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Within just 1 generation, the definition of “play”
as changed dramatically among children in in-
ustrialized countries. Before the first computer
ames became available in the early 1980s, when
he weather was pleasant, children were usually
ncouraged to play outside. Organized games
uch as kickball and baseball were played in
eighborhood parks and school yards; children
lso engaged in less organized play—building
ree houses and exploring in and near rivers and
onds. Many parents had a hard time getting
hildren to come indoors at dinnertime.
With the explosion of personal computer use in

he home, play has taken on a different connota-
ion: it often means playing virtual games on
lectronic devices. A January 2010 report from
he Kaiser Family Foundation documented that 8-
o 18-year-old children now spend an average of
ore than 7.5 hours per day interacting with the

creen of a computer or a television or listening to
ongs on their iPods. This not only deprives them
f the opportunity to interact face to face with
thers, but it often keeps them indoors, thus

epriving them of contact with nature. In this

urr Probl Pediatr Adolesc Health Care, May 2010
onth’s article, McCurdy and her colleagues
ynthesize the literature on the salutary effects of
hildren’s interactions with the natural environ-
ent.
The benefits of being outdoors have been known
ince ancient times. Beginning in the late 1800s,
hysicians in Germany, France, and Switzerland
ecommended mountain air as a treatment for
atients with pulmonary tuberculosis. Now, a cen-

ury later, pediatricians and the public are again
aying attention to the issue; an emerging body of

iterature indicates that being outdoors in nature is
ncreasingly important for children raised in highly
ndustrialized urban environments. I commend this
rticle to you because it presents the evidence for
his relationship and appears within a few months
f First Lady Michelle Obama’s launch of the “Let’s
ove” campaign to solve the problem of childhood

besity within a generation. More information about
hat campaign is available at http://www.letsmove.
ov/.

Ruth A. Etzel, MD, PhD

Associate Editor
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Using Nature and Outdoor Activity to Improve
Children’s Health

Leyla E. McCurdy, MPhil,a Kate E. Winterbottom, MPH,a Suril S. Mehta, MPH,b
and James R. Roberts, MD, MPHc
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hildhood obesity affects 17% or 12.5 million of America’s
hildren, contributing to the rise in children’s health disparities.
ype 2 diabetes, asthma, vitamin D deficiency, and attention-
eficit/hyperactivity disorder have also increased over the
ast few decades. A shift toward a sedentary lifestyle is a
ajor contributor to the decline in children’s health. Children

pend more time indoors using electronic media and less time
ngaged in outdoor unstructured play. This article reviews the

urrent evidence of the mental and physical health benefits C
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02
ssociated with unstructured, outdoor activities and time spent
n a natural environment such as a park or other recreational
rea. Pediatric health care providers should recommend out-
oor activities for children and refer families to safe and easily
ccessible outdoor areas. Pediatric health care providers can

ncorporate this simple, lifestyle-based intervention into antici-
atory guidance.
urr Probl Pediatr Adolesc Health Care 2010;5:102-117
T oday’s children may be the first generation at
risk of having a shorter lifespan than their
parents.1 An increase in sedentary indoor

ifestyles has contributed to childhood chronic con-
itions such as childhood obesity, asthma, attention-
eficit/hyperactivity disorder (ADHD), and vitamin

deficiency, all of which have increased in preva-
ence in the US over the past few decades.2,3 Such
onditions may lead to pulmonary, cardiovascular,
nd mental health problems that can persist into
dulthood. While myriad advances in pediatric
ealth care have been made over the past few
ecades, they have been accompanied by vast in-
reases in chronic health issues. The increase in
hronic health conditions is disproportionately af-
ecting children of minority and low-socioeconomic
ommunities, creating increased disparities in chil-
ren’s health. More focus is needed on sustainable,
ong-term prevention methods that promote healthy

rom the aNational Environmental Education Foundation, Washington,
C; bGeorge Washington University School of Public Health and
ealth Services, Washington, DC; and cMedical University of South
arolina, Charleston, South Carolina.
urr Probl Pediatr Adolesc Health Care 2010;40:102-117
538-5442/$ - see front matter
2010 Mosby, Inc. All rights reserved.
ifestyle changes. More emphasis on promotion of
utdoor activity in nature is needed in children’s
ealth care.
A critical dialogue has emerged in both the public
ealth and the environmental education communi-
ies about the benefits of nature for children. Rich-
rd Louv, author of Last Child in the Woods,4

oined the term “nature-deficit disorder” to describe
hildren’s lack of outdoor activity, replaced by
lectronic media and a demanding school schedule.
hese lifestyle changes have promoted physical

nactivity, have social and psychological ramifica-
ions, and have aided in the increasing chronic
isease trend. Meanwhile, a growing body of evi-
ence has suggested that exposure to nature may
irectly benefit health. There is also a strong body
f evidence attributing health to physical activity,
nd recent studies suggest that children who spend
ime outdoors are more active.5-8 If integrated into
ediatric care, outdoor activity in natural environ-
ents may have the potential to improve children’s
ental health and physical well-being. This article

eviews the current evidence of the health benefits
rom outdoor physical activity and natural environ-
ents and proposes that providers do more to

romote children’s outdoor physical activity in

atural settings.

Curr Probl Pediatr Adolesc Health Care, May 2010
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hildren’s Health and Sedentary
ifestyle
In the US in recent decades there has been a
ationwide shift to a sedentary lifestyle, leaving chil-
ren vulnerable to the negative effects of inactivity.
hysical activity is known to reduce the risk of
remature mortality, coronary heart disease, hyperten-
ion, diabetes mellitus, osteoporosis, colon cancer,
epression, and anxiety.9 Nonetheless, in 2006, ap-
roximately 40% of US adults reported no participa-
ion in any leisure-time physical activity.10 Adult
nactivity is likely to become a family routine. Parental
ealth status is a key factor in influencing the habits
nd behaviors of children. A 1997 cohort study exam-
ning parental and child health data determined that
arental obesity more than doubled the risk of a child
ecoming an obese adult.11 Inactivity has also been
easured in children and adolescents. Fifty percent of
fth and seventh grade students in Georgia are below
ealthy levels for cardiovascular fitness.12 While re-
earch shows that adolescents who are physically
ctive are more likely to be active during adult-
ood,13,14 only 35% of high school students met
urrently recommended levels of physical activity in
005.15

