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Abstract
Obesity is at epidemic proportions in the United States and in other developed and developing
countries. The prevalence of obesity is increasing not only in adults, but especially among children
and adolescents. In the United States in 2003 to 2004, 17.1% of children and adolescents were
overweight, and 32.2% of adults were obese. Obesity is a significant risk factor for and contributor
to increased morbidity and mortality, most importantly from cardiovascular disease (CVD) and
diabetes, but also from cancer and chronic diseases, including osteoarthritis, liver and kidney disease,
sleep apnea, and depression. The prevalence of obesity has increased steadily over the past 5 decades,
and obesity may have a significant impact on quality-adjusted life years. Obesity is also strongly
associated with an increased risk of all-cause mortality as well as cardiovascular and cancer mortality.
Despite the substantial effects of obesity, weight loss can result in a significant reduction in risk for
the majority of these comorbid conditions. Those comorbidities most closely linked to obesity must
be identified to increase awareness of potential adverse outcomes. This will allow health care
professionals to identify and implement appropriate interventions to reduce patient risk and mortality.
A systematic search strategy was used to identify published literature between 1995 and 2008 that
reported data from prospective longitudinal studies of obesity and comorbid medical conditions. This
article will review evidence for significant associations of obesity with comorbidities to provide
information useful for optimal patient management.
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Introduction
Obesity, defined as a body mass index (BMI) ≥ 30 kg/m2,1,2 is a medical condition encountered
daily by physicians throughout the United States. The prevalence of obesity is increasing and
reaching epidemic proportions (Figure 1),3 although recent data suggest that the prevalence is
leveling off among children and adolescents.4 From 2003 to 2004 in the United States, 32.2%
of adults were obese and 17.1% of children and adolescents were overweight.5

A major concern for physicians who care for patients who are overweight or obese is the high
risk of accompanying comorbid disorders, such as diabetes, cardiovascular disease (CVD), and
cancer. An important need for primary care physicians is to identify these comorbidities and
the resulting adverse outcomes. Awareness of the disorders with the strongest associations with
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obesity is important to allow early diagnosis and treatment of these conditions, and to identify
the patients most likely to benefit from weight loss. This will allow early identification and
assessment of risk so that appropriate interventions can be implemented to reduce risk and
mortality.

This article will review significant associations of obesity with comorbidities to provide the
clinician with the information necessary to offer optimal patient management. A systematic
search strategy was used to identify English language articles cited in PubMed between 1995
and 2008 that reported data from prospective, longitudinal studies of obesity and comorbid
medical conditions. Relevant citations were comprehensively reviewed to determine those that
confirmed a significant relationship between obesity and comorbid conditions.

Overview of the Epidemiology of Obesity
Numerous large, long-term epidemiological studies have shown that obesity is strongly
associated with an increased risk of all-cause, cardiovascular, and cancer mortality (Figure 2).
6 In the National Health and Nutrition Examination Study (NHANES) III, obesity was
associated with an increased prevalence of type 2 diabetes, gallbladder disease, coronary heart
disease (CHD), hypertension, osteoarthritis (OA), and high blood cholesterol among > 16 000
participants.7 Results from other studies have shown a strong association between obesity and
the prevalence of comorbid illnesses, health complaints, and physical disability.8–11 A 10-year
follow up from Nurses’ Health Study (N > 121000) and the Health Professionals Follow-up
Study (N > 51000) evaluated the risk of diabetes, gallstones, and hypertension in obese (BMI
≥ 30 kg/m2) men and women compared with those with a normal BMI.12 The risk of diabetes,
gallstones, and hypertension was increased in women, while the risk of diabetes, gallstones,
hypertension, heart disease, and stroke was increased in men. Based on the available data, The
Obesity Society concluded that obesity is causally associated with functional impairment and
reduced quality of life, serious disease, and greater mortality.13

The association between obesity and comorbid conditions, which will be discussed in the
section that follows, is illustrated in Figure 3, where chronic conditions such as kidney disease,
OA, cancer, diabetes, sleep apnea, nonalcoholic fatty liver disease (NAFLD), hypertension,
and most importantly, CVD, are directly related to obesity.11,12 Further, many of these
comorbidities also are directly associated with CVD.

Many of the epidemiological studies have been confirmed by observations that weight loss
improves patient outcomes. The results from the Swedish Obesity Study showed that weight
loss from bariatric surgery reduced most cardiovascular risk factors.11 An American Heart
Association Committee also concluded that weight loss and physical activity could prevent
and treat obesity-related CHD risk factors.14 Data reporting that a specific outcome is improved
by weight loss will also be reviewed.

