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Abstract: Obesity is a growing problem in developed countries and is likely a major cause of 

the increased prevalence of high blood pressure in children. The aim of this review is to provide 

clinicians and clinical scientists with an overview of the current state of the literature describing 

the negative influence of obesity on blood pressure and it’s determinants in children. In short, 

we discuss the array of vascular abnormalities seen in overweight children and adolescents, 

including endothelial dysfunction, arterial stiffening and insulin resistance. We also discuss the 

potential role of an increased activation of the sympathetic nervous system in the development of 

high blood pressure and vascular dysfunction associated with obesity. As there is little consensus 

regarding the methods to prevent or treat high blood pressure in children, we also provide a 

summary of the evidence supporting relationship between physical activity and blood pressure 

in children and adolescents. After reviewing a number of physical activity intervention studies 

performed in children, it appears as though 40 minutes of moderate to vigorous aerobic-based 

physical activity 3–5 days/week is required to improve vascular function and reduce blood 

pressure in obese children. Future studies should focus on describing the influence of physical 

activity on blood pressure control in overweight children.

Keywords: arterial compliance, insulin sensitivity, aerobic exercise, sympathetic nervous 

system

Obesity is an emerging problem in children  
and adolescents
The appearance of pediatric forms of chronic diseases such as type 2 diabetes and 

hypertension, underscores the enormous burden the childhood obesity epidemic is 

imposing on developed countries worldwide (Sorof and Daniels 2002; Hannon et al 

2005). Currently, nearly 1/3 of all children in Canada and the United States are con-

sidered overweight, placing millions of children at risk for chronic illness, notably 

hypertension (Strauss and Pollack 2001; Willms et al 2003). In adults, the develop-

ment of hypertension in obese individuals is chronic and progressive, taking years to 

develop (Mikhail et al 1999). In children and adolescents, high blood pressure appears 

to develop more rapidly and persists into adulthood suggesting that the mechanisms 

for the disease may be unique (Sorof and Daniels 2005). Regardless of the pathology, 

the appearance of obesity-related high blood pressure in children forecasts a major 

health care burden and a need for early intervention strategies.

A suspected cause for the growing prevalence of obesity and its associated diseases 

is a reduction in daily physical activity performed by children over the past two decades 

(Tremblay and Willms 2003). It is possible that disproportionately low physical 

activity patterns also predispose overweight children and adolescents to a premature 

progression to high blood pressure. Studies in adults provide overwhelming evidence 

that low physical activity patterns or fitness are associated with an exaggerated risk 
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for chronic diseases, including hypertension (Carnethon et al 

2003). Conversely, increased daily physical activity and high 

cardiorespiratory fitness reduce the risk for a large number 

of chronic diseases, including, hypertension (Paffenbarger 

et al 1983; Hayashi et al 1999; Hu et al 2004). Impressively, 

increased physical activity patterns and/or high cardiore-

spiratory fitness confer protection from chronic illness in 

individuals with underlying risk factors, including obesity 

(Myers et al 2002; Tanescu et al 2003). Unfortunately, 

there is currently little evidence describing the potential 

for increased physical activity to attenuate cardiovascular 

risk in children. More importantly, it is unclear if increased 

physical activity can protect overweight youth from pro-

gressing to high blood pressure, the most prevalent chronic 

illness associated with childhood obesity (Jago et al 2006). 

The purpose of this review is to provide a summary of the 

current literature describing the influence of overweight on 

blood pressure and its determinants in children and adoles-

cents. Furthermore, we would like to explore the potential 

role of physical activity as a countermeasure against the 

development of high blood pressure in the overweight 

pediatric population.

Qualification of terms
A major limitation for clinicians interested in this area is 

the inconsistent use of definitions for obesity in children 

(Table 1). In the US, the terms “at risk for overweight” and 

“overweight” are used to refer to children with body mass 

index values above the 85th and 95th percentile for their 

age and gender respectively. These percentiles are provided 

by the Centers for Disease Control CDC (2000) and were 

derived by averaging five national surveys performed on chil-

dren 18–73 months of age between 1963 and 1994. There are 

another set of definitions which were established by Cole and 

Colleagues (2000), sometimes referred to as “International 

Cut Off Points” for the classification of obesity in children. 

