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Abstract:
Disadvantaged adolescents are at higher risk for undiagnosed and untreated obesity and
hypertension. Using nurse-measured weight, height, and blood pressure (BP) as well as selfreported age and activity/lifestyle behaviors, we assessed the prevalence of obesity and
hypertension in 573 adolescent patients aged 13.0 to 17.9 years (females: n = 267, 46.6%; males:
n = 306, 53.4%) from a clinic serving low-income, ethnically diverse pediatric patients. Body
mass index distribution was as follows: 11, underweight (1.9%); 330, healthy weight (57.6%);
105, overweight (18.3%); and 127, obese (22.2%). The age-adjusted height percentile was
normally distributed, but distribution by BP category was 326 normotensive (56.9%), 147
prehypertensive (25.7%), 60 with stage 1 hypertension (10.5%), and 40 with stage 2
hypertension (7.0%). Activity and lifestyle behaviors did not adequately explain obesity and
hypertension rates. Efforts to prevent/reduce childhood overweight, obesity, and hypertension in
underserved populations need to include dietary education, weight control interventions, and
physical activity programs specifically tailored to overweight/obese youth and parents.
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Abstract
Disadvantaged adolescents are at higher risk for undiagnosed and untreated obesity and hypertension. Using nursemeasured weight, height, and blood pressure (BP) as well as self-reported age and activity/lifestyle behaviors, we
assessed the prevalence of obesity and hypertension in 573 adolescent patients aged 13.0 to 17.9 years (females: n =
267, 46.6%; males: n = 306, 53.4%) from a clinic serving low-income, ethnically diverse pediatric patients. Body mass
index distribution was as follows: 11, underweight (1.9%); 330, healthy weight (57.6%); 105, overweight (18.3%); and
127, obese (22.2%). The age-adjusted height percentile was normally distributed, but distribution by BP category
was 326 normotensive (56.9%), 147 prehypertensive (25.7%), 60 with stage 1 hypertension (10.5%), and 40 with
stage 2 hypertension (7.0%). Activity and lifestyle behaviors did not adequately explain obesity and hypertension
rates. Efforts to prevent/reduce childhood overweight, obesity, and hypertension in underserved populations need
to include dietary education, weight control interventions, and physical activity programs specifically tailored to
overweight/obese youth and parents.
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Introduction
Obesity and hypertension have reached epidemic status
in adolescents, but their diagnosis and treatment is complicated by genetic and metabolic factors as well as
ongoing physiological changes associated with pubertal
stage. Just as with undiagnosed or untreated metabolic
syndrome (MetS) or type 2 diabetes mellitus (T2DM),
undiagnosed or untreated childhood hypertension has
serious health consequences, which include organ damage in childhood1 and increased risk of hypertension,1
cardiovascular disease (CVD), stroke, and kidney disease in adulthood.2 Overweight children are more likely
to experience negative social interactions than their normal-weight peers,3 and successful weight loss is
inversely proportional to the child’s social risk burden.4
Unlike adults, adolescents experience a constantly
evolving physiological state, which is driven by changes
in height and pubertal stage and is distinctly different for
girls and boys; thus, classification of blood pressure (BP)
and body mass index (BMI) must be regularly assessed.
Although overweight and obesity can be determined

from a person’s appearance, hypertension, diabetes, and
MetS cannot. Screening is especially important for those
from low-income, immigrant, and minority populations,
who are less likely to have regular health checkups, but
equally important for those who are thin, athletic, and
“look” healthy because metabolically obese, normalweight youth are least likely to be identified.5
Studies have found that between 74% and 87% of
childhood hypertension is not diagnosed,6-10 primarily
because of failure to take BP measurements, failure to
use the age- and gender-specific reference tables, and
the inability of providers to define pediatric prehypertension and hypertension.6 The age- and gender-specific
height percentile of the child must be known to properly
1

The University of North Carolina at Greensboro, NC, USA
Wake Forest Baptist Health, Winston-Salem, NC, USA

2

Corresponding Author:
D. Rose Ewald, UNCG Department of Nutrition, 307 Stone
Building, 1000 Spring Garden Street, Greensboro, NC 27402-6170,
USA.
Email: drewald@uncg.edu

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits noncommercial use, reproduction and distribution of the work without further permission provided the original work is attributed as specified
on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

2
classify the BP reading, so if a height measurement is
not taken concurrently with BP, it is not possible to classify BP. Failure to recognize elevated BP is most likely
to occur with inexperienced providers, with children
who are older or of male gender,7 when there is no family history of CVD, when the patient does not appear to
be overweight for age and height, and when the patient’s
BP is below the adult threshold of 120/80 mm Hg.7,8
Low-income, immigrant, and minority youth are
especially affected by obesity and hypertension. Not
only are obesity rates higher in this population,11 but
they typically have limited financial resources,12 less
access to preventive health care,4 and fewer sources for
healthy food choices,11 and they are less likely to participate in weight management programs4 or have access to
safe play areas or exercise facilities.11 They also have
more psychosocial stressors,4,13 higher rates of undiagnosed or untreated hypertension10 and mental health
issues,13,14 and a higher risk of becoming obese.4
Once a health condition is identified, targeted interdisciplinary treatment programs are most helpful.4,15 Weight
control interventions for diabetes or hypertension should
include dietary education that incorporates both cultural
factors and economic realities as well as physical activity
programs specifically tailored to overweight and obese
youth.16,17 However, although identifying and treating the
at-risk adolescent is important, the most successful outcomes have been seen in programs that provide parental
support and education and, in turn, greater support for the
adolescent.15,18 In addition, efforts to prevent or reduce
adverse health conditions in underserved populations
have been most successful when they include psychosocial support programs, such as cognitive behavioral therapy, or psychological treatment for those with mental
health issues to help adolescents learn how to cope effectively with the psychosocial stressors they face.14,19,20
The foregoing summarizes key points from our
extensive literature review focused on the prevalence of,
factors influencing, and challenges associated with
hypertension and obesity in adolescents, which was
published separately.21 With these factors in mind, we
then examined the prevalence of overweight, obesity,
prehypertension, and hypertension among adolescents
who were treated at a medical clinic that serves lowincome, immigrant, and minority families, and our findings are presented here.
Information on health, disease, and behavioral risk is
not tracked by immigrant status: the National Center for
Health Statistics did not report any data on this population in 2010, and Healthy People 2020 does not address
health disparities or social inequalities in US immigrants.22 However, the US Department of Health and
Human Services reported in 2013 that there were
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significant differences between immigrant and US-born
citizens in terms of behavioral, health, and disease conditions and socioeconomic status (SES); this report
found that when comparing immigrant children and
US-born children of immigrants, there were undeniable
socioeconomic and health care disparities.22
They found that less than 4% of US-born children but
more than 50% of immigrant children lived in non–English-speaking households, and whereas 7% of immigrant
non-Hispanic white (NHW) children lived in unsafe
neighborhoods, about 25% of immigrant Hispanic and
immigrant and US-born non-Hispanic black (NHB)
children did so. Also, US-born Hispanic children had
higher household SES than immigrant Hispanic children, whereas the opposite was true for US-born NHW
and NHB children of immigrants; more than 42% of
immigrant Hispanic children or parents had income
below the federal poverty level, compared with only
6.2% of immigrant NHW children. A similar disparity
was seen in health insurance coverage of immigrant
children: almost 25% of immigrant Hispanic children
but only 5.7% of immigrant NHW children had no
health insurance, whereas US-born children of immigrants were more than twice as likely to have health
insurance coverage than immigrant children and were
significantly more likely to use preventive health care
and mental health services.22
The report also found that health risks and behavioral
patterns of immigrants were modified by acculturation;
first-generation immigrants were generally healthier
overall than second- and third-generation US-born children of immigrants, and deterioration of health from
generation to generation coincided with increasing
acculturation levels and length of residence.22 Others
have also reported that acculturation has a definite influence on hypertension and obesity levels among immigrant children. Some of the acculturation issues that
contribute to obesity in adolescents may be food insecurity among those at lower SES11 and consumption of
calorie-dense cultural foods prepared in multigenerational households as well as more processed foods, fast
foods, and high-calorie snacks23; less physical activity
as a result of adoption of urban or Western lifestyles; and
loss of traditional social support systems by those who
have recently migrated.24
Between 1970 and 2011, the immigrant population
increased by 30.8 million, to 40.4 million or 13% of the
US population, whereas between 1990 and 2011, the number of US children in immigrant families increased by
more than 100% to 17.5 million, with more than 24% having at least 1 immigrant parent.22 The rate of hypertension
in children is estimated to be between 2% and 5%,6,8 and
the rate of prehypertension is estimated to be between 4%
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and 15%25; applying these rates to the 17.5 million US
children in immigrant families would predict that between
350 000 and 875 000 of these children have hypertension
and that an additional 700 000 to 2 625 000 have prehypertension. The estimated rate of obesity in US children is
16.9% (95% CI = 14.9%-19.2%), and the estimated rate of
overweight is 14.9% (95% CI = 14.2%-15.5%)26; applying these rates would predict that 2 958000 adolescents in
immigrant families are obese and that an additional
2 608000 adolescents are overweight. However, these estimated rates are for all races and ethnicities, regardless of
SES or other psychosocial risk factors; so the rates in lowincome, immigrant, and minority populations cannot be
estimated with any confidence. Indeed, our findings would
indicate that the rates may be much higher.

