
Obesity is becoming an increasingly prevalent problem in the
United States and other countries; even children and adolescents
are not excluded from this epidemic. The proportion of children
and adolescents who are overweight—defined as a body mass
index (BMI) exceeding the 95th percentile for age- and sex-
based norms from the 1960s—
has tripled in the past three
decades.1,2 Obesity is associat-
ed with many potentially seri-
ous health problems that the
emergency department (ED)
physician must recognize and
include in the differential diag-
nosis when a pediatric patient
with this premorbid condition
seeks health care. Diabetes,
cardiovascular and pulmonary
disease all have an increased
incidence in this population and may require acute therapy in the
ED. The author provides a comprehensive review of obesity and
its associated complications.

— The Editor

Introduction
BMI is the simplest and most common assessment tool for

categorizing childhood obesity and is calculated by dividing
weight (kg) by height (m2). BMI charts for boys and girls can be

found at www.cdc.gov/growthcharts. BMI accurately reflects the
proportion of excess body fat and correlates with markers of sec-
ondary complications of obesity and long-term mortality.3 An
expert panel on obesity evaluation and treatment recommends
that a BMI greater than the 95th percentile for age and sex

should be used as a cutoff for
medical evaluation of obesity.3

In older adolescents, a BMI in
the 95th percentile is associated
with elevated blood pressure
and lipid profiles, increasing
risks of obesity-related disease
and mortality.3 A patient with a
BMI above the 85th percentile
or a large increase in BMI
should be observed closely for
secondary complications. To
maintain consistency with the

existing literature, this review will use the term “obesity” to
describe a BMI greater than or equal to the 95th percentile and
“overweight” for BMI greater than or equal to the 85th
percentile.

Being overweight is now the most common medical condition
of childhood.3,4 Nearly one of every three children is at risk of
being overweight (defined as BMI between the 85th and 95th
percentiles for age and sex), and one of every six is obese
(defined as BMI at or above the 95th percentile).5
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Obesity is associated with significant health problems in the
pediatric age group and is an important early risk factor for
much of adult morbidity and mortality.5,6 Medical problems are
common in obese children and adolescents and can affect cardio-
vascular health (e.g., hypercholesterolemia, dyslipidemia, hyper-
tension),5, 7-11 the endocrine system (e.g., hyperinsulinism, insulin
resistance, impaired glucose tolerance, type 2 diabetes mellitus,
menstrual irregularity),12-15 and mental health (e.g., depression,
low self-esteem).16-20 The psychologic stress of social stigmatiza-
tion imposed on obese children may be just as damaging as the
medical morbidities. The negative images of obesity are so
strong that growth failure and pubertal delay have been reported
in children practicing self-imposed caloric restriction because of
fears of becoming obese.5

Other important complications and associations include pul-
monary (e.g., asthma, obstructive sleep apnea syndrome, pick-
wickian syndrome),21-25 orthopedic (e.g., genu varum, slipped
capital femoral epiphysis),5 and gastrointestinal/hepatic (e.g.,
nonalcoholic steatohepatitis)26 complications. All these distur-
bances are seen at an increased rate in obese individuals and
have become more common in the pediatric population. 

The probability of childhood obesity persisting into adulthood
is estimated to increase from approximately 20% at 4 years of
age to approximately 80% by adolescence.27 In addition, it is
probable that co-morbidities will persist into adulthood.5 Thus,
the potential future health care costs associated with pediatric
obesity and its co-morbidities are staggering, prompting the sur-
geon general to predict that preventable morbidity and mortality
associated with obesity may exceed those associated with ciga-
rette smoking.5 Current data suggest that life expectancy for
obese young adults may be reduced by as much as 20 years.28 

Annually, obesity-related diseases in adults and children
account for more than 400,000 deaths and more than $100 bil-
lion per year in treatment costs.3, 29 Pediatric obesity-related hos-
pital costs have increased three-fold during the last 20 years,
reaching $127 million per year.30 The median reimbursement rate
for pediatric obesity treatment is estimated to be 11%. This rate
varies greatly among different types of insurance policies,
although there are no significant variations based upon a child’s
sex, race, or degree of obesity.30

Obesity occurs when susceptible (i.e., genetically pre-dis-
posed) individuals are placed in adverse environments.31,32 Dietz
has suggested that there are three critical periods for the develop-
ment of obesity. These include: 1) the intrauterine environment
or early infancy; 2) 5 to 7 years of age (adiposity rebound); and
3) adolescence.33 Weight and adiposity are entrained during early
life. Furthermore, often the obesity observed in adulthood origi-
nates during the early childhood years.32 Gestational events and
the adiposity rebound period may influence childhood-onset
obesity leading to adult obesity. Studies have observed that
famine during gestation can either increase or decrease later obe-
sity prevalence, and infants with higher neonatal amniotic fluid
concentrations of insulin show significantly increased obesity at
age 6 years.30 Infants whose mothers had gestational diabetes
have a 50% greater risk of obesity at age 10 years.30 Although
some studies indicate that breast-feeding protects against obesity,
others indicate either no influence or an increased risk of becom-
ing obese. A strong correlation between low socioeconomic sta-
tus during early life and adult obesity exists.30

Many studies on childhood obesity etiologies have focused
upon adiposity rebound, a normal childhood developmental
event. Rebound is the increase of BMI that occurs after the nor-
mal decrease in adiposity between infancy and approximately
age 5 to 7 years. Some studies identify early adiposity rebound
in childhood as an obesity predictor.30 However, no clear con-
sensus exists concerning how early adiposity rebound influ-
ences obesity.30
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Researchers cannot predict reliably which obese children will
become obese adults. Intervention studies are needed in high-
risk early childhood populations, and pinpointing responsible
factors should be a national priority.

There are several environmental factors that contribute to obe-
sity: Low physical activity; high-calorie, high-fat foods; and a
lower exercise tolerance are some of the many factors involved
in the development of obesity.32 However, in children younger
than 6 years, the most important of these factors is parental obe-
sity.31 It is well accepted that the environment of the family plays
a key role in the development of obesity in young children plac-
ing them at risk for adult obesity and related diseases such as
diabetes mellitus.34-37 Research shows that parental inactivity
strongly predicts inactivity in the child.32 Moreover, the exercise
patterns of parents have a strong influence on the frequency of
exercise in their children. Research also shows that parental
influences are early determinants of food attitudes and practices
in young children.32

Food preferences greatly influence the consumption patterns
of young children. Therefore, strategies that positively alter the
behaviors and environment of the family may reduce the risk of
adult obesity and diabetes mellitus by improving physical activi-
ty and nutrition. Efforts to halt and reverse obesity and related
metabolic disease, therefore, should begin with young children.
More importantly, educational interventions that target the par-
ents of children at risk for obesity should be an integral part of
standard pediatric and family medical care.