These standards were derived from survey data collected 

in over 60 000 children and adolescents 6–18 years from 

six countries and include the US national surveys between 

1963 and 1980. The standards were derived by converting 

the Z-score of 25 and 30 kg/m2 at age 18 for boys and girls 

into corresponding body mass index values for all ages from 

6–17 years. We will use the term overweight to refer to 

children with a body mass index considered above the 85th 

percentile or above the international “overweight” cut-off 

for age and gender.

The relationship between overweight 
and elevated systolic blood pressure 
in children
A number of community based studies have demonstrated 

that there is a strong positive relationship between body mass 

index (BMI) and blood pressure in children (Voors et al 1977; 

Aristimuno et al 1984; Clarke et al 1986; Jiang et al 1995; 

Munter et al 2004; Weiss et al 2004; Falkner et al 2006). 

The original and most compelling evidence emerged from 

the Bogalusa Heart Study, a school-based longitudinal track-

ing study of cardiovascular disease risk factors in multiple 

samples of school-aged children that began in 1973 (Voors 

et al 1977; Aristimuno et al 1984; Jiang et al 1995). In a 

series of studies, they have conclusively demonstrated that 

systolic blood pressure is significantly elevated in children 

within the upper percentiles of BMI or ponderosity relative 

to their leaner peers. Furthermore, longitudinal tracking of 

children included in the original cohort revealed that those 

who remained within the upper percentiles of BMI displayed 

a disproportionate rise in systolic blood pressure over time, 

relative to children who remained within the lower percentiles 

for body habitus (Aristimuno et al 1984).

Cross sectional comparisons between obese children 

admitted to pediatric weight loss clinics and their lean peers 

have also demonstrated that overweight and obese children 

Table 1 Definitions of overweight and high blood pressure in children

Term Definition Source Adult 
   Equivalent

At risk for overweight 85th–94th percentile for age and gender CDC 25–29.9 kg/m2 
Overweight  > 95th percentile for age and gender CDC >30 kg/m2 
Overweight  Age and gender specific values International Obesity Task Force 25–29.9 kg/m2 
(International Standard) 
Obese  Age and gender specific values International Obesity Task Force >30 kg/m2

(International Standard) 
High blood pressure SBP or DBP > 95th percentile for height NHLBI >140 mmHg

Abbreviations: CDC, Centers for Disease Control; NHLBI, National Heart, Lung, and Blood Institute.
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display significantly higher blood pressure than their lean 

peers, in a dose-response manner (Munter et al 2004; Weiss 

et al 2004). The positive relationship between BMI and sys-

tolic blood pressure has been reproduced in several other large 

population-based studies including NHANES III (Munter et 

al 2004). Interestingly, national survey data indicate a trend 

towards an overall rise in the average blood pressure values in 

children in the US, which the authors attribute to the increas-

ing prevalence of overweight in youth (Munter et al 2004).

Despite the large number of population-based studies 

reporting a positive relationship between body habitus 

and systolic blood pressure, few reports have attempted to 

describe the prevalence of high blood pressure (ie, hyper-

tension) within these populations. This is for good reason, 

as the criteria for high blood pressure in children is not as 

clear-cut as it is adults, and is dependent on many variables 

including age, relative height, and gender (www.nhlbi.nih 

.gov/guidelines/hypertension/child_tbl.htm) (Table 2). 

Two recent community-based surveys have attempted to 

address this limitation (Sorof et al 2004; Paradis et al 2004). 

In a study of 5100 children, aged 10–19 years, Sorof and 

colleagues (2004) recently reported that the prevalence of 

high blood pressure was higher in children within the upper 

quintiles of BMI and that 38% of overweight children (BMI 

> 95th percentile) displayed high-normal blood pressure 

for their height when initially screened. More recently, the 

Quebec Family Study revealed a similar 30% prevalence of 

high-normal systolic blood pressure in a cohort of Canadian 

adolescents (Paradis et al 2004). Multiple linear regression 

analysis revealed that within the cohort of children aged 9, 

13, and 16 years, BMI was a primary determinant of systolic 

blood pressure (β = 0.9–1.1, p < 0.001). Taken together, these 

data strongly suggest that overweight is a key determinant of 

elevated systolic blood pressure in children and adolescents 

and is a major contributing factor to the rising prevalence of 

high blood pressure in children and adolescents.

Mechanisms underlying the 
development of elevated systolic 
blood pressure in children

The mechanism(s) that contribute to elevated systolic 

blood pressure in obese individuals is a controversial topic. 