Methods
The study population consisted of patients aged 13.0 to
17.9 years (average age 15.0 years) from a clinic serving
low-income, ethnically diverse pediatric patients in central North Carolina. All children in the cohort are considered at risk. This secondary data analysis used surveys
completed by the adolescent patients in the waiting
room of the clinic. Survey data included age; nurse-measured weight, height, and BP; language preference
(English/Spanish) of survey; and 20 activity and lifestyle survey questions, including frequency of the following: physical activity; television (TV), movie, video,
and computer game time; TV during meals; homecooked/fast food meals; skipping meals; drink/milk
choice; and consumption of fruits, vegetables, salty
snacks, and sweets.
Surveys were completed as part of the initial intake
paperwork at this clinic and were self-reported except
for height, weight, and BP measurement, for which standard protocols were followed by trained health care
staff. Data from the surveys were entered into SPSS,
cleaned, and validated. Surveys missing 10 or more
responses were not entered in the database; surveys
labeled with an age over 18 years old were excluded
because the BP tables for children use a maximum age
of 17 years. Surveys with outlying height values were
considered to have been incorrectly recorded at the time
of measurement and were removed from the database.
The protocol for this study received full approval from
the institutional review board at the University of North
Carolina at Greensboro.

Data Analysis
Descriptive statistics were used for all available demographic characteristics (age, language preference, and
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gender). Because ethnicity data were unreliable, survey
language preference (English vs Spanish) was used as a
proxy for ethnicity. The age-adjusted height percentile
was calculated for each patient, using the gendermatched stature-for-age tables published by the Centers
for Disease Control and Prevention (CDC).27 Using the
height percentile, BP was classified using the tables
published in the Fourth Report on the diagnosis, evaluation, and treatment of high BP in children and adolescents.28 These categories were established based on
persistent (3 or more occasions) systolic BP (SBP) or
diastolic BP (DBP) compared with normotensive children of the same age, sex, and height. The Fourth Report
utilizes age, gender, CDC growth chart for height percentile, and BP percentile to generate hypertension levels appropriate for children and adolescents. Height
percentile is used to adjust for body size and its effects
on BP.
According to the Fourth Report, normal BP is defined
as SBP and DBP below the 90th percentile; prehypertension is defined as SBP or DBP that equals or exceeds the
90th percentile and is below the 95th percentile, or is
below the 95th percentile but at least 120/80 mm Hg
(either SBP exceeds 120 mm Hg or DBP exceeds 80 mm
Hg or both); stage 1 hypertension is defined as SBP or
DBP that equals or exceeds the 95th percentile and is
below the 99th percentile; and stage 2 hypertension is
defined as SBP or DBP that equals or exceeds the 99th
percentile.
BMI was calculated for each patient using the standard formula (weight in kilograms/height in meters
squared), and was classified using the age- and genderadjusted BMI categories from the Expert Committee
recommendations for the prevention, assessment, and
treatment of child and adolescent overweight and obesity.29 According to these recommendations, underweight is below the 5th percentile; healthy weight is at
least the 5th percentile but below the 85th percentile;
overweight is at least the 85th percentile but below the
95th percentile; and obesity is at least the 95th percentile, or at least 30 kg/m2, whichever is lower.
BP data were classified using the 4 categories established in the Fourth Report (normal, prehypertension,
stage 1 hypertension, and stage 2 hypertension). If a
patient’s BP was below the 95th percentile but either
SBP or DBP exceeded the 120/80 mm Hg threshold, the
BP was classified as prehypertensive. BMI was classified using the 4 categories established by the Expert
Committee recommendations (underweight, healthy
weight, overweight, obese). Note that BMI does not
measure excess weight or distribution of adiposity; it
measures excess adiposity in those with normal muscle
mass,29-31 but increased muscle mass is the primary
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Table 1. Demographics of Study Participants.
Average Age (years)
Girls
Boys
Combined

Preferred Language
(n)

15.01
14.92
14.96

English
Spanish

Total (%)

(510)
(63)

89%
11%

Weight (BMI) distribution
Girls

Boys

Total

Classification

(n)

Girls (%)

Total (%)

(n)

Boys (%)

Total (%)

(n)

Total (%)

Underweight
Normal weight
Overweight
Obese
Total

(5)
(153)
(52)
(57)
(267)

1.9%
57.3%
19.5%
21.3%
100.0%

0.9%
26.7%
9.1%
9.9%
46.6%

(6)
(177)
(53)
(70)
(306)

2.0%
57.8%
17.3%
22.9%
100.0%

1.0%
30.9%
9.2%
12.2%
53.4%

(11)
(330)
(105)
(127)
(573)

1.9%
57.6%
18.3%
22.2%
100.0%

Blood Pressure Distribution
Girls

Boys

Total

Category

(n)

Girls (%)

Total (%)

(n)

Boys (%)

Total (%)

(n)

Total (%)

Normotensive
Prehypertensive
Hypertensive stage I
Hypertensive stage II
Total

(176)
(58)
(18)
(15)
(267)

65.9%
21.7%
6.7%
5.6%
100.0%

30.7%
10.1%
3.1%
2.6%
46.6%

(150)
(89)
(42)
(25)
(306)

49.0%
29.1%
13.7%
8.2%
100.0%

26.2%
15.5%
7.3%
4.4%
53.4%

(326)
(147)
(60)
(40)
(573)

56.9%
25.7%
10.5%
7.0%
100.0%

Abbreviation: BMI, body mass index.

driver of BMI changes in adolescents. It is known that
central adiposity has a greater influence on BP than
more generally distributed fat,5,31,32 but distribution of
adiposity could not be determined because waist circumference was not measured in these patients.
SPSS version 21 was used for initial data compilation
and analysis of associations between demographic characteristics, BP, and BMI, and further comparisons were
made for the study population as a whole, by gender, and
by language preference groups. Microsoft Excel 2010
was used for additional multivariate analysis and behavioral analyses.

