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| OVERVIEW

Obesity is a complex disease that is associated with

a number of comorbidities, increased mortality, and
reduced quality of life. Abdominal obesity is one of the
components of metabolic syndrome (MetS), a cluster of
risk factors that increases an individual’s risk for chronic
conditions such as cardiovascular disease and diabetes.
This chapter details the epidemiology of obesity and MetS
by age, race, and geographic location and includes data
on the direct costs associated with obesity and MetS.

1.1
EPIDEMIOLOGY

The following tables summarize the most recently
published data on the prevalence of obesity in US adults
and children, and MetS in US adults. In all cases, data
from the National Health and Nutrition Examination Survey
(NHANES) was used.

MetS in adults is defined as abnormal values for three
or more of the harmonized criteria, including waist

Table 1

circumference, triglycerides, HDL-cholesterol, blood
pressure or glucose, as outlined in the 2009 Joint Interim
Statement of the International Diabetes Federation

Task force on Epidemiology; National Heart, Lung, and
Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; and
International Association for the Study of Obesity.*

MetS in adolescents was defined using the International
Diabetes Federation’s 2007 definition for use in children
and adolescents.®

1.2
COST BURDEN OF DISEASE

The direct costs associated with obesity and MetS
are for the most part estimated through services
rendered, i.e., the costs of treating the attributable
consequences of illnesses and comorbidities, as well
as those costs recorded by healthcare and insurance
providers. Importantly, there are additional costs that
are more difficult to estimate, such as absenteeism
and lost productivity.

Prevalence of adult overweight and obesity in the United States.

OVERWEIGHT OBESITY EXTREME OBESITY
SOURCE POPULATION BMI = 25 KG/M? BMI = 30 KG/M? BMI = 40 KG/M?
NHANES 2011-2012 Age 20+ years 33.9% 35.1% 6.4%

Source: Fryar et al. 2014

Table 2

Prevalence of childhood overweight and obesity in the United States.

SOURCE POPULATION

OVERWEIGHT OBESITY
BMI FOR AGE = 85™ PERCENTILE BMI FOR AGE = 95™ PERCENTILE
31.8% 16.9%

NHANES 2011-2012 Age 2-19 years

Source: Ogden et al. 20142

Table 3

Prevalence of metabolic syndrome in adults in the United States.

METABOLIC
SOURCE POPULATION SYNDROME
NHANES 2009-2010 Age 20+ years 22.9%

Source: Beltran-Sanchez et al. 2013°

© 2015 The Endocrine Society. All rights reserved.

Table 4

Prevalence of metabolic syndrome in adolescents in the

United States.

METABOLIC
SOURCE POPULATION SYNDROME
NHANES 1999-2004 Age 12-19 years 4.5%

Source: Ford et al. 2008°

ENDOCRINE SOCETY | 1



1.2.1
Cost of Obesity in Adults

Patients with obesity are more susceptible to chronic
illnesses, thus contributing to increases in medical
spending. While the available estimates of cost burden
vary based on data sources used, assumptions made,
and mathematical methods applied’, the vast majority of
studies agree that patients with obesity spend more on
medical care than their normal weight counterparts.

Thorpe et al. reported that 27% of the overall growth in
per-capita spending between 1987-2001 was attributable
to increases in the prevalence of obesity (Table 5).8
Alternative estimates have been posited by others,

such as the incremental cost of overweight and obesity
based on a systematic review of over thirty studies of US
populations (Table 6).”

It has been suggested that the Medical Expenditure Panel
Surveys (MEPS) underestimate spending due to their

Table 5

reliance on self-reporting by survey respondents.® For
comparison, an analysis of actual costs in the Medicare
population is provided in Table 7.

With the rise in obesity among the older adult population,
the cost burden is predicted to increase substantially:

the combined medical costs associated with treatment

of obesity-related diseases, cardiovascular diseases, and
diabetes in the US alone have been estimated to increase
by $48-66 billion/year from 2010 through 2030."" Apart
from medical costs, the associated losses in productivity
need to be accounted for. According to a cross-sectional
analysis of the Agency for Healthcare Research and
Quality’s 2006 MEPS and the 2008 Health and Wellness
Survey that calculated the annual cost attributable to
obesity among full-time employees, the cost of obesity

in the workplace is estimated to be $73.1 billion." That
increase in cost is attributed to increased health-related
work limitations: the time needed to complete tasks and
an inability to perform physical job demands.'® As a result,

Annual medical spending per capita in adults who are overweight or have obesity.

