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Abstract

Objective: To examine the association between duration and type of screen time (TV, video games, computer time) and
blood pressure (BP) and lipids in overweight and obese adolescents.

Design: This is a cross-sectional study of 282 overweight or obese adolescents aged 14–18 years (86 males, 196 females)
assessed at baseline prior to beginning a lifestyle intervention study for weight control. Sedentary behaviours, defined as
hours per day spent watching TV, playing video games, recreational computer use and total screen time were measured by
self-report. We examined the associations between sedentary behaviours and BP and lipids using multiple linear regression.

Results: Seated video gaming was the only sedentary behaviour associated with elevated BP and lipids before and after
adjustment for age, sex, pubertal stage, parental education, body mass index (BMI), caloric intake, percent intake in dietary
fat, physical activity (PA) duration, and PA intensity. Specifically, video gaming remained positively associated with systolic
BP (adjusted r = 0.13, b= 1.1, p,0.05) and total cholesterol/HDL ratio (adjusted r = 0.12, b= 0.14, p,0.05).

Conclusions: Playing video games was the only form of sedentary behaviour that was independently associated with
increased BP and lipids. Our findings provide support for reducing time spent playing seated video games as a possible
means to promote health and prevent the incidence of cardiovascular disease (CVD) risk factors in this high risk group of
overweight and obese adolescents. Future research is needed to first replicate these findings and subsequently aim to
elucidate the mechanisms linking seated video gaming and elevated BP and lipids in this high risk population.
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Introduction

Most adolescents living in Western countries spend excessive

amounts of time being sedentary, mainly in the form of screen

time behaviours such as TV viewing, seated video gaming, and

recreational computer use [1–3]. This is concerning because

sedentary behaviours track throughout adolescence and into

adulthood [4], and sedentariness via screen time in adulthood is

associated with increased morbidity and mortality, making the

relationship between sedentary behaviour and health indicators an

important area of study [5]. Many of the studies conducted in the

pediatric population have focused primarily on glucose-related

measures with relatively little attention to traditional cardiovascu-

lar disease (CVD) risk factors such as high blood pressure (BP) and

dyslipidemia. However, there is evidence that dyslipidemia and

elevated BP are being increasingly observed in youth, especially

overweight and obese youth [6,7], and that these CVD risk factors

in adolescence predict the development of CVD and mortality in

adulthood [8,9]. Moreover, animal research has shown that

extended bouts of sedentary behaviour result in dramatic
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reductions in lipoprotein lipase activity leading to reductions in

high-density lipoprotein cholesterol (HDL-C) in rat skeletal muscle

[10]. Similarly, excessive sedentary behaviour is associated with

increases in low density lipoprotein cholesterol (LDL-C) and

triglycerides in adult humans [11].

In the studies focusing on BP and lipids as an indicator of

CVD risk in youth, screen time was independently associated

with increased CVD risk after adjusting for moderate-to-

vigorous intensity physical activity (PA) and other confounders

in some studies [12–14] but not others [15–17]. However, the

studies demonstrating null findings have design limitations

including limited statistical power [16], TV viewing as the only

index of sedentary behaviour [15], a limited number of

measured CVD risk factors [15], and the assessment of screen

time not including video gaming [17]. Including seated video

gaming as part of screen time measurement is important

because it is appealing to adolescents [18] and is associated with

obesity in youth [19–21], possibly due to increased food intake

[22,23]. Moreover, recent research found that different types of

screen behaviour may have different and independent effects on

chronic disease risk in youth [24,25] but again these studies

failed to include video gaming as part of screen time. Thus,

measurement of time spent playing video games in association

with the full spectrum of BP and lipid measurements as

indicators of CVD risk factors remains unclear.

The purpose of this study was to examine the independent

relationships between the volume and types of sedentary screen

time behaviours (i.e., TV viewing, seated video games, computer

time) with systolic and diastolic BP and lipids in overweight and

obese adolescents, controlling for a wide range of confounders.