Results
As shown in Table 1, the final sample consisted of 573
adolescent patients; 267 were female (46.6%) and 306
were male (53.4%). The average age was 14.96 years
(average age of females was 15.01 years; average age of
males was 14.92 years). Survey language preference
was used as a proxy for ethnicity, with 510 preferring
English (89.0%) and 63 preferring Spanish (11.0%).
The overall distribution by BMI category was 11
underweight (1.9%), 330 healthy weight (57.6%), 105

overweight (18.3%), and 127 obese (22.2%) patients.
The total combined prevalence of underweight and
healthy weight was 341 (59.5%), and the total combined
prevalence of overweight and obesity was 232 (40.5%).
These findings are much higher than the 2011-2012
report from the CDC,26 which gave the prevalence of
adolescent overweight as 14.0% and the prevalence of
adolescent obesity as 20.5%, with a total combined
prevalence of 34.5%.
The BMI distribution was similar between genders.
Within the sample population of 267 girls, 5 were underweight (1.9%), 153 were healthy weight (57.3%), 52 were
overweight (19.5%), and 57 were obese (21.3%). Within
the sample population of 306 boys, 6 were underweight
(2.0%), 177 were healthy weight (57.8%), 53 were overweight (17.3%), and 70 were obese (22.9%). Among girls,
the combined prevalence of underweight and healthy
weight was 158 (59.2%), and the combined prevalence of
overweight and obesity was 109 (40.8%), whereas among
boys, the combined prevalence of underweight and healthy
weight was 183 (59.8%), and the combined prevalence of
overweight and obesity was 123 (40.2%).
The age-adjusted height percentile needed to identify
BP category was normally distributed, but the overall
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Figure 1. Girls: blood pressure distribution by weight
category.
Abbreviation: HT, hypertension.

distribution by BP category was not: there were 326 normotensive (56.9%), 147 prehypertensive (25.7%), 60
stage 1 hypertensive (10.5%), and 40 stage 2 hypertensive (7.0%) patients. Unlike BMI, there were significant
BP differences by gender. Among the girls, 176 were
normotensive (65.9%), 58 were prehypertensive
(21.7%), 18 had stage 1 hypertension (6.7%), and 15
had stage 2 hypertension (5.6%), for a combined prevalence of 91 girls with abnormal BP (34.1%). Among the
boys, 150 were normotensive (49.0%), 89 were prehypertensive (29.1%), 42 had stage 1 hypertension
(13.7%), and 25 had stage 2 hypertension (8.2%), for a
combined prevalence of 156 boys with abnormal BP
(51.0%).

Analysis of BP Distribution by Weight
Category and Gender
An analysis of BP distribution by weight category also
found gender differences in the correlation between
weight and BP. Overall, a much greater proportion of
overweight/obese boys had abnormal BP when compared with girls who were overweight/obese (69.9% vs
42.2%). Normal BP was found in 71.5% of girls who
were healthy weight or underweight (“normal weight”)
and in 57.8% of girls who were overweight/obese
(69.2% of overweight girls, and 47.4% of obese girls;
Figure 1). In contrast, normal BP was found in 61.8% of
boys who were normal weight but in only 30.1% of
overweight/obese boys (34.0% of overweight boys and
27.1% of obese boys; Figure 2).
Conversely, and perhaps more importantly, abnormal
BP was found in a significant portion of these adolescents and, again, with notable gender differences.
Among girls in the normal-weight category (Figure 1),
28.5% had abnormal BP: 19.6% were prehypertensive,
5.1% had stage 1 hypertension, and 3.8% had stage 2

Figure 2. Boys: blood pressure distribution by weight
category.
Abbreviation: HT, hypertension.

hypertension. Elevated BP was only slightly higher in
the overweight category, with abnormal BP found in
30.8% of girls: 23.1% were prehypertensive, 1.9% had
stage 1 hypertension, and 5.8% had stage 2 hypertension. Elevated BP was much greater in the obese category, with 52.6% of girls having abnormal BP: 26.3%
were prehypertensive, 15.8% had stage 1 hypertension,
and 10.5% had stage 2 hypertension. Supplemental
Table S1 (available at http://journals.sagepub.com/
home/gph/supplemental-data) presents these data in tabular form.
Elevated BP was greater among boys than girls in
every category. In the normal-weight category (Figure
2), 38.3% had abnormal BP: 23.0% were prehypertensive, 10.9% had stage 1 hypertension, and 4.4% had
stage 2 hypertension. Unlike with girls, in the overweight
category, 66.0% of boys had abnormal BP: 35.8% were
prehypertensive, 20.8% had stage 1 hypertension, and
9.4% had stage 2 hypertension. The highest rates were
seen in the obese category; 72.9% of boys had abnormal
BP: 40.0% were prehypertensive, 15.7% had stage 1
hypertension, and 17.1% had stage 2 hypertension.

Analysis of Weight Distribution by BP
Category and Gender
An analysis of weight distribution by BP category
revealed gender differences as well as a large proportion
of normal-weight adolescents with abnormal BP.
Overall, a much greater proportion of girls than boys
were normotensive (65.9% vs 49.0%). Of girls who
were normotensive (Figure 3), 64.2% were normal
weight, whereas 35.8% were overweight or obese
(20.5% overweight; 15.3% obese); of normotensive
boys (Figure 4), 75.3% were normal weight, whereas
only 24.7% were overweight or obese (12.0% overweight; 12.7% obese).
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Figure 3. Girls: weight distribution by blood pressure
category.
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Figure 5. Percentage of girls and boys at each age by blood
pressure category.

Abbreviation: HT, hypertension.

Figure 6. Percentage of girls and boys at each age by
weight classification.
Figure 4. Boys: weight distribution by blood pressure
category.
Abbreviation: HT, hypertension.

In girls with abnormal BP (Figure 3), 49.5% were
normal weight: within BP categories, 53.4% of girls
with prehypertension, 44.4% with stage 1 hypertension,
and 40.0% with stage 2 hypertension were normal
weight. In boys with abnormal BP (Figure 4), 44.9%
were normal weight: within BP categories, 47.2% of
boys with prehypertension, 47.6% with stage 1 hypertension, and 32.0% with stage 2 hypertension were normal weight. More boys with abnormal BP were
overweight/obese when compared with girls with abnormal BP (55.1% vs 50.5%). The largest difference was in
the stage 2 hypertension category; 60.0% of girls were
overweight/obese, but 68.0% of boys were overweight/
obese. Supplemental Table S2 presents these data in
tabular form.

Distribution of Weight and BP Categories by
Age and Gender
Comparing the distribution of BP categories by age and
gender for the study population (Figure 5) shows the
influence of gender on BP; normal BP was more

common at all ages for girls, but from the age of 14
years, the proportion of boys who were classified with
abnormal BP exceeded those with normal BP. For girls,
there was a small decrease in the percentage classified
with normal BP (from 66% at age 13 years to 61% at age
17 years), but for boys, there was a much larger decrease
in the percentage classified with normal BP (from 60%
at age 13 years to 47% at age 17 years). Of more significance is the rate of abnormal BP at all ages, ranging
from 34% of girls and 40% of boys at age 13 years, to
39% of girls and 53% of boys at age 17 years. In girls,
the respective rates of prehypertension, stage 1 hypertension, and stage 2 hypertension were 22%, 6%, and
6% at age 13 years and 21%, 11%, and 7% at age 17
years, whereas in boys, they were 22%, 12%, and 6% at
age 13 years and 28%, 19%, and 6% at age 17 years
(data not shown).
Comparing the distribution of weight categories by
age and gender for the study population (Figure 6) also
presented some gender differences. There was a large
decrease in the proportion of girls classified as overweight/obese (from 43% at age 13 years to 32% at age
17 years) and a corresponding increase in the percentage
classified as underweight/healthy (from 57% at age 13
years to 68% at age 17 years); this trend was particularly
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Figure 7. Percentage of girls at each age by class of weight
and blood pressure.