ANNUAL MEDICAL SPENDING PER CAPITA

DATA SOURCE POPULATION NORMAL  OVERWEIGHT  OBESITY
National Medical Expenditure Survey, 1987 US adults age 19+ years $2,117 $2,154 $2,438
Medical Expenditure Panel Survey-Household Component, 2001 US adults age 19+ years $2,907 $3,247 $3,976

Source: Thorpe et al. 20042

Table 6

Estimated incremental cost of obesity in US adults (in 2008 US dollars).

INCREMENTAL COST
DATA SOURCE POPULATION OVERWEIGHT OBESITY
Systematic review of 33 US-based studies published between 1992-2008 US adults age 18+ years $266-$498 $1,630-1,723

Source: Tsai et al. 20117

Table 7

Excess annual expenditures by US Medicare beneficiaries with overweight or obesity.

ANNUAL INCREMENTAL MEDICARE
EXPENDITURES COMPARED TO
NORMAL-WEIGHT BENEFICIARIES

POPULATION OVERWEIGHT OBESITY
US adults 65 years and older $108 $149
Source: Alley et al. 20121

DATA SOURCE
Medicare Current Beneficiary Survey, 1997-2006

2 | OBESTY
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workers with obesity experienced a 4.2% health-related
loss in productivity, 1.2% more than all other employees.

1.2.2

Cost of Obesity in Children

Using these cost estimates multiplied by the number of
10-year-old children with obesity in May 2013, Finkelstein
et al. proposed a total direct medical cost of obesity of
$14 billion for this age group alone.

Extrapolated to the nation, elevated BMI in childhood
was associated with $14.1 billion in additional

prescription drug, emergency room, and outpatient
visit costs annually.'®

1.2.3

Cost of Metabolic Syndrome

Due to the complex nature of MetS, treatment costs
attributable to any one of its components are difficult

to quantify. Recent data suggest, however, that the
presence of MetS adds to the cost of treating specific
comorbidities. Table 10 presents comparative data on
medical costs among patients over the age of 65 with and
without MetS for 10 years starting in 1992.

Table 8
Incremental lifetime direct medical cost for a 10-year-old child with obesity, relative to a normal weight child, in two scenarios.
INCREMENTAL LIFETIME DIRECT MEDICAL COST
DATA SOURCE ASSUMPTION FOR A 10-YEAR-OLD CHILD WITH OBESITY
Systematic review of 6 papers estimating Relative to normal weight child who $16,310-19,350
cost of obesity maintains normal weight in adulthood
Relative to normal weight child who $12,660-19,630
becomes overweight in adulthood
Source: Finkelstein et al. 2014
Table 9

Incremental cost by type of medical expenditure for overweight children and children with obesity compared to children with normal or

underweight BMI.

OVERWEIGHT CHILDREN WITH
DATA SOURCE POPULATION TYPE OF EXPENDITURE CHILDREN OBESITY
Medical Expenditure Panel US children age 6-19 years Outpatient visits $79 (+13.1%) $194 (+32.2%)
Survey, 2002-2005 Prescription drugs $64 (+19.5%) $114 (+35.0%)
Emergency room visits $25 (+19.9%) $12 (+9.6)

Source: Trasande and Chatterjee. 2009

INCREMENTAL COST COMPARED TO CHILDREN
WITH UNDERWEIGHT OR NORMAL BMI

Table 10
NO METABOLIC SYNDROME METABOLIC SYNDROME
Total costs to Medicare $33,010 $40,873
Medicare Part A Inpatient $18,806 $24 414
Medicare Part B Physician $10,779 $12,299
Medicare Part B Institutional $3,425 $4,359
Source: Curtis et al. 20076

© 2015 The Endocrine Society. All rights reserved.
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SCIENTIFIC BREAKTHROUGHS

The following section highlights notable scientific
discoveries and innovations identified by the expert
reviewers at the time of publication.