Obesity and Comorbidity
Diabetes

The long-term risk of type 2 diabetes increases significantly with increasing weight. In the
Nurses’ Health Study, the effect of weight change on the risk for clinical diabetes was evaluated
in 114281 women.15 After adjusting for age, body weight was the major risk factor for diabetes
during a 14-year follow-up. Among women with a 5- to 7.9-kg weight gain, the relative risk
for diabetes was 1.9 and for those with an 8- to 10.9-kg weight gain, the relative risk was 2.7.
In contrast, a 5-kg weight loss resulted in a 50% reduction in the risk of diabetes.

Pi-Sunyer Page 2

Postgrad Med. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Consistent with this observation, several studies have shown that weight loss is associated with
a significant reduction in the risk of diabetes.16 In a prospective, 20-year study of 7176 British
men, the rate of new diabetes was 11.4 per 1000 person-years among obese subjects versus 1.6
among normal-weight subjects (P < 0.0001), but the effect of weight change during a 5-year
follow-up on the development of diabetes found a relative risk of 0.62 among those losing
weight compared with 1.0 for stable weight and 1.76 among those gaining > 10% body weight
(P < 0.0001). Similarly, a Health Technology Assessment that examined the effect of weight
loss in patients with diabetes found significant improvement in the risk of developing diabetes.
17 Long-term weight loss was also associated with a reduction in the risk of type 2 diabetes in
the Diabetes Prevention Program.18 Thus, despite the known risk of type 2 diabetes associated
with obesity, weight loss has the potential to improve outcomes.

Weight loss was also associated with improved diabetes control in the Look AHEAD (Action
for Health in Diabetes) study19 Look AHEAD is a randomized trial of intensive lifestyle
intervention versus usual support and education in 5145 patients with type 2 diabetes andBMI
> 25 kg/m2. The intensive group lost 8.6% of body weight compared with 0.7% in supportive
group (P < 0.001). At 1 year, intensive intervention resulted in clinically significant weight
loss in people with type 2 diabetes, which was associated with improved diabetes control and
reduction in CVD risk factors and medication use.

Cardiovascular Disease
Obesity is an independent risk factor for CVD, defined as including CHD, myocardial
infarction (MI), angina pectoris, congestive heart failure (CHF), stroke, hypertension, and atrial
fibrillation.7,14 Overall, results from large prospective and observational studies confirm the
marked adverse effects of obesity on CVD.

Numerous large-scale, long-term studies in the United States have investigated the role of
obesity in CVD risk and on the development of CVD. The Multiethnic Study of Atherosclerosis
evaluated the effects of obesity on CVD risk factors and on subclinical signs of CVD in 6814
participants who were free of CVD at baseline.20 Hypertension and diabetes as well as
subclinical cardiovascular findings were more prevalent in obese (BMI ≥ 30 kg/m2) than
nonobese participants. In addition, data collected from the original cohort of 5209 participants
of the Framingham Heart Study over 44 years were used to evaluate the effect of obesity (BMI
≥ 30 kg/m2) on the risk of CVD (angina, MI, CHD, or stroke), diabetes, hypertension, and
hypercholesterolemia.21 During follow-up, the age-adjusted relative risk for CVD was 1.46 in
men and 1.64 in women, and the age-adjusted relative risk for hypertension was even higher
among obese men and women (2.21 and 2.75, respectively). In a separate analysis of the
Framingham Heart Study, the lifetime risk of CVD was assessed among obese men and women
with diabetes versus nonobese subjects.22 During a 30-year follow-up, the risk of CVD was
54.8% in normal-weight women versus 78.8% among obese women with diabetes and 78.6%
versus 86.9% among normal and obese men with diabetes, respectively.22

Similar results have been obtained in studies performed outside of the United States. The
International Day for the Evaluation of Abdominal Obesity (IDEA) study evaluated waist
circumference, CVD, and diabetes mellitus in 168000 primary care patients in 63 countries.
23 Overall, 24% of men and 27% of women were obese, and the risk of CVD and diabetes was
strongly associated with BMI and waist circumference. Lastly, among 7176 British men
followed for 20 years, the rate of major CVD was 24.9/1000 in obese (BMI ≥ 30 kg/m2) subjects
versus 13.9/1000 among normal-weight (BMI < 25 kg/m2) subjects.16