Conventional wisdom suggests that the root cause of high 

blood pressure in obese individuals is due primarily to a 

combination of factors that raise systemic vascular resistance 

(Hall and Davy 2004; Rahmouni et al 2005). Several factors 

are believed to contribute to the increased vascular tone in 

obese individuals, including but not limited to: (1) activation 

of the sympathetic nervous system; (2) insulin resistance and 

(3) vascular dysfunction (Figure 1).

Data accumulated over the past decade strongly suggest 

that activation of the sympathetic nervous system appears to 

be a leading candidate to explain the relationship between 

obesity and hypertension (Landberg et al 1991; Scherrer et al 

1994; Reaven et al 1996). Studies in animals placed on a high 

fat diet reveal a near dose-response increase in sympathetic 

outflow which is believed to be a centrally-mediated coun-

ter-response to restore the expanded adipose tissue mass to 

normal levels (Hall et al 1993). Although overfeeding stud-

ies are unlikely to be performed in humans, measurements 

of muscle sympathetic nerve activity from the peroneal 

nerve, reveal that obese individuals are characterized by an 

increased burst frequency, indicating increased sympathetic 

activity, relative to lean individuals (Grassi et al 1995; Abate 

et al 2001; Alvarez et al 2002). Impressively, the increased 

sympathetic activity is reduced substantially with weight loss, 

which coincides with a drop a blood pressure (Grassi et al 

1998; Trombetta et al 2003). Furthermore, obese individuals 

with normal blood pressure display low muscle sympathetic 

nerve activity relative to obese peers with high blood pressure 

(Spraul et al 1993). Finally, treatment of obese individuals 

with sympatholytic agents effectively reduces systolic blood 

pressure and muscle sympathetic nerve activity (Wofford et al 

2001) providing evidence that the sympathetic nervous system 

is a key determinant of obesity-related hypertension.

Table 2 An example of the criteria for high systolic blood 
pressure in boys

Age (years) Systolic blood pressure (mmHg)

Percentile of height 25th 50th 75th 90th

4  109 111 112 114 
6  112 114 115 117 
8  114 116 118 119 
10 117 119 121 122 
12 122 123 125 127 
14 127 128 130 132 
16 132 134 135 137

Note: Blood pressure values represent the 95th percentile for age. Actual table 
includes values for the 90th and 99th percentile. To use this table to diagnose high 
blood pressure in children, a clinician would measure a patient’s height, weight, and 
blood pressure. Using CDC growth charts to determine the patient’s age and gen-
der-specific percentile rank for their height, they would than determine if the blood 
pressure exceeds the 95th percentile for the child’s age, gender and percentile rank 
for height. Using the abbreviated table presented here as an example, high blood 
pressure for a 4-year-old boy would be a systolic blood pressure > 109 mmHg if 
they were in the 25th percentile for their height; > 111 mmHg if they were above 
the 50th percentile for their height; and 114 mmHg if they were > 90th percentile 
for their height. CDC growth charts can be found at: http://www.cdc.gov/nchs/data/
ad/ad314.pdf.
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Insulin resistance is a very common and long appreci-

ated corollary of obesity (Rabinowitz et al 1962; Reaven 

et al 1996). The coordinated appearance of insulin resistance 

and high blood pressure in obese individuals and the observa-

tion that lean hypertensive individuals exhibit some degree 

of insulin resistance, led several authors to hypothesize that 

insulin resistance or hyperinsulinemia is a major determinant 

of increased systemic vascular resistance in obese individuals 

(Modan et al 1985; Tuck 1991; Rocchini 1991; Landsberg 

1992). In support of this theory, several large epidemiologi-

cal studies have noted a relationship between fasting insulin 

and systolic blood pressure within a broad sample of adults 

including those with hypertension (Ferannini et al 1991; 

Saad et al 1991, 2004). Furthermore, high insulin sensitiv-

ity (measured directly with a frequently sampled glucose 

tolerance test) is associated with a lower 5-year incidence 

of hypertension in individuals without type 2 diabetes (Goff 

et al 2003). Observational studies also reveal that obese 

individuals with hypertension are more insulin resistant than 

BMI-matched peers with normal blood pressure (Manicardi 

et al 1986). Conversely, Ferannani and colleagues (1987) 

revealed that insulin-mediated glucose disposal is reduced 

30%–40% in lean hypertensive individuals relative to nor-

motensive peers.