3 1

The Role of Brown Fat

Brown fat has been seen as a possible target for obesity
therapy since the earliest animal studies in the 1970s."”
The physiological mechanisms that point to possible
therapeutic targets have been increasingly explored in the
past two years after interest was reawakened by finding
brown fat scattered along the vertebrae and in the neck
of adult human beings. The effects of exercise on muscle
stimulate increased expression of a membrane protein
that is cleaved and secreted as a newly discovered
hormone, irisin. Irisin in turn stimulates the conversion (or
“browning”) of white adipose cells into brown adipose
tissue (BAT).™®

In laboratory experiments using mouse models,
hemodynamic responses in BAT metabolism to
pharmacological agents, in vivo, revealed the
physiological role of fibroblast growth factor 21 (FGF21):
it can induce thermogenic gene expression and
augmentation of a brown fat-like phenotype in white
adipocytes, so called “beige” cells. This beneficial effect
of FGF21 suggests it as a potential treatment for obesity.'®
Another study presented MRI imaging related to BAT
volume, distribution, and metabolic function in both
resting and active states in pharmacologically induced
responses to a beta3-andrenergic receptor agonist.?°

In vitro MRI imaging of adipose tissue samples from
mice and post-mortem humans aged 3 days to 18

years showed close similarity of mouse to human

BAT in beige/brite cells.?' Another study using mouse
models suggested a possible genetic link to obesity: a
mitochondrial dysfunction that can lead to obesity, and
a possible way that this phenotype lacking in Atg7 was
protective against diet-induced obesity by increasing the
browning of white adipose tissue through the promotion
of FGF21.2

These and other studies have provided greater
understanding of brown/beige fat, its mechanisms in
mammals and the human body, and possibilities for new
anti-obesity therapies.

4 | OBESITY

1.3.2

The Role of the Gut Microbiome

A landmark study by Ley et al in 200523, built on work
by Backhed?*, introduced the notion that the bacterial
population of the gut, the “microbiome,” might play a
significant role in the development of obesity. The study
by Ley and colleagues, which used mice as the animal
model, showed that the gut and its microbial population
constituted a host-microbe relationship that allowed
extracted energy to be stored in adipocytes. Moreover,
it was shown that this pathway involved microbial
regulation of the intestinal epithelial expression of fasting-
induced adipocyte protein (Fiaf), a circulating inhibitor of
lipoprotein lipase.

A 2006 study comparing gut microbiota between
genetically altered obese mice and lean littermates
showed that obesity is associated with changes in
the relative abundance of the two dominant bacterial
divisions, the Bacteroidetes and the Firmicutes.?®

In a human study of the host-microbe relationship,
sequencing human fecal matter identified levels of
differing bacterial populations that are predictive of
obesity.?® Comparing individuals with lean (BMI < 25
kg/m?) to overweight (BMI 25-30 kg/m?) and obese
(BMI > 30 kg/m?) BMI levels, the authors postulated that
differences in a very few groups of bacterial species
predispose progression to comorbidities such as type 2
diabetes mellitus (T2DM).

In a 2013 study, human fecal microbiota from adult female
twin pairs, where one had obesity and one was normal
weight, were transplanted into germ-free mice. The co-
housing of mice harboring an obese twin’s microbiota with
mice containing the lean co-twin’s microbiota prevented
the development of increased body mass and obesity-
associated metabolic phenotypes in obese cage mates.?”

In 2014, news broke that using artificial “hon-caloric”
sweeteners (NAS) to avoid intake of calories might
actually be detrimental. Suez and colleagues®® showed
that consumption of commonly used NAS formulations
drives the development of glucose intolerance through
induction of compositional and functional alterations to
the intestinal microbiota.

Thus, the understanding of how alterations in the
microbiome of the human gut, as well as alterations in
human dietary habits, might provide the therapeutic
means to reduce or prevent obesity.

© 2015 The Endocrine Society. All rights reserved.