Familial factors strongly affect the development of childhood
obesity. Children with two obese parents have an 80% chance of
developing obesity during their lifetime.32, 38 If only one parent is
obese, this risk factor declines to 40%. Remarkably, obesity will
develop in only 7% of children born to lean parents.38 However,

it is unclear if these outcomes are based upon environmental
issues or genetic predisposition.39 Bouchard suggests that in
most individuals, the human variation in body composition is not
associated with genetic predisposition.40

These individuals may be affected positively by appropriate
clinical and educational interventions. Dietary intake and physi-
cal activity are behavioral and, thus, modifiable aspects of the
prevention and treatment of childhood and adolescent obesity.31

It is clear, that human obesity and metabolic disease are deter-
mined by a complex matrix of familial factors including genet-
ics, culture, diet, and activity patterns. Research during the past
decade has focused upon determining environmental conditions
that promote obesity and metabolic disease in genetically vulner-
able individuals. Current studies seek to identify genetic markers
for obesity and altered metabolism. There are strong arguments
for the impact of the genetic profile, as well as the early nutri-
tional environment on the development of obesity from birth to
adulthood.32

Health Implications of Childhood Obesity
Pediatric obesity is a serious chronic disease that contributes

to various conditions. (See Table 1.) Obesity and being over-
weight in childhood can no longer be considered a benign condi-
tion or one related only to appearance.

It is important in the obese patient to screen for co-morbidi-
ties that necessitate a more aggressive management. (See Table
2.) Obesity causes or exacerbates many health problems, both
independently and in association with other diseases.

Type 2 Diabetes. Type 2 diabetes increasingly is being diag-
nosed within the pediatric population and parallels the increased
prevalence of pediatric obesity.41 Type 2 diabetes now accounts
for as much as half of newly diagnosed diabetes in children age
10-21 years, depending upon the socioeconomic and ethnic com-
position of the population.41 Early signs of insulin resistance
such as acanthosis nigricans, a thickened hyperpigmented skin
condition found on the neck, axillae or groin, warrant further
screening including fasting insulin and glucose levels. (See
Tables 3 and 4.) The constellation of insulin resistance, com-
pensatory hyperinsulinemia to maintain glucose homeostasis,
hypertension, dyslipidemia, and central obesity (abdominal or
visceral obesity) has been termed syndrome X or the metabolic
syndrome.

This central fat distribution results in an increased delivery of
insulin, leading to a marked peripheral insulin concentration and
insulin resistance. In the initial phase of the process, the pancreas
can maintain a hyperinsulinemic state, but this compensatory
mechanism is overwhelmed by the continued abundance of free
fatty acids and results in hyperglycemia.41 The islet cell mass in
new-onset type 2 diabetes is normal. Late in the disease, beta
cells may be reduced in association with amyloid deposition in
islets, but beta cell dysfunction occurs well before the develop-
ment of hyperglycemia, as suggested by data from the United
Kingdom Prospective Diabetes Study (UKPDS).4 Insulin sensi-
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Table 1. Health Implications of Childhood
Obesity

• Cardiovascular Hypertension, obesity cardiomyopathy,
cardiovascular disease

• Metabolic Insulin resistance, dyslipidemia

• Endocrine Type 2 diabetes, polycystic ovary syn-
drome, advanced physical maturation

• Renal Microalbuminuria, glomerulosclerosis

• Pulmonary Sleep apnea, obesity hypoventilation
syndrome, asthma

• Neurological Pseudotumor cerebri

• Gastrointestinal Cholelithiasis, hepatic disease

• Orthopedic Slipped capital femoral epiphysis, genu
varum and tibia vara

• Psychosocial Depression, low self-esteem



tivity and beta cell function are inversely and proportionally
related, and based upon this concept, it has become evident that
subjects who are at high risk for developing type 2 diabetes have
diminished beta cell function at the time when many of them still
have normal glucose tolerance test results.4 The presence of a
first-degree relative with type 2 diabetes mellitus increases the
relative risk of the patient three- to 10-fold. The Centers for Dis-
ease Control and Prevention warns that one in three U.S. chil-
dren born in 2000 (and one in two Latino children) will become
diabetic unless people start eating less and exercising more.42

Acute decompensation with diabetic ketoacidosis (DKA) has
been recognized to occur at the time of diagnosis in as many as
25% of children with type 2 diabetes mellitus.43 Hyperglycemic
hyperosmolar state (HHS) with serious electrolyte disturbances
also may occur in children with type 2 diabetes.41 Recent reports
indicate that approximately 4% of newly diagnosed pediatric,
type 2 diabetes mellitus patients will have HHS, with a case
fatality of 12%.41 The criteria for HHS include plasma glucose
concentration greater than 33.3 mmol/L (600mg/dL), serum car-
bon dioxide concentration  greater than 15 mmol/L, small
ketonuria, absent to low ketonemia, effective serum osmolality

greater than 320 mOsm/kg, and stupor or coma.44 Long-standing
hyperglycemia and osmotic diuresis in children with type 2 dia-
betes can result in severe total body water, potassium, and phos-
phorus deficits, worsened by the advent of vomiting. Physicians
need to have a high index of suspicion for type 2 diabetes and
should consider this diagnosis as much an emergency as the
recognition of type 1 diabetes. Timely diagnosis and prompt,
appropriate treatment of their diabetes is essential.

The onset of type 2 diabetes at an early age is devastating.
Long-term research based upon 51 patients diagnosed with type
2 diabetes before age 17 years , and now 18 to 33 years, shows
that seven had died, three others were on renal dialysis, one
became blind at the age of 26 years, and one had a toe amputa-
tion. Out of 56 pregnancies, only 35 had resulted in live births.45

Advanced Maturation. Childhood obesity promotes ad-
vanced physical maturation in especially severe conditions.29

Obese children have advanced bone age, higher bone density and
area, and increased sex hormone levels.46 Increased estradiol lev-
els have been associated with obesity in adult females.32 Preco-
cious puberty or premature puberty recently were associated
with insulin resistance, long-term changes in body composition,
exaggerated adrenal response, and polycystic ovary syndrome.32, 47-50

Metabolic defects resulting from parental (environmental and
genetic) influences and early onset obesity may promote hor-
monal alterations that predispose obese children to advanced
physical maturation. Thus, biologic mechanisms that promote
obesity during childhood also may play a role in premature
physical maturation.