Although these relationships appear to be robust, they 

are not universal, as Hispanic Americans and the Pima In-

dian population have a disproportionately high prevalence 

of obesity-related insulin resistance and type 2 diabetes 

however the development of hypertension is infrequent 

(Ferannini et al 1991; Saad et al 2004). Similarly, studies 

in which hemodynamic variables are quantified during 

short-term administration of insulin in lean healthy controls 

to levels seen in obese individuals, does not elicit a rise in 

blood pressure (Laakso et al 1990; Vollenweider et al 1994; 

Scherrer et al 1997). In fact, short (hours) or long (days)-term 

hyperinsulinemia causes a peripheral vasodilatation and a 

slight reduction in systemic vascular resistance, with little 

change in blood pressure (Hall et al 1990; Brands et al 1991; 

Scherrer et al 1997). These studies have been performed 

in both lean and obese animals and humans, revealing that 
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Figure 1 Mechanisms through which obesity lead to high blood pressure and sites of action for physical activity. Three main mechanisms have been proposed to explain 
elevated blood pressure in overweight youth: (1) activation of the sympathetic nervous system, (2) insulin resistance and (3) vascular dysfunction. Each of these maladapta-
tions to weight gain can lead to an elevated blood pressure by increasing cardiac output or systemic vascular resistance. Previous authors have suggested that increased 
sympathetic activation increases resting heart rate and therefore cardiac output; however, activation of sympathetic nerve traffic may also increase systemic vascular resis-
tance through vasoconstriction of resistance arteries in the periphery (dotted arrow). Insulin resistance and elevated systolic blood pressure frequently co-exist in youth; 
however, the mechanisms are as yet undefined (question marks). Finally, vascular dysfunction in the form of arterial stiffening or impaired endothelial-dependent dilatation 
are believed to lead to elevated systolic blood pressure through a rise in systemic vascular resistance. 
Abbreviations: Q, cardiac output; Endo. Dys., endothelial dysfunction; HR, heart rate; SVR, systemic vascular resistance.
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hyperinsulinemia alone has little effect on blood pressure 

acutely (Davy and Hall 2004). Finally, transgenic manipu-

lation of systems involved in both the regulation of blood 

pressure and insulin-mediated glucose disposal (ie, central 

control centers for leptin signaling) reveal that it is possible 

to uncouple these two consequences of obesity, suggesting 

that hyperinsulinemia is not a primary cause of hypertension 

associated with obesity (Mark et al 2004; Tallam et al 2005). 

It is entirely possible that the two conditions share a similar 

cellular defect/pathway that is exacerbated with weight gain, 

which would explain why the two conditions frequently ap-

pear simultaneously (Sowers 2004).

In addition to these traditional views, several studies have 

demonstrated that obese individuals are characterized by 

unfavorable reductions in subclinical measures of vascular 

health (Laakso et al 1990; Steinberg et al 1996; Caballero 

2003; Gordano et al 2003; Wildman et al 2003; Freedman 

et al 2005; Zebekakis et al 2005). For example, non-invasive 

measurements of central and peripheral arterial stiffness are 

elevated ~15 and 25% in young and middle aged obese men 

and women (Widlman et al 2003; Zebekakis et al 2005). 

Similarly, obese individuals are characterized by reduced en-

dothelial-dependent dilatation (Laakso et al 1990; Steinberg 

et al 1996) and carotid artery wall thickening (Freedman  

et al 2004). These adverse changes in vascular function are 

believed to contribute to the propensity towards hypertension 

in overweight and obese adults.

Unfortunately a similar body of knowledge is not cur-

rently available describing the mechanisms responsible for 

high blood pressure in children. A limited number of studies 

have measured the determinants of blood pressure in lean 

and obese children using non-invasive measures, such as 

acetylene re-breathing and echocardiography (Voors et al 

1982; Rocchini et al 1989; Daniels et al 1996). In contrast 

to commonly held beliefs, these studies reveal that over-

weight children are characterized by an increased resting 

cardiac output mediated in large part by an expanded stroke 

volume and not an elevated systemic vascular resistance 

(Rocchini et al 1989; Daniels et al 1996). Seminal work in 

this area was performed by Rocchini and colleagues (1989) 

in which cardiac output and plasma volume were determined 

in obese adolescents in response to a salt-loading diet before 

and after weight loss. In 60 obese adolescents, aged 10–16 

years, elevated blood pressure was directly associated with 

a volume-dependent increased stroke volume, which could 

be reduced with a low sodium diet. Weight loss not only 

normalized blood pressure but desensitized adolescents to 

the sodium-dependent high blood pressure. It was therefore 

concluded that increased sodium sensitivity mediated a 

plasma volume-dependent increase of stroke volume and 

cardiac output, thereby increasing blood pressure (Rocchini 

et al 1989). Interestingly, weight loss also reduced serum 

norepinephrine concentrations, suggesting that the changes 

in sympathetic tone may also have contributed to the blood 

pressure lowering effects of weight loss.

