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elevision Viewing and Hypertension in
bese Children

errie E. Pardee, BS, Gregory J. Norman, PhD, Robert H. Lustig, MD, Daniel Preud’homme, MD,
effrey B. Schwimmer, MD

ackground: Television viewing is strongly associated with an increased risk of childhood and adolescent
obesity. However, the association between TV viewing and hypertension in children is
unknown. This study aimed to identify whether TV watching is associated with hyperten-
sion in obese children.

ethods: Children seen for obesity, aged 4 to 17 years, were evaluated at three pediatric centers from
2003 to 2005. In 2006–2007, a logistic regression model estimated the odds of hypertension
for hours of daily TV time controlling for race, site, and body mass index (BMI) z-score.

esults: A total of 546 subjects, with a mean age of 12 years, were evaluated. The children had a
mean BMI of 35.5�9.3 kg/m2 (98.7th�0.8 percentile, z-score 2.54�0.4). TV time was
positively correlated with the severity of obesity. After controlling for race, site, and BMI
z-score, both the severity of obesity and daily TV time were significant independent
predictors of the presence of hypertension. Children watching 2 to 4 hours of TV had 2.5
times the odds of hypertension compared with children watching 0 to �2 hours. The odds
of hypertension for children watching 4 or more hours of TV were 3.3 times greater than
for children watching 0 to �2 hours of TV.

onclusions: In obese children, the amount of time spent watching TV is associated with both hypertension
and the severity of obesity. Thus, TV viewing is a potential target for addressing hypertension
in obese children.
(Am J Prev Med 2007;33(6):439–443) © 2007 American Journal of Preventive Medicine
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hildhood obesity is a major health concern in
the United States. As of 2004, the National
Health and Nutrition Examination Survey

NHANES) estimated that 17% of children and adoles-
ents were obese.1 Obesity is known to increase the
ossibility of cardiovascular risk factors, such as hyper-
ension.2 Recent studies have shown that cardiovascular
isk factors in childhood are significant predictors of
reclinical atherosclerosis in adulthood.3 Thus, the

ncreased prevalence of elevated systolic and diastolic
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lood pressures among U.S. youth over the past 10
ears is cause for concern.4 The upward shift of blood
ressure in children persists after controlling for pop-
lation changes in body mass index (BMI).4 Therefore,
tudies are warranted to assess the contribution of
ther factors to hypertension in overweight children
nd adolescents.

Numerous studies5–12 have shown that time spent
atching TV is strongly associated with the risk of being
bese in children and adolescents. However, the ma-

ority of research has been population-based, which
ocuses on the risk of being obese versus normal-
eight. Little attention has been given to the issue of
ow TV time is associated with the severity of obesity in
bese children. The growing number of obese children
orldwide indicates the importance of studying obesity-
elated issues within this group. Research focusing on
n obese population may assist in further identifying
revention and treatment measures for obese children.
n addition to the paucity of information available
egarding TV time and the severity of obesity, little to
o information exists regarding hypertension and TV
iewing in obese children. One recent European study
id not find an association between TV watching and

lood pressure among children9; another found a small

4390749-3797/07/$–see front matter
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ssociation between systolic blood pressure and TV
ime in boys, but no association in girls.11 However,
either of these studies examined the association be-

ween TV viewing and blood pressure among obese
hildren. The current study tested the hypothesis that
ime spent watching TV is associated with hypertension
n obese children.

ethods

articipants

ubjects were children, aged 4 to 17 years, evaluated for
besity at pediatric subspecialty weight management clinics in
an Diego CA, San Francisco CA, and Dayton OH, from 2003
o 2005. Data were collected prospectively, with written con-
ent obtained from all parents, and written assent from
hildren aged 8 years and older. Obesity, defined as a BMI
reater than or equal to the 95th percentile for age and
ender, was an inclusion criterion. Children with a pre-
xisting diagnosis of hypertension requiring medication or
econdary hypertension were not included in the
ata collection. The research protocols were ap-
roved by the institutional review boards of the
niversity of California, San Diego; Rady Chil-
ren’s Hospital, San Diego; University of Califor-
ia, San Francisco; and Dayton Children’s Hospi-

al, Dayton, Ohio.

