single measure used to estimate the prevalence of over-
weight in children. Although BMI-for-age is a simple mea-
sure, height and weight do not grow linearly throughout
childhood, and a given BMI may predict a different body
composition at different ages (12). However, a recent report
suggested that BMI cut-offs based on both age and pubertal
stage were not superior to BMI cut-offs based solely on age
for correctly identifying high adiposity based on using DXA
(13). An advantage of this study was the use of triceps
skinfolds and percentage body fat, in addition to over-
weight, to estimate overweight prevalence. We found high
correlations between BMI and triceps skinfolds (r = 0.89)
and BMI and percentage body fat from bioelectrical imped-
ance analysis (r = 0.92).

Our finding of higher rates of overweight for girls in
Baltimore City schools compared with the national average
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Table 2. Nutrition- and physical activity-related characteristics of boys and girls above vs. below the 85th

percentile for BMI*

Boys
BMI < 85th BMI = 85th BMI < 85th BMI = 85th
percentile percentile percentile percentile
(N = 68) N =31 p N =11 (N = 40) pY
Breakfast skipping (%) 7 (10.2) 2 (6.5) 0.69 10 (14.1) 7 (17.5) 0.63
Eat school breakfast (%) 50 (73.5) 19 (61.2) 0.52 53 (74.6) 36 (90.0) 0.17
Eat school lunch (%) 61 (89.7) 27 (87.1) 0.39 65 (91.5) 37 (92.5) 0.41
Health Knowledge Score (%)
1to9 35 (36.7) 11 (38.7) 0.99 26 (36.6) 15 (37.5) 0.98
10 to 14 43 (63.2) 20 (64.3) 0.99 45 (63.3) 25 (62.5) 0.91
PAQ score, mean (standard deviation)§
Before school 35.8(21.2) 37.9 (23.6) 0.66 37.3 (21.2) 39.8 (23.7) 0.67
During school 37.9 (17.5) 38.8 (19.3) 0.82 40.8 (18.3) 42.6 (17.8) 0.63
After school 57.6 (22.1) 55.5(19.9) 0.66 60.0 (22.3) 65.6 (18.4) 0.19

* Values are expressed as number (percentage) unless otherwise indicated.
+ p Values reflect sex-specific comparisons for each variable for those above and below 85th percentile for BMI. p Values were calculated
by two-sided x* test for categorical variables and Student’s # test for continuous variables.
1 Health Knowledge Score ranges from O to 14. A higher score reflects better health-related knowledge.
§ Physical Activity Questionnaire provides a weighted activity score derived from the estimated energy cost of each reported activity
(estimated energy cost) by the duration. The range of scores is 0 to 100, and a higher value reflects greater self-reported physical activity

levels.

is consistent with other studies of urban populations. Re-
cently, the results from a large cohort study reported that
children with lower socioeconomic status showed the larg-
est increases in BMI, standardized BMI, sum of skinfold
thickness, waist circumference, and triceps skinfold thick-
ness over an 8-year follow-up period (14). Similarly, a longi-
tudinal study of urban children from Canada recently reported
secular trends of increasing overweight in a multiethnic, low-
income inner city population (15). Various studies have also
reported a higher prevalence of obesity (16) and decreased
levels of physical fitness (17) in urban children.

There has been very little research done in children,
especially in minority children, in the area of nutrition-
related risk factors for obesity. We examined the role of
several potential nutrition-related risk factors, including
consumption of breakfast and lunch in school programs,
breakfast skipping, and children’s nutrition-related knowl-
edge, attitudes, and behaviors. Interestingly, none of these
factors was significantly correlated with overweight.

There are some limitations to these data. This survey was
cross-sectional in design and consequently cannot be used
to make causal inferences. It is unclear whether the nutri-
tional and/or physical activity patterns described are a cause
or consequence of childhood overweight. The limitations of
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behavioral data collected by self-report are well known, for
both children and adults. A strength of this study is that, in
addition to self-reported health data, we also have multiple
objective measures of adiposity and a measure of physical
activity.

Childhood overweight is a serious problem, and address-
ing this problem will require comprehensive interventions
aimed at improving healthful food choices and increasing
physical activity levels. Given the small sample size and
exploratory nature of our study, we were not able to identify
any significant nutrition- or physical activity-related predic-
tors of overweight in this sample. Larger studies may help
elucidate the relative contributions of children’s health be-
haviors and their effect on overweight, particularly in urban,
inner-city populations. We had limited data on the home
environment, an environment that may have a significant
impact on the development of childhood overweight. In this
sample, the majority of children consumed both breakfast
and lunch at school, which may provide an important target
for future nutritional interventions to improve healthy food
choices in children. Our results highlight the severity of the
obesity epidemic in urban inner-city children and suggest a
need for appropriate preventive interventions that meet the
unique needs of this population.
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