Polycystic Ovary Syndrome. This is a complex disorder
characterized by infertility, hirsutism, obesity, and menstrual dis-
turbances. Characteristically, the ovaries have atretic follicles
and cysts, plasma luteinizing hormone (LH) levels are elevated,
and follicle-stimulating hormone (FSH) levels are normal, result-
ing in an elevated LH/FSH ratio usually greater than 2 to 3. In
more than half of women with polycystic ovary syndrome, plas-
ma androstenedione and testosterone levels are increased. One
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GLUCOSE LEVELS

• Random level > 200 mg/dL
• Fasting level > 126 mg/dL

FASTING INSULIN AND C-PEPTIDE LEVELS

• Elevated—reflects insulin resistance

AUTOANTIBODY LEVELS (ABSENCE SUGGESTS TYPE 2 DIABETES)

• Islet cell
• Insulin
• Glutamic acid decarboxylase (GAD)

HEMOGLOBIN A1C

• Elevated

Table 3. Type 2 Diabetes Laboratory 
Tests that Define and Diagnose

Table 2. Evaluation of the Obese Pediatric
Patient

• Depression • Headaches

• Snoring • Hirsutism

• Daytime somnolence • Cold intolerance

• Exercise intolerance • Constipation

• Polydipsia • Reflux

• Polyuria • Menstrual irregularities

• Abdominal pain • Skin rashes/lesions

• Joint pains • Developmental delay

IMPORTANT FACTORS IN THE PHYSICAL 
EXAMINATION OF THE OBESE CHILD

• Degree of obesity and its distribution (truncal, peripheral, 
generalized)

• Developmental status of the patient
• Size of the tonsils in relation to the nasopharynx
• Thyroid size and consistency
• Presence of acanthosis nigricans (hyperpigmented velvety skin

in area of neck or axilla)
• Presence of any right upper quadrant tenderness
• Tanner stage of genitalia and appropriateness for age
• Waist/hip ratios*
• Skin examination for hirsutism, striae, xanthomas, erythematous

papules/pustules in groin area (hidradenitis suppurativa)
• General mood and affect of patient

* Complications of obesity correlate best with abdominal fat and less well with lower

body fat.



theory suggests that this disorder originates as an exaggerated
adrenarche in obese girls with insulin resistance. The combina-
tion of elevated androgens, insulin resistance, and obesity would
result in an acyclic production of extraglandular estrogen. This
leads to a positive feedback on LH secretion and negative feed-
back of FSH secretion.4

Weight loss may normalize ovulation in some women. If the
woman is hirsute and does not wish to become pregnant, excess
androgen production can be suppressed with oral contraceptives,
glucocorticoids, luteinizing hormone-releasing hormone ana-
logues, or antiandrogens (spironolactone). If the woman is not
hirsute, monthly withdrawal bleeding should be induced to
reduce the risk for endometrial neoplasia.35 Metformin for the
treatment of insulin resistance also has been shown to restore
normal menses in the majority of patients.51

Cardiovascular Consequences of Obesity
Leaders in the emerging field of preventive cardiology

increasingly have recognized obesity’s role in adult cardiovascu-
lar disease. Correspondingly, the guidelines for adult cholesterol
and the primary prevention of cardiovascular disease reflect this
increased recognition.52 The guidelines for cholesterol levels
(See Table 5.) also target the metabolic syndrome—a constella-
tion of metabolic derangements that predict both type 2 diabetes
and premature coronary artery disease—as a newly recognized
entity that warrants clinical intervention. According to the
National Cholesterol Education Program (NCEP), persons meet-
ing at least three of the following five criteria qualify as having
the metabolic syndrome: elevated blood pressure, a low high-

density lipoprotein (HDL) cholesterol level, a high triglyceride
level, a high fasting glucose level, and abdominal obesity.
Because of the increasing rates of adult obesity and obesity’s
association with insulin resistance and type 2 diabetes, the
NCEP panel stated that the metabolic syndrome soon will have a
greater impact on premature coronary artery disease than does
tobacco.53 According to recent estimates, the metabolic syn-
drome affects 22% of the U.S. adult population overall, includ-
ing 7% of men and 6% of women in the 20- to 29-year-old age
group.52 The metabolic syndrome has been called several other
names, including syndrome X, insulin resistance syndrome, dys-
metabolic syndrome X, Reaven syndrome, and the metabolic
cardiovascular syndrome.52 Obesity, insulin resistance, dyslipi-
demia, and hypertension are common to all.

As the number of overweight children increases, its medical
complications  are becoming more recognized.54-56 Studies sug-
gest that a substantial percentage of overweight children and
adolescents may be afflicted with the metabolic syndrome
because many have one or more of the following: an elevated
triglyceride level, a low HDL cholesterol level, and high blood
pressure.6,52 Many overweight children also have elevated insulin
levels, indicating an increase in insulin resistence.6

The overweight condition has important implications for the
future health of our young people, especially in terms of coro-
nary heart disease and diabetes. The Pathobiological Determi-
nants of Atherosclerosis in Youth research group, for example,
found that overweight (measured by BMI) in young men was
associated with fatty streaks, raised lesions, and low-grade steno-
sis of the coronary arteries.57 Pathological studies have shown
that both the presence and extent of atherosclerotic lesions at
autopsy after unexpected death of children and young adults cor-
relate positively and significantly with established risk factors,
namely low-density lipoprotein cholesterol, triglycerides, sys-
tolic and diastolic blood pressure, body mass index, and pres-
ence of cigarette smoking.58 Findings from the Bogalusa Heart
Study indicate that as the number of cardiovascular risk factors
increases, so does the pathological evidence for atherosclerosis
in the aorta and coronary arteries beginning in early childhood.59

Electron beam computed tomography of coronary artery calcium
and increased carotid artery intima-media thickness, an ultra-
sound measure of carotid artery atherosclerosis, have been evalu-
ated in 29- to 39-year-olds monitored from 4 years of age.60 Sig-
nificant risk predictors for coronary artery calcium were obesity
and elevated blood pressure in childhood and increased BMI and
dyslipidemia as young adults. 

In addition, studies have established that child and adolescent
obesity also predicts the metabolic syndrome in adults.61-63

Results of one of the many reports from the Bogalusa Heart
Study64 show that when insulin concentrations are increased in
childhood they tend to remain elevated in adulthood, and those
adults with consistently elevated insulin levels also tend to have
increased rates of obesity, hypertension, and dyslipidemia. In a
recent study, adolescents with the metabolic syndrome had a
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Table 4. Features and Presentation
in Type 1 and Type 2 Diabetes

FEATURE TYPE 1 DIABETES TYPE 2 DIABETES

Polydipsia, polyuria,
polyphagia

Yes Yes

Exacerbation by acute
illness

Yes Yes

Diabetic ketoacidosis Yes Possible

Accidental diagnosis Uncommon Common

Age of onset All ages, but mostly
young children

Puberty

Weight All ranges Obese

Acanthosis nigricans Rare Common

Vaginal infection Rare Common

Hypertension No Common

Dyslipidemia Rare Common

Autoantibodies Positive Negative



mean BMI just above the 95th percentile; thus, they represent a
fairly common clinical problem, one likely to be encountered
routinely by general pediatricians.52 Perhaps 4% of adolescents
overall and nearly 30% of overweight adolescents meet the crite-
ria for this syndrome, suggesting that almost 1 million adoles-
cents in the United States are affected.