Although reports of muscle sympathetic nerve activity in 

children and adolescents have yet to be published, evidence 

from several large population based studies suggest that 

autonomic activation is a common feature of high blood 

pressure and in particular obesity-related high blood pres-

sure in children (Rocchini et al 1987; Sorof et al 2002; Gutin 

et al 2000). Using serum measurements of norepinephrine, 

resting heart rate and heart rate variability as surrogates of 

autonomic tone, several population-based studies in children 

have revealed that overweight in children is associated with 

an activation of the sympathetic nervous system (Berenson 

et al 1979; Rabbia et al 2003; Nagai and Moratini 2004). In 

support of these observations, smaller randomized interven-

tional studies have shown that heart rate and norepinephrine 

levels decline significantly with weight loss in children, 

implicating autonomic tone in the development of high 

blood pressure in overweight children (Daniels et al 1996; 

Rabbia et al 2003).

Large population-based studies in children have also dem-

onstrated a relationship between serum insulin concentration 

and blood pressure (Kanai et al 1990; Tounian et al 2001; 

Lambert et al 2004; Pankow et al 2004). For this reason, 

several authors have hypothesized that insulin resistance 

may play a role in the development of high blood pressure in 

children and adolescents (Rocchini 1991; Sorof and Daniels 

2002). A modified oral glucose tolerance test was performed 

on a subset of participants studied in the early cohorts in 

the Bogalusa Heart Study. Stratification of the children into 

categories according to the glucose and insulin response to 

this challenge revealed that those with a hyperinsulinemic 

or hyperglycemic response displayed significantly elevated 

systolic blood pressure, relative to the more insulin sensi-

tive controls (Kanai et al 1990). Similar to adults however, 

the relationship between insulin sensitivity and blood pres-

sure seems to be dependent upon race, being less robust in 

African American and Hispanic children (Berenson et al 

1979; Kanai et al 1990). It is likely, that, similar to adults, 

the relationship between these two conditions is coordinated 

but not causal.

Similar to adults, obese children also appear to be 

characterized by adverse changes in vascular health, which 
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may also contribute to the propensity for high blood pres-

sure seen in this population (Watts et al 2004; Woo et al 

2004a, 2004b; Ribeiro et al 2005; Whincup et al 2005). For 

example, ultrasound imaging of the carotid artery revealed 

that severely obese (BMI ~34 kg/m2) children display arterial 

stiffness and increased diastolic wall stress, compared with 

age and gender matched lean (BMI ~16 kg/m2) peers (Woo 

et al 2004a). These same children also displayed significantly 

attenuated endothelial dilatation in response to forearm isch-

emia demonstrating that the endothelium is sensitive to the 

negative effects of weight gain independent of age. More recent 

studies in a larger sample of children who exhibited a broader 

range of BMI values support this concept as they revealed 

that endothelial dependent dilatation in response to forearm 

ischemia was negatively associated with BMI (r –0.47; = p < 

0.01) in children aged 9–12 years old (Whincup et al 2005). 

Furthermore, carotid artery stiffness and carotid intima media 

thickness are both significantly elevated in overweight children 

and negatively correlated with several measures of adiposity 

(Tounian et al 2001). The pattern of vascular dysfunction in 

overweight children is strikingly similar to that observed in 

obese adults, suggesting that children are not immune to the 

cardiovascular complications of obesity.

Physical activity as a countermeasure 
for high blood pressure in children
The benefits of physical activity in the prevention and treat-

ment of high blood pressure in adults have been very well 

described (Hagberg et al 2000; Whelton et al 2002). Individu-

als who perform regular physical activity have a lower risk 

for the development of hypertension (Blair et al 1984), and 

acute and chronic physical activity lowers blood pressure in 

individuals with hypertension, including those who are obese 

(Hagberg et al 2000). Conversely, low fitness, defined as the 

lowest quintile of fitness measured on a treadmill test, is asso-

ciated with a 2.6- and 1.3-fold increased risk for hypertension 

in lean and overweight young adults, respectively (Carnethon 

et al 2003). Taken together these data suggest that increased 

physical activity provides some degree of protection from 

high blood pressure in overweight adults.