linical Data Collection

atabases were reviewed for information on age,
ender, race, ethnicity, height, weight, systolic
lood pressure, and diastolic blood pressure. The child’s
eight was measured to the nearest tenth of a centimeter
sing a clinical stadiometer. Weight was measured on a
linical scale to the nearest tenth of a kilogram. After 3
inutes of seated rest, blood pressure was measured twice

rom the right arm of the seated child using an automated
phygmomanometer, with 1 minute of rest between mea-
urements. The average of the two measures was recorded.
uff sizes were selected according to the circumference of

he mid-upper arm, per standard protocol.13

Children and their parent(s) were given a written question-
aire, which was filled out by the parent(s) only if the child
as aged less than 8 years, and both parent and child together

f the child was between the ages of 8 and 17 years. If
ompleted by parent and child together, they were instructed
o agree on and record a single estimate of average daily time
pent watching TV. Parent estimates of child viewing time
ave been shown to be reliable predictors of child screen

ime.14 Previous research has shown high retest reliability of
hild self-reported TV-viewing time estimates.15 In order to
urther ensure the validity of TV-viewing time estimates, the
hysician verbally reviewed and confirmed the time estimate
btained from the questionnaire during the clinical interview
ith the parent(s) and, if aged over 8 years, the child.

linical Data Calculations

lood pressure measurements were converted to percentiles
sing the National High Blood Pressure Education Program

re
Com
on pa
ables, with hypertension defined as a systolic and/or diastolic d

40 American Journal of Preventive Medicine, Volume 33, Num
lood pressure greater than or equal to the 95th percentile
or the child’s age, gender, and height.16 BMI was calculated
y dividing the weight of the child in kilograms by the height

n meters squared. BMI percentiles and z-scores were deter-
ined from the Centers for Disease Control and Prevention

CDC) 2000 growth curves.17 A z-score is the number of
tandard deviations the subject’s BMI lies from the national
eference mean for a given age and gender.

ata Analysis

ata were analyzed in 2006. Ranges, percentiles, standard
eviations, and means were calculated for clinical and demo-
raphic variables. The association between hours of TV
atched and the severity of obesity was determined with the
earson correlation, with severe obesity defined as a BMI
99th percentile. Differences in BMI, BMI z-score, BMI
ercentile, age, and hours of TV/day between children with
nd without hypertension were tested with t tests. Differences
n the proportion with hypertension between boys and girls
nd race/ethnicity groups were tested with chi-square tests.
A multivariate logistic regression model estimated the odds

ratios (ORs) and 95% confidence intervals (CIs)
with hypertension as the dependent variable, and
hours of daily TV time (0 to �2 hours, 2 to �4
hours, �4 hours) and BMI z-score as independent
variables, with additional covariates of race and
site. All reported p-values were for two-sided tests,
with effects considered statistically significant at
p�0.05. All statistical analyses were performed
using SPSS software, version 15.0.

esults
tudy Sample

total of 556 children from three pediatric subspecialty
enters met the inclusion criteria for the study. Ten
hildren with missing data were excluded from the anal-
sis. The demographic and clinical characteristics of the
emaining 546 subjects (275 boys, 271 girls) are described
n Table 1. The mean age for the sample was 11.9 years.
he mean BMI was 35.5�9.3 kg/m2 (98.7th�0.8 percen-

ile, z-score�2.54�0.4). Table 1 also shows the distribu-
ion of children within the TV-time categories. The ma-
ority of children (78%) watched �2 hours of TV per day.

ean time spent watching TV (3.2�1.8 hours per day)
as similar to population norms.6 Overall, children in the
- to �2-hour category watched a mean of 1.0�0.4 hours
f TV per day; in the 2- to �4-hour category, 2.4�0.5
ours per day; in the 4�-hours category, 5.0�1.0 hours
er day.

V and Obesity

here was a positive correlation (r�0.17; p�0.001) be-
ween time spent watching TV and BMI z-score. When the
9th percentile for BMI was used as a cutpoint, those with
BMI �99th percentile watched 2.6�1.8 hours of TV per

d
tary
502.
See
late
men
ge
ay, compared to children with a BMI �99th percentile,

ber 6 www.ajpm-online.net
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ho watched 3.3�1.7 hours per day (p�0.001). Age,
ender, race, and ethnicity were not significantly different
etween the two groups.