Results from the Framingham Heart Study also showed that obesity increases the risk of atrial
fibrillation.24 Among 5282 participants (of whom 55% were women) without atrial fibrillation
at baseline, subjects were classified as normal (BMI < 25 kg/m2), overweight, and obese (BMI
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≥ 30 kg/m2). During a mean follow-up of 13.7 years, a 4% increase in risk of atrial fibrillation/
1-unit increase in BMI was observed in men and women after adjustment for cardiovascular
risk factors. Compared with normal-weight individuals, in obese subjects the hazard ratio for
atrial fibrillation was 1.52 for men and 1.46 for women.

Among 111847 patients with non–ST-segment myocardial infarction (NSTEMI) who were
included in the CRUSADE registry,25 excess BMI was also strongly associated with an earlier
age of first NSTEMI. The registry collected data from January 2001 to January 2007 in high-
risk patients with unstable angina and NSTEMI. Extreme obesity (BMI > 40 kg/m2) had the
strongest association with age at first MI after adjustment for baseline factors. After adjustment
for baseline demographic data, cardiac risk factors, and medications, the first NSTEMI
occurred 3.5, 6.8, 9.4, and 12 years (P < 0.0001) earlier with increasing adiposity (BMI 25.1–
30 kg/m2, 30.1–35 kg/m2, 35.1–40 kg/m2, and > 40 kg/m2, respectively).

Hypertension, a risk factor for CVD, is related to obesity. An analysis from the Women's Health
Study found a significant association between obesity, the development of hypertension, and
diabetes.26 In this analysis of 38172 women who were free of diabetes and CVD at baseline
with a mean 10.2 years of follow-up, the age-adjusted incidence rate/1000 of diabetes in obese
women (BMI ≥ 30 kg/m2) was 7.58 among normotensive patients (120/75) versus 20.53 among
hypertensive patients. Further, a significant association between BMI and hypertension was
observed in a prospective study from Norway, the Nord-Trondelag Health Study.27 Among>
15900 women and > 13800 men at least 20 years old without hypertension, diabetes, or CVD
at baseline, the risk for hypertension was increased ≥ 1.4-fold among men and women whose
BMI increased from baseline compared with those who maintained a stable BMI.

Metabolic Syndrome
A combination of commonly associated cardiovascular risk factors is known as metabolic
syndrome (MetS). Metabolic syndrome represents a group of cardiometabolic risk factors that
include abdominal obesity combined with elevated blood pressure, fasting plasma glucose, and
triglycerides, and reduced high-density lipoprotein cholesterol levels. Metabolic syndrome is
associated with an increased risk of cardiovascular mortality.28 Guidelines for the diagnosis
and management of MetS are available from a number of professional organizations including
the American Heart Association and the International Union of Angiology.29,30

As discussed previously, abdominal obesity, a key part of the constellation of risk factors for
MetS, is strongly associated with the risk of diabetes.31,32 An analysis of the associations
between risk factors for MetS in 2735 participants from the Dallas Heart Study showed that
higher BMI was significantly associated with MetS in both diabetic and nondiabetic patients.
31 In a prospective cohort study that examined the association between MetS and type 2 diabetes
among 4022 patients with atherosclerosis, abdominal obesity was the component most strongly
associated with the risk of type 2 diabetes.32 Data from 9 European studies were examined to
determine the association between MetS and abdominal adiposity in > 15000 men and women.
28 The definition of MetS was satisfied in 41 % of men and 37.9% of women, and those with
MetS were more often obese and had a higher prevalence of diabetes than nonobese
participants. A prospective study of 3051 elderly men with diabetes or CHD also found that
obesity and physical inactivity as well as cigarette smoking and high carbohydrate diet were
significantly associated with a greater risk of MetS.33

In contrast, weight reduction alone or combined with lifestyle intervention is associated with
a significant reduction in the prevalence of MetS.34,35 The prevalence of MetS and abdominal
obesity was significantly reduced from 74% to 58% in a lifestyle intervention group versus to
67.7% in a standard care group (P = 0.025).34 In a separate study, a moderate 8-kg reduction
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in weight after 1 year resulted in a significant (P < 0.05) reduction in the prevalence ofMetS
from 35% to 27%.35

Cancer
A number of large-scale, prospective studies have confirmed a significant association between
obesity and cancer. The strongest association is between an elevated BMI and cancer risk. A
prospective cohort study in the United States found a significant association between obesity
and cancer.36 This prospective study involved > 900000 subjects from the American Cancer
Prevention Study II who were free from cancer in 1982 and had a mean follow up of 16 years.
Among those with a BMI ≥ 40 kg/m2, mortality from all causes of cancer was 52% higher in
men and 62% higher in women compared with those with a normal BMI. Body mass index
was also significantly associated with higher rates of death due to cancer of the esophagus,
colon and rectum, liver, gallbladder, pancreas, kidney, non-Hodgkin lymphoma, and multiple
myeloma.