Abdominal or centrally distributed fat is associated with type
2 diabetes and a poor cardiovascular profile in adults.52, 65-67 In
children, an increased waist circumference has been shown to
correlate with abnormal systolic and diastolic blood pressures
and elevated serum levels of total cholesterol, low-density
lipoprotein, triglyceride, and insulin, as well as lower concentra-
tions of HDL.52, 68 The association between the clustering of car-
diovascular risk factors and waist circumference is not only a
reflection of the degree of obesity, but also is dependent upon the
regional distribution of the excess body fat.69 Thus, because a
more central distribution of fat correlates with worse cardiovas-
cular risk, and waist circumference has been shown to be the
strongest correlate of central fat distribution in children, it seems
appropriate to use waist circumference in a pediatric definition
of metabolic syndrome.52, 69 In fact, BMI is a less sensitive indi-
cator of fatness in children and fails to account for fat distribu-
tion.52 Perhaps for these reasons, an American Heart Association
statement has recommended the inclusion of waist circumfer-
ence measurements in evaluating children for insulin resistance
or those who manifest features resulting from insulin resistance
that constitute much of the metabolic syndrome.52

Visceral fat is not apparent on physical examination, but is the
most metabolically active fat in the body and can undergo lipoly-
sis quickly. It is located around the viscera, so that metabolic
products drain immediately into the portal system and into the
liver. The intra-abdominal adipose tissue (IAAT) comprises vis-
ceral adipose tissue and retroperitoneal adipose tissue, whereas
subcutaneous fat, the visible fat on physical examination, is
spread throughout the body. It is the visceral fat that has been
associated with metabolic derangements in adults, such as dys-
lipidemia, hyperinsulinemia, and cardiac risk factors. Recent
studies support the role of increased IAAT in children as a cause
of insulin resistance and dyslipidemia.70 Although waist-to-hip
ratios are used as a substitute for the direct determination of vis-
ceral adipose tissue in adults, waist-to-hip ratios do not reflect
IAAT in children and adolescents.70 Furthermore, increased
IAAT may cause these metabolic derangements without
increased total body fat.

Adipocyte cytokines such as adipsin, leptin, interleukin-6,
tumor necrosis factor-α, and resistin may be involved in the link
between adiposity, insulin resistance, and increased disease risk.
For example, resistin, a novel signaling molecule, is secreted by
adipocytes.71 Resistin levels are increased in both diet-induced
and genetic models of mouse obesity.72 The administration of
antiresistin antibodies improves blood glucose and insulin
action.73 Resistin mRNA is detected mostly in abdominal adi-
pose tissue depots of obese humans, perhaps explaining the rela-

tion between central obesity and insulin resistance.71

Irrespective of the mechanism, reduction of body weight and
visceral obesity, in particular, is well known to improve glucose
tolerance. Weight loss also has been shown to decrease mortality
among patients with diabetes and those without the disease. The
extent of loss does not need to be great for health benefits to
accrue. As little as 5–10% loss of initial weight appears sufficient.56

There are no easy answers to weight loss, of course. In the
most general terms it is achievable only when energy intake is
less than energy expenditure. In this equation, diet and exercise
each play a role.

Moderate dietary restriction has positive effects on glucose
tolerance almost immediately, even before there is a significant
decrease in body weight. With continuing restriction, fat mass
begins to decrease and this increases insulin sensitivity. Weight
loss also improves dyslipidemia, especially hypertriglyceri-
demia, and lowers blood pressure. The greatest problem with
weight loss is that in the long term up to 90–95% of patients will
regain the lost weight.74 Behavioral modification, physical exer-
cise, and close follow up appear to increase the long-term suc-
cess rate.

Children and adults who are obese may have elevated blood
pressure, and all obese children should have blood pressure
determinations obtained longitudinally; however, there are pit-
falls to the measurement of blood pressure in overweight children.70

A common source of false measurement of hypertension is
the use of an incorrectly sized cuff. Correctly sized cuffs have a
bladder width of 40% of the child’s arm circumference when
measured at a point midway between the olecranon and the
acromion.75 The bladder should cover 80–100% of the child’s
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MMEEAASSUURREEMMEENNTT  ((MMGG//DDLL))                HHIIGGHH                                      BBOORRDDEERRLLIINNEE                      DDEESSIIRRAABBLLEE

Total cholesterol ≥ 200 170-199 < 170

LDL* cholesterol ≥ 130 110-129 < 110

HDL† cholesterol < 35 (low) 35-45 (bor-
derline low)

> 45

Triglycerides (chil-
dren < 10 years)

≥ 100 75-99 < 75

Triglycerides (chil-
dren 10-19 years)

≥ 130 90-129 < 90

* LDL - Low density lipoprotein
†HDL - High density lipoprotein

From: National Cholesterol Education Panel. Report of the expert panel
on blood cholesterol levels in children and adolescents. Bethesda, MD;
National Heart, Lung and Blood Institute, National Institutes of Health,
1991.

Table 5. Classification of Serum Cholesterol



arm circumference. Blood pressure is measured 3-5 minutes
after the subject is seated comfortably at rest. An adult-size cuff
is necessary for heavier adolescents. If a smaller cuff is used
inappropriately, the systolic and diastolic blood pressures will be
elevated, whereas if a larger than necessary cuff is used, the
blood pressure will not decrease sufficiently to mask hyperten-
sion. It is better to err on the side of a larger cuff. Blood pressure
is compared best with charts that are adjusted for height or per-
centile of height for age. Recent data suggest no significant dif-
ference in blood pressure among ethnic groups, so different
guidelines do not seem necessary.76

Blood pressure is increased in obese patients with the greatest
elevation in obese children who have a predominantly abdominal
adipose distribution.77 Approximately 20–30% of obese children
have elevated blood pressure; obese children have a 2.4-fold risk
for elevated blood pressure compared with controls.6 Further-
more, obese adolescents have a 8.5- to 10-fold risk for adulthood
hypertension.70 An excessive rate of weight gain during child-
hood is a risk factor for systolic hypertension, dyslipidemia, and
insulin resistance 15 years later, which suggests that modifica-
tion of the rate of weight gain may exert beneficial effects.70

Obesity-related hypertension is a state of high cardiac output,
increased intravascular volume, increased sympathetic nervous
system activity, sodium retention, and hyperinsulinemia.70,78,79

There is an increase in left ventricular mass in obese children
and adults, with the major effect of adipose tissue related to cen-
tral obesity rather than total fat mass.80 However, although an
individual might have elevated blood pressure and excess adi-
pose tissue, it seems that the elevation of serum insulin is related
most closely to the change in left ventricular mass rather than
simply the elevated BMI.81

Left ventricular hypertrophy (LVH) occurs commonly in chil-
dren with hypertension and is associated with an increased
BMI.82 Individuals with LVH are at greater risk than those with-
out LVH for complications such as myocardial infarction, cere-
brovascular events, and congestive heart failure.82

Severe childhood obesity is associated with early endothelial
dysfunction and increased stiffness of elastic arteries.83-86 Thus,
permanent, obesity-related abnormalities that increase the risk of
coronary heart disease may occur in childhood. This vascular
dysfunction in children may be an early step in the development
of atherosclerosis.

The composition of the diet also may be related to blood pres-
sure; in a study of urban minority youth with blood pressures of
more than the 90th percentile, blood pressure was lower in those
with higher intakes of a combination of nutrients, including
potassium, calcium, magnesium, and vitamins.87 These are the
factors found in a diet more likely to lead to a healthy weight
rather than an overweight condition, and the investigators
believed that diets rich in a combination of nutrients derived
from fruits, vegetables, and low-fat dairy products could con-
tribute to primary prevention of hypertension if instituted at an
early age. 