Unfortunately there is little evidence that increased 

physical activity can prevent the development of high blood 

pressure in overweight children. However, a large number 

of studies have emerged recently describing the influence of 

lifestyle interventions on various risk factors associated with 

high blood pressure in overweight and obese children and 

have been reviewed elsewhere (Bautista-Castano et al 2004; 

Watts et al 2005; Cruz et al 2005). We will restrict the focus 

of this section specifically on the effects of activity-based 

interventions on blood pressure and its determinants in 

overweight children. At the time of this review, there are a 

very limited number of studies designed to specifically assess 

the influence of physical activity on elevated systolic blood 

pressure in overweight children or adolescents, however most 

suggest that physical activity can effectively reduce blood 

pressure in children (Table 3). The majority of randomized 

controlled trials in overweight children were designed to 

assess the influence of combined lifestyle changes including 

both diet and exercise on multiple cardiovascular risk factors 

in overweight adolescents, therefore it is difficult to interpret 

the influence of exercise alone on blood pressure.

Longitudinal studies support the findings from cross 

sectional studies as they demonstrate that baseline fitness and 

improved fitness after one year follow-up are both associated 

with lower blood pressure in youth (Gutin et al 1990; Shea et 

al 1994). Specifically, relative to children who experienced no 

change in fitness, the age related rise in systolic blood pres-

sure was nearly 40% lower (2.94 vs 5.10 mmHg) in children 

who experienced the largest improvements in fitness after 

one-year of follow-up (Shea et al 1994). More recent data 

from 1998–2002 NHANES sample, reveal a significant nega-

tive relationship between fitness and systolic blood pressure 

in adolescents (Carnethon et al 2005) while low fitness was 

associated with a 35% increased odds of being diagnosed 

with hypertension. Unfortunately, these studies were per-

formed in otherwise healthy children, therefore it is unclear if 

overweight children who are physically active display lower 

blood pressure than their overweight sedentary peers.

Intervention studies provide more information regarding 

the causal relationship between activity and blood pressure 

in children. Early studies by Hagberg and colleagues (1983, 

1984) focused on the role of physical activity interventions on 

systolic blood pressure in hypertensive adolescents, some of 

whom would be considered obese by current standards. Aero-

bic exercise training at an intensity of 70%–80% of maximal 

fitness for 30–40 minutes per day, 5 days per week was associ-

ated with a significant 6–10 mmHg reduction in systolic blood 

pressure of hypertensive adolescents (Hagberg et al 1984). 

Unfortunately, blood pressure returned to pre-training values 

within 9 months following cessation of exercise, suggesting 

that the exercise stimulus needs to be maintained for sustained 

blood pressure control. A similar response to aerobic training 

was observed in obese adolescents (13–16 years), randomized 

to 8 months of  “high-intensity” physical activity and lifestyle 

education (Rocchini et al 1988; Gutin et al 2000). In the study 

by Rocchini et al (1988) activity was offered 5 days/week 
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at an intensity of 75%–80% of maximal fitness. This inter-

vention significantly reduced systolic blood pressure by ~6 

mmHg over the 8-month period, which was associated with a 

significant improvement in fitness. Unfortunately, the change 

in BMI was not reported in this investigation therefore, it is 

unclear if the blood pressure reducing effects of high intensity 

activity were related to weight loss or activity. Interestingly, 

the magnitude of blood pressure reduction was significantly 

less (~2 mmHg) in a third arm of the trial that performed low 

intensity (55%–60%) aerobic exercise during the 8-month 

intervention (Rocchini et al 1988).