Children’s lack of physical activity and their grow-
ng disconnect with the natural environment have been
nfluenced by the rise in electronic media, decreased
ime for unstructured free play, and environmental
arriers. The rapid progress and integration of tech-
ology and electronic mediaa in our society has
rought about innovative ways to entertain, commu-
icate, and share information at our own convenience.
nfortunately, it has also become the dominant force
etracting from physical activity and outdoor time. Per
apita visits to US national parks have decreased since
987, coincident with the rise in electronic entertain-
ent media, video game, and Internet use.16 With the

ntroduction and growing popularity of online social
etworking, more youth are likely to be using com-
uters. In 2006, 21% played video or computer games
r used a computer for something that was not
choolwork for at least 3 hours every day.15

According to the American Academy of Pediatrics
AAP), the average child watches nearly 3 hours of

The term “media” refers to television, audio, computers, and video
ames, and now mobile media; including iPods/MP3 players, cell
thones, and laptops.18

urr Probl Pediatr Adolesc Health Care, May 2010
elevision per day.17 Young people spend roughly 7.5
ours a day consuming some form of electronic
edia—an hour more than was reported 5 years ago.18

xacerbating the issue, many children have television
ets in their bedrooms: 32% of 2-7 year olds and 65%
f 8-18 year olds.19 Research has also suggested that
xcessive television viewing may negatively affect
hildren’s health. Increased television viewing has
een linked to obesity, poor oral hygiene, and poor
verall health. Additionally, each added hour of tele-
ision significantly increases the odds of having social
r emotional problems such as low self-esteem.20

oddler and preschool-aged children are also a major
arget group for electronic media companies. Televi-
ion networks and computer software companies have
een aggressively marketing to children as young as
-12 months old.21 The health implications of elec-
ronic media on toddlers need to be further researched,
s this period of childhood is critical to social and
ognitive development. An analysis of a national
ongitudinal sample of 1 to 3 year olds revealed that
aily television watching was associated with devel-
ping attention problems by age 7.22

Free, unstructured play also affects the amount of
hysical activity children engage in each day. Accord-
ng to the AAP, play allows children to use their
reativity and imaginations while building dexterity
nd physical strength. Unstructured play is also im-
ortant for healthy brain development; children learn
ow to work in groups, share, negotiate, resolve
onflicts, and learn self-advocacy skills.23 Since the
970s, children have lost roughly 12 hours a week of
ree time, including a 25% decrease in play and a 50%
ecrease in unstructured outdoor activities.24 The No
hild Left behind Act of 200125 prompted school
istricts nationwide to allocate more time and re-
ources into reading and mathematics. As a result,
chool programs such as art, physical education, and
ecess suffered cutbacks.26,27 Thirty percent of kinder-
arten classrooms are deprived of a recess period to
ccount for increased academics.28

Furthermore, the built environment can affect the
mount of opportunities available to children for
utdoor activity. Certain factors in the built environ-
ent encourage active travel, such as connected

treets, sidewalks, and access to recreational facilities.
onversely, the absence of community playgrounds
nd sidewalks, and overuse of cul-de-sacs, can dis-
ourage physical activity.29 Children now spend more

ime in vehicles being transported from one indoor
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ctivity to another than outside in nature. Additionally,
arents may keep their children indoors due to fears of
rime, injury, insect bites and stings, and environmen-
al health threats such as air pollution. Parents’ encour-
gement and presence are actually key predictors of
he amount of time children spend outdoors; authors of

2009 ecological study observed that older children
ho had less adult supervision after school spent less

ime outside.30

Differences in the built environment also may con-
ribute to racial and ethnic health disparities in the
SA.31 Minority children and those from lower socio-

conomic classes generally have less access to recre-
tional facilities, which is linked to decreased physical
ctivity and overweight.32 Access to healthy fresh
oods is another factor contributing to health dispari-
ies. Neighborhoods with large minority populations,
n average, have fewer supermarkets and produce
tores.33 Therefore, they must rely on convenience stores
nd fast food restaurants that carry food high in fat,
odium, and sugar that are also associated with a higher
ody mass index (BMI).34,35 These factors have contrib-
ted to the rise in childhood obesity and chronic condi-
ions, especially among disadvantaged children.

verview of Children’s Health
hildhood Obesity

Currently, obesity affects 17% or 12.5 million of
merica’s children and adolescents aged 2-19 years.36

ccording to the Institute of Medicine, the prevalence
f obesity has doubled over the past 30 years for
reschoolers and adolescents, and more than tripled
or children aged 6-11.37 Hospitalizations for obesity-
elated diseases have nearly doubled since 1999,
hich in turn has raised medical costs by $100
illion.38 Disparities in childhood obesity are also

ising. While obesity prevalence increased by 10% for
ll US children from 2003 to 2007, children of lower
ocioeconomic status from high unemployment house-
olds saw a 23%-33% increase in obesity. Among
ispanic children, obesity prevalence increased by
4% from 2003 to 2007, and odds of obesity and
verweight were twice as high for black and Hispanic
hildren than white children.39

Obesity refers to the development of excess body fat,
hich occurs when energy intake is disproportionate

o energy expenditure. Although definitions have

hanged over time, the Centers for Disease Control b

04
nd Prevention (CDC) now uses the terms “over-
eight” to describe children aged 2-19 years old with
MIb at or above the 85th percentile and lower than

he 95th percentile and “obese” for BMI at or above
he 95th percentile for children of the same age and
ex.40 Obesity is a biological interaction involving
ultiple variables, including caloric intake, food

hoices, physical activity, hormone secretion, age and
enetics, and psychological issues that may affect
ietary behavior. Obesity and its comorbidities ac-
ount for approximately 112,000 deaths per year,41