The Role of Circadian Rhythm and

Sleep Deprivation

One of the first studies exploring the relationship between
sleep deprivation and obesity was published in 2004.%°
That study reported a U-shaped curvilinear association
between sleep duration and BMI. In subjects sleeping
fewer than 8 hours (74.4% of the 1024 person sample),
increased BMI was proportional to decreased sleep. Short
sleep (habitual sleep of 5 h vs 8 h) was associated with
15.5% lower leptin and 19.9% higher ghrelin, independent
of BMI. The authors noted that these differences are likely
to increase appetite; however, the study population was
too nonselective to enable a definitive statement about a
causative correlation with obesity and MetS.

An analysis of the 2004-2005 US National Health Interview
Survey for adults aged 18 to 85 noted that sleep duration
was frequently more strongly associated with risk of
chronic disease than demographic characteristics,
geographic region, and other health behaviors such

as smoking. Both short and long sleep duration were
significantly associated with obesity, relative to sleeping

7 to 8h.%°

A 2010 review found that after correcting for obesity

and other covariates, both quantity and quality of sleep
predicted the risk of development of T2DM.3" In 2012, a
more specific investigation at the cellular level revealed

a role for the adipocyte clock in the temporal organization
of energy regulation. This study highlighted timing

as a modulator of the adipocyte-hypothalamic axis

and showed the impact of timing of food intake on

body weight.*?

In a comparison using functional MRI to study volunteer
participants’ brain responses to food and non-food stimuli
under differing sleep conditions, restricted sleep increased
overall neuronal activity, which in turn led to a greater
propensity to overeat.®® In another study, a definite role
was shown for circadian rhythm in maintaining weight
loss: circadian rhythms at the beginning of a weight

loss program were predictive of the success of future
weight loss.®*

Finally, a recent review concluded that optimum sleep
duration of 7-8 hours per night avoids disturbance of
circadian rhythm and the concomitant risks for MetS.3°
However, understanding of the specific pathophysiological
pathways remains incomplete.

© 2015 The Endocrine Society. All rights reserved.

1.3.4

The Role of Appetite and Food Intake

Factors underlying the difficulty of maintaining weight loss
have been examined at the physiological and behavioral
levels. A 2011 study enrolled 50 overweight patients or
patients with obesity, of whom 36 completed the protocol.
Before starting a 10-week very-low-energy diet, baseline
levels of leptin, ghrelin, peptide YY, gastric inhibitory
polypeptide (GIP), glucagon-like peptide 1 (GLP-1),
amylin, pancreatic polypeptide, cholecystokinin, and
insulin were measured, and a subjective rating of appetite
was obtained from all participants.3®

Upon completion of the 10-week regimen, the mean
weight loss was 13.5 kg, 14% of the net weight at
baseline levels. Significant reductions in levels of leptin,
peptide YY, cholecystokinin, insulin, and amylin were
found at the 10-week point. However, from baseline to
week 62, the net percent weight loss was down to 8.2%.
Levels of leptin and other hormonal regulators of appetite
remained significantly elevated as compared with the
10-week values. The increase of leptin level and weight
regained was linear, indicating that these compensatory
responses to caloric restriction could help provide a
physiological basis for weight regain after the initial loss
from changed dietary intake.

Recent obesity studies have utilized advanced radiological
techniques and gene sequencing, resulting in a deeper
understanding of physiological mechanisms and cell
structures that influence obesity. Prenatal exposures

to obesogens®, tobacco use during pregnancy®®, and
endocrine-disrupting chemicals® have been cited as
contributors to epigenetic changes that promote obesity
through changes to the satiety response.