Weight loss decreases blood pressure in most cases, with the
most effective program combining exercise and caloric reduction
and family encounters or counseling.70 Weight reduction by indi-
vidual counseling or group treatment led to an improved cardiac
risk profile in 6- to 15-year-old children. There were increased
HDL cholesterol levels, increased ratios of HDL cholesterol to
total cholesterol, and decreased triglyceride concentrations in
both groups. Fasting plasma insulin concentrations decreased
significantly in some subjects.70 A program aimed at increasing
exercise tolerance and aerobic capacity rather than weight loss
was successful in improving the cardiac risk profile in a group of
10 obese adolescents.70 Thus, weight control need not be the goal
as long as healthy habits are instilled.

Sleep disordered breathing (SDB) also may be a cause of
hypertension in overweight children.88 This will be discussed in
the respiratory complications section.

The current, large increase in the prevalence of childhood
obesity will translate into a rise in cardiovascular morbidity and
mortality unless we improve our management of obesity. Weight
reduction improves obesity-related metabolic risk factors in chil-
dren but is very difficult to achieve.82 Consequently, direct inter-
vention on obesity-associated vascular abnormalities deserves
consideration. Improvement in endothelial dysfunction through a
direct mechanism rather than through improvements in metabol-
ic abnormalities has been shown during dietary supplementation
with antioxidant vitamins and L-arginine (the substrate for
endothelium-derived nitric oxide) in children and young adults
with hypercholesterolemia.82 There is now substantial scientific
evidence documenting the acquisition of behaviors associated
with risk factors in childhood; these include dietary habits, phys-
ical activity behaviors, and the use of tobacco.53,89 An increasing
body of research now documents the safety and success of inter-
vention to reduce risk factors in childhood. These studies include
the Dietary Intervention Study in Children Trial, which demon-
strated the safety and efficacy of a low-fat diet in children with
hypercholesterolemia; skill-training programs in smoking pre-
vention in adolescents; the Child and Adolescent Trial for Car-
diovascular Health Study, which increased physical activity lev-
els in children by using elementary school-based programs; and
other successful long-term, family-based, treatment programs for
childhood obesity.53

Given the growing concern about metabolic syndrome, cou-
pled with the alarming increase in the prevalence of overweight
children and adults, it is not surprising that the American Heart
Association set forth a series of guidelines for promoting cardio-
vascular health as part of comprehensive pediatric care.53 Evi-
dence shows that obesity and insulin resistance has already start-
ed the clock of coronary heart disease in some patients even
before the onset of diabetes.

Respiratory Consequences
The association between obesity and disturbed breathing dur-

ing sleep in children has been recognized since the 1800s when
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Charles Dickens described in The Pickwick Papers the messen-
ger boy Joe, who was overweight, snored loudly during sleep,
had excessive daytime sleepiness, and heart failure.25 In 1956,
Burwell et al coined the term “pickwickian syndrome” for
patients with extreme obesity and alveolar hypoventilation.90 The
spectrum of SDB was expanded to include the syndrome of
obstructive sleep apnea characterized by periods of repeated par-
tial or complete airway collapse and increased airway resistance
during sleep. In a study of the prevalence of SDB among middle-
aged adults, Young et al demonstrated that obesity was a signifi-
cant risk factor for the syndrome of obstructive sleep apnea. An
increase of one standard deviation in any measure of body com-
position was related to a three-fold increase in the risk of
obstructive sleep apnea.91 Similarly, Redline et al demonstrated
that obesity increases the risk for SDB in obese children by four-
to five-fold compared with nonobese children.92

In an attempt to answer the question of whether obesity leads
to SDB, several studies described the structural changes of the
upper airway in obese and nonobese subjects with the disorder.
These studies have demonstrated that obese subjects with SDB
have an increase in the size of the soft-tissue structures surround-
ing the upper airway. One study showed that obese subjects with
SDB have an increase in the size of the tongue, the soft palate,
and lateral pharyngeal walls.93 Another study showed a positive
correlation between the degree of severity of SDB expressed as
the apnea hypopnea index and the volume of adipose tissue adja-
cent to the pharyngeal airway in humans.94 In a third study,
results showed that obese subjects with SDB had large deposits
of fat in the posterior and lateral aspects of the oropharyngeal
airspace at the level of the soft palate.95 In concurrence with the
anatomical abnormalities identified in the above studies, Watan-
abe et al showed that obese subjects were more likely to have
obstruction of their airway at the level of the velopharynx rather
than at the level of velopharynx and oropharynx, as in subjects
with craniofacial abnormalities.96

Although similar assessment of airway structures and dynam-
ics in obese children with SDB remains to be investigated, there
is strong evidence to suggest that the effect of obesity on upper
airway structures and the propensity of the airway to collapse
results in a relationship between obesity and SDB, whereby
increased body fat increases the risk for obstructive breathing
during sleep.

Parallel to the increase in childhood obesity, an increase in the
prevalence of cardiovascular risk factors among children has
been demonstrated. Nearly 60% of overweight children in the
Bogalusa study were found to have at least one cardiovascular
disease risk factor.6 Although SDB has been shown to be an
independent risk factor for cardiovascular morbidity and mortali-
ty in adults, the relationships between obesity in childhood,
SDB, and risk factors for cardiovascular disease have not been
thoroughly investigated.25

In an attempt to answer the question of whether SDB con-
tributes to obesity and its cardiovascular morbidity, several stud-

ies examined the relationship between SDB and cardiovascular
risk factors. Metabolic abnormalities that might affect the degree
of adiposity and body fat distribution in subjects with SDB have
been described. Resistance to the weight loss effect of the pro-
tein leptin has been demonstrated among subjects with SDB who
were found to have higher levels of serum leptin and a larger
accumulation of visceral fat compared with weight-matched
controls.97,98 

Recently, de la Eva et al investigated the link that might exist
between SDB in obese children and the presence of insulin
resistance.24 In a study of 62 obese children, they demonstrated a
positive correlation between the degree of hyperinsulinemia and
the degree of severity of SDB measured as respiratory distur-
bance index (RDI). In multiple linear regression analysis, the
RDI, glucose level, and measures of the degree of hypoxemia
during sleep were associated with fasting insulin level. Similar to
the findings observed in obese children in this study, studies in
adult obese subjects with SDB found a higher degree of insulin
resistance compared with weight-matched control subjects with-
out SDB.99 The importance of these observations stems from the
knowledge that insulin resistance is thought to be the primary
antecedent abnormality of the metabolic syndrome, a constella-
tion of obesity, dyslipidemia, hypertension, insulin resistance,
and hyperinsulinemia.100 Furthermore, the possible association of
SDB and type 2 diabetes mellitus was examined in the prospective
Nurses Health Study, which demonstrated that the risk for diabetes
increased by two-fold among regular snorers compared with non-
snorers after adjustments for all other diabetes risk factors.101

The current knowledge available about SDB in adults sug-
gests a closed loop between SDB and obesity, whereby the initial
development of obesity might contribute to SDB by physical fac-
tors promoting airway obstruction during sleep.25 In turn, SDB
might maintain obesity and further increase the risk for cardio-
vascular disease via hormonal or other humoral factors. The
study of de la Eva et al is a first step toward the investigation of
the relationship of SDB and obesity in childhood.24 Results from
this study point out the need for further investigations that pro-
vide deeper understanding of the web association among SDB,
obesity, insulin resistance, and other risk factors for cardiovascu-
lar disease in children and adolescents.