nd these comorbidities are now increasingly recog-
ized in young children. Childhood obesity is associ-
ted with diseases in adulthood such as type 2 diabe-
es, hypertension, cardiovascular disease, nonalcoholic
atty liver disease, and obstructive sleep apnea.42 The
isk for metabolic syndrome, a combination of several
f the above disorders, may be increasing in adoles-
ents.43 Developmental comorbidities of childhood
besity include early maturation and orthopedic is-
ues.
Childhood obesity is also a predictor of adult mor-
idity and mortality.42 Up to 80% of obese youth grow
p to be obese adults.11 Obese adults are susceptible to
dditional health consequences, including cancer, hy-
ertension, stroke, liver and gallbladder disease, os-
eoarthritis, and gynecologic problems. Adults with
besity also have an increased risk of dementia and
lzheimer’s disease.44 Furthermore, obese children

re more likely to grow up with a negative self-image,
ower levels of advanced education, lower family
ncome, and a lower rate of marriage as adults.45

besity-Related Diseases

Type 2 Diabetes. Type 2 diabetes is being diagnosed
ith increasing frequency in children. Due to the

ncrease in prevalence over the past few decades, the
efinition has now changed from its previous title,
adult-onset” diabetes. Approximately 186,300 chil-
ren had diabetes in 2007, and up to 3700 additional
hildren are diagnosed with type 2 diabetes each
ear.46 According to the CDC, 1 in 3 children born in
000 will eventually develop diabetes mellitus if
resent rates of obesity continue.47

Obesity, a known risk factor for type 2 diabetes, can
xacerbate insulin resistance and glucose tolerance, even-
ually leading to the disease.48 Impaired glucose toler-
BMI is calculated using the formula: weight (lb)/(height (in))2 � 703.

Curr Probl Pediatr Adolesc Health Care, May 2010
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nce was found to be prevalent in severely obese children
nd adolescents.49 Other risk factors for childhood type 2
iabetes include age, race, and ethnicity.46

Children with type 2 diabetes are at risk for the
omorbidities associated with insulin resistance. These
nclude hyperlipidemia and hypertension. These dis-
ases, in turn, place this group at greater risk for
remature cardiovascular disease. However, physical
ctivity and cardiorespiratory fitness are shown to
mprove insulin sensitivity in children with type 2
iabetes, and increased physical activity and healthy
ating are at the core of recommendations for type 2
iabetes management.50

Hypertension. Hypertension in children has in-
reased because of the childhood obesity epidemic,
ith 10% of obese children having elevated blood
ressure.51 Hypertension is a major risk factor for
eart disease, stroke, congestive heart failure, and
idney disease. Lifestyle factors such as weight con-
rol, exercise, and healthy diet improve high blood
ressure. Sedentary behavior, therefore, may influence
he development of hypertension in children. For
xample, high blood pressure in children aged 3
hrough 8 years old has been associated with high
eriods of television viewing and screen time.52 Pos-
ible explanations for this relationship include the
ffects of physical inactivity while watching television
nd the unhealthy behaviors associated with watching
elevision, such as the increased consumption of foods
igh in fat, sugar, and salt.53-55

Cardiovascular Disease and Metabolic Syndrome.
verweight adolescents are at an increased risk of

oronary heart disease and premature death. Most over-
eight and obese children have at least one risk factor for

ardiovascular disease, including higher cholesterol lev-
ls, abnormal glucose tolerance, high blood pressure, and
levated triglycerides.42 Cardiovascular disease is the
eading cause of death and morbidity in the USA. In
006, 630,000 or approximately 26% of all US deaths
ere attributable to heart disease.56

An analysis of the National Health and Nutrition
xamination Survey (NHANES) from 1999 to 2006

evealed that 65% of 12-19 year olds were obese or
verweight, and 20% had at least 1 abnormal lipid
evel.57,c Conversely, from 1988 to 1994, only 10% of

Determination of abnormal lipid level was based on cutoff points for
igh LDL-C (�130 mg/dL), low HDL-C (�35 mg/dL), and high
criglyceride levels (�150 mg/dL).

urr Probl Pediatr Adolesc Health Care, May 2010
2-19 year olds surveyed had abnormal lipid and
riglyceride levels.58

Physical activity and diet can alter the course of
he disease process. Intervention strategies include
ifestyle changes for children and adolescents at
igher risk for cardiovascular disease. The AAP
ow recommends screening overweight or obese
hildren for high cholesterol and prescribing cho-
esterol-lowering drugs, if needed.59

Metabolic syndrome is a collection of risk factors for
ardiovascular disease and diabetes mellitus that in-
ludes insulin resistance, glucose intolerance, hyper-
ipidemia, obesity, and hypertension.60 The prevalence
f metabolic syndrome among the adolescent popula-
ion is 910,000 (�4%); among overweight adoles-
ents, 30% have metabolic syndrome.43

Nonalcoholic Fatty Liver Disease. Nonalcoholic
atty liver disease refers to the fatty infiltration of the
iver without excessive alcohol consumption. It is
losely related to obesity and insulin resistance. The
egree of severity can range from fatty infiltration of
he liver, or steatosis, to inflammation of the liver, or
teatohepatitis. Nonalcoholic fatty liver disease is
mong the most common type of liver disease in the
ediatric population.61 A population-based study esti-
ated that the prevalence of nonalcoholic fatty liver

isease among children aged 2-19 at nearly 10%, and
hat the prevalence of fatty liver among obese children
t 38%.62

Obstructive Sleep Apnea. Obesity is a well-docu-
ented risk factor for the development of obstructive

leep apnea in adults, and it may be a risk factor for
leep apnea in children as well.63,64 This relationship
s not entirely understood; however, it may be related
o the deposition of adipose tissue within the muscles
nd soft tissues surrounding the upper airway.65 Obe-
ity may also increase a child’s risk for the conse-
uences of obstructive sleep apnea. For example,
bstructive sleep apnea was found to be an indepen-
ent predictor of nocturnal hypertension.66 In addition,
orbidly obese children with obstructive sleep apnea
ay experience neurocognitive deficits.67

Asthma. Approximately 7 million American chil-
ren (9.4%) have asthma, a percentage that has dou-
led since the 1980s.68 Children who are overweight
r obese are more likely to have asthma symp-
oms.69,70 Obesity is related to allergy symptoms and
igher serum IgE levels, a biomarker of atopy among

hildren aged 2-19 years.71 In adults, a large waist size
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s associated with increased asthma prevalence and
everity, especially among women.72