Materials and Methods

Participants
The sample consisted of 282 adolescents who were either obese

($95 body mass index (BMI) percentile for age and sex) or

overweight (85th to 94th BMI percentile for age and sex) based on

cut-off values from the Centers for Disease Control (CDC) growth

charts [26], recruited as potential participants in a diet and

exercise trial. Those participants who were overweight had to have

at least one comorbid CVD or diabetes risk factor, including

family history, to be included in the study. The sample was

comprised of 86 males and 196 female aged 14 to 18 years, with a

mean age of 15.561.4 years. All participants were Tanner stage

IV or V with respect to pubertal development, and the mean BMI

was 34.464.3 kg/m2. The majority (70%) of the sample was

Caucasian, 12% were African Canadian, 2% Asian, 3% Hispanic,

2% First Nations, 4% Arabic, 4% mixed race, and 3% categorized

as other. Parents of participants were well educated, with 75% of

mothers and 68% of fathers having completed some university or

community college program. Participants were recruited by

posters and advertisements in the Children’s Hospital of Eastern

Ontario’s endocrine/obesity clinic, by radio and bus advertise-

ments, and flyers in community physicians’ offices. Bus advertise-

ments were the most effective recruitment strategy, accounting for

48% of recruitment. Data for this analysis come from the Healthy

Eating and Aerobic and Resistance Training in Youth (HEARTY)

trial, a randomized controlled exercise intervention aimed at

reducing adiposity in obese adolescents. The data reported herein

represent baseline data collected before the intervention from

2005 to 2010. Of the 358 adolescents, 282 (79%) had complete

data for analysis from the baseline data collection of the HEARTY

trial. All participants completed the testing individually (i.e. one on

one) with the research coordinator.

Ethics Statement
Informed written consent from each participant was obtained in

accordance with the principles expressed in the Declaration of

Helsinki guidelines for human subjects. In the case of minors,

written informed consent was also obtained by parents or legal

guardians. This study was reviewed and approved by the Research

Ethics Boards of the Children’s Hospital of Eastern Ontario

(CHEO) and The Ottawa Hospital.

Screen Time Behaviour and Physical Activity
Time (hours per day) spent watching TV, playing seated

(inactive) video games (excluding computer games), and recrea-

tional computer time (excluding school work) was assessed by self-

report questionnaire. Total screen time was calculated by

aggregating the three types of screen behaviours. Self-reported

PA duration was calculated based on the question ‘‘On average,

how long do you participate in some sort of physical activity each

day – with physical activity being cumulative not consecutive.’’

Likert-type rating scales included 6 response ratings, whereby

1 = less than 5 minutes, 2 = 5 to 15 minutes, 3 = 15 to 30 minutes,

4 = 30 to 45 minutes, 5 = 45 to 60 minutes, and 6 = greater than

60 minutes. Intensity of PA was assessed by the question ‘‘on

average, how would you describe the intensity of most of your

physical activity?’’ Response ratings included 1 = light, 2 = mod-

erate, and 3 = vigorous. Both PA duration and PA intensity were

used as covariates in our statistical analyses.

Lipids
Overnight-fasting blood samples of approximately 20 mL of

venous blood were taken in the morning, from a forearm or

antecubital vein and were transported directly to the laboratory at

the Ottawa Hospital for analysis. The lipid profile measurements

included triglycerides (mmol/L), total cholesterol (mmol/L), and

HDL-C (mmol/L) which were measured by using enzymatic

methods on a Beckman-Coulter LX20 analyzer (Beckman

instruments, Brea, California), while LDL-C concentrations were

calculated by using the Friedewald equation [27]. Total

cholesterol/HDL-C ratio was derived from measured values.

Blood Pressure
BP was measured manually using a mercury sphygmomanom-

eter on the left arm after 4 minutes of rest, with subjects sitting

with their back supported. Three BP measurements were taken at

1-minute intervals; the mean of the final two measures of BP was

used for the analysis.

Covariates
Weight and height were measured using a Health O Meter

manual scale (Health O Meter, Continental Scale Corp, Bridge-

view, ILL) while participants wore light clothing, without shoes,

using standard techniques. BMI was calculated as weight (kg)/

height in metres2. Children were classified as overweight or obese

according to age and sex specific cut-points as described above in

the participants section [26]. Sexual maturity was assessed using

the 5 stage scale for breast development in females and testicular

volume in males, according to Tanner [28].

Participants completed questionnaires on the same date as the

physical measurements were taken. They were asked to report

their age, sex, race and whether their mother and father

completed elementary school, high school, community college or

university. Highest level of maternal and paternal education was

assessed as a proxy for socio-economic status.