Obese children carry a risk for: 1) restrictive airway disease
caused by the difficulty in respiration from the mass of adipose
tissue; and 2) obstructive airway disease caused by fatty deposi-
tion along the airway when compounded by the tonsillar and
adenoidal hypertrophy that is common at a young age.102

Obstructive sleep apnea (OSA), with carbon dioxide retention,
hypoxia, and right ventricular hypertrophy and failure is a poten-
tial cause of severe morbidity or even mortality. Symptoms may
vary from snoring to enuresis (this also could suggest type 2 dia-
betes mellitus and osmotic diuresis), daytime somnolence or irri-
tability, hyperactivity, poor school performance, and neurocogni-
tive deficits.103 The most severe form is the obesity hypoventila-
tion syndrome, or pickwickian syndrome, consisting of hypoven-
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tilation, somnolence associated with carbon dioxide retention,
hypoxia, polycythemia, right ventricular hypertrophy and failure,
and possibly pulmonary embolism.70 

It must be mentioned that while enlargement of tonsils and
adenoids may further compromise the airway of the obese
patient, treatment of OSA by tonsillectomy and/or adenoidecto-
my in obese children will improve the OSA, but may not help
with weight reduction and may even exacerbate the obesity.104

When OSA complicates obesity, attention must be paid to reduc-
ing weight by such measures as exercise, diet and behavior ther-
apy, in addition to treatment of the OSA.

Finally, as previously discussed, OSA is associated with sys-
temic hypertension.105,106 Surges in blood pressure associated
with sleep apnea occurring during sleep (especially rapid eye
movement sleep) might be closely linked in the production of
sustained elevation of blood pressure during wakefulness.

The increasing prevalence of asthma coincides with an
increase in the number of people who are overweight, both chil-
dren and adults.107 An increased BMI has been reported to be
associated with an increased prevalence of asthma.22,23,108-110 Fur-
thermore, high BMI appears to be a risk factor for the develop-
ment of asthma rather than a consequence, as indicated by sever-
al prospective studies.102,110 A gender-specific relationship has
been shown consistently in female but not in male adults, where-
as the findings are inconsistent in children.102,110

The association between high BMI and asthmatic symptoms
could be due to a variety of factors, such as low physical activity,
diet, hormonal influence, immune modification, and/or mechani-
cal factors. Low physical activity is clearly associated with being
overweight and the reduction in deep breathing associated with a
sedentary lifestyle may lead to a latching state of airway smooth
muscle, and in turn to airway obstruction and hyperactivity.111, 112

Whether being overweight causes asthma symptoms through low
physical activity, or whether asthma symptoms result in avoid-
ance of exercise, which then leads to weight gain, cannot be
answered in a cross-sectionally based study. However, the results
of prospective studies suggest that high BMI is a risk factor for
asthma.102, 110 In addition, airway obstruction and peak expiratory
flow variability in obese asthmatics were improved after moder-
ate weight loss, indicating a causal relationship.113

There are several other possible explanations for the associa-
tion between high BMI and asthma, for example, dietary factors.
A low intake of antioxidants may be associated with asthmatic
symptoms in children and a high intake of salt with bronchial
hyperresponsiveness.102 It is conceivable that there are differ-
ences in the intake of nutrients between children with high BMI
and those with normal BMI. Wheezing symptoms in children
with a high BMI also may be induced by a low level of systemic
inflammation, which is present in overweight and obese subjects
(discussed further in the next section).114 Finally, asthma symp-
toms in children with high BMI simply may be explained by
mechanical factors, (i.e., the deposition of adipose tissue in the
chest wall and the airways, leading to narrow airways, and/or the

presence of gastro-esophageal reflux, which is associated with
both overweight and asthma).102, 112

Emergency medicine physicians frequently will be involved
in the acute resuscitation of obese critically ill or injured
patients. There are many clinical and practical problems that
emergency medicine physicians encounter in the resuscitation of
the obese patient—adult or child.

Airway Management. Management of the airway in an
obese patient can be extremely difficult. Morbidly obese patients
desaturate more quickly than nonobese patients.106-115 Bag-valve-
mask ventilation is more difficult because of reduced pulmonary
compliance, increased chest wall resistance, increased airway
resistance, abnormal diaphragmatic position, and increased
upper airway resistance.115 The risk of aspiration is greater in
obese patients because of a larger volume of gastric fluid and
increased intra-abdominal pressure with a higher incidence of
gastroesophageal reflux.115

Like in the nonobese patient, endotracheal intubation remains
the method of choice for controlling the airway. Obesity increas-
es the risk of a difficult intubation by inhibiting the physician’s
view of the laryngeal structures during orotracheal intubation. 

Effective preoxygenation is extremely important. Obese
patients should be kept sitting upright or semirecumbent for as
long as possible. If bag-valve-mask ventilation is a requisite,
higher-than-normal ventilatory pressures could be needed.

In the spontaneously breathing obese patient, an assessment
of the likelihood of a difficult oral intubation should be made.
The Mallampati scale, an objective measure of the pharyngeal
structures visible with the patient’s mouth wide open, can be
helpful in predicting the difficult airway. Other potential predic-
tors include limited neck mobility, limited mouth opening, and
micrognathia.

Visualization of the glottis by established techniques is diffi-
cult in obese children. The upper aerodigestive tract often is nar-
rowed by fatty infiltration of muscles and subcutaneous fat
deposits that exert an anteroposterior and lateral (i.e., externo-
internal) force on regional structures.116 These factors may com-
bine with other anatomic variations, such as enlarged, upper air-
way lymphoid tissue, posterior displacement of the tongue with
retrognathism, and elongated soft palate, to make airway
obstruction in the obese child a significant concern. Acute respi-
ratory tract infection or decreased muscle tone while asleep can
turn a marginal airway into a critical one.

Obesity can produce several physiologic derangements that
complicate anatomic obstruction and lead to poor gas exchange.
First, there can be a decrease in chest wall and diaphragmatic
excursion secondary to fat deposits over the chest and abdomen
that leads to decreased pulmonary compliance and increased
work of breathing and oxygen requirement. Decreased lung vol-
ume, increased airway resistance, and reduced total respiratory
volume frequently result in decreased tidal volume and resultant
alveolar hypoventilation. Hypoxia and hypercapnia may occur.
There is a tendency with obesity to perfuse lower pulmonary
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segments while preferentially ventilating upper segments, pro-
ducing ventilation-perfusion mismatch.116 Pulmonary hyperten-
sion and cor pulmonale are life-threatening sequelae from chron-
ic airway obstruction that result from pulmonary vasoconstric-
tion in response to decreased arterial oxygen saturations and pH
and increased arterial carbon dioxide.