Of the 7 million children reported to have asthma in
003-2006, black and Puerto Rican children have the
ighest prevalence.73,74 Asthma is more prevalent in
rban environments; factors contributing to this dis-
arity include indoor and outdoor air pollution, hous-
ng and neighborhood conditions, poverty, health care
nequities, and social and psychosocial stressors.75

lack children are 1.6 times more likely to be diag-
osed with asthma when compared with white chil-
ren. Puerto Rican children have the highest preva-
ence of asthma of all racial and ethnic groups; they
re 2.4 times more likely than white children to have
sthma.76

The relationship between asthma and obesity may
lso reflect sedentary lifestyle behaviors. For example,
ow physical fitness may be linked to the development
f asthma. In a prospective, community-based study
eginning in 1985, 757 children without asthma symp-
oms were followed for 10 years. Physical fitness was
easured in 1985 and again in 1996 using a maximal

rogressive exercise test, which induced airway nar-
owing. Over the 10-year period, 6.7% of the previ-
usly asymptomatic children developed asthma. A
eak correlation was observed between low physical
tness in 1985 and airway reactivity in 1996.77 More
esearch is needed to investigate the relationship
etween asthma and sedentary behavior.
Television viewing has also been associated with

sthma. In a prospective longitudinal cohort study,
uthors investigated the association between duration
f television viewing and the development of asthma
n young children. The study followed children with
o wheeze up to the age of 3.5 years and then gathered
ollow-up data for these children at 11.5 years. Tele-
ision viewing was associated with increased preva-
ence of asthma at 11.5 years, and children who
atched television for more than 2 hours a day were

lmost twice as likely to develop asthma compared
ith those who watched television for 1 to 2 hours a
ay.78 Additionally, a population-based study investi-
ated the relationship of BMI with wheezing and
sthma in 20,016 children. The authors found that
ubjects who spent 5 or more hours a day watching
elevision were more likely to experience wheeze and
sthma in comparison with those who watched televi-

ion less than 1 hour a day.79

c

06
itamin D Deficiency

Children continue to demonstrate evidence of vita-
in D deficiency, as noted in an analysis of the

001-2004 NHANES. It indicated that 9% of the
ediatric population, or 7.6 million US children and
dolescents, were vitamin D deficient. Additionally,
1% or 50.8 million children and adolescents had
nsufficient levels of vitamin D.80,d If the body be-
omes extremely deficient in vitamin D, only about
0%-15% of dietary calcium and 50%-60% of dietary
hosphorus are absorbed. This can lead to skeletal
bnormalities in children typically defined as rickets,
hich can inhibit growth, weaken the immune system,

nd cause seizures.81 Medical centers have detected an
ncrease in rickets.82-85 Additionally, low levels of
itamin D may lead to osteoporosis,86 cardiovascular
isease, metabolic syndrome, hypertension, diabetes,
yocardial infarctions, and peripheral arterial dis-

ase.87,88

Physical activity may be associated with vitamin D
evels. In a cohort study conducted in Japan in 2003,
uthors evaluated the degree of association between
itamin D and lifestyle factors in Japanese women
ged 19-25 years. Lifestyle factors included nutrient
ntake, physical activity, and duration of sunlight
xposure. Two main findings of the study were that
aily energy expenditure and numbers of steps taken
er day were positively associated with vitamin D.
urthermore, the average amount of time per day spent

n sedentary activity was negatively associated with
itamin D.89

Asthma may also be related to vitamin D defi-
iency. In a cross-sectional study of 616 Costa
ican children between the ages of 6 and 14 years,

ower vitamin D levels were associated with in-
reased markers of allergy and asthma severity.
wenty-eight percent of the children with asthma
ad insufficient levels of vitamin D.90

Historically, the main source of vitamin D comes
rom synthesis in the skin after exposure to UVB light.
he AAP states that vitamin D deficiency among
hildren and adolescents reflects modern-day life-
tyle changes, and vitamin D supplements during
nfancy, childhood, and adolescence are now rec-

25-Hydroxyvitamin D (25[OH]D) levels are the most commonly
easured indicator of vitamin D status. 25[OH]D levels below 15
g/mL are considered deficient, and 25[OH]D levels 15-29 ng/mL are

onsidered insufficient.
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mmended.91 According to the American Medical
ssociation, the body needs 10-15 minutes of sun

xposure at least twice a week to receive adequate
mounts of vitamin D.86

ental Health

Children and adolescents are increasingly being
rescribed medication for depression, anxiety, or be-
avioral difficulties.92 Six percent of adolescents
4-18 years old have been diagnosed with depressive
isorders, as well as 3% of children younger than 13
ears old.93 Stress is also a top health concern for
dolescents in the USA, according to a 2009 survey by
he American Psychological Association. The survey
ound that nearly half of adolescents in the USA said
hat their level of stress had increased in the past year,
nd 14% of adolescents categorized their stress as
xtreme.94

The prevalence of ADHD has increased consider-
bly in recent decades, labeled by the CDC as “a
erious public health problem.”95 The results of the
ational Health Interview Survey showed that 9% of

hildren have ADHD.96 Another study in 2005 found
hat 5% of US children between the ages of 4 and 17
ere prescribed medication for difficulties with emo-

ions or behavior, and 90% of these were treatment for
ymptoms of ADHD.97

ealth Benefits of Physical Activity
nd Natural Environments
ealth and Physical Activity

The physical activity guidelines of the US Depart-
ent of Health and Human Services (DHHS) state that

egular physical activity helps build and maintain
ealthy bones and muscles, reduces the risk of obesity
nd chronic diseases such as diabetes and cardiovas-
ular disease, reduces feelings of depression and
nxiety, and promotes psychological well-being.98

umerous scientific studies provide additional evi-
ence of the benefits of physical activity. In a prospec-
ive, randomized controlled study, physical activity
as shown to reduce systolic and diastolic blood
ressure in young children over an 8-month period.99

n examination of 6 hypertensive adolescents re-
ealed a significant reduction in blood pressure after 3
o 7 months of weight-lifting.100