Other studies have compared the influence of diet and 

exercise to diet alone on blood pressure or components of 

the insulin resistance syndrome, including blood pressure 

(Becque et al 1988; Rocchini et al 1988; Watts et al 2004; 

Ribeiro et al 2005). Early studies by Becque and colleagues 

(1988) randomized 63 obese children, 13 ± 3 years, to a 

dietary intervention or dietary intervention plus exercise 

for a period of 20 weeks. Systolic blood pressure dropped 

from 129 ± 9 to 113 ± 6 mmHg, in children involved in the 

exercise and diet group, while children in the diet-only group 

observed a significant ~10 mmHg decline. Systolic blood 

Table 3 Studies that have assessed the influence of physical activitya on blood pressure in overweight children

Study        Change 
(sample  Age BMI  Intervention   in Weight
size) (yrs)    (kg/m2) Duration Intensity Frequency Type outcome change Conclusions

Hagberg 16±1  NR  6 ± 1 mos 70–80% of 5x/week Aerobic:  SBP:   None Returned to baseline  
(1983)   30–40 min VO2max  Walking/ ↓ 8 mmHg  following cessation 
n = 25      jogging

Becque ~13 ~29 20 wks 60–80% of 3x/wk Aerobic, SBP:   None Combined with diet was effective in  
et al (1988)   50 min age pred.  walk, jog,  ↓ 1.4  reducing BP and CHD risk factors 
n = 36    max  activities Z-score

Rocchini 10–17 >75th % 20 wks 70–75% 3x/wk Aerobic  SBP: ↓ ↓ 2 kg Combined with Diet exercise   
et al 1988 ~12  40 min max HR  walk, jog  16 mmHg  lowered BP an improved  
n = 25      activities   forearm reactivity

Ewart  NR NR 18 wks NR 5x/wk Aerobic SBP:  None Aerobic activity in PE class 
et al (1998)   50 min   during  ↓ 6 mmHg  reduces BP in adolescent girls
n = 88      PE class

Gutin  13–16  8 mo LI=55–60% 5x/wk Activities SBP: ↓ VAT High-intensity activity was  
et al (2002)   29 min/ HI=75–80%   LI: ↓ 2.1  associated with favorable  
n = 20 LI /    43 min    HI: ↓ 6.1   changes in markers of  
21 HI       mmHg  insulin resistance syndrome

McMurray  11–14 21–22 8 wks NR 3x/wk Activities SBP:  None Exercise reduced systolic  
et al (2002)   30 min    ↓ ~3 mmHg  blood pressure to a greater  
n = 1140          degree than education alone

Watts  14 ± 2 34 ± 1 8 wks  65–85% of  3x/wk Circuit  ↔ SBP None Aerobic activity restored  
et al (2004)   cross over HR max  weight    endothelial reactivity to  
n = 19   60 min   training   levels seen in lean controls 

Woo  9-12 25 ± 3 6 wks–1 yr 60–70% of 2x/wk– Aerobic +  NR None Compared with diet, exercise  
et al (2004)   75 min pred. HR 1x-wk resistance +   improved endothelial reactivity 
n = 82    max   activities   whichreturned to baseline  
         after cessation 
         
Ribiero  10 ± 1 28 ± 1 16 weeks 10%  3x/wk Walking/ MAP: ↓ 5kg Compared with diet alone;  
et al (2005)   60 min below VT  jogging + ↓ 6 mmHg  improved BP response to  
n= 21      activity   mental and physical stress

Note: aActivity (ies) refers to play or unstructured physical activity.
Abbreviations: BMI, body mass index; HR, heart rate; LI/HI, high intensity/low intensity; NR, not reported; PE, physical education class; SBP, systolic blood Pressure; VAT, 
visceral adipose tissue; VT, ventilatory threshold; x/wk, number of training session per week.
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pressure was unchanged in the control group. Children in 

both intervention groups lost a similar amount of weight 

(~2 kg) suggesting that aerobic activity elicits blood pressure 

lowering effects over and above those observed with weight 

loss alone (Becque et al 1988). Finally, in a more recent 

investigation, obese (BMI: 28 ± 1 kg/m2) children (10 ± 0.2 

years) were randomized to a dietary or dietary plus aerobic 

activity intervention for a period of four months (Ribeiro et 

al 2005). The exercise component of the trial was adminis-

tered for 60 minutes, three-times per week, at an intensity 

of 10% below ventilatory threshold. Both interventions 

effectively reduced mean arterial blood pressure by ~3–5 

mmHg at rest however children who undertook the exercise 

arm also observed a significant ~10% reduction mean arte-

rial pressure coupled with a 25%–30% increase in forearm 

blood flow during mechanical and mental stress, which was 

not noted in the diet-only group. Impressively forearm vas-

cular conductance was normalized (ie, values were similar 

to age-matched lean children) in obese children within the 

exercise and diet intervention group, but remained lower in 

the diet-only intervention (Ribeiro et al 2005). Taken together 

these data suggest that a chronic aerobic exercise interven-

tion lasting 4–8 months, at high to moderate intensities, 

effectively reduces blood pressure in overweight children 

and adolescents. Unfortunately, because weight loss was 

not uniformly reported in these investigations, it is unclear 

if the benefits of aerobic exercise on systolic blood pressure 

in children are independent of weight loss.