Figure 8. Percentage of boys at each age by class of weight
and blood pressure.

accelerated between the ages of 14 and 16 years. In contrast, despite minor fluctuations, there was no change in
weight category for boys; at ages 13 and 17 years, 59%
were classified as underweight/healthy and 41% were
classified as overweight/obese. In girls, respective rates
of overweight and obesity were 24% and 19% at age 13
years and 18% and 14% at age 17 years, whereas in
boys, they were 18% and 23% at age 13 years and 25%
and 16% at age 17 years (data not shown).
When weight and BP categories were considered
together by age, there were differences by gender. From
age 13 to 18 years, in girls classified as underweight/
healthy (Figure 7), the proportion with normal BP
increased from 42% to 46%, and the proportion with
abnormal BP increased from 15% to 21%, whereas in
overweight/obese girls, the proportion with normal BP
decreased from 24% to 14%, and the proportion with
abnormal BP decreased from 19% to 18%. In girls with
normal BP, there was a steady increase in the percentage
classed as underweight/healthy, which was matched by
a steady decrease in the percentage classed as overweight/obese. In girls with abnormal BP, although there
was a shift at age 16 years in the percentage of girls
classed as underweight/healthy and overweight/obese,
the proportion in each weight category remained essentially unchanged from age 15 to 18 years.
From age 13 to 18 years, in boys classified as underweight/healthy (Figure 8), the percentage with normal
BP decreased from 40% to 31%, and the percentage with
abnormal BP increased from 19% to 28%, whereas in
overweight/obese boys, the percentage with normal BP
decreased from 20% to 16%, and the percentage with
abnormal BP increased from 20% to 25%. In boys
classed as underweight/healthy, there was a steady
decrease in the proportion with normal BP, which was
matched by a steady increase in the proportion with
abnormal BP. In boys classed as overweight/obese, there
was a large increase at age 14 years in the proportion of
boys with abnormal BP, which was offset by a similar

decrease in the proportion with normal BP; the proportion with abnormal BP increased again at age 15 years
and peaked at 37% at age 16 years, whereas the proportion with normal BP declined more gradually and
reached its lowest point of 6% at age 16 years.

Analysis of Activity and Lifestyle Behaviors
Activity and lifestyle behaviors were self-reported for
frequency of TV watching during meals; duration of TV
watching, game playing, and daily physical activity; frequency of home-cooked meals, fast food consumption,
and skipping meals; frequency of fruit and vegetable
consumption, and salty or sweet food consumption; and
frequency, type, or quantity of drink choices. Data for
behaviors and activities were analyzed by gender,
weight, and BP categories (data not shown). Across all
BP categories and weight categories, the majority of
adolescents reported eating fruits and vegetables most
days, and salty and sweet foods 1 to 2 times per week.
TV watching during meals was almost equally divided
between the categories of often, sometimes, and never
and was similar between genders. There were no major
deviations from these findings within individual weight
or BP classifications. These data are not shown, but
analysis for the remaining behaviors and activities
follows.
Duration of TV, Movie, or DVD Watching. Figure 9 compares the duration of daily TV, movie, or DVD watching
(“TV watching”) by gender. Within each weight category, at least 1 hour per day of TV watching was reported
by more girls with normal BP than with abnormal BP
and, notably, by just 50% of overweight girls with
abnormal BP but by 69% to 81% of girls across all other
weight and BP categories. Except for overweight girls
with abnormal BP, 19% to 25% of girls across all weight
and BP categories reported watching TV for less than 1
hour per day. TV watching survey results were virtually
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Figure 9. Duration of daily TV, movie, or DVD watching.

identical for overweight girls with normal BP and obese
girls with abnormal BP.
Among girls with normal BP, the greatest similarities
were between normal-weight and obese girls: 40% to
44% of normal-weight and obese girls and 28% of overweight girls watched TV 1 to 2 hours per day, whereas
35% to 37% of normal-weight and obese girls and 47%
of overweight girls watched TV more than 2 hours per
day. In contrast, among girls with abnormal BP, 25% to
27% of overweight and obese girls and 42% of normalweight girls watched TV 1 to 2 hours per day, whereas
25% to 27% of normal-weight and overweight girls and
50% of obese girls watched TV more than 2 hours per
day.
At least 1 hour per day of TV watching was reported
by more overweight boys with abnormal BP than normal
BP (86% vs 66%, respectively), by 64% to 68% of boys
across all other weight and BP categories, and within the
normal-weight and obese categories, by more boys with
normal BP than with abnormal BP. Watching less than 1
hour per day of TV was reported by about 15% of overweight boys with abnormal BP and obese boys with normal BP and by 28% to 34% of boys across all other
weight and BP categories. TV watching survey results
were very similar for normal-weight boys in both BP
categories and obese boys with abnormal BP.
Watching TV 1 to 2 hours per day was reported by
29% to 35% of normal-weight and obese boys in both
BP categories and, among overweight boys, by 22%
with normal BP and 43% with abnormal BP. In contrast,

watching TV more than 2 hours per day was reported by
33% to 35% of normal-weight boys in both BP categories and obese boys with abnormal BP and by 43% to
47% of overweight boys in both BP categories and obese
boys with normal BP.
Duration of Playing Video or Computer Games. There are
marked differences between genders in the length of
time spent playing video or computer games (“playing
games”), as shown in Figure 10. Among girls, playing
games less than 1 hour per day was reported by 88% of
overweight girls with abnormal BP and by 58% to 63%
of girls across all other weight and BP categories. In the
normal-weight category, about 30% of girls played
games at least 1 hour per day, with about 12% playing
more than 2 hours per day, regardless of BP category.
Similarly, in the obese category, 37% of girls played
games at least 1 hour per day, and 19% with normal BP
and 13% with abnormal BP played more than 2 hours
per day. The greatest variation was seen in the overweight category; of girls with abnormal BP, just 6%
reported playing games 1 to 2 hours per day, and none
reported playing more than 2 hours per day, whereas
among girls with normal BP, 36% reported playing
games at least 1 hour per day, with 8% playing more
than 2 hours per day.
Among boys, playing games less than 1 hour per day
was reported by 72% of overweight boys with normal
BP, 37% of obese boys with normal BP, and by 45% to
57% of boys across all other weight and BP categories.
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Figure 10. Duration of daily video or computer game playing.