Physical activity is particularly important in the

reatment of type 2 diabetes in children because of its a

urr Probl Pediatr Adolesc Health Care, May 2010
otential to improve insulin sensitivity and maintain
oth short- and long-term metabolic control.101 Lack
f physical activity may contribute to type 2 diabetes
n children. A 2008 study assessed cardiorespiratory
tness in adolescent boys with previously diagnosed

ype 2 diabetes during a progressive exercise test.
ardiorespiratory fitness levels were 18% lower in
dolescent males with type 2 diabetes compared
ith males of equal age and BMI. The youth with
iabetes also spent about 60% less time per day in
oderate to vigorous physical activities compared
ith the control group. Although childhood type 2
iabetes is caused by a complex interaction of
enetic and environmental factors, physical inactiv-
ty may also contribute through a lack of stimulation
f glucose uptake in skeletal muscle.50

The AAP recommends promoting lifelong habits of
hysical activity to achieve sustained weight loss
ather than short bouts of aerobic exercise.102 Long-
erm weight loss is facilitated by regular physical
ctivity, which requires a change in mindset to achieve
uccess.103 Various programs around the country are
triving to address childhood obesity and some have
een effective in reducing children’s BMI. For exam-
le, a program focusing on lifestyle-based activities
uch as outdoor games, household chores, gardening,
each hikes, and international children’s games en-
ouraged children to be more physically active. One-
nd 2-year evaluations of the program determined a
ignificant decrease in BMI in the children who
articipated in the intervention group (95% CI: 0.01,
.18; 95% CI: 0.21, 0.32). The program appears to
ave resulted in a sustained change because the
hildren continued to have weight loss 2 years later.104

A decline in physical activity from childhood to
dulthood is a strong predictor of adult obesity and
nsulin resistance.105 Programs should be aimed at
aintaining high physical activity levels from child-

ood into adulthood. To accomplish this, the AAP
ecommends that parents help their children be phys-
cally active in other ways than organized sports alone,
nd to plan outdoor activities for the entire family such
s biking or playing outdoors. Additionally, AAP
ecommends that children spend as much time out-
oors as possible.102

hysical Activity in Parks and Other Natural
nvironments
Research has indicated that time spent outdoors is
ssociated with increased physical activity. Parents of
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reschool children reported that physical activity usu-
lly occurs during outdoor playtime as opposed to
uring indoor activities.106 One study among 10- to
2-year-old children found that for every additional
our spent outdoors, physical activity increased by 27
inutes a week and prevalence of overweight dropped

rom 41% to 27%.5 Parks, schools, trails, and recre-
tion facilities provide settings that can facilitate
hysical activity. However, due to increasing urban-
zation and population density, many people live in
esidential areas lacking vegetation, parks, and
ther natural environments, limiting the availability
f easily accessible and safe outdoor play settings
or children.
“Green” school grounds, which contain a greater
iversity of environmental features such as trees,
ardens, and nature trails, may affect the quantity and
uality of physical activity among elementary school-
hildren. Asphalt and turf grounds are only conducive
o certain activities, such as basketball, which not all
hildren may be interested in or able to play. Offering
natural environment with which children can interact
t school may stimulate physical activity in greater
umbers. Recently, schools have engaged in efforts to
mphasize these features in an effort to encourage
hildren to be more active and imaginative. An eval-
ation of these initiatives was conducted at 59 schools
cross Canada by surveying teachers, parents, and
dministrators. The survey evaluated to what extent
he “green” features in their school yards influenced
hysical activity of students. Seventy percent of re-
pondents indicated that the initiative resulted in
ncreased light to moderate physical activity, and 50%
lso reported that their “green” school ground pro-
oted more vigorous activity. Respondents also indi-

ated that their school grounds appealed to a greater
readth of student interests and support a wider variety
f play activities.6

As residential areas become more populated and
verdeveloped, “green space,” which refers to areas of
ense, healthy vegetation, becomes increasingly im-
ortant as an outlet for physical activity and a means
o sustain a healthy weight. A retrospective cohort
tudy in 2008 followed low-income children aged 3-16
ears old for 2 years. Authors calculated their change
n BMI and measured the amount of vegetation in each
hild’s neighborhood using satellite images. After
djusting for age and gender, increased vegetation was
ssociated with lower odds of increased change in

MI, independent of residential density (OR: 0.87, r

08
5% CI: 0.79, 0.97). Although physical activity was
ot directly measured, a change in BMI may imply
ncreased physical activity. However, this study is
imited by selection bias, as socioeconomic status may
nfluence the choice of a home location with respect to
atural surroundings.7

Proximity to parks may also influence children’s
eight. A Canadian study examined the association
etween healthy weight status among children and the
vailability of 13 specific park facilities within 1 km of
heir residences, which contained features such as
aved and unpaved trails, playgrounds, meadows,
ooded areas, and sports facilities. Logistic regression
as used to analyze the relationship between the
roximity of a particular park facility to childhood
MI, while controlling for neighborhood residence,
ge, gender, and parental BMI. Children who lived
ithin a kilometer of a park facility that contained
layground equipment were almost 5 times more
ikely to be classified at a healthier weight than
hildren without accessible playgrounds. The associa-
ion between playground availability and normal BMI
uggested that children were getting the physical
ctivity needed to maintain a normal BMI.8

Finally, access to natural environments may reduce
ealth inequalities by promoting physical activity and
ffering protection from the biological effects of
overty-related stress. To determine if exposure to
green space” such as parks, forests, rivers, creeks,
nd play fields was a determinant of good health, more
han 40 million people from England were classified
ased on level of income and access to natural
nvironments. Records for all causes of mortality, as
ell as circulatory, lung cancer, and intentional self-
arm, were obtained from 2001 to 2005 to determine
f there was an association with income deprivation
nd exposure to “green space.” The major finding was
hat the group living in the areas with the most nature
ad the lowest level all-cause mortality and mortality
ue to circulatory diseases related to income depriva-
ion. The authors suggested that exposure to natural
nvironments could play a vital role in reducing health
nequalities.107

atural Environments and Mental Health

Exposure to a natural environment may have a
eneficial effect on psychological health. One study
nvestigated the relationship between morbidity and
he amount of natural land around a residential envi-

onment, which excluded small-scale natural features

Curr Probl Pediatr Adolesc Health Care, May 2010
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uch as gardens and residential trees. Multivariate
ogistic regression was used to control for demo-
raphic factors, socioeconomic characteristics, and
hether the surroundings were urban or rural. The

uthors found 24 clusters of disease and determined
hat the prevalence rates for 15 of these 24 clusters
ere lower in environments with more natural envi-

onments. This relation was apparent for all 7 disease
ategories, including cardiovascular, musculoskeletal,
ental, respiratory, neurological, digestive, and mis-

ellaneous. Depression and anxiety disorder showed
he strongest association to the amount of nature in
eople’s living environments, especially in children.
wing to its cross-sectional study design, it is difficult

o determine whether the relationship between natural
pace and morbidity is causal. Authors also stressed
he importance of natural environments close to home
or both children and lower socioeconomic groups.108