Video Game Playing and Blood Pressure and Lipids
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Participant dietary intake, including total kilocalories consumed,

kilocalories (and percent kilocalories) from fat, protein, and

carbohydrates were assessed using 3-day, 24 hour food diaries

under the supervision of a registered dietitian. The research

coordinator provided instruction on food recording prior to

evaluation of energy intake, and participants were provided with

tools to aid in measurement. Food records were completed for

three days, two weekdays and one weekend day, and the mean

intake was averaged across the three days using food composition

analysis software (The Food processor SQL 2006, ESHA

Research, Salem, OR). A registered dietitian met with each

participant shortly after completing the 3-day food records to

clarify recording and gain more accurate measurement of energy

intake.

Statistical Analyses
The distributions for BP and lipid outcomes were examined to

determine if they were normally distributed. All distributions were

normally distributed except for triglycerides, which was positively

skewed but normalized when it was logarithmically transformed,

and this transformed triglycerides variable was used in the

analyses. Sex differences were examined by independent t-tests

and chi-squares for continuous and categorical variables, respec-

tively (Table 1). The relationships between the covariates and the

individual BP and lipid outcomes were assessed using Pearson

Correlations for continuous variables and Spearman Rho (non-

parametric) correlations for categorical variables (Table 2). The

independent associations between the types of sedentary behaviour

(seated video games, TV, recreational computer time, total screen

time) and PA duration and PA intensity with BP and lipid

measures (dependent variables) were tested by multiple linear

regression, adjusting for sex, age, highest level of maternal and

paternal education, sexual maturity, BMI, total caloric intake,

percent of calories from dietary fat, PA intensity and PA duration

(Table 3). Each regression for the associations between sedentary

behaviours and BP and lipid outcomes were also assessed for a

sex6sedentary behaviour interaction. Regarding the association

between PA duration and PA intensity and BP and lipid outcomes,

total screen time was used as the sedentary behaviour in all

regressions because it represents an aggregate measure of the time

spent in all screen time behaviours. For regressions involving PA

duration and PA intensity, sex6PA interactions were also assessed

for each BP and lipid outcome. Statistics were analyzed with SPSS

for Windows (Version 18) and a p-value#0.05 denoted statistical

significance.

Results

The descriptive characteristics of the sample are shown in

Table 1. On average, males had a higher BMI, reported more

time spent playing seated video games, greater total screen time,

and greater caloric intake compared to females. Males were

significantly more likely to be obese than females (100% vs 88%,

p,0.001). Males also had higher systolic BP, triglycerides, and

total cholesterol/HDL ratio, while females were more sexually

mature and had higher HDL-C. There were no sex differences on

self-reported PA.

Unadjusted correlations are shown in Table 2. None of the

sedentary behaviours was significantly correlated with BP or lipids

except for time spent playing video games, which was positively

associated with systolic BP (r = 0.20, p,0.001), triglycerides

(r = 0.10, p,0.001), total cholesterol/HDL-C ratio (r = 0.19,

p,0.001), and negatively associated with HDL-C (r = 20.19,

p,0.001). Although PA duration was not associated with any BP

or lipid measures, PA intensity was inversely correlated with

systolic BP (r = 20.12, p,0.05) and total cholesterol/HDL-C ratio

(r = 20.11, p,0.05). There were no significant associations

between total caloric intake (kcals) or percent fat intake and BP

and lipids, as shown in Table 2. Similarly, there was no significant

relationship between percent protein or carbohydrate intake and

BP and lipids (data not shown). BMI correlated with BP and lipids

more strongly than any other of the covariates.

Table 3 shows the independent associations between the types

of sedentary behaviour and intensity of PA and BP and lipids after

adjustment for potential confounders. The adjusted sex6sedentary

behaviour interaction was not significant for any of the health

outcomes. Similarly, the sex6PA duration and sex6PA intensity

interactions were not significant (data not shown). However, after

adjusting for age, sex, parental education, BMI, sexual maturity,

total caloric intake, percent of energy intake derived from dietary

fat, duration of PA, and intensity of PA, the positive associations

between video gaming and systolic BP (adjusted r = 0.13, b= 1.1,

p,0.05) and total cholesterol/HDL ratio (adjusted r = 0.12,

b= 0.10, p,0.05) remained significant. The relationship between

video gaming and triglycerides reached borderline significance

(adjusted r = 0.11, b= 0.04, p = .07). No other types of sedentary

behaviour, including total screen time, were associated with BP or

lipid measures after adjusting for covariates. After adjustment, PA

Table 1. Descriptive characteristics of the sample.