In the Million Women Study from the United Kingdom, increasing BMI was associated with
a significant increase in risk for 10 out of 17 of the most common types of cancer.37 Over 1.2
million UK women, aged 50 to 64 years during 1996 to 2001, were recruited into the Million
Women Study and followed for a mean of 5.4 years for cancer incidence and 7 years for cancer
mortality. Increasing BMI was associated with an increased incidence of all cancers combined
in addition to endometrial cancer, adenocarcinoma of the esophagus, kidney cancer, leukemia,
multiple myeloma, pancreatic cancer, non-Hodgkin lymphoma, ovarian cancer, breast cancer
in postmenopausal women, and colorectal cancer in premenopausal women (Figure 4).

A prospective study evaluated the effect of BMI and weight gain on prostate cancer incidence
and mortality among 287700 men in the NIH-AARP Diet and Health Study.38 During a mean
follow-up of 5 to 6 years, the relative risk for mortality from prostate cancer was 1.46 and 2.l2
for a BMI ≥ 30 kg/m2 and ≥ 35 kg/m2, respectively. In a separate study of 69991 men, the risk
of high-grade nonmetastatic and metastatic prostate cancer was increased with obesity (1.2-
and 1.5-fold, respectively), and the risk of high-grade nonmetastatic cancer was reduced to
0.58 with > 11-lb weight loss.39

In the Health Professionals Follow-up Study, a significant association between obesity and
colon cancer was observed in men.40 This 18-year, prospective follow-up study of 46349 men
who were cancer-free at baseline found a multivariate hazard ratio (HR) for colon cancer was
increased at a BMI > 22.5 kg/m2, but was highest (HR, 2.29) at a BMI > 30 kg/m2. An estimated
30% of all colon cancer cases were attributed to overweight and obesity.

Pischon et al41,42 evaluated the association between the risk of colon and rectal cancer and
renal cell carcinoma and body weight in the European Prospective Investigation into Cancer
and Nutrition (EPIC) study. More than 368000 men and women who were cancer-free at
baseline were followed for a mean of 6.1 years in the EPIC Study. Body weight and BMI (≥
29.4 kg/m2) were significantly associated with the risk of colon cancer in men but not women
(relative risk [RR], 1.55; P = 0.006). Among 348500 men and women with a 6-year follow-
up, the RR for renal cell carcinoma associated with increased BMI in women was 2.25 (P =
0.009; BMI ≥ 29 kg/m2) but no significant increase was observed for men (RR, 1.22; P = 0.51).

Arthritis and Disability
Osteoarthritis has a major impact on patient mobility, disability, lost productivity, and patients
may become disabled from OA early in life.43,44 Obesity is strongly associated with an
increased risk of OA of the knee but only a moderate association with OA of the hip has been
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found.45 Because OA strongly impacts patient lifestyle and function, it is important to
recognize this effect of obesity and the potential need for weight loss and rehabilitation.

The relationship between OA of the hip and knee and obesity was examined in The Rotterdam
Study.45 Radiographic confirmation of OA was established in 3585 participants at baseline,
and patients were followed for a mean of 6.6 years. A BMI > 27 kg/m2 was associated with a
3.3-fold greater risk of OA and progression of OA of the knee but not the hip. In a longitudinal
study of 715 women in the Chingford population over 4 years, mean age 54 years at baseline,
those in the top BMI tertile had an increased risk of knee OA compared with women in lower
BMI tertiles.46 In The Framingham Heart Study, the effect of obesity on the increased risk of
knee OA was determined in elderly patients without knee OA at baseline.47 Among 598 patients
who developed OA over a 1O-year follow-up, the risk for OA was increased by 1.6 for each
5-unit increase of BMI.