Among boys with normal BP, 16% to 17% of normalweight and overweight boys and 42% of obese boys
played games more than 2 hours per day, whereas 35%
of normal-weight boys, 6% of overweight boys, and
21% of obese boys played games 1 to 2 hours per day.
Among boys with abnormal BP, 19% of normal-weight
boys and 14% of overweight and obese boys played
games more than 2 hours per day, whereas 26% to 29%
of boys in all weight categories played games 1 to 2
hours per day.
Duration of Sports and Physical Activity. Analysis of sports
and physical activity revealed some interesting correlations by gender and weight category, which are shown in
Figure 11. Across all weight and BP categories, between
60% and 70% of girls reported 30 minutes or more of
exercise per day, whereas in each weight category, at
least 60 minutes of daily exercise was reported by more
girls with abnormal BP than those with normal BP.
Overweight girls with abnormal BP reported the most
exercise per day, whereas obese girls in both BP categories reported the least, with only about 16% reporting at
least 60 minutes per day of exercise. Across all BP categories, about one-third of normal-weight and obese
girls and one-quarter of overweight girls exercised less
than 30 minutes per day.
More than 80% of normal-weight boys in both BP
categories reported 30 minutes or more of exercise per
day, and 63% of those with normal BP but only 41%
with abnormal BP reported at least 60 minutes of daily

exercise. Among overweight and obese boys, about 75%
in each BP category reported 30 minutes or more of
exercise per day, whereas 57% of overweight boys with
abnormal BP but only about 35% in the other categories
reported at least 60 minutes of daily exercise. Across all
BP categories, 21% to 25% of overweight and obese
boys and about 15% of normal-weight boys exercised
less than 30 minutes per day.
Frequency of Home-Cooked Meals. Frequency of homecooked meals is shown in Figure 12. Boys and girls had
similar patterns, but the frequencies were slightly different; eating home cooked meals often was reported by
67% of overweight girls with normal BP and 75% to
80% of girls in all other weight and BP categories, and
by 72% to 77% of overweight boys and 80% to 86% of
boys in all other weight and BP categories. Eating homecooked meals often was reported most frequently by
normal-weight girls and boys in both BP categories,
whereas eating home-cooked meals sometimes was
reported most frequently by overweight girls and boys
with normal BP.
Frequency of Fast Food Meals. As shown in Figure 13, the
lowest frequency of fast food consumption was reported
by normal-weight girls with abnormal BP and by obese
boys with normal BP, whereas the highest frequency
was reported by overweight girls with normal BP and by
overweight boys with abnormal BP. Eating fast food
once a week or less was reported by 58% of overweight
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Figure 11. Duration of sports and physical activity.

Figure 12. Frequency of home-cooked meals.

girls with normal BP and by 69% to 73% of girls in all
other weight and BP categories; eating fast food 2 to 3
times per week was reported by just 13% of obese girls
with abnormal BP and by 20% to 25% of girls in all
other weight and BP categories, whereas 0% to 2% of
normal-weight girls and 6% to 8% of overweight and
obese girls in both BP categories ate fast food 4 or more
times per week.

The pattern among boys was not as homogeneous.
Among normal-weight boys in both BP categories, 61%
to 63% ate fast food once a week or less, whereas 27%
to 28% ate fast food 2 to 3 times per week. In contrast,
among overweight and obese boys, 72% to 74% with
normal BP, but 66% to 67% with abnormal BP, ate fast
food once a week or less, whereas 21% to 26% in both
BP categories ate fast food 2 to 3 times per week. The
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Figure 13. Frequency of fast food meals.

greatest variation was in boys who ate fast food 4 or
more times per week: this frequency was reported by 4%
to 6% of normal-weight and overweight boys and by no
obese boys with normal BP, but by 1% of normal-weight
boys, 9% of overweight boys, and 6% of obese boys
with abnormal BP.
Frequency of Skipped Meals. There were gender differences between girls and boys with regard to skipping
meals, as seen in Figure 14. The proportion of girls who
reported frequently skipping meals was higher in those
with normal BP in each weight category and, regardless
of BP category, trended higher with increasing weight
category. Skipping meals 4 or more times per week
ranged from 3% to 4% of normal-weight girls and 6% to
8% of overweight girls in both BP categories, to as high
as 17% in obese girls with abnormal BP, whereas skipping meals 2 to 3 times per week was reported by 22%
to 26% of overweight and obese girls with normal BP
and by 13% to 19% of girls in all other weight and BP
categories. Skipping meals once a week was reported by
about 65% of normal-weight and obese girls with normal BP and 69% of normal-weight and overweight girls
with abnormal BP but by only 53% of overweight girls
with normal BP and 57% of obese girls with abnormal
BP.
Skipping meals 4 or more times per week was
reported by 4% of normal-weight boys in both BP categories and by 6% of overweight boys and 2% of obese
boys with abnormal BP; curiously, overweight and

obese boys with normal BP did not report skipping
meals 4 or more times per week. Skipping meals 2 to 3
times per week was reported by 20% to 21% of boys
with abnormal BP in all weight categories but, as with
girls, trended higher in boys with normal BP as weight
category changed; 12% of normal-weight boys, 17% of
overweight boys, and 26% of obese boys skipped meals
2 to 3 times per week. Skipping meals once a week was
reported by 68% of obese boys with normal BP, and by
60% to 63% of boys in all other weight and BP
categories.
Frequency of Soda, Sweet Tea, Punch, or Kool-Aid Consumption. Figure 15 compares frequency of consumption of
sugar-sweetened beverages such as soda, sweet tea,
punch, or Kool-Aid (“soda”). Of those who reported
regular consumption of soda, girls and boys with abnormal BP reported less-frequent consumption overall than
those with normal BP in all weight classes. Within each
BP category, reported daily consumption by girls trended
higher with increasing weight category, and obese girls
with normal BP reported the highest frequency of soda
consumption. Regardless of BP category, the percentage
of overweight and obese girls reporting daily consumption exceeded the percentage reporting consumption 2 to
4 times per week, but in normal-weight girls, the percentage reporting consumption 2 to 4 times per week
was higher.
In boys with normal BP, frequency of soda consumption was virtually identical across all weight categories,
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Figure 14. Frequency of skipped meals.

Figure 15. Frequency of soda, sweet tea, punch, or Kool-Aid consumption.

but the respective proportions of daily consumption
were highest in normal-weight boys and lowest in overweight boys. In boys with abnormal BP, frequency of
soda consumption was also similar across all weight categories, but the respective proportions of daily consumption were highest in overweight boys and lowest in
normal-weight boys. A greater percentage of overweight

boys with abnormal BP reported daily consumption than
the percentage reporting consumption 2 to 4 times per
week, and the same percentage of normal-weight boys
with normal BP reported daily consumption and consumption 2 to 4 times per week, but in all other weight
and BP categories, a higher percentage reported consumption 2 to 4 times per week.
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Figure 16. Quantity of juice consumption.

Quantity of Juice Consumption. Analysis of daily juice
consumption revealed some interesting correlations by
weight, as shown in Figure 16. Juice consumption of 12
oz per day or less was reported by 59% of obese girls
with normal BP and by 70% or more of girls at all other
weight and BP classifications. Among overweight and
obese boys, about 50% with normal BP and 70% with
abnormal BP reported juice consumption of 12 oz per
day or less, which was reported by a little more than
60% of normal-weight boys with normal and abnormal
BP. Overweight girls and obese boys with abnormal BP
reported the least juice consumption, whereas obese
girls and overweight boys with normal BP reported the
most consumption.
Among those with normal BP, juice consumption of
16 to 32 oz and more than 32 oz per day was reported by
more obese girls than overweight and normal-weight
girls, whereas juice consumption of 16 to 32 oz per day
was reported by significantly more overweight boys
than normal-weight and obese boys, and consumption of
more than 32 oz per day was reported by significantly
more obese boys. Consumption was a little different
among those with abnormal BP: juice consumption of
16 to 32 oz per day was reported by slightly fewer obese
girls than overweight and normal-weight girls, but consumption of more than 32 oz per day was reported by
significantly more obese girls. Juice consumption of 16
to 32 oz per day was reported by significantly more normal-weight boys than overweight and obese boys, and
consumption of more than 32 oz per day was reported by

slightly more overweight boys than obese and normalweight boys.
Milk and Water Consumption. The surveys did not track
the volume of milk intake or whether the patient could
even drink milk, but some general trends were seen. A
greater proportion of overweight and obese girls and
boys consumed 2% or skim milk than whole milk,
whereas a greater proportion of those with normal
weight consumed whole milk. As weight category
increased in girls and boys with normal BP, reported
consumption of 2% milk rose and reported consumption
of whole milk decreased. Obese girls and boys with normal BP drank the least amount of whole milk. Water
consumption was surveyed based on volume and frequency, and in general, boys consumed larger volumes
of water than girls. Among those who reported regular
water consumption, girls with normal BP drank more
water than those with abnormal BP in each weight category, but the opposite was true for boys; in each weight
category, boys with abnormal BP drank more water than
those with normal BP (data not shown).