Childhood stress has also become an increasing issue
f concern for pediatric health care providers. The
orkload of school and extracurricular activities has

he potential to create more stress on a child, thereby
nfluencing cognitive development. Natural environ-
ents may moderate the impact of stressful life events

or children. The psychological effects of stressful life
vents, such as family relocation, being picked on at
chool, and peer pressure, and the amount of “nature”
n each child’s environment were evaluated among
30 rural children in grades 3-5. In the study, “nature”
eant the amount of trees and vegetation in the
indow view, the number of live plants indoors, and

he outdoor landscape. Hierarchical regression analy-
es were used to examine the effects of nearby nature
n stressful life events, while controlling for family
ncome. The children felt less psychological distress if
hey lived in an area with more natural surroundings.
pecifically, higher amounts of exposure to natural
nvironments indicated lower levels of stress in a
hild. The authors postulated that nearby nature both
rovided social support in rural settings and restored
hildren’s capacity for attention that helps them to
etter think through problems.109

Physical activity in natural environments may ben-
fit both physiological and psychological health. One
tudy examined the health effects of physical activity
hile being exposed to various forms of nature. In this

tudy, adult subjects in the intervention group ran on a
readmill while being shown 4 different themes of
ictures: rural pleasant, urban pleasant, rural unpleas-

nt, and urban unpleasant photographs. The research- s

urr Probl Pediatr Adolesc Health Care, May 2010
rs measured subjects’ blood pressure, self-esteem,
nd mood. The pleasant rural and urban nature pic-
ures were linked to a significant reduction in blood
ressure and a more positive effect on mood. Further-
ore, participants in the rural pleasant group had the

argest reduction in blood pressure and the most
ignificant increase in self-esteem. The authors sug-
ested that “green exercise” not only has a greater
ffect on blood pressure than exercise alone, but also
ontains potential benefits for psychological health.110

Natural environments may improve attention, espe-
ially for children with ADHD. These studies are
ased on the idea that nature can restore the mental
atigue that occurs after prolonged concentration,
hich is characterized by having difficulty focusing on

asks, feeling irritable, and being easily distracted.
ature has been described to effortlessly engage the
uman mind away from daily stressors, offering an
pportunity for reflection and escape.111 Furthermore,
ental fatigue and ADHD may be linked to the

ame underlying mechanism in the brain.112-114 A
umber of studies have measured the benefits of
atural environments on children’s attention, espe-
ially among those with attention disorders.
In 2001, Taylor et al investigated whether time spent

n natural settings affects the inattentive symptoms of
ttention deficit disorder, sometimes known as atten-
ion deficit disorder without hyperactivity. The authors
urveyed parents to compare their child’s symptoms
hen engaging in leisure activities in an indoor

etting, such as a windowless room, and a natural
utdoor setting, such as a park, farm, or neighborhood
pace. They identified 4 inattentive symptoms as
utcome measures for this study: (1) inability to stay
ocused on unappealing tasks, (2) inability to complete
asks, (3) inability to listen and follow directions, and
4) being easily distracted. The results showed that
ctivities taking place in natural settings were more
ikely to be nominated by survey participants as
elpful in reducing inattentive symptoms. In addition,
s tree cover within the settings increased, symptoms
f attention deficit disorder decreased in severity.115

A nationwide study published in 2004 by the same
uthors examined if “green” settings reduced symp-
oms of ADHD. The authors surveyed parents of
hildren who had been diagnosed with ADHD on the
erceived effect of common after-school and weekend
ctivities on their child’s symptoms. Activities chosen
y the authors represented a broad range of physical

ettings and social contexts. Parents were asked to
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ndicate whether each activity resulted in the child’s
ymptoms being (a) worse than usual, (b) same as
sual, (c) better than usual, or (d) much better than
sual. Authors measured the distribution of after-
chool and weekend activities by conducting t-tests. A
epeated analysis of variance examined the association
etween reported ADHD symptoms and natural out-
oors vs. built indoor/outdoor activities. Natural out-
oor activities significantly reduced symptoms and
atural outdoor activities reduced ADHD symptoms
ignificantly more than activities conducted in built
utdoor settings or indoor settings. The limitations of
he study included systematic error in parental percep-
ions of different settings, in part because “green”
ctivities were not uniformly defined.116

Cognitive functioning was also examined in low-
ncome urban children from 2 separate home environ-
ents. One environment consisted of fewer natural

lements, and the other environment contained plants
nd views of nature. Children’s cognitive functioning
as measured in each home environment using the
ttention-Deficit Disorders Evaluation Scale. Chil-
ren who experienced the greatest increase in natural
lements in the home had the greatest ability to focus
ttention a few months later.117 ADHD-diagnosed
hildren from another recent study were guided
hrough a 20-minute walk in 3 different environments:
city park, an urban area, and a residential area. The

uided walks were single-blinded controlled trials.
rior to each of the walks, children completed a series
f puzzles that were selected to cause a degree of
ental fatigue. After the walks, children completed

ests of concentration and impulse control. Concentra-
ion was significantly better after a walk in a city park
han the other 2 settings.118 Limitations included low
xternal validity due to small sample size. However,
hese findings add to the body of evidence of nature’s
ffect on attention in children.
Human evolutionary history may be related to na-

ure’s potential ability to restore mental health. Hu-
ans have evolved living close to the land as hunter-

atherers, and it is only recently that we have
ongregated into densely populated cities.119 A sense
f spending time in the natural world may bring about
positive effect on mood. Factors that lead to attention

estoration may also increase a person’s experiential
ense of feeling connected to nature. Participants who
pent 15 minutes walking in a natural setting or urban
ettings, or by watching a video of 1 of these settings,

eported increased feelings of connectedness to nature, a

10
mproved attention, positive emotional well-being, and
n increased ability to reflect on a life problem.120