Males (N = 86) Females (N = 197)

Age (years) 15.461.3 15.661.4

Height (CM)*** 174.567.6 165.465.9

Weight (kg)*** 108.3616.1 93.1614.7

BMI (kg/m2)** 35.564.0 33.964.4

Tanner (pubertal) Stage*** 4.560.5 4.860.4

TV viewing (hours/day) 2.761.7 2.862.1

Computer time (hours/day) 2.561.9 2.262.0

Video games (hours/day)*** 1.561.9 0.260.6

Screen time (hours/day)*** 6.762.9 5.262.8

Intake in Dietary Fat (%) 34.466.4 34.065.6

Total caloric intake (kcals)** 23226601 20866590

Physical activity score 3.561.7 3.461.7

PA intensity-light (%) 68.6 64.3

PA Intensity-moderate (%) 29.1 33.2

PA intensity-vigorous (%) 2.3 2.5

Systolic BP (mm Hg)*** 119.0610.9 111.369.1

Diastolic BP (mm Hg) 75.666.8 74.467.3

Triglycerides (mmol/L)* 1.460.6 1.260.6

HDL-C (mmol/L)*** 1.060.2 1.160.3

LDL-C (mmol/L) 2.660.7 2.660.7

Total cholesterol (mmol/L) 4.260.8 4.360.8

Cholesterol/HDL-C Ratio*** 4.461.2 3.961.0

Data are presented as means 6 standard deviations except for PA intensity
which are in percentages; PA = Physical activity score of 1 = less than 5 minutes,
2 = 5 to 15 minutes, 3 = 15 to 30 minutes, 4 = 30 to 45 minutes, 5 = 45 to
60 minutes, and 6 = Greater than 60 minutes. Sex differences determined by
independent t-tests for continuous data and chi-square for categorical data;
*p,.05,
**p,.01,
***p,.001.
doi:10.1371/journal.pone.0026643.t001
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intensity was inversely associated with systolic BP (adjusted

r = 20.13, b= 22.3, p,0.05), LDL-C (adjusted r = 20.12,

b= 20.15, p,0.05), and total Cholesterol/HDL ratio (adjusted

r = 20.14, b= 20.28, p,0.05), and positively associated with

HDL-C (adjusted r = 0.11, b= 0.05, p,0.05). After adjustment,

PA duration was only inversely associated with total cholesterol/

HDL-C ratio (adjusted r = 20.11, b= 20.08, p,0.05).

Discussion

This study examined the independent association between

duration of screen time and time spent in types of sedentary screen

behaviours with BP and lipids in overweight and obese

adolescents. Interestingly, total screen time was not associated

with BP or lipids before or after adjusting for confounders.

However, to our knowledge, we are the first to show that time

spent playing video games was the only type of sedentary

behaviour associated with increased BP and lipids before and

after adjusting for multiple confounders in a large sample of

overweight and obese adolescents. Although males spent signifi-

cantly more time playing video games than females, the sex6video

game interaction was not significant, suggesting that the

relationship between video games and BP and lipid outcomes

did not differ by sex.

Only a few studies have examined the relationship between

types of screen time behaviours and chronic disease risk factors in

youth. In a large, nationally representative sample of over 2500

children and adolescents from the 2003/4 and 2005/6 National

Health and Nutrition Examination Survey (NHANES), Carson

and Janssen [24] found that time spent watching TV was

predictive of a higher score of an aggregated or clustered measure

of cardio-metabolic risk, but recreational computer time was not.

Similarly, Martinez-Gomez et al. [25] found that TV viewing but

not computer time was associated with increased BP in pre-

pubertal children. However, neither study assessed time spent

playing seated video games, so it is uncertain how this form of

sedentary behaviour would have predicted chronic disease risk

compared to other screen behaviours. In contrast to these findings,

neither TV viewing nor recreational computer time was associated

with BP or lipids in the current study, whether considering

unadjusted or adjusted relationships. These discrepant findings are

somewhat surprising since many studies have documented

Table 2. Correlations between Various Sedentary Behaviours, Physical Activity and Blood Pressure and Lipids.