Discussion
This study assessed the prevalence of obesity and hypertension in patients aged 13.0 to 17.9 years from a clinic
serving low-income, ethnically diverse pediatric patients
in central North Carolina and evaluated certain activity/
lifestyle behaviors reported by the patients. The total
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combined prevalence of abnormal BP in this cohort was
43.1% (n = 247). These results are significantly higher
than the highest estimated US rates for prehypertension
(15%)25 and hypertension (5%),6,8 which would give a
combined rate of 20%. In addition to elevated BP, the
prevalence of overweight and obesity were very high in
this adolescent population, especially among the boys,
and was not mitigated by relatively limited fast food
intake and relatively high rates of participation in regular exercise.
The data from this cohort revealed that a large number of “normal” weight adolescents have elevated BP,
and studies have shown that these children are the ones
most likely to be undiagnosed.7,8 These data also indicate that weight has a greater correlation with BP in boys
(fewer overweight and obese boys than girls were normotensive) and that elevated BP in boys occurs at a
lesser degree of adiposity than in girls (more boys than
girls had abnormal BP). These findings are consistent
with research showing that, in general, adolescent boys
are more likely to be obese than girls, although racial
heritage is relevant here as well, but pubertal stage and
hormonal influences play a significant role in these gender differences.21
The growth spurt during adolescence is a factor
because height percentile for age is used to calculate
BMI as well as pediatric BP classification; for any
given BP, increased height for age is inversely correlated with BP category. Research has found that the
pubertal growth spurt spans 4.5 to 5 years, that the
peak of both height acceleration and BP occurs at about
age 11.5 years for girls and about age 13.5 years for
boys (about 3 years after onset of puberty), that girls
experience puberty at an earlier age than boys, and that
boys experience a significantly greater increase in BP
than girls; these differences are thought to be a result of
the different physiological effects of estrogen and
testosterone.33,34
The relatively constant proportion of girls in this
cohort with normal BP at every age is likely a result of
the protective influence of estrogen, and the exacerbating influence of testosterone may well be a factor in the
startling shift from normal to abnormal BP classification
between ages 13 and 14 years, which coincides with the
average age at which boys experience the pubertal
growth spurt and the greatest increase in height acceleration and BP.
Despite the peak in height acceleration at age 14
years, the proportion of boys classified as overweight or
obese remained constant from age 13 to 18 years; this
indicates that either weight gain occurred along with
change in height, which kept the BMI category
unchanged, or that the increase in height was not enough
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to bring the BMI category down into the healthy weight
range. In contrast, the proportion of girls classified as
overweight or obese decreased from age 13 to 18 years;
most 13-year-old girls are at the end of the pubertal
growth period, so changes in BMI after that age are
more influenced by weight than by height.
Figure 7 shows the combined influence of BP and
weight for girls, as seen separately in Figures 5 and 6,
respectively, and similar patterns at each age are found
in all three; this suggests that changes in BP classification for girls are directly associated with changes in
weight. Figure 8 shows the combined influence for boys,
but the changes in BP classification at age 14 years are
seen in all weight categories, whereas the changes in BP
classification at age 16 years are only seen in boys classified as overweight/obese. Height is the common factor
in BMI classification and BP classification; with increasing height at the same weight, BMI should decrease, and
with increasing height and age at the same BP, BP classification should shift toward normal. The unchanged
percentages in weight classification at each age for boys
(Figure 6) indicate that changes in the percentages of
weight and BP classification seen in Figure 8 are primarily a result of changes in BP classification (Figure 5).
Because of these gender differences, activity/lifestyle
behaviors were analyzed by gender, weight, and BP categories. Although the intake questionnaire was not
designed as a data collection device specifically for this
study, the behavioral trends are useful for assessing the
correlations, if any, between these behaviors and the
weight and BP classification of the participants.
Interpretation, however, is challenging. Excess adiposity and elevated BP have been strongly correlated with
each other and with unhealthy dietary choices and sedentary behaviors, and extensive prevention and treatment recommendations have been published.25,29
However, these recommendations did not adequately
address the challenges faced by low-income, immigrant,
and minority youth12,22; the unique developmental factors that influence adolescents3,20; or the medical and
psychological obstacles that morbidly obese youth must
overcome.18,23,35 Furthermore, some of the conclusions
that these recommendations were based on have been
disputed by subsequent research.36,37
Although more girls reported at least 1 hour per day
of TV watching, more boys reported at least 1 hour per
day of game playing, and more boys reported 2 hours or
more per day of both TV watching and game playing.
More boys than girls reported engaging in sports and
physical activities, both for at least 30 minutes per day
and for at least 60 minutes per day. It would be reasonable to think that the increase in physical activity would
offset the increase in leisure activities for boys, but the
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rate of obesity was similar between boys and girls, and
the prevalence of abnormal BP was significantly higher
among boys.
It should be noted that a review of studies based on
the nationally representative Youth Risk Behavior
Surveillance (YRBS) surveys from 1991 through 2007
found that sufficient vigorous or moderate physical
activity was basically unchanged, that daily physical
education exercise duration increased significantly, and
that TV viewing of at least 3 hours per day decreased
significantly; based on these findings, the study’s
authors concluded that the evidence did not support the
common belief that the recent increase in obesity in US
adolescents is a result of increased sedentary behaviors
and reduced physical activity.36 However, the YRBS
review also found that physical activity decreased and
sedentary behaviors increased with age in adolescents,
with older girls and minorities being most inactive;
these findings may be pertinent to the current study but
cannot be fully evaluated without data on ethnicity.
The majority of the study participants reported eating
home-cooked meals often and rarely eating fast food.
Except for obese girls with abnormal BP, the proportion
of girls and boys in each category who reported eating
fast food or skipping meals more than once per week
was roughly equivalent to the proportion in each category who did not report eating home-cooked meals
often. Obese girls with abnormal BP reported the lowest
frequency of fast food consumption in the combined categories of 2 to 3 times per week and 4 or more times per
week, and also reported the highest frequency of skipping meals 4 or more times per week; this anomaly may
indicate the presence of disordered eating behaviors.
The survey question for skipping meals did not include
“never” or “less than once a week” as answers, which
may account for the high percentage of patients who did
not respond to this question.
Research has shown that excessive sodium intake is a
risk factor for higher BP, independent of BMI and waist
circumference but, more important, that consumption of
just 74 g/d of high-fructose corn syrup (the amount contained in 2.5 regular soft drinks) can significantly
increase the risk of elevated BP and is strongly correlated with the development of excess weight.38-40 This
intake questionnaire combined soda, sweet tea, punch,
and Kool-aide into 1 category (“soda”) and only asked
about the frequency of consumption but not the volume
or the type of beverage consumed, so the quantity of
high-fructose corn syrup and sodium consumed cannot
be determined from this survey question. Frequent consumption of diet soda would result in either weight loss
or no change in weight but could have a strong effect on
BP, and frequent consumption of large quantities of