The association between obesity and OA of the knee is thus widely recognized. A number of
prospective studies have examined the relationship between obesity and disability in patients
with knee OA.48–52 A prospective cohort study of 5784 participants at least 50 years old was
conducted to examine the effect of obesity on knee pain and disability.49 Obesity accounted
for a substantial proportion of severe disabling knee pain in this cohort, and the authors
concluded that health interventions to avoid obesity would have a major impact on improving
disability associated with knee OA. Another cross-sectional study of 3664 participants > 25
years old found that obesity was associated with a higher risk of OA of the hip or knee, chronic
pain, and a mobility disability.52 In 56 obese adults,51 knee OA was significantly associated
with reduced exercise capacity, ambulatory capacity, and quality of life.

Importantly, weight loss has been shown to significantly improve signs and symptoms of OA
and improve disability and function in obese patients.53–58 A meta-regression analysis that
included 4 trials including a total of 454 patients was conducted on the effect of weight loss
on OA.53 Mean baseline BMI ranged from 29 to 36 kg/m2 in each of 5 intervention groups,
and weight loss ranged from 1.7 to 6.7 kg over 6 weeks to 18 months. Modest weight loss
(5.1%) improved physical disability among patients with knee OA. A randomized study of 87
obese (BMI ≥ 30 kg/m2) adults at least 60 years old with symptomatic knee OA was also
undertaken to evaluate the effect of weight loss intervention.57 At 6 months, those randomized
to intervention had lost a mean of 8.7% of body weight compared with no weight loss in the
control group. Functional status was significantly (P < 0.05) improved in the intervention group
with greater improvements observed with more weight loss. Others have found significant
improvements in function and pain with weight loss and/or exercise among patients with knee
OA.55,56,58 Thus, recognition of the impact of obesity among patients with knee OA offers an
opportunity to significantly improve associated disability and pain by encouraging weight loss.

Gallbladder Disease
Gallbladder disease is a common cause of hospitalization, especially among women, and has
a considerable impact on health care costs.59 An epidemiologic study from the National Health
Service in England and Scotland found a significant association between obesity and
gallbladder disease among women.59 In this study, data for 1.3 million women (mean age, 56
years), representing 7.8 million person-years of follow-up, were evaluated. After adjusting for
age, socioeconomic status, and other factors, women with higher BMI at study entry were more
likely to be admitted and spend more days in the hospital for gallbladder disease. For each
1000 person-years of follow-up, women with BMI in the lowest BMI category (18.5–24.9 kg/
m2) spent a mean of 16.5 days hospitalized versus 44 days for women in the obese category
(BMI 30–39.9 kg/m2). Overall, 25% of hospital days for gallbladder disease were attributed
to obesity.
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In a prospective evaluation from the Health Professionals Follow-up Study, the association
between abdominal obesity and the incidence of symptomatic gallstone disease was determined
in a cohort of 29 847 men who were free of prior gallstone disease and who provided complete
data on waist and hip circumferences.60 Men with BMI ≥ 28.5 kg/m2 had a 2.49-fold greater
risk of gallstones compared with men with a normal BMI (< 22.2 kg/m2) Similar findings were
observed in the Swedish Twin Registry Study.61 The Swedish Twin Registry study assessed
the effects of overweight and obesity (BMI > 30 kg/m2) on symptomatic gallstones in 58400
participants. Overweight and obesity were both associated with a significant increase in the
risk of symptomatic gallstones (OR = 1.86 and 3.38, respectively).

Acute Pancreatitis
Acute pancreatitis is closely associated with obesity, and a number of studies have shown that
obesity increases the severity of and mortality from acute pancreatitis.62–65 Obesity is a
primary risk factor for local complications, organ failure, and death from acute pancreatitis.

In a meta-analysis of 5 studies including a total of 739 patients, obesity (BMI ≥ 30 kg/m2) was
identified as a risk factor for the development of local and systemic complications in acute
pancreatitis and was also associated with increased mortality.64 Among these patients from the
5 studies, severe acute pancreatitis was significantly associated with obesity (OR 2.9, 95% CI
1.8–4.6). Among these obese patients, significantly more systemic (OR 2.3, 95% CI 1.4–3.8)
and local complications occurred (OR 3.8, 95% CI 2.4–6.6), and mortality was higher (OR 2.1,
95% CI 1.0–4.8).