V and Hypertension

s shown in Table 1, hypertension was common in the
tudy sample (235/546, 43%). Children with hyperten-
ion had a higher mean BMI than those without hyper-
ension (37.6�9.8 kg/m2 vs 33.9�8.5 kg/m2, p�0.05).
he mean age of the group with elevated blood pressure
as higher than those without (12.3�3.3 years vs
1.7�3.5 years), and those with hypertension watched
early 1 hour more TV per day. As shown in Table 1,

he majority (89%) of obese children with hypertension
atched �2 hours of TV per day.
In unadjusted analysis, greater amounts of daily TV

atching were associated with increased odds of hyperten-
ion, as shown in Table 2. After controlling for race, site,

able 1. Clinical and demographic characteristics of the stud

haracteristic All subjects (N�546)

ge, mean (SD), yearsa 11.9 (3.4)
ender, N (%)
Male 275 (50.4)
Female 271 (49.6)

ace/ethnicity, N (%)
African American 127 (23.3)
Asian/Pacific Islander 20 (3.7)
Hispanic 37 (6.8)
Multiracial 21 (3.8)
White 287 (52.6)
Other 54 (9.9)

lood pressure (mm Hg)
Systolic (mean, SD)a 121.0 (16.1)
Diastolic (mean, SD)a 65.3 (9.5)

MI (kg/m2)
Mean (SD)a 35.5 (9.3)
Percentile, mean (SD)a 98.7 (0.8)
Z-score, mean (SD)a 2.54 (0.4)
ours of TV/day, Mean (SD)a 3.1 (1.8)
V time categories, N (%)
0 to �2 hours/day 121 (22.2)
2 to �4 hours/day 202 (37.0)
�4 hours/day 223 (40.8)

p�0.05 for children with hypertension versus without hypertension.
MI, body mass index.

able 2. Logistic regression model for hypertension in obese

Unadjusted

ariable p value OR

MI z-score — —
V per day (hours)
0 to �2 — —
2 to �4 p�0.001 2.63
4� p�0.001 4.13
Adjusted for race, BMI z-score, and site.
MI, body mass index; CI, confidence interval; OR, odds ratio.

ecember 2007
nd BMI z-score, the odds of having hypertension de-
reased only slightly, indicating that TV viewing is associ-
ted with hypertension independent of obesity. In the
djusted analysis, children watching 2 to �4 hours of TV
ad 2.5 times higher odds of having hypertension than

hose watching �2 hours. Children viewing �4 hours of
V per day had 3.3 times higher odds of having hyper-

ension than those watching �2 hours. BMI z-score also
as associated with hypertension (OR�1.62; p�0.029).
hen TV viewing time was entered into the model as a

ontinuous variable, the odds of having hypertension
ncreased by 26% for each hour of TV watched per day
OR�1.26, 95% CI�1.13–1.40, p�0.001).

iscussion

n a multicenter study of obese children, the relation-
hip between time spent watching TV and the presence

pulation

bjects without hypertension
311)

Subjects with hypertension
(n�235)

1.7 (3.5) 12.3 (3.3)

60 (51.4) 115 (48.9)
51 (48.6) 120 (51.1)

64 (20.6) 63 (26.8)
12 (3.9) 8 (3.4)
23 (7.4) 14 (6.0)
15 (4.8) 6 (2.6)
59 (51.1) 128 (54.5)
38 (12.2) 16 (6.8)

0.6 (10.4) 134.7 (11.2)
1.9 (8.4) 69.8 (8.9)

3.9 (8.5) 37.6 (9.8)
8.6 (0.9) 98.9 (0.5)
.49 (0.5) 2.59 (0.4)
2.8 (1.7) 3.6 (1.8)

94 (30.2) 27 (11.5)
15 (37.0) 87 (37.0)
02 (32.8) 121 (51.5)

dren

Adjusteda

CI (%) p value OR 95% CI (%)

0.029 1.62 1.05–2.49

— — —
4.39 p�0.001 2.54 1.51–4.29
6.83 p�0.001 3.29 1.95–5.56
y po

Su
(n�

1

1
1

1

11
6

3
9
2

1
1

chil

95%

—

—
1.58–
2.50–
Am J Prev Med 2007;33(6) 441
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f hypertension was examined. TV time was positively
orrelated with the severity of obesity. After controlling
or the severity of obesity, TV time was independently
ssociated with the presence of hypertension.

This study is the first to demonstrate an association
etween TV and blood pressure in obese children.
levated blood pressure in children and adolescents is
growing concern, as it is both increasing in preva-

ence and often remains undiagnosed, particularly
mong individuals with a systolic pressure less than 140
mHg or a diastolic pressure less than 90 mmHg.
lood pressure percentiles, which are necessary to

ndicate blood pressure status in children, are rarely
alculated during routine office visits. Since childhood
lood pressure is one of the strongest predictors of
dult blood pressure,18 hypertension present in child-
ood is a serious risk factor for future cardiovascular
orbidity and mortality3 and needs to be addressed.
Increased micronutrient and energy intake may also

lay a role in the relationship between TV and hyper-
ension, and between TV and the severity of obesity.
esearch has shown that up to 35% of childrens’ daily