TV CT VG ST BMI Age Sex PE ME TS %Fat Cal PA-I PA-D

Systolic BP 0.06 20.08 0.20** 0.07 0.25** 0.15** 20.33** 0.06 0.01 0.01 0.10 0.10 0.12 0.03

Diastolic BP 0.00 20.04 0.03 20.02 0.25** 0.15** 20.09 0.05 20.01 0.01 0.08 0.06 20.02 0.01

Total Cholesterol 0.03 20.01 0.00 0.01 20.05 0.07 0.04 20.04 0.09 0.01 0.03 0.00 20.05 20.04

HDL-C 20.03 0.08 20.19** 20.05 20.25** 0.14** 0.27** 0.04 0.08 0.19** 20.04 20.08 0.10 0.04

Triglycerides 0.08 20.09 0.10* 0.03 20.23** 0.10* 20.12* 20.04 20.01 20.12* 0.07 0.04 20.03 20.05

LDL-C 0.02 20.01 0.03 0.02 0.06 0.08 20.01 20.07 20.01 20.12* 0.03 0.02 20.09 20.04

Total Chol/HDL-C 0.04 20.04 0.19** 0.08 0.25** 20.07 20.23** 20.09 20.01 0.15** 0.06 0.07 20.11* 0.09

TV = television viewing in hours/day; CT = recreational computer time in hours/day; VG = video games in hours/day; ST = screen time in hours/day; Sex; 0 = male,
1 = females; ME = Maternal education; PE = paternal education; TS = tanner pubertal stage score; %Fat = %intake in dietary fat; Cal = total caloric intake(kcals); PA-I;
Physical Activity Intensity, 1 = light, 2 = moderate, 3 = vigorous; PA-D = Physical Activity Duration score (hours/day). Pearson correlations used to assess continuous
variables and Spearman Rho correlations used for categorical variables.
*p,.05;
**p,.001.
doi:10.1371/journal.pone.0026643.t002

Table 3. Independent Associations of Various Sedentary Behaviours, Physical Activity Intensity and Blood Pressure and Lipids.

TV CT VG ST PA- Intensity

Systolic BP 0.48 (20.72 to 1.7) 20.77 (21.8 to 0.28) 1.1 (0.11 to 2.2)* 0.34 (20.36 to 1.0) 22.3 (20.3 to 24.3)*

Diastolic BP 20.09 (20.21 to 0.03) 20.02 (20.12 to 0.09) 20.01 (20.12 to 0.09) 20.04 (20.12 to 0.03) 20.58 (22.1 to 0.96)

Total Cholesterol 20.01 (20.11 to 0.09) 20.07 (20.02 to 0.16) 0.03 (20.06 to 0.17) 0.04 (20.02 to 0.10) 20.12 (20.23 to 0.05)

HDL-C 0.00 (20.03 to 0.03) 0.01 (20.02 to 0.04) 20.02 (20.04 to 0.01) 0.00 (20.02 to 0.02) 0.05 (0.00 to 1.0)*

Triglycerides 0.05 (20.03 to 0.13) 20.04 (20.11 to 0.03) 0.04 (20.03 to 0.11) 0.02 (20.03 to 0.07) 20.05 (20.19 to 0.08)

LDL-C 0.03 (20.12 to 0.05) 0.07 (20.01 to 0.15) 0.02 (20.05 to 0.10) 0.03 (20.02 to 0.08) 20.15 (20.29 to 20.01)*

Total Chol/HDL-C 20.03 (20.16 to 0.11) 0.05 (20.06 to 0.17) 0.10 (0.00 to 0.21)* 0.07 (20.01 to 0.14) 20.28 (20.50 to 20.06)*

Data are presented as unstandardized beta –Coefficients (95% confidence interval). beta –Coefficients assess the relationship between the sedentary and physical
activity variables (IVs) with the BP and lipid outcomes (DVs) adjusting for the covariates, thus the higher the beta weight, the stronger the independent relationship
between the IVs and DVs; TV = television viewing in hours/day; CT = recreational computer time in hours/day; VG = video gameplaying in hours/day; ST = screen time in
hours/day; PA-Intensity = Physical Activity Intensity score, with 1- light, 2 = moderate, 3 = vigorous.
*p,.05; Each linear regression assessing sedentary behaviours and PA intensity (primary IV’s) on BP and lipids controlled for sex, mother and father’s highest level of
education, sexual maturity, age, BMI, total caloric intake (kcals) and % calories in dietary fat, physical activity duration and intensity and a sex6sedentary behaviour
interaction. For the case of PA intensity, screen time was chosen as the sedentary behaviour because it is an aggregate measure of types of sedentary behaviour, and
sex6PA intensity interaction was included in the regression equation. Results of regressions for PA duration and BP and lipids are presented in text of results section.
doi:10.1371/journal.pone.0026643.t003
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independent relationships between TV viewing and biochemical

markers of metabolic and CVD risk in children and adolescents

[12–14,24], though not all have found these relationships [15].