Nonalcoholic Fatty Liver Disease
Nonalcoholic fatty liver disease (NAFLD) represents a spectrum of disorders that range from
steatosis to nonalcoholic steatohepatitis and ultimately cirrhosis and hepatocellular carcinoma.
66 Nonalcoholic fatty liver disease is associated with obesity, dyslipidemia, hypertension, and
insulin resistance, components of the MetS that increase cardiovascular risk.67 It affects
approximately 15%–30% of the general population, and has a prevalence of approximately
70% in people with type 2 diabetes.67

Studies have indentified obesity as a predictor of NAFLD.68–70 In a multivariate analysis
among 832 Chilean participants, the primary variable associated with NAFLD was BMI > 26.9
kg/m2.68 The diagnosis of NAFLD was based on ultrasound and no history of alcohol abuse
or hepatitis C infection. Multivariate analysis found that obesity was significantly and
independently associated with NAFLD with odds ratio of 6.2. In a cross-sectional study of 326
Israelis who participated in a National Health survey, the prevalence of NAFLD was 30%;
NAFLD was more common in men (38%) than in women (21%), and obesity (BMI ≥ 30 kg/
m2) was independently associated with NAFLD (odds ratio 2.9).69 A study of 218 nonsmoking,
healthy men found that 24 met criteria for NAFLD.70 Lack of fitness and BMI ≥ 30 kg/m2

were significantly (P < 0.001) and independently associated with NAFLD.

Increased physical activity and bariatric surgery in selected cases may be effective therapy for
NAFLD.71,72 Although evidence is limited, weight loss may be beneficial for reducing the risk
of NAFLD in obese patients.71

Pulmonary Complications
Obstructive sleep apnea (OSA) potentially results in a number of complications including
pulmonary hypertension, right heart failure, drug-resistant hypertension, stroke, and
arrhythmias.73–78 Obstructive sleep apnea is characterized by upper airway obstruction that
occurs as repetitive episodes during sleep.74 Among the typical features of OSA are loud
snoring, fragmented sleep, repetitive hypoxemia/hypercapnia, daytime sleepiness, and
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cardiovascular complications. Although the prevalence of OSA is 2% to 3% among middle-
aged women and 4% to 5% among middle-aged men, the prevalence among obese patients is
> 30% and among the morbidly obese ranges from 50% to 98%.75–77 Thus, obesity is the most
important risk factor for the development of OSA, where 60% to 90% of adults are overweight,
and the relative risk in obese patients (BMI > 29 kg/m2) is ≥ 10.74

The independent association between sleep-disordered breathing and weight gain was
evaluated in a population-based, prospective study of 690 randomly selected residents of
Wisconsin.76 Participants had a mean age of 46 years, a mean baseline BMI of 29–30 kg/m2,
and were evaluated twice at 4-year intervals. A 10% weight gain predicted a 32% increase in
the apnea-hypopnea index and a 6-fold increase in the odds of developing moderate-to-severe
sleep-disordered breathing.

Similarly, the effect of weight gain on sleep-disordered breathing was determined in a
prospective study of 2968 men and women in the United States.77 Baseline mean BMI was
approximately 29 kg/m2, mean age was 62 years, and participants were examined at baseline
and 5 years. An increased number of respiratory events was associated with weight increases.
Men with a 10-kg increase in weight had 5.21-fold increased risk of developing > 15 events/
hour and women had a 2.5-fold increased risk.

A reduction in OSA was observed in The Swedish Obesity Study among patients with diabetes
who lost weight.78 This study evaluated 1729 patients with a baseline BMI > 40 kg/m2

undergoing bariatric surgery and 1748 given conservative medical therapy as the control group.
A significant (P < 0.001) reduction in symptoms of OSA was observed among the bariatric
surgery group at 2 years including apnea (24% to 8%), snoring (44.5% to 10.8%), and daytime
sleepiness (25.8% to 12.7%). Those with a mean 31% weight loss had a 2- to 13-fold decrease
in the risk of developing new OSA, and those with OSA were 2.5 to 7 times less likely to report
continuing OSA symptoms.

Depression
An association between obesity and major depressive disorder (MDD) has long been
recognized although a causal association is uncertain. Importantly, many antidepressant drugs
are associated with weight gain. The National Epidemiologic Survey on Alcohol and Related
Conditions evaluated the relationship between BMI and psychiatric disorders in 41 654
respondents.79 Among participants, BMI was significantly associated with mood, anxiety, and
personality disorders. The odds ratio for a psychiatric disorder was 1.21- to 2.08-fold greater
among obese (BMI 30-39.9 kg/m2) and extremely obese (BMI ≥ 40 kg/m2) subjects, and the
odds ratio for a lifetime prevalence of MDD was 1.53 and 2.02 among obese and extremely
obese compared with normal weight subjects.

