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ABSTRACT
Although rates of obesity have increased universally in the United
States over the past 30 y, it is clear that certain individuals are more
susceptible to weight gain than others. Extreme obesity [body mass
index (in kg/m2) . 40] is increasing at rates greater than any other
class of obesity in the United States. Severely obese patients often
suffer from a wide variety of comorbidities. Although weight-loss
surgery is the most effective treatment, it offers little in the way of
large-scale containment due to its costly and invasive nature. Life-
style interventions that induce modest weight loss and improve
fitness can significantly lower disease risk. As medical professionals
in the field of nutrition, we must focus first on the patient cohort that
suffers most from the modern obesogenic environment. Lifestyle
interventions specifically targeted toward the class III obese cohort
should be a high priority in nutrition medicine. Am J Clin Nutr
2010;91(suppl):289S–92S.

INTRODUCTION

Estimated energy requirement is defined by the Institute of
Medicine as the average dietary energy intake that is predicted to
maintain energy balance in an adult (1). Estimated energy re-
quirement is dependent on several variables such as health, age,
sex, weight, height, and level of physical activity. To maintain
energy balance, an adult must consume and expend calories in
equal amounts over time. Energy imbalance occurs when more
calories are expended than consumed or, conversely, when more
calories are consumed than expended. In the United States today,
energy imbalance often occurs in the latter form. Recently,
Swinburn et al (2) provided an analysis of the energy imbalance
that has driven the obesity epidemic from its beginning in the
1970s to today. By their estimates (3), a caloric gap of’400 kcal/d
now exists between the 2 eras. Whereas Swinburn argues that
this positive energy imbalance is driven largely by increased
food intake, others contend that decreases in physical activity
have also contributed significantly to the obesity public health
crisis (4, 5).

Far from just a number, the 400-kcal energy gap has created
a public health crisis in the obesity epidemic (6). More than ever,
obesity is viewed as a metabolic disease with an etiology much
more complex than a simple lack of willpower to control eating (7,
8). Whereas rates of obesity have increased universally in the
United States for the last 30 y, it is also clear that certain indi-
viduals are more susceptible to weight gain than others. Patients
with class III obesity [body mass index (BMI; in kg/m2).40] are
the fastest growing segment of the obese population (9). Over the

last 20 y, the number of individuals in the United States with
BMIs .40 and 50 has quadrupled and quintupled, respectively,
with resulting body-composition and metabolic changes (10).
Severe obesity is associated with a broad range of health issues
from comorbidities such as insulin resistance and hypertension,
to psychiatric disorders such as depression and hopelessness (11–
13). Although weight-loss surgery is currently the most effective
treatment (14), it is unwise to suggest that bariatric surgery is the
only solution (15). Surgery currently offers little in the way of
large-scale containment due to its costly and invasive nature (9).
Followup studies are needed to determine the safety and long-
term efficacy of the procedures, the complications associated with
surgery, and the cost-benefit for the patient and provider (16).

In the meantime, we in nutrition medicine must develop
lifestyle interventions tailored to the specific needs of patients
who suffer most from our obesogenic environment: the class III
obese cohort. Although public health efforts to prevent obesity
(especially in the pediatric and minority populations) are equally
important causes, nutrition medicine should target those persons
who suffer from severe obesity as a patient cohort in dire need of
immediate and effective medical treatment. Preliminary evidence
suggests that lifestyle interventions with modest weight-loss
goals can achieve significant long-term health benefits (17), but
more research is necessary to determine the most effective way to
reduce morbidities and disease risk in severe, class III obesity.
Research must strive toward developing programs that achieve
practical and medically significant outcomes. Comprehensive
treatment programs might also address the psychology of mo-
tivation, the role of weight loss medications, and the changes in
body composition and metabolism that are caused by weight
fluctuations over time. Rather than providing an exhaustive re-
view of best practices in the treatment of severe obesity, we hope
to highlight only a few promising areas of research for lifestyle
interventions in the class III obese cohort.
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LIFESTYLE INTERVENTIONS FOR SEVERE OBESITY