The discrepant findings are unlikely to be due to differences in

absolute time spent in either type of sedentary behaviour or

variation since the mean values for time spent in TV and seated

video gaming in the current study was similar, as was the

variability. However, our sample was comprised of overweight and

obese adolescents rather than a nationally representative sample

[24], so it is possible these differences in sample characteristics

could explain, in part, the discrepant findings.

Given the novelty of the findings, it is difficult to speculate what

mechanisms may link video game use to high BP and more

adverse lipid profiles; however, a few possible explanations are

offered. Similar to TV viewing, observational studies showed an

association between video game playing and obesity in youth [19–

21]. Well-controlled crossover laboratory research indicates that

video game playing was associated with an increase in spontaneous

food intake of energy dense snack foods compared to resting

conditions [22,23] which may have an adverse impact on obesity,

BP and lipid profiles. Even though various dietary measures

(percent of calories from fat and total caloric intake) were adjusted

for in this study, residual confounding may have still been present,

although unlikely given we found no association between food

intake and the BP and lipid measures. In addition, laboratory

studies have shown that seated video game playing acutely causes

increased heart rate, elevated systolic and diastolic BP, increased

sympathetic tone and mental workload compared to rest [22],

perhaps due to the excitement, stress and concentration required

for effective gaming. Given that these associations between seated

video gaming and BP occurred in laboratory settings, it is possible

that these effects become exacerbated and more chronic when

video games are played frequently over time as observed in our

study. It is also possible that the self-reporting of gaming was more

accurate than other screen behaviours since gaming may be

played in discrete bouts that are more distinct and memorable,

whereas it may be more difficult to accurately quantify time spent

watching TV or computer use because they may be more

susceptible to periodic interruptions.

Similar to previous studies [15,16,24,29], PA intensity in this

study, primarily that performed at moderate-to-vigorous-intensity,

was associated with lower BP and more favourable lipid profile

before and after adjustment for confounders, including sedentary

behaviour. However, duration of PA, defined as time spent in PA

per day, was not associated with BP or lipids before adjustment,

and was only associated with total cholesterol/HDL-C ratio after

adjustment, indicating that PA intensity rather than duration of

PA may be more closely related to a lower BP and more

favourable lipid profile in this population. In addition, these

findings highlight the notion that sedentary behaviour and PA are

distinct constructs that may have different mechanisms in how

they relate to health outcomes [30].

Limitations and Strengths
This study has several strengths and limitations. We utilized a

sample of overweight and obese adolescents volunteering for

exercise intervention, thus it is uncertain whether our findings can

be generalized to overweight and obese adolescents in the

community. In addition, time spent in screen time behaviours

and PA duration and intensity were measured by self-report which

may introduce inaccuracies and bias in youth, whereby PA is

generally over reported and sedentary behaviour is under reported

[31], and it is possible that objective measures of these behaviours

may have resulted in a different pattern of results. Another

limitation is the cross-sectional design, which limits the ability to

make causal inferences about the relationships observed. Also,

males spent more time video gaming than females, but males only

comprised about 30% of the sample, thus it is possible that sex

differences between seated video games and BP and lipid profiles

may have been detected if the sample was more balanced on sex,

thus future research is needed to test the veracity of this hypothesis.

Regarding the imbalance in sex in the current study, it is possible

that males perceive obesity to be a problem warranting

intervention only at greater degrees of obesity, perhaps explaining,

in part, that males tended to have more adverse BP and lipid

profiles than females.

Strengths of this study include an assessment of the three

primary forms of sedentary screen time behaviours (seated video

games, TV and recreational computer time), whereas previous

studies in the pediatric population examining the relationship

between types of sedentary behaviour and risk factors of chronic

disease only included TV and computer time [17,24,25]. Our

study highlights the importance of measuring seated video gaming,

which large surveys show has mass appeal to teenagers [18],

especially males, and our data also reflect the popularity of video

games given time spent in gaming was comparable to TV viewing.

Our study is also the first to examine the associations between

sedentary screen time behaviours and BP and lipid profiles in an

overweight and obese adolescent sample, who is at increased risk

of CVD and premature mortality in adulthood compared to their

normal weight peers [8,9]. Additionally, the present study included

the broadest spectrum of BP and lipid measures as a proxy for

assessing CVD risk factors compared to other studies [12–16].