Others have found similar results. The 2006 Behavioral Risk Factor Surveillance System (N
= 217 379) found that adults with current depression or a lifetime diagnosis of depression or
anxiety were significantly more likely to have unhealthy behaviors including smoking, obesity,
physical inactivity, binge drinking, and heavy drinking.80 The adjusted odds ratio for
depression and obesity (BMI ≥ 30 kg/m2) was 1.6 vs 1 for nonobese subjects, and the odds
ratio increased with increasing severity of MDD. Among 4641 middle-aged women, MDD
was strongly and consistently associated with obesity, lower physical activity, and among the
obese, higher caloric intake.81 The prevalence of moderate or severe MDD increased from
6.5% with a BMI < 25 kg/m2 to 25.9% with a BMI > 35 kg/m2. The prevalence of obesity
increased from 25.4% to 57.8% among those with no MDD versus those with moderate-to-
severe MDD. The odds ratio for having MDD was 4.4 for a BMI of 30 to 35 kg/m2 and 4.95
for a BMI of ≥ 35 kg/m2. Using standard criteria for MDD, the odds ratios were 1.92 for a BMI
of 25 to 30 kg/m2, 2.92 for 20–35 kg/m2, and 5.72 for a BMI of ≥ 35 kg/m2.
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Despite the absence of a clear causal relationship between obesity and MDD, an awareness of
this relationship and the opportunity to improve depression and quality of life by
recommending appropriate weight loss interventions is needed.

The Impact of Obesity on Mortality
The net impact of the increased burden of disease associated with obesity is increased mortality,
which is well established in this population. An extensive number of epidemiological studies
have established a significant increase in cardiovascular and non cardiovascular mortality
associated with obesity (Table 1). Overall, large-scale studies such the Nurses’ Health Study,
NHANES, Women's Health Initiative Observational Study, American Cancer Society
Prevention studies, and others have documented the adverse effects of obesity on mortality
from CVD, cancer, and other comorbidities.6,82-89 An increase in years of life lost was found
among obese versus nonobese subjects in an analysis of the NHANES database.90 Overall,
years of life lost were 1 to 9 for those with low BMI (< 17–19 kg/m2) compared with 9 to 13
for those with a high BMI (≥ 35 kg/m2).

Importantly, studies of patients undergoing gastric bypass surgery for morbid obesity have
demonstrated significant reductions in mortality with substantial weight loss.91,92 Adams91

reported a retrospective cohort study of mortality in 7925 surgical patients and 7925 severely
obese control subjects who were matched for age, sex, and BMI. During a mean follow-up of
7.1 years, all-cause mortality decreased by 40% (57.1 to 37.6/10 000 patient-years), and
mortality decreased by 56% for CAD, 92% for diabetes, and 60% for cancer (P < 0.01 for
each). The Surgical Obesity Study was a prospective evaluation of gastric surgery (n = 20lO)
or conventional treatment (n = 2037) of patients with morbid obesity.92 Overall mortality was
reported after 10.9 years of follow-up, where average weight change was 2% in the control
group and 14% to 25% in the surgery group depending on the procedure. The adjusted hazard
ratio for mortality was 0.71 (P = 0.01) in the surgery group versus the control group.

Summary
Obesity is at epidemic proportions in the United States and other developed countries, but,
importantly, even in developing countries. Large, high-quality longitudinal or prospective
studies have confirmed that obesity is a significant risk factor for and contributor to increased
morbidity and mortality, primarily from CVD and diabetes, but also from cancer and other
acute and chronic diseases, including osteoarthritis, liver and kidney disease, sleep apnea, and
depression (Figure 3). For the majority of these comorbid conditions, weight loss can result in
a significant reduction in risk.