Contextualizing the energy gap

Dietary interventions need not induce complete excess weight
loss to induce medically significant health benefits (18).
Therefore, caloric restriction (CR) should be modest and in line
with the unique energy demands of class III obesity. Two weight
classes for the same 1.75-m (69-inch) man and corresponding
BMIs are shown in Table 1. By using this reference male as an
example, the Harris-Benedict equation reveals that a patient with
a BMI .40 has a higher basal energy expenditure (BEE)
compared with a normal-weight individual (Table 1). In more
precise terms, a class III obese male has a BEE that is 464 kcal
greater than a normal-weight male. This caloric difference is
interesting for 2 reasons. First, it is close to the energy gap of
400 kcal/d proposed by Swinburn et al (2). Second, current
guidelines recommend lowering intake by 500–1000 kcal/d to
achieve a weight loss of 1–2 lbs/wk (14, 19) A 500-kcal/d re-
duction in total energy intake would mean that a class III obese
man would essentially be feeding his normal-weight self. On the
basis of an average caloric expenditure of 3507 kcal/d for a pa-
tient with a BMI of 40 and low activity levels, nonsurgical in-
terventions that can create and sustain a daily energy deficit of
500 kcal/d could induce a 10% reduction in total body weight in
6 mo. This would represent a medically significant change in
body weight, as it is likely to reduce the risk of diabetes and
hypertension (14, 20, 21). It also represents a practical,
achievable goal for patients and practitioners.

Improving dietary composition

Whereas weight loss via CR is essential to achieving health
benefits, it can have negative consequences if fat-free mass
(FFM) is metabolized along with adipose tissue. Reductions in
FFM can reduce BEE due to losses in metabolically active lean

tissue (22, 23). Therefore, dietary programs that support FFM
maintenance and skeletal muscle biogenesis are advisable. Low-
protein, calorie-restricted diets are associated with increased loss
of FFM (24). Conversely, higher-protein diets can preserve FFM
and improve blood lipid profiles (25).

Decreasing fat intake should be of particular concern in any
lifestyle intervention. By decreasing exogenous fat intake, a low-
fat diet might help facilitate fat oxidation stimulated by CR and
exercise. If muscle glycogen synthesis decreases due to high
concentrations of circulating free fatty acids, ingested carbo-
hydrates are diverted away from muscles and into the liver for de
novo lipogenesis (26). Whereas the mechanism is still debated,
elevated free fatty acid concentrations are associated with de-
creased myocellular insulin sensitivity (27, 28). Petersen et al
(29) have suggested that insulin resistance due to atherogenic
dyslipidemia in skeletal muscle may be the primary driving force
in the development of the metabolic syndrome. Chronically el-
evated serum free fatty acid concentrations could lead to further
metabolic complications and morbidity. Low-fat diets, such as
the one used in the Women’s Intervention Nutrition Study, have
been implemented in the long term to successfully decrease
disease risk (30).

Increasing physical activity

Sedentary behavior and poor fitness are important factors in
the pathogenesis of metabolic disease in obesity (31). Conversely,
physical activity (PA) and improved fitness ameliorate the health
hazards of obesity in most studies, regardless of obesity meas-
ures, sex, or baseline health status (32). Severely obese patients
who increase their PA have a higher quality of life than those who
do not (33). Therefore, increasing PA levels should be a primary
objective in any treatment strategy.

Effective exercise protocols for class III obesity should con-
sider the unique barriers faced by severely obese patients. These
patients often suffer from locomotive handicaps and muscle
quality deterioration (34, 35). To date, exercise interventions have
focused on endurance training for its large effect on total energy
expenditure and coronary heart disease reduction. Whereas the
cardiovascular benefits of endurance training are irrefutable,
exercise interventions designed to enhance weight loss via aer-
obic exercise and increased caloric expenditure may be mis-
guided. Patients with severe obesity can struggle to achieve levels
of aerobic exercise that are sufficient to reap health benefits.
Clinically, we have found that ’80% of bariatric patients are
unresponsive to doctors’ recommendation to perform �150 min
of moderate-intensity PA/ wk. Because extremely obese patients
have innately high resting and total energy expenditure levels
(36), creating a negative energy balance through CR may be
a more viable target for inducing 5–10% weight loss. The ex-
ercise component of a lifestyle intervention should instead focus
primarily on improving metabolic fitness and decreasing disease
risk independent of weight loss.