Assessing the full spectrum of BP and lipids is important because

these CVD risk factors in adolescence track into adulthood [7],

and heart disease and stroke are still leading causes of morbidity

and premature mortality [32]. Lastly, the current study included a

comprehensive set of covariates that statistically controlled for

several confounding variables, strengthening the internal validity

of the findings.

Conclusions
To the best of our knowledge, the present study is the first to

demonstrate that seated video gaming is associated with increased

BP and lipids in a sample of overweight and obese adolescents,

after controlling for adiposity, caloric intake, dietary fat intake, PA

duration and intensity and several other important confounders.

Our results provide further support for the public health guidelines

recommending that children and youth limit their sedentary

behaviour, especially screen time behaviours [33,34]. Our findings

provide support for reducing time spent playing seated video

games as a possible means to promote health and prevent CVD in

this high risk group of overweight and obese adolescents. Future

research is needed to first replicate these novel findings and

subsequently aim to elucidate the mechanisms linking seated video

gaming and elevated BP and lipids in a high risk sample of

overweight and obese youth.

Acknowledgments

The authors would like to thank all the subjects who participated in the

study and all the research staff who assisted with data collection and

implementation of the protocol.

Author Contributions

Conceived and designed the experiments: GSG GPK SH JM DP RG TJS

MST RJS. Performed the experiments: PP ASA. Analyzed the data: GSG.

Wrote the paper: GSG GPK SH PP ASA TJS MST JM DP RG RJS.

Video Game Playing and Blood Pressure and Lipids

PLoS ONE | www.plosone.org 5 November 2011 | Volume 6 | Issue 11 | e26643



References

1. Hardy LL, Dobbins TA, Denney-Wilson E, Okely AD, Booth ML (2006)
Descriptive epidemiology of small screen recreation among Australian

adolescents. J Paediatr Child Health 42: 709–714.
2. Marshall SJ, Gorely T, Biddle SJ (2006) A descriptive epidemiology of screen-

based media use in youth: a review and critique. J Adolesc 29: 333–349.
3. Sisson SB, Church TS, Martin CK (2009) Profiles of sedentary behavior in

children and adolescents: the US National Health and Nutrition Examination

Survey 2001–2006. Int J Pediatr Obes 4: 353–359.
4. Malina RM (1996) Tracking of physical activity and physical fitness across the

lifespan. Res Quarter Exer Sport 67: S48–S57.
5. World Health Organization (2002) The World Health Report: Reducing Risks,

Promoting Healthy Life. Geneva, Switzerland: World Health Organization.

6. Arslanian S, Suprasongsin C (1996) Insulin sensitivity, lipids, and body
composition in childhood: is ‘‘syndrome X’’ present? J Clin Endocrinol Metab

81: 1058–1062.
7. Bao W, Srinivasan SR, Wattigney WA, Berenson GS (1994) Persistence of

multiple cardiovascular risk clustering related to syndrome X from childhood to

young adulthood. The Bogalusa Heart Study. Arch Intern Med 154:
1842–1847.

8. Franks PW, Hanson RL, Knowler WC, Sievers ML, Bennett PH, et al. (2010)
Childhood obesity, other cardiovascular risk factors, and premature death.

N Engl J Med 362: 485–493.
9. Raitakari OT, Juonala M, Kahonen M, Taittonen L, Laitinen T, et al. (2003)

Cardiovascular risk factors in childhood and carotid artery intima-media

thickness in adulthood: the Cardiovascular Risk in Young Finns Study. JAMA
290: 2277–2283.

10. Bey L, Hamilton MT (2003) Suppression of skeletal muscle lipoprotein lipase
activity during physical inactivity: a molecular reason to maintain daily low-

intensity activity. J Physiol 551: 673–682.

11. Hamburg NM, McMackin CJ, Huang AL, Shenouda SM, Widlansky ME, et al.
(2007) Physical inactivity rapidly induces insulin resistance and microvascular

dysfunction in healthy volunteers. Arterioscler Thromb Vasc Biol 27:
2650–2656.