The economic costs of obesity are substantial. A model based on NHANES and the
Framingham Heart Study was used to assess the lifetime health and economic consequences
of obesity.93 The analysis showed substantial effects on lifetime health and economic
consequences of obesity, and the authors suggested that significant benefits could be expected
from interventions to prevent or reduce obesity.93 Disease risks and costs increased with
increasing BMI. For instance, the risk of hypertension was 2-fold higher and diabetes was 3-
fold higher among 45- to 54-year-old obese men compared with nonobese men.93 Lifetime
medical costs increased incrementally with increased BMI and age by approximately 2-fold
for each group. Obesity also has a significant impact on quality-adjusted life years and reduces
years oflife.90,93,94 In an analysis of quality-adjusted life years, obese men and women lost
1.9 million and 3.4 million quality-adjusted life years and experienced lower health-related
quality of life compared with normal weight subjects.94 A model of the economic costs of
obesity found a substantial impact could be reduced with effective measures to prevent weight
gain.93
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Recognition of the association between obesity and comorbidities is critical for patient
diagnosis and management by primary care physicians. Physicians need to be aware of
comorbidities and their implications for outcomes and patient management of the obese patient.
Global efforts to control obesity and minimize factors that contribute to obesity are essential
to improving health status and life expectancy worldwide.
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Figure 1.
Trends in obesity among US adults over 17 years (1990–2007).3
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Figure 2.
Relative risk of death from all causes, CVD, and cancer according to BMI in men (top) and
women (bottom).4
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Figure 3.
Association of obesity and important comorbidities.
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Figure 4.
Relative risk of cancer according to the presence of obesity (BMI ≥ 30 kg/m2).37 Reference
value was 1.0 for participants with a BMI of 22.5–24.9 kg/m2.
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Table 1

Effect of Obesity on Mortality: A Summary of Controlled Trials

Reference Study Population Endpoints Weight Categories Outcomes

Flegal (2007)83 NHANES I, II, III
cohort 571 000 years
of follow-up

CV mortality, cancer
mortality

Underweight, overweight (BMI 25–30
kg/m2), obese (BMI ≥ 30 kg/m2)

Significant ↑ in CVD and
obesity-related cancer
mortality

Manson (1995)84 Nurses’ Health
Study 115 195
women, aged 30–55
years, free of CVD
and cancer at
baseline; 16-year
follow-up

All-cause mortality,
CV mortality, cancer
mortality

Overweight (BMI 29–31.9 kg/m2) Obese
(BMI ≥ 32 kg/m2)

P < 0.001, trend for ↑ all-
cause mortality; for BMI ≥
32 kg/m2 vs < 19 kg/m2. RR
of CV mortality 4.1 and
cancer 2.1

McTigue (2006)85 Women's Health
Initiative
Observational Study
90 185 women; mean
follow-up of 7 years

All-cause mortality Normal (BMI 18.5–24.9 kg/m2) Obese
(BMI ≥ 30 kg/m2)

All = cause mortality ↑
68.4/10 000 normal 84.5 for
obese

Stevens (1998)87 ACS Prevention
Study I; 324 000
healthy, never
smoking men and
women; 12-year
follow-up

All-cause mortality,
CV mortality

Overweight (BMI 29—31.9 kg/m2)
Obese (BMI ≥ 32 kg/m2)

50% ↑ in all-cause mortality
associated with BMI > 27 kg/
m2 in men aged 30–84 years
and ≥ 29 in women aged 30–
74 years

Adams (2006)82 NIH-AARP cohort
527 265 men and
women, aged 50–71
years; 10-year
follow-up

All-cause mortality Obese (BMI 30–34.9 kg/m2) 1.1-fold ↑ in mortality
compared with normal BMI;
obesity = 18% of excess
mortality

Calle (1999)6 > 1 million in ACS
Study II 14-year
follow-up

All-cause mortality Obese (BMI 30–32 kg/m2) Among healthy nonsmokers
risk of death ↑ 17%–32%

Fontaine (2003)90 NHANES cohort
adults aged 18–85
years

Years of life lost Low BMI (< 17–19 kg/m2), high BMI (≥
35 kg/m2)

Years of life lost were 1–9 for
low BMI vs 9–13 for BMI ≥
35 kg/m2

Yan (2006)89 17 643 men and
women aged 31–64
years; no risk factors
at baseline

Mortality from CHD,
CVD, or diabetes

Obese (BMI ≥ 30 kg/m2) ↑ risk of hospitalization and
mortality from CHD, CV
disease, and diabetes vs
normal weight

Thomas (2006)88 243 000 men and
women aged 18–95
years, followed for
up to 25 years

Total mortality, CVD
mortality

Obese (BMI ≥ 30 kg/m2) Total and CVD mortality was
> 2-fold higher among obese
vs nonobese

Abbreviations: ACS, acute coronory syndrome; CHD, coronary heart disease; CV, cardiovascular; CVD, cardiovascular disease; NHANES, National
Health and Nutrition Examination Survey; RR, relative risk.
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