otal energy consumption is consumed in front of the
V.19,20 Foods commonly advertised on television are
ore frequently consumed than their unadvertised

ounterparts, and these advertised foods tend to be
igh in refined sugars (baked sweets, soft drinks)
nd/or high in fat (fast food, fried foods), giving them
high energy content.21 TV-influenced intake of such
igh-fat and high-salt foods may contribute to the
ssociation between TV and hypertension. Sodium in
articular has been associated with hypertension in
dults.22 However, studies have shown conflicting re-
ults as to the role of salt in hypertension in children.23

hether TV affects the intake of other micronutrients,
uch as calcium, potassium, and magnesium is unclear,
nd research on the association of these nutrients with
ypertension in children is incomplete.24 The increase

n the severity of obesity also may be due to dietary
hoices secondary to TV viewing. TV time has been
hown to increase caloric intake.21,25 It has also been
hown that TV time increases the serving size of fried
oods and baked sweets by as much as 1.4 servings per
eek.21 Together, these factors may contribute to an

ncrease in energy intake not balanced by an increase
n energy expenditure, contributing to the relationship
etween TV and the severity of obesity in this study.
Television viewing by children also increases per-

eived psychological stress,26 promoting amygdala acti-
ation, which alters both sympathetic efferent output
nd hypothalamic–pituitary–adrenal axis responsive-
ess.27 Urinary glucocorticoid excretion is linked to
spects of the metabolic syndrome, including blood
ressure.28 In addition, there is evidence for the role of
tress and glucocorticoids in promoting increased ca-
oric intake of “comfort foods,” adiposity, and the
etabolic syndrome.29,30 Several studies have shown t

42 American Journal of Preventive Medicine, Volume 33, Num
elationships between stress and unhealthy dietary
ractices in adolescents31 and children.32 Thus, psycho-

ogical stress secondary to TV viewing may lead to an
ncrease in visceral adiposity, insulin resistance, and
ympathetic nervous system activation, all of which may
lay a role in the association between TV and hyper-
ension, and TV and the severity of obesity in obese
hildren.33

The strengths of this study included its large sample
ize and multicenter design, which allowed for a broad
ge range and ethnic diversity. Many previous studies
ave focused only on a narrow age range6 or ethnic
opulation.9,12 The limitations of this study involved
he cross-sectional nature of the analysis, which pre-
ented determination of causation of the associations
ound. In addition, unmeasured familial factors such as
ocioeconomic status might play a role in the associa-
ion between TV viewing and hypertension, and thus
hould be taken into account in future studies. Further-
ore, the cross-sectional design allowed for only one

itting for the measurement of blood pressure. Prior to
the stablishment of a medical diagnosis of hyperten-
ion, three measurements on separate office visits are
eeded. Finally, the measure of television time relied
n individual recall. However, self-reported question-
aires have been used in most studies to date on this

opic,5–12 and parent reports have been shown to be
easonably accurate estimates of child TV time.14 Fur-
hermore, TV-time estimates were reviewed and con-
rmed with the parent and child in addition to the

nitial questionnaire.
The current study illustrates the need for consider-

ble physician and family involvement to decrease TV
ime among obese children. The American Academy of
ediatrics (AAP) recommends that children watch less
han 2 hours of TV per day,34 but reports that only half
51%) of pediatricians make this recommendation to
atients.35 One recent study has shown that many
arents do not consider the risks of television viewing
o apply to their child.36 In this study, only 20% of
bese children already comply with these guidelines,
nd nearly 89% of obese children with hypertension
atch 2 or more hours of TV per day. Thus, although
ecreasing TV time may not be a universal strategy, TV
iewing is an attractive target for intervention, particu-
arly among obese children with hypertension. Several
tudies have demonstrated that changing TV time
lone can lead to weight loss, without any changes in
hysical activity.37–39 Further intervention studies are
arranted to determine whether similar results could
e obtained for reducing blood pressure in obese
hildren.

onclusion

here is a significant association between hours of

elevision watched and both the severity of obesity and

ber 6 www.ajpm-online.net
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D

he presence of hypertension in obese children. The
agnitude of the associations found in this study

ndicates the need for increased physician and parental
ompliance to the AAP guidelines for TV viewing. One
ecent study suggests several strategies to meet these
ecommendations and to limit negative health out-
omes associated with TV viewing; for example, by
emoving the TV from the child’s bedroom and forbid-
ing TV watching while eating.36 Mechanistic and

nterventional studies are warranted to determine the
auses underlying the association between TV time and
ypertension, and whether decreasing TV time can

mprove blood pressure status in obese children.
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