12. Wells JC, Hallal PC, Reichert FF, Menezes AM, Araujo CL, et al. (2008) Sleep
patterns and television viewing in relation to obesity and blood pressure:

evidence from an adolescent Brazilian birth cohort. Int J Obes (Lond) 32:

1042–1049.
13. Wong ND, Hei TK, Qaqundah PY, Davidson DM, Bassin SL, et al. (1992)

Television viewing and pediatric hypercholesterolemia. Pediatrics 90: 75–79.
14. Pardee PE, Norman GJ, Lustig RH, Preud’homme D, Schwimmer JB (2007)

Television viewing and hypertension in obese children. Am J Prev Med 33:

439–443.
15. Ekelund U, Brage S, Froberg K, Harro M, Anderssen SA, et al. (2006) TV

viewing and physical activity are independently associated with metabolic risk in
children: The European Youth Heart Study. PLoS Medicine 3: 2449–2457.

16. Danielsen YS, Juliusson PB, Nordhus IH, Kleiven M, Meltzer HM, et al. (2011)
The relationship between life-style and cardio-metabolic risk indicators in

children: the importance of screen time. Acta Paediatr 100: 253–259.

17. Hardy LL, Denney-Wilson E, Thrift AP, Okely AD, Baur LA (2010) Screen time

and metabolic risk factors among adolescents. Arch Pediatr Adolesc Med 164:

643–649.

18. Jenkin H (2000) Art from the digital age. Technological Rev 102: 117–120.

19. Ray M, Jat KR (2010) Effect of electronic media on children. Indian Pediatr 47:

561–568.

20. Schneider M, Dunton GF, Cooper DM (2007) Media use and obesity in

adolescent females. Obesity (Silver.Spring.) 15: 2328–2335.

21. Carvalhal MM, Padez MC, Moreira PA, Rosado VM (2007) Overweight and

obesity related to activities in Portuguese children, 7–9 years. Eur J Public

Health 17: 42–46.

22. Chaput JP, Visby T, Nyby S, Klingenberg L, Gregersen NT, et al. (2011) Video

game playing increases food intake in adolescents: a randomized crossover study.

Am J Clin Nutr 93: 1196–203.

23. Oldham-Cooper RE, Hardman CA, Nicoll CE, Rogers PJ, Brunstrom JM

(2011) Playing a computer game during lunch affects fullness, memory for lunch,

and later snack intake. Am J Clin Nutr 93: 308–313.

24. Carson V, Janssen I (2011) Volume, patterns, and types of sedentary behaviour

and cardio-metabolic health in children and adolescents: A cross-sectional study.

BMC Public Health 11: 274.

25. Martinez-Gomez D, Tucker J, Heelan KA, Welk GJ, Eisenmann JC (2009)

Associations between sedentary behavior and blood pressure in young children.

Arch Pediatr Adolesc Med 163: 724–730.

26. Kuczmarski RJ, Ogden CL, Guo SS (2002) 2000 CDC growth charts for the

Unites States: Methods and development. Vital Health Statistics 246: 1–190.

27. Friedewald WT, Levy RI, Fredrickson DS (1972) Estimation of the

concentration of low-density lipoprotein cholesterol in plasma, without use of

the preparative ultracentrifuge. Clin Chem 18: 499–502.

28. Tanner JM (1981) Growth and maturation during adolescence. Nutr Rev 39:

43–55.

29. Sardinha LB, Andersen LB, Anderssen SA, Quiterio AL, Ornelus R, et al. (2008)

Objectively measured time spent sedentary is associated with insulin resistance

independent of overall and central body fat in 9- to 10-year-old Portuguese

children. Diabetes Care 31: 569–575.

30. Hamilton MT, Hamilton DG, Zderic TW (2004) Exercise physiology versus

inactivity physiology: an essential concept for understanding lipoprotein lipase

regulation. Exer Sports Sci Rev 32: 161–166.

31. Adamo KB, Prince SA, Tricco AC, Connor-Gorber S, Tremblay MS (2009) A

comparison of indirect versus direct measures for assessing physical activity in

the pediatric population: a systematic review. Int J Pediatr Obes 4: 2–27.

32. Jemal A, Ward E, Hao Y, Thun M (2005) Trends in the leading causes of death

in the United States, 1970–2002. JAMA 294: 1255–1259.

33. Tremblay MS, LeBlanc AG, Janssen I, Kho M, Hicks A, et al. (2011) Canadian

Sedentary Behaviour Guidelines for Children and Youth. Appl Physiol, Nutri,

Metabol 36: 59–64.

34. American Academy of Pediatrics (2001) Children, Adolescents, and Television.

Pediatr 107s: 423–426.

Video Game Playing and Blood Pressure and Lipids

PLoS ONE | www.plosone.org 6 November 2011 | Volume 6 | Issue 11 | e26643