sweetened beverages would have more influence on
weight than frequent consumption of small quantities.
Therefore, although it is clear that regular and frequent
consumption occurs in every category, it is not possible
to draw any conclusions about the influence of soda
consumption on weight or BP classification.
Juice consumption was surveyed based on volume and
frequency. In general, boys consumed larger volumes
than girls; drinking 12 oz or less per day of juice was
reported by a higher percentage of girls than boys. In each
weight and BP category, boys reported less regular juice
consumption, but this was not seen in girls. However, it is
possible that the lower rates of regular juice consumption
reported by girls were offset by their higher rates of soda
consumption; although volume is unknown, more girls
reported daily soda consumption than boys.
Taken together, engaging in moderate leisure activities and relatively high participation in daily exercise as
well as eating home-cooked meals frequently and limited fast food intake should correlate with lower rates of
hypertension, overweight, and obesity, but the opposite
was found in this cohort, especially among boys. It is
possible that sugar-sweetened beverages are consumed
in large quantities, which would influence weight and
possibly BP, but obesity and hypertension in this cohort
may also be a result of other factors. Although the association between excess weight and high BP is well
known, it is less well known that metabolically obese,
normal-weight individuals are quite common.5,41 Racial
heritage also makes a difference; blacks and Asians of
non-Hispanic heritage have higher rates of hypertension
at lower BMIs, whereas Hispanics are more likely to
have less hypertension even at higher BMIs.21 The only
conclusions that can be drawn with certainty are that the
rates of overweight, obesity, and elevated BP in this
cohort are much higher than the national average and are
not explained by the data that are available for activity
and lifestyle behaviors.

Strengths and Weaknesses
The strengths of this study are that height, weight, and
BP were measured by trained health care professionals
using standard protocols; the study population is large;
the entire population is at risk and, therefore, oversampled because the health clinic only serves low-income,
immigrant, and minority youth; and the county in which
the clinic is located has a large immigrant and minority
population. Weaknesses are that the surveys were not
designed specifically for this study, and the data were
self-reported, except for nurse-measured variables.
Because waist circumference was not measured, distribution of adiposity is unknown.
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Limitations in data analysis include the following:
only the frequency of soda, sweet tea, punch, or KoolAid consumption was tracked but not the type of drink,
volume of intake, or sugar content, so carbohydrate and
sodium intake and the contribution of caloric intake to
weight status are unknown. The juice consumption survey question did not distinguish between 100% fruit
juice and juice drinks that contain added sugar, and
because race and ethnicity data were not reliable, it is
unknown if juice consumption was higher in some adolescents because of lactose intolerance. Only the frequency was tracked but not the type or quantity of
home-cooked or fast food consumed. The survey tracked
skipping meals as a result of lack of hunger or being too
busy, but not as a result of food insecurity or desire to
manage weight. The question for computer games
assumed access to a computer, and physical activity was
tracked by duration but not by intensity or type of
exercise.

Conclusions and Implications
Although this was a secondary data analysis and not a
pilot study, the results are compelling and clearly indicate the need for more research with a well-designed
protocol that includes race/ethnicity, SES, and level of
acculturation; addresses the limitations previously mentioned; and incorporates assessment of the psychosocial
stressors unique to this population. Controlled clinical
trials would allow for a better understanding of the influence of activity/lifestyle behaviors on obesity and hypertension in at-risk adolescents. Weight loss and/or
prevention of weight gain not only reduce the incidence
of overweight and obesity but are effective strategies for
preventing diabetes and managing hypertension and
MetS. Although this study did not screen for diabetes or
MetS, immigrants and minorities have increased risks
associated with their specific racial and ethnic heritage,
and these patients were at much higher risk for these
conditions because of their weight and BP status.
Low-income, immigrant, and minority youth are disproportionately affected by low SES, limited access to
medical care, and high psychosocial stressors. These
factors are inherent in the lives of many low-income,
immigrant, and minority adolescents and must be
addressed if efforts to improve their health are to be successful. Depending on their circumstances, these adolescents may do poorly in school or no longer attend, work
full or part time, be a single parent or a caretaker for
siblings, live in a multigenerational family environment,
have limited fluency in English, have high levels of food
insecurity, use or sell recreational drugs, have one or
more family members in prison, experience domestic
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violence or abuse, and/or live in unsafe neighborhoods
with limited access to safe outside play areas or exercise
facilities. These stressors contribute to the high rates of
prehypertension, hypertension, overweight, and obesity
found in this population, and it is unrealistic to think that
diet and exercise alone will manage their weight or
lower their BP or that they can successfully make these
changes without considerable support.
Adolescent hypertension and obesity have lifelong
consequences that become more inevitable with delayed
diagnosis and treatment; therefore, every effort must be
made to develop effective, community-level programs that
provide comprehensive screening and early diagnosis, culturally appropriate outreach and education, and targeted
interventions that address the unique needs of these adolescents. Ideally, group exercise programs with other overweight or obese youth can be located in the school or
community, which will accommodate their unique challenges (lack of endurance, need to start slow and work up
to daily exercise routine, self-consciousness, etc).
School-based hypertension and diabetes screening programs for all children and adolescents may be an effective
way to reduce the prevalence of these undiagnosed health
conditions in adolescents because children are required to
attend school but going to the doctor is optional and in
many cases unaffordable. Collaboration between schools
and health professionals to establish these programs
requires the education of teachers, school board members,
nurses, doctors, dietitians, counselors, and other health
professionals as a critical first step, so that outreach to parents and students will be effective and successful.
Author Contributions
DRE: Contributed to conception and design; contributed to
analysis and interpretation; drafted manuscript; critically
revised manuscript; gave final approval; agrees to be accountable for all aspects of work ensuring integrity and accuracy.
SHB: Contributed to acquisition, analysis, and interpretation;
drafted manuscript; gave final approval; agrees to be accountable for all aspects of work ensuring integrity and accuracy.
LAH: Contributed to conception and design; contributed to
acquisition, analysis, and interpretation; critically revised
manuscript; gave final approval; agrees to be accountable for
all aspects of work ensuring integrity and accuracy.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding
The author(s) received no financial support for the research,
authorship, and/or publication of this article.