These marked pulmonary function changes seen in awake,
obese patients are amplified in the sedated, paralyzed, and supine
obese patient.117 Data suggest that obese patients during sedation
and paralysis are likely to be hypoxemic with wide, alveolar-
arterial oxygen gradients secondary to ventilation-perfusion mis-
matching, and have marked alterations of the mechanical proper-
ties of the respiratory system, including reduction in lung and
chest wall compliance, increased lung resistance, and increased
intraabdominal pressure.

Pulse oximetry can be unreliable in morbidly obese patients
secondary to increased finger tissue thickness and poorly trans-
mitted light waves. If difficulty is encountered in using the finger
for pulse oximetry, the ear lobe should be used because it is gen-
erally thinner, better perfused, and holds the oximetry probe
more readily.115

If oral endotracheal intubation is attempted, positioning the
patient is vitally important. It can be more difficult to place the
morbidly obese patient in the appropriate sniffing position,
which facilitates oral intubation. Because of the multitude of
problems that may complicate the intubation of the obese pedi-
atric patient, any physician faced with urgent intubation deci-
sions in the obese patient must understand and anticipate the
challenges caused by morbid obesity. Alternatives to oral intuba-
tion should be considered and available. Such alternatives
include blind nasal intubation, fiberoptically aided, nasotracheal
intubation, and laryngeal mask airway (LMA). A surgical
approach to failed airway management in the obese patient is the
final option.

Obesity often is associated with Down syndrome, and these
children are at increased risk for obstruction secondary to associ-
ated problems of micrognathia, macroglossia, midfacial
hypoplasia, and hypotonia. Atlantoaxial instability must always
be considered when intubating or performing surgery on a child
with Down syndrome. Ten percent of patients with Down syn-
drome have this problem, and preoperative radiologic assess-
ment is indicated with flexion-extension neck radiography.118

Once intubated and on positive pressure ventilation, tidal vol-
ume should be calculated based upon ideal body weight, because
use of the patient’s actual weight is likely to result in excessive
peak airway pressure and alveolar overdistention. Further manip-
ulations of tidal volume, peak airway pressures and ventilator
rate should be based upon arterial blood gas measurement. The
addition of positive end-expiratory pressure (PEEP) may
improve arterial oxygenation and respiratory compliance in
obese patients who are sedated and supine. 

Volume Resusitation. Fluid resuscitation must be planned
carefully, especially in the hypertensive obese patient. Such

patients may have abnormal, left ventricular systolic and dias-
tolic function as discussed earlier.

Medication Administration. Medications administered to
morbidly obese patients are liable to have significantly altered
pharmacokinetics. These alterations are the result of changes in
volume of distribution, renal clearance, hepatic metabolism, and
protein binding.115 Underlying disease greatly can affect a drug’s
pharmacokinetic characteristics. The actual pharmacokinetic
manner in which a medication behaves in an individual obese
patient is dependent upon the interaction of these variables, mak-
ing the overall response unpredictable. Because of the variable
nature of drug pharmacokinetics in morbidly obese patients,
careful monitoring of clinical end points, signs of toxicity, clini-
cal response, and serum drug levels are essential.119

Chronic Inflammatory State
The American Heart Association has declared that obesity is a

major, independent risk factor for the development of cardiovas-
cular disease. It is well known that obesity has an impact on the
traditional risk factors—-hypertension, lipid abnormalities, and
diabetes; however, it appears to have an impact on cardiovascular
disease independent of these effects. The mechanism of this
impact is not known. Ford et al have shown that increased BMI
is associated with elevated levels of C-reactive protein (CRP),
which is a marker of inflammation.120 Recent research in adults
has focused upon inflammation as an important mechanism in
the development of atherosclerosis. The work of Ford et al sug-
gests that obesity in childhood and adolescence may be associat-
ed with chronic inflammation. This may signal the beginning of
a process leading to myocardial infarction and stroke later in life. 

The mechanisms by which obesity promotes increased CRP
concentration may be due to the production of cytokines by
adipocytes. Tumor necrosis factor-α, which is produced by
adipocytes, promotes the release of interleukin-6, which in turn
stimulates acute phase reactant production by the liver.120 This
effect may be reversible, because weight loss results in decreases
of tumor necrosis factor-α and CRP concentration in adults.120

These observations suggest that body fat is central to the patho-
physiology of elevated CRP concentration. The role of various
fat compartments and the factors that contribute to elevated CRP
concentration in some individuals but not others remains to be
elucidated. 

Yudkin et al have proposed that obesity may increase the risk
for cardiovascular disease by inducing a state of low-grade
inflammation, which subsequently may result in insulin resist-
ance and endothelial dysfunction.121 In this context, CRP may be
a marker or mediator of this inflammatory process and may con-
tribute to increased obesity-associated morbidity and mortality
later in life. 

Although the role of obesity in causing increased morbidity
and mortality is well recognized, the underlying pathophysiolog-
ic mechanisms often are not well defined for many complica-
tions. The recognition that adipocytes are more metabolically
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active, indicated by the production of a host of cytokines, has
opened new avenues of research into the pathophysiology of
obesity-associated complications. The possibility that excess
weight initiates and maintains a state of chronic low-level
inflammation in many people may offer new insights into the
prevention and management of morbidity and mortality associat-
ed with excess weight. Furthermore, future studies of excess
weight, cytokines, and acute phase reactants may yield new
approaches to identifying overweight children at increased risk
for obesity-associated complications. 

Orthopedic Complications 
Because the tensile strength of bone and cartilage did not

evolve to carry substantial quantities of excess weight, a variety
of orthopedic complications accompany childhood and adoles-
cent obesity. Among young children, excess weight can lead to
bowing of the tibia and femurs analogous to the bowing that
occurs when downward pressure is exerted on a flexible stick.
The resultant overgrowth of the medial aspect of the proximal
tibial metaphysis is known as Blount disease. Although the
prevalence of Blount disease is low, approximately two-thirds of
these patients may be obese.30, 55 

Slipped capital femoral epiphysis results from the effect of
increased weight on the cartilaginous growth plate of the hip.
Between 30% and 50% of patients with slipped capital femoral
epiphysis are overweight.55 

Excess body weight and hormonal imbalance have been asso-
ciated with growth (epiphysis) plate injuries in obese pubertal
youth.122 During weight-bearing exercise, obese children carry an
additional load that creates additional stress to the growth plates.
There is also a strong endocrine basis for slipped capital femoral
epiphysis.32, 122 Growth hormone reduces plate strength while sex
hormones promote plate closure and, therefore, improved
strength. Estrogen and growth hormone must be in balance for
normal growth plate development to occur. When imbalances
occur, the resulting bone abnormalities reduce physical activity,
increase obesity, and further enhance the risks for adult obesity
and diabetes mellitus. The relationship of hormonal maturation
parameters to obesity and insulin resistance in children is an area
in need of further research. 