For example, progressive resistance training (PRT) is a safe
and effective form of exercise that has been well received in many
complex patient cohorts, including those with mobility impair-
ments and type 2 diabetes (37). Recently published guidelines
from the American College of Sports Medicine and the De-
partment of Health and Human Services recommend PRT for
its health benefits and unique ability to improve fitness by

TABLE 1

Basal energy expenditure (BEE) in a 1.75-m (69-inch) man aged 30 y at

normal weight and with class III obesity with varying physical activity

levels1

BMI (kg/m2)

25 (179 lbs) 40 (286 lbs)

kcal

BEE 1753 2217

Sedentary 2540 3192

Low active 2776 3507

Active 3071 3899

Very active 3602 4607

1 Setting a negative caloric balance goal (’464 kcal/d) on the basis of

a patient’s normal-weight energy requirement could induce medically sig-

nificant weight loss for a class III obese patient. This caloric prescription is

in line with the current dietary guidelines for weight loss. In normal-weight,

overweight, and obese men aged �19 y, total energy expenditure (TEE) =

864 – [9.72 · age (y)] + physical activity (PA) · [14.2 · weight (kg) + 503 ·
height (m)], where PA is the physical activity coefficient: PA = 1.00 if PA

level (PAL) is estimated to be �1.0 and ,1.4 (sedentary); PA = 1.12 if PAL

is estimated to be �1.4 and,1.6 (low active); PA = 1.27 if PAL is estimated

to be �1.6 and ,1.9 (active); PA = 1.54 if PAL is estimated to be �1.9 and

,2.5 (very active). The BEE, TEE, and Harris-Benedict data were adapted

from reference 1.
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increasing muscle strength (38, 39). Preliminary evidence sug-
gests that PRT can improve cardiovascular disease risk factors in
the absence of significant weight loss (38). A review by Tresierras
and Balady (40) confirmed that PRT should be a focus of
translational research for the treatment of obesity because of its
favorable effects on body composition and insulin sensitivity.

A synergistic approach to diet and exercise

Exercise and diet should be paired synergistically in a lifestyle
intervention. Exercise protocols that facilitate larger energy
deficits without preserving or enhancing skeletal muscle bio-
genesis may be counterproductive to long-term treatment. The
addition of a muscle-strengthening exercise program to a weight-
loss intervention may help conserve FFM and BEE and facilitate
weight-loss maintenance (41). On the basis of the success of the
WhyWAIT program’s diet and evidence that higher-protein diets
support muscle hypertrophy, we recommend that patients receive
’30% of calories through protein intake (42). The remaining
70% of calories should be divided into 30% from mono- and
polyunsaturated fats and 40% from carbohydrates (nutrient- and
fiber-dense foods such as fruit and vegetables).

Broadening outcomes analysis

The primary outcomes of lifestyle interventions should include
the most accurate surrogates for metabolic fitness and disease risk
(43). Nontraditional markers of cardiovascular risk, such as high-
sensitivity C-reactive protein concentrations and plasminogen
activator-1, may provide additional accuracy to traditional
markers of BMI, blood pressure, lipids, and central adiposity
(44). Glycated hemoglobin concentrations and homeostasis
model assessment scores will also be important diagnostic
measures for prediabetes and metabolic disorders (45, 46). Be-
cause cardiovascular disease, diabetes, and chronic illness rep-
resent the most relevant risks for this cohort, these markers could
also serve as important outcomes in assessing the efficacy of
lifestyle interventions to lower disease risk.

Strength and fitness could also help identify patients most in
need of medical treatment. Recently, the six-minute-walk test
was identified as a safe, simple, and effective tool for measuring
functional status in obese patients of a bariatric clinic (47).
Muscle-strength tests, such as the one-repetition maximum test,
have also been used to stratify risk of mortality along with ad-
iposity across BMI groups (48).

CONCLUSIONS

A positive energy balance has driven and perpetuated the
obesity epidemic in the United States as Americans eat more and
move less. Whereas this trend has caused a universal shift toward
a higher average BMI in the United States, it is clear that some
individuals suffer more than do others in our obesogenic envi-
ronment. Patients who develop class III, severe obesity should be
a primary target for nutrition medicine professions. The high
costs and widespread pain and suffering inflicted by extreme
obesity should serve as the rationale for aggressive lifestyle
interventions. The goals of these interventions should be
achievable, practical, and medically significant. As experts in
nutrition medicine, we are best prepared to provide the science-
based evidence for innovative and effective lifestyle interventions

to treat severe obesity and comorbid chronic disease. (Other
articles in this supplement to the Journal include references 49–
51.)
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