Researchers have offered multiple reasons to why
ature may be benefiting children with attention dis-
rders. Children with ADHD may benefit from time
pent outdoors in nature, whether during a break in the
chool day, an after-school trip to the park, or a
eekend outing to a nature center. Simply observing
arious forms of nature has been shown to provide
estorative benefits and enhance a sense of well-being
n children. Evidence suggests that natural-environ-
ent interventions may be a beneficial component of

ognitive behavioral therapy; however, more research
s needed.121

dditional Potential Health Benefits of Nature

Outdoor activity in nature may also benefit chil-
ren’s health by improving asthma, myopia, chronic
ain issues, and childhood development. For example,
recent ecological study conducted in New York City

uggested that being exposed to a natural environment
ay be correlated with less childhood asthma. Authors

ollected both tree density information and asthma
revalence data on 4- and 5-year-old children living in
he city. The authors also measured the proximity to
ollution sources that have previously been associated
ith asthma. Results revealed that tree density was

orrelated with a lower prevalence of childhood
sthma, after controlling for potential confounding
actors including sociodemographic characteristics,
opulation density, and proximity to pollution sources.
ue to the design of the study, the results of the

nalysis merely serve to generate hypotheses sur-
ounding tree density and asthma. The extent to which
rees and vegetation play a role in the control of
ediatric asthma remains unknown.122

Myopia, or nearsightedness, has been acknowledged
y the World Health Organization as one of its top
riorities to control in preventing avoidable blindness
n the world by 2020. In the USA, the prevalence rate
f myopia has substantially risen in the past 30
ears.123 Roughly 9.2% of children in America are
yopic.124 Profound increases in myopia prevalence
ay potentially be exacerbated by external factors

uch as increased illuminated screen viewing and
eading time. Time spent outdoors may reduce a
hild’s risk of myopia. A recent cross-sectional study
mong 12-year-old participants found that higher lev-
ls of outdoor time were associated with less myopia

nd higher hyperopic mean refraction. Outdoor activ-

Curr Probl Pediatr Adolesc Health Care, May 2010
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ty should be promoted by the public health commu-
ity and included in school curricula.125 Additionally,

2009 cohort study of 1249 teenage students in
ingapore revealed significantly less myopia in ado-

escents who spent more time outdoors (OR: 0.90;
5% CI: 0.84, 0.96; P � 0.004).126 Further research is
urrently being conducted on the protective effects of
utdoor activities on myopia.
Although currently studies examining pain reduction

nd the restorative effects of nature for children are not
vailable, studies on adult pain management may form
basis for further research. In a 1984 study, patients
ith a view of deciduous trees took fewer doses of

trong pain medication than a group viewing a brown
rick wall, had shorter postoperative hospital stays,
nd fewer postsurgical complications.127 Another
tudy examined a group of patients during flexible
ronchoscopy. Nature scene murals were placed at
atients’ bedsides, and they were provided with a tape
f nature sounds to listen to before, during, and after
he procedure. The patients with views and sounds of
ature were more likely to report better pain control
uring the procedure.128

Because evidence suggests that natural environments
ncourage physical activity, increasing the amount of
ime children spend playing outside in natural envi-
onments has the potential to decrease the risk of
hildhood obesity. In addition, outdoor time in nature
ay decrease stress in children, instill a sense of
ell-being, and improve capacity for attention in

hildren with ADHD. Natural environments may also
educe children’s susceptibility to other diseases, al-
hough much more research needs to be conducted.

ediatric Care

Pediatric health care providers have an important
ole to play in the management of childhood obesity,
ts comorbidities, and other chronic problems in child-
ood including vitamin D deficiency and ADHD.
lthough children’s health care providers play an

mportant role, they cannot manage the intricacies of
hildhood obesity on their own. A cooperative effort
etween parents, health care providers, schools, gov-
rnment agencies, and nongovernmental organiza-
ions, as well as the children themselves, is crucial to
he success of any program. Interventions should be
cientifically based, yet balanced with the practical

eeds of the patient. n

urr Probl Pediatr Adolesc Health Care, May 2010
Pediatric health care providers have a unique pres-
nce in the lives of children and their parents. Too
ften, however, parents rely on the Internet, friends, or
ther nonprofessionals for medical advice, which may
ot be scientifically sound. Pediatric health care pro-
iders should recognize that they are, and should be, a
ey link between children, their parents, and optimal
ealth. They are clinicians and leaders and should be
rusted sources of new information. Pediatric health
are providers interact with children and their parents
n a level that transcends daily public interactions and
edia messages. Therefore, they are in a position to

rovide parents with an understanding of the causes of
hildhood obesity and empowering them to make
ifestyle changes to protect their children. An addi-
ional part of this educational responsibility is to direct
atients to appropriate, evidence-based Internet sites
or information.
The AAP has provided a blueprint for pediatricians

o educate and advise families about ways to prevent
hildhood obesity. The AAP’s Committee on Nutri-
ion recently completed the 5th edition of the Pediatric
utrition Handbook, which is a comprehensive refer-
nce designed for the clinician.129 It provides advice
n all aspects of nutrition, from the premature infant
p to the adolescent. Another source that the AAP has
eveloped is A Parent’s Guide to Childhood Obesity:
Road Map to Health,130 a resource developed for the

arent. Further information about these and other
utritional related resources can be found at the AAP
utrition web site.131 Other AAP recommendations to

he pediatric health care community include promoting
ealthy eating, and monitoring children’s nutritional
ntake and BMI.
The AAP also has resources and advice about

nother equally important component of any strategy
o treat and prevent childhood obesity: the promotion
f an appropriate amount of physical activity. This
hould be a combination of more outdoor play, and
ess indoor “screen time,” which has been shown to
eplace physical activity.132 The AAP recommends
hat children older than 2 years old watch no more than
-2 hours per day of television and that television sets
hould not be in children’s sleeping rooms.17 A policy
tatement was released by the AAP in 2006 by the
ouncil on Sports Medicine that goes into greater
etail about the level of physical activity children
hould achieve. In summary, the AAP recommends
ge-appropriate outdoor physical activity while recog-

izing the role of the cultural environment for the
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hild, where work, education, family life, and leisure
ime all impact the process. Clinicians should (1)
dopt a healthy lifestyle as a role model, (2) limit
creen time, (3) measure the number of times per week
pent in 30 minutes of outdoor play, (4) encourage at
east 60 minutes per day of physical activity (includes
ccumulated activity from multiple, shorter periods),
nd (5) encourage the parents of overweight children
o have a participatory role in the activity process.102