Hepatic Steatosis and Cholelithiasis 
High concentrations of liver enzymes represent a frequent

obesity-associated finding in children and adolescents. In a large
series, more than 10% of all obese children seen in a general
obesity clinic setting had modest increases of liver enzymes, fre-
quently associated with fatty liver, fatty hepatitis, fatty fibrosis,
or cirrhosis.55 Hyperinsulinemia also may play a role in the
pathophysiology of steatohepatitis. Weight reduction induces a
normalization of hepatic enzymes. 

Cholelithiasis occurs with increased frequency among obese
adults and may occur more frequently with weight reduction.4

Increased cholesterol synthesis and cholesterol saturation of bile

occurs in obesity. Although gallstones are a less frequent occur-
rence among obese children and adolescents, almost 50% of
cases of cholecystitis in adolescents may be associated with obe-
sity.55 Furthermore, as in adults, cholecystitis in adolescents may
be associated with weight reduction. 

Psychosocial Complications
Current research indicates that the most serious and prevalent

long-term consequence of childhood obesity is psychosocial.17

Obese children may experience adverse psychological conse-
quences of childhood obesity including lowered self-esteem and
increased depression ratings.16 Obese children are targets of early
and systematic discrimination by peers, family members, and
teachers. Moreover, the early physical maturation associated
with childhood obesity is linked to low self-esteem.

The prevalences of depression and obesity have been shown
to increase from adolescence to young adulthood. Thus, under-
standing how depression and obesity interact during this period
may provide useful information about the mechanisms involved
and potential targets of obesity.123 

Studies also have demonstrated an association between obesi-
ty and decreased quality of life, specifically dimensions related
to psychosocial health, self-esteem, physical functioning, and the
impact on parental well-being, in school-age children.20

It is possible that programs aimed at reducing obesity may
help improve health-related quality of life for some children.
Additionally, overweight children may benefit from interven-
tions that address issues related to psychosocial functioning and
self-esteem. Depressed adolescents are at increased risk for the
development and persistence of obesity. Understanding the
shared biological and social determinants linking depressed
mood and obesity may inform the prevention and treatment of
both disorders.16

Summary
A new chronic disease has emerged over the past two

decades, one that overshadows all others in frequency in the
pediatric population—obesity. Changes in the Western lifestyle
have led to significant reductions in the energy expenditure of
children and have encouraged super-sizing of calorie-dense,
high-fat foods and snacks. Several factors have contributed to the
reduction of physical activity by our youth, including the down-
sized requirements for physical education in schools; the increas-
ing recreational use of video and computer games, the Internet,
and television; and reliance on the family automobile as the
common means for parents to deliver their children to their vari-
ous activities.124 The fast-food industry and television advertise-
ments that target children emphasize large portions of tasty,
high-fat foods, which are sold with free toys and games.

A barrier to effective obesity management is the toxic envi-
ronment in which advertising and the availability of unhealthy
foods are pervasive and increasingly tempting for children and
families.125 A related barrier involves political and economic
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forces that result in several industries benefiting from food con-
sumption and lobbying to discourage governments from doing
anything to inhibit overeating.126 The resulting imbalance
between financial resources available to combat obesity and the
resources that encourage food intake is staggering.125

As a result of this epidemic of childhood obesity, a multitude
of chronic illnesses and risk factors for adult disease now are
starting in childhood rather than in adulthood. The long-term
consequences are projected to be significant.124

Seen in its entirety, pediatric obesity becomes a disease; a dis-
ease that involves a genetic predisposition, toxic environment,
and behavior.

It is now time to bring together pediatric health care providers
in mounting an all-out battle against childhood obesity and to
begin to approach it as the most common chronic illness in
childhood. In addition to advocating healthy diets and appropri-
ate levels of physical activity, pediatricians also should be con-
cerned with policy and programmatic changes that give families
and persons the tools and environment they need to be healthy.
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Physician CME Questions
51. All of the following conditions are consequences of children being

overweight except:

A. hyperlipidemia.

B. obstructive sleep apnea.

C. hypoglycemia.

D. social difficulties.

52. The clinical definition of being overweight for children is based on:

A. calculating the body mass index (BMI) from accurate height

and weight measurements and comparing this value with norms

for age and gender.

B. the weight for age percentiles.

C. skin fold caliper measurements.

D. None of the above

53. Food preferences of young children significantly correlate with those

of their parents.

A. True

B. False
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b.) Understand the epidemiology, etiology, pathophysiology, his-

torical and physical examination findings associated with the entity
discussed;

c.) Be educated about how to correctly formulate a differential
diagnosis and perform necessary diagnostic tests;

d.) Apply state-of-the-art therapeutic techniques (including the
implications of pharmacologic therapy discussed) to patients with
the particular medical problems discussed.
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54. A child or adolescent is defined as being overweight when the body

mass index (BMI) is greater than the 75th percentile for age and 

gender.

A. True

B. False

55. All of the following statements concerning obesity in children are

true except:

A. Obesity is now the most common medical condition in children.

B. Obesity is associated with significant health problems in the

pediatric age group.

C. The metabolic syndrome (hypertension, dyslipidemia, high fast-

ing glucose, abdominal obesity) does not occur in children.

D. Childhood obesity is associated with endothelial dysfunction

and increased stiffness of elastic arteries.

56. The probability of childhood obesity persisting into adulthood is 

estimated to increase from approximately 20% at 4 years of age to

approximately 80% by adolescence.

A. True

B. False

57. All the following statements concerning pediatric obesity are true

except:

A. Parental influences are early determinants of food attitudes and

practices in young children.

B. The most important environmental factor in the development of

obesity in children younger than 6 years is parental obesity.

C. Efforts to halt and reverse obesity and related metabolic disease

should begin with young children.

D. The exercise patterns of parents do not influence the exercise

patterns of their children. 

58. Which of the following statements concerning type 2 diabetes is

false?

A. Diabetic ketoacidosis does not occur in type 2 diabetes.

B. Type 2 diabetes shows elevations in insulin level and fasting 

glucose level.

C. Hemoglobin A
1c

(glycosylated hemoglobin) is elevated in newly

diagnosed type 2 diabetes patients.

D. Autoantibody levels to islet cells are absent.

59. Which of the following statements is true regarding the management

of the airway in an obese pediatric patient?

A. Airway management may be difficult.

B. Bag-valve-mask ventilaton may be difficult.

C. Obese patients have a higher risk of aspiration.

D. All of the above

60. Which of the following orthopedic problems is not associated with

obesity?

A. Legg-Calvé-Perthes disease 

B. Slipped capital femoral epiphysis

C. Blount disease

D. Bowing of the tibia

Answer Key:
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51. C 

52. A 

53. A 

54. B 

55. C 

56. A 

57. D 

58. A 

59. D 

60. A
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