17

Ewald et al
References
1. Tu W, Eckert GJ, DiMeglio LA, Yu Z, Jung J, Pratt JH.
Intensified effect of adiposity on blood pressure in overweight and obese children. Hypertension. 2011;58:818-824.
2. Lauer RM, Clarke WR. Childhood risk factors for high
adult blood pressure: the Muscatine study. Pediatrics.
1989;84:633-641.
3. St. George SM, Wilson DK, Lawman HG, Van Horn
ML. Weight status as a moderator of the relationship
between motivation, emotional social support, and physical activity in underserved adolescents. J Pediatr Psychol.
2013;38:387-397.
4. Röbl M, de Souza M, Schiel R, et al. The key role of psychosocial risk on therapeutic outcome in obese children
and adolescents: results from a longitudinal multicenter
study. Obes Facts. 2013;6:297-305.
5. Kelishadi R, Cook SR, Motlagh ME, et al. Metabolically
obese normal weight and phenotypically obese metabolically normal youths: the CASPIAN study. J Am Diet
Assoc. 2008;108:82-90.
6. Bijlsma MW, Blufpand HN, Kaspers GJ, Bökenkamp A.
Why pediatricians fail to diagnose hypertension: a multicenter survey. J Pediatr. 2014;164:173-177.
7. Brady TM, Solomon BS, Neu AM, Siberry GK, Parekh
RS. Patient-, provider-, and clinic-level predictors
of unrecognized elevated blood pressure in children.
Pediatrics. 2010;125:e1286-e1293.
8. Hansen ML, Gunn PW, Kaelber DC. Underdiagnosis
of hypertension in children and adolescents. JAMA.
2007;298:874-879.
9. Kaelber DC, Pickett F. Simple table to identify children
and adolescents needing further evaluation of blood pressure. Pediatrics. 2009;123:e972-e974.
10. Mitchell CK, Theriot JA, Sayat JG, Muchant DG, Franco
SM. A simplified table improves the recognition of paediatric hypertension. J Paediatr Child Health. 2011;47:22-26.
11. Krebs NF, Jacobson MS; American Academy of Pediatrics
Committee on Nutrition. Prevention of pediatric overweight and obesity. Pediatrics. 2003;112:424-430.
12. Braveman PA, Cubbin C, Egerter S, Williams DR, Pamuk
E. Socioeconomic disparities in health in the United
States: what the patterns tell us. Am J Public Health.
2010;100(suppl 1):S186-S196.
13. Gundersen C, Mahatmya D, Garasky S, Lohman B.
Linking psychosocial stressors and childhood obesity.
Obes Rev. 2011;12:e54-e63.
14. Melnyk BM, Kelly S, Jacobson D, et al. The COPE healthy
lifestyles TEEN randomized controlled trial with culturally diverse high school adolescents: baseline characteristics and methods. Contemp Clin Trials. 2013;36:41-53.
15. Lloyd-Richardson EE, Jelalian E, Sato AF, Hart CN,
Mehlenbeck R, Wing RR. Two-year follow-up of an adolescent behavioral weight control intervention. Pediatrics.
2012;130:e281-e288.
16. Berkey CS, Rockett HR, Gillman MW, Colditz GA. Oneyear changes in activity and in inactivity among 10- to

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

15-year-old boys and girls: relationship to change in body
mass index. Pediatrics. 2003;111(4, pt 1):836-843.
Vasconcellos F, Seabra A, Katzmarzyk PT, KraemerAguiar LG, Bouskela E, Farinatti P. Physical activity in
overweight and obese adolescents: systematic review of
the effects on physical fitness components and cardiovascular risk factors. Sports Med. 2014;44:1139-1152.
Kelly AS, Barlow SE, Rao G, et al. Severe obesity in
children and adolescents: identification, associated health
risks, and treatment approaches: a scientific statement from
the American Heart Association. Circulation. 2013;128:
1689-1712.
Klein JD, Sesselberg TS, Johnson MS, et al. Adoption of
body mass index guidelines for screening and counseling
in pediatric practice. Pediatrics. 2010;125:265-272.
Rehkopf DH, Laraia BA, Segal M, Braithwaite D, Epel E.
The relative importance of predictors of body mass index
change, overweight and obesity in adolescent girls. Int J
Pediatr Obes. 2011;6:e233-e242.
Ewald DR, Haldeman LA. Risk factors in adolescent hypertension. Glob Pediatr Health. 2016;3:2333794X15625159.
doi:10.1177/2333794X15625159.
Singh GK, Yu SM, Kogan MD. Health, chronic conditions, and behavioral risk disparities among US immigrant children and adolescents. Public Health Rep.
2013;128:463-479.
Taylor SA, Garland BH, Sanchez-Fournier BE, Allen KF,
Doak JS, Wiemann CM. A qualitative study of the day-today lives of obese Mexican-American adolescent females.
Pediatrics. 2013;131:1132-1138.
Yusuf S, Reddy S, Ounpuu S, Anand S.Global burden of
cardiovascular diseases: part I. General considerations,
the epidemiologic transition, risk factors, and impact of
urbanization. Circulation. 2001;104:2746-2753.
Bucher BS, Ferrarini A, Weber N, Bullo M, Bianchetti
MG, Simonetti GD. Primary hypertension in childhood.
Curr Hypertens Rep. 2013;15:444-452.
Odgen CL, Carroll MD, Kit BK, Flegel KM. Prevalence
of childhood and adult obesity in the United States, 20112012. JAMA. 2014;311:806-814.
Ogden CL, Kuczmarski RJ, Flegal KM, et al. Centers
for Disease Control and Prevention 2000 growth
charts for the United States: improvements to the 1977
National Center for Health Statistics version. Pediatrics.
2002;109:45-60.
National High Blood Pressure Education Program
Working Group on High Blood Pressure in Children and
Adolescents. The fourth report on the diagnosis, evaluation, and treatment of high blood pressure in children and
adolescents. Pediatrics. 2004;114(suppl 2):555-576.
Barlow SE; Expert Committee. Expert committee recommendations regarding the prevention, assessment, and
treatment of child and adolescent overweight and obesity:
summary report. Pediatrics. 2007;120(suppl 4):S164-S192.

18
30. Maynard LM, Wisemandle W, Roche AF, Chumlea WC,
Guo SS, Siervogel RM. Childhood body composition
in relation to body mass index. Pediatrics. 2001;107:
344-350.
31. Davy KP, Hall JE. Obesity and hypertension: two epidemics or one? Am J Physiol Regul Integr Comp Physiol.
2004;286:R803-R813.
32. Burgos MS, Burgos LT, Camargo MD, et al. Relationship
between anthropometric measures and cardiovascular risk
factors in children and adolescents. Arq Bras Cardiol.
2013;101:288-296.
33. Shankar RR, Eckert GJ, Saha C, Tu W, Pratt JH. The
change in blood pressure during pubertal growth. J Clin
Endocrinol Metab. 2005;90:163-167.
34. Tu W, Eckert GJ, Saha C, Pratt JH. Synchronization of
adolescent blood pressure and pubertal somatic growth. J
Clin Endocrinol Metab. 2009;94:5019-5022.
35. Wabitsch M, Moss A, Reinehr T, et al. Medical and psychosocial implications of adolescent extreme obesity-acceptance
and effects of structured care, short: Youth with Extreme
Obesity Study (YES). BMC Public Health. 2013;13:789.

Global Pediatric Health
36. Li S, Treuth MS, Wang Y. How active are American
adolescents and have they become less active? Obes Rev.
2010;11:847-862.
37. Stice E, Shaw H, Marti CN. A meta-analytic review of
obesity prevention programs for children and adolescents: the skinny on interventions that work. Psychol Bull.
2006;132:667-691.
38. Evans AE, Springer AE, Evans MH, Ranjit N, Hoelscher
DM. A descriptive study of beverage consumption among
an ethnically diverse sample of public school students in
Texas. J Am Coll Nutr. 2010;29:387-396.
39. Jalal DI, Smits G, Johnson RJ, Chonchol M. Increased
fructose associates with elevated blood pressure. J Am Soc
Nephrol. 2010;21:1543-1549.
40. Rosner B, Cook NR, Daniels S, Falkner B. Childhood
blood pressure trends and risk factors for high blood pressure: the NHANES experience 1988-2008. Hypertension.
2013;62:247-254.
41. Ruderman N, Chisholm D, Pi-Sunyer X, Schneider S. The
metabolically obese, normal-weight individual revisited.
Diabetes. 1998;47:699-713.