The mechanisms through which physical activity reduces 

blood pressure in overweight children and adolescents are 

currently unclear. Hagberg and colleagues (1984) measured 

cardiac output and systemic vascular resistance in the study 

described above and revealed that the only change in resting 

hemodynamics associated with increased physical activity 

was a reduction in heart rate which paralleled the reduction 

in systolic blood pressure. More recent investigations have 

demonstrated that prolonged aerobic exercise alone or in 

combination with a hypocaloric diet is sufficient to improve 

vascular function in obese children and adolescents (Watts 

et al 2004; Woo et al 2004; Ribeiro et al 2005). Interest-

ingly however, the investigators have consistently selected 

adolescents with normal blood pressure and noted that blood 

pressure was not reduced any further with aerobic exercise, 

despite improved endothelial-dependent dilatation.

For example, Watts et al (2004) measured brachial artery 

reactivity before and after an 8-week randomized, controled 

cross over study in obese adolescents. They revealed that ex-

ercise training normalized endothelial-dependent dilatation to 

levels seen in lean controls. Again, arterial reactivity returned 

to pre-training levels within eight weeks following cessa-

tion from exercise, suggesting that the vascular adaptations 

to exercise training are transient and will remain sensitive to 

the negative effects of obesity if children return to sedentary 

habits. The beneficial effects of physical activity on endothe-

lial-dependent dilatation were replicated in two other studies 

of overweight children with abnormal vascular function, 

implicating a role for physical activity in the prevention of 

vascular dysfunction in children (Woo et al 2004; Ribeiro 

et al 2005). Unfortunately the mechanisms underlying the 

beneficial effects of exercise on vascular health in overweight 

children remain unresolved.

Currently, we are unaware of any studies designed specifi-

cally to evaluate the influence of physical activity on arterial 

stiffness in overweight children. Using a cross sectional 

design in 100 children aged 10–12 years we have recently 

demonstrated that high fitness is associated with lower arterial 

stiffness determined non-invasively with pulse wave analysis, 

relative to BMI-matched children with lower fitness scores 

(Reed et al 2005). Taken together, these data suggest that 

positive adaptations in the peripheral vasculature may also 

contribute to the blood pressure reducing effects of physical 

activity in children. Further studies are required to determine 

the influence of structured aerobic physical activity alone on 

systolic blood pressure and its determinants (cardiac output 

and systemic vascular resistance) in obese children and 

adolescents with elevated systolic blood pressure.

Conclusions
Although the definition of hypertension in children and ado-

lescents is variable and dependent upon height and gender, 

excess fat mass is associated with elevated systolic blood 

pressure, regardless of age. The degree of elevation in blood 

pressure with weight gain in children is similar to that in 

adults; however, this seems to be a function of an increased 

heart rate and cardiac output rather than a rise in systemic 

vascular resistance. Impressively, endothelial-dependent 

dilatation and arterial compliance are also reduced in obese 

adolescents in a pattern similar to that observed in adults, 

suggesting that the atherogenic process is accelerated at 

an early age when exposed to excessive adiposity. These 

observations carry significant clinical implications as both 

blood pressure and body mass index track heavily from 

adolescence  to adulthood.

Physical activity is a proven countermeasure for the 

development of various chronic diseases in adults, including 

hypertension. Preliminary evidence suggests that increased 
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aerobic-based physical activity can reduce systolic blood 

pressure and significantly restore endothelial function in 

overweight children and adolescents. Based on these studies, 

a minimum of 40 minutes of moderate intensity (70%–80% of 

maximal fitness) aerobic physical activity should be performed 

on at least five days of the week to prevent vascular dysfunction 

in overweight children. It is important recognize that the Insti-

tute of Medicine recommends a minimum of 60 minutes daily to 

maintain a healthy body weight and 90 minutes daily for weight 

loss in children. With the growing prevalence of overweight and 

obesity in children in developed countries, there is a substantial 

need for more research describing the influence and efficacy 

of lifestyle programs designed to prevent the development of 

high blood pressure in overweight children.
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