Natural environments may reduce stress and im-
rove attention. The natural outdoor environment is an
deal way of increasing physical activity. Activities
hat family members can participate in together en-
ance the social and supportive benefits of physical
ctivity, which is taken advantage of in outdoor,
atural environments. Nurturing a love of nature in
hildren cannot only inspire them to protect the
nvironment, it can also instill lifelong behaviors of an
ctive lifestyle. This should be a lifestyle change and
here is no better person to recommend that change
han the child’s primary health care provider.

hildren and Nature Initiative

The National Environmental Education Foundation
as launched an initiative that links 2 issues—rising
hildhood health concerns and the need to reconnect
hildren to nature. The Children and Nature Initiative
orks with pediatric health care providers to encour-

ge children to spend more time outdoors and connects
hildren and their families to parks and other natural
nvironments that are easily accessible to diverse
opulations.
The idea to prescribe nature to children to increase
hysical activity and improve health is similar to a
ew strategy that has emerged in adult health care. The
merican Medical Association and the American
ollege of Sports Medicine have launched the Exer-
ise is Medicine program, which encourages health
rofessionals to include exercise when designing treat-
ent plans for their patients, providing physical activ-

ty prescriptions and referrals.133 This approach has
een shown to be effective in increasing physical
ctivity levels and is more cost-effective than other
nterventions because it mainly uses existing infra-
tructure.134 A study conducted in Sweden during a
-year period measured the effectiveness of issuing
300 physical activity referrals. Half of the patients

eached reported increased physical activity both at 3 c

12
onths and at 12 months. In addition, the proportion
f inactive patients decreased from 33% at baseline to
7% at 3 months and 20% at 12 months.135 A program
n Spain from 2003 to 2004 recruited around 4000
hysically inactive patients and provided physical
ctivity referrals to approximately half of them. Six
onths later, the patients who had received the refer-

als were more active.136

The Children and Nature Initiative is applying this
pproach to children’s health care not only to increase
hysical activity, but also to get children to spend
ore time outside. The initiative, which is guided by an

dvisory committee of experts and stakeholders includ-
ng members from leading health care organizations,
ducates pediatric health care providers about prescribing
utside activities to children. The program also connects
ealth care providers with local parks and nature centers,
o that they can refer families to safe and easily
ccessible outdoor areas. The Children and Nature
nitiative employs the highly successful Faculty
hampions model, which has trained thousands of
ealth care providers on environmental health issues to
ate.137 Pediatric health care providers participate in a
rain-the-trainer workshop, which prepares them to serve
s Nature Champions in their communities. These Nature
hampions in turn train other providers in their local
ommunities. The National Environmental Education
oundation provides them with the tools and resources

hey need to be effective, including the Children’s Health
nd Nature Fact Sheet, which highlights the scientific
asis for the health benefits of nature, and the Pediatric
nvironmental History Form, which includes questions

or pediatric health care providers to encourage outdoor
ime for children.138

Through the Children and Nature Initiative, health care
roviders, parents, outdoor organizations, schools, fed-
ral, state, and local agencies, community groups, and
ther institutions can work together to encourage chil-
ren to spend more time outdoors and teach them how to
rotect their health and the environment.139

onclusions

Physical activity is shown to improve children’s
ealth, and a growing body of evidence suggests that
xposure to natural environments can improve atten-
ion and decrease stress in children. Advising outdoor
lay in nature is a practical method for pediatric health

are providers to address chronic conditions such as
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hildhood obesity, as well as mental health; and one
hat is cost-effective and easily sustainable. The
HHS and AAP recommend physical activity for

hildren for at least 60 minutes a day.96,102 The CDC
tresses the important role of communities, schools,
nd families in promoting physical activity for
outh140 and encourages children to engage in healthy
utdoor activities in nature and parks.141 The DHHS
dvises physical activity through age-appropriate, enjoy-
ble activities such as hiking or going to the park96 and
he AAP recommends that pediatricians promote free,
nstructured play.23

Pediatric health care providers should promote in-
reased physical activity for their patients and consider
ncouraging outdoor activities in natural environments
s a physical activity routine.
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he following corrections to the article by McCurdy, et
l titled “Using Nature and Outdoor Activity to Improve
hildren’s Health” (2010;5:102-177; doi 10.1016/

.cppeds.2010.02.003) published in the May/June issue
f Current Problems in Pediatric and Adolescent
ealth Care, were submitted post production by the

uthors:
Page 108, 1st paragraph, 6th line, should read: “. . .
revalence of overweight was 27-41% lower among
hose spending more time outdoors.5”
Page 113, 1st column, 1st paragraph; both the citations

or reference 96 should be replaced with reference 98.
52
Page 116, 2nd column, bottom; the reference number-
ng should be listed as follows:

27. Ulrich RS. View through a window may influence recovery
rom surgery. Science 1984;224:420-1.
28. Diette GB, Lechtzin N, Haponik E, Devrotes A, Ru-
in HR. Distraction therapy with nature sights and sounds
educes pain during flexible bronchoscopy. Chest 2003;123:
41-8.
29. American Academy of Pediatrics, Committee on Nu-
rition. Kleinman, RE, editor. Pediatric nutrition handbook.
lk Grove Village (IL): American Academy of Pediatrics;
004.
Curr Probl Pediatr Adolesc Health Care, July 2010
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