1.3.5

Transgenerational Inheritance of Obesity
Epigenetics involves heritable alterations in gene
expression or cellular phenotypes that are not encoded on
the DNA sequence itself. Major epigenetic mechanisms
include modifications of histone proteins in chromatin
and DNA methylation (which does not alter the DNA
sequence). Changes that impact the memory of previous
events, which can affect even a fetus in utero, can result
in pathologies when exposed to a hostile environment.
Association of lower birth weight with increased risk

of cardiovascular diseases later in life reflects
developmental responses of the fetus and/or infant

to environmental conditions.®®

ENDOCRINE SOCETY | 5



Studies of the transgenerational inheritance of metabolic
disorders have suggested that, in specific instances,
certain obesogens act through the peroxisome proliferator
activated receptor (PPAR), the master regulator of
adipogenesis, whereas others act through currently
unidentified pathways.*”4° Generations of mice exposed to
DDT showed that the generation exposed to DDT and its
progeny did not suffer any obvious changes; however, the
next (F1) generation developed a host of serious diseases,
and by F3, over 50% of the animals developed obesity.*!

A 38-year prospective longitudinal study of a
representative birth cohort in New Zealand used gene
sequencing for genome-wide association studies of
obesity-related phenotypes.*? After birth, children at
higher genetic risk gained weight more rapidly and
reached adiposity rebound earlier and at a higher BMI.
In turn, these developmental phenotypes predicted
adult obesity, mediating about half the genetic effect
on adult obesity risk. Plastics-derived compounds,
BPA and phthalates have also been shown to promote
transgenerational changes.*®

1.3.6

Skeletal Muscle as Secretory Organ

There is evidence that skeletal muscle is actually a
secretory organ; the muscle secretome has been found
to consist of several hundred secreted peptides. This
provides a conceptual basis and a new paradigm for

Table 11

understanding how muscles communicate with other
organs, including adipose tissue.** Myokines may

exert their influence within the muscle itself, providing

a potential mechanism for the association between
sedentary behavior and chronic disease, including obesity.

Il OBESITY

Obesity is defined according to the body mass index
(BMI), calculated by dividing weight in kilograms by height
in meters squared. When this number is 30 or higher,

an individual is considered to have obesity (Table 11). A
number of organizations have supported the classification
of obesity as a disease***” and in June 2013, an American
Medical Association (AMA) policy resolution recognizing
obesity as a disease requiring a range of medical
interventions was officially adopted.*®

In children older than 2 years of age, obesity is defined
as a BMI at or above the 95th percentile of the 2000 CDC
sex-specific BMI-for-age growth charts.5'%2 While there

is no standard definition of obesity for children younger
than age 2 years, recent analyses have used weight for
recumbent length at or above the 95" percentile on

the CDC sex-specific weight for recumbent length
growth charts (Table 12).252

Adult obesity classifications and risk of comorbidities.

CLASSIFICATION BMI, KG/M? RISK OF COMORBIDITIES
Underweight <18.5 Low, but increased risk of other clinical problems
Normal weight 18.5-24.9 Average
Overweight 25-29.9 Increased
Obesity (Grade 1) 30-34.9 Moderate
Obesity (Grade 2) 35-39.9 Severe
Obesity (Grade 3) =40 Very severe
Source: Flegal et al. 2010%%; NHLBI 2013%°
6 | OBESITY © 2015 The Endocrine Society. All rights reserved.



It is recognized that universal BMI values used to define
obesity may not be appropriate for all populations

based on factors such as age, sex, race and ethnicity.>*
For example, persons of Asian descent may have
different body fat levels at the same BMI. Although a
technical review by the World Health Organization and
the joint American College of Cardiology, American
Heart Association, and The Obesity Society (ACC/AHA/
TOS) Guidelines both recommended that universal BMI
ranges be retained as an international classification, they
suggested the possibility of revised thresholds for Asian
populations as trigger points for public health action.®
Additional measures such as waist circumference may
also offer better indicators of morbidity and mortality risk
in such populations.5®

Table 12

Childhood obesity classifications.

CLASSIFICATION WEIGHT AS A PERCENTILE OF HEIGHT
Underweight <5™ percentile
Normal weight 5" to 85" percentile
Overweight 85" to 95" percentile
Obesity >95" percentile
Source: Ogden and Flegal, 2010%

Table 13

Age-adjusted prevalence of obesity in US adults, by sex and age

group, among adults aged 20 and over, 2011-2012.

AGE GROUP OVERALL MEN WOMEN

All ages 20 and older 34.9% 33.5% 36.1%

20-39 years 30.3% 29.0% 31.8%

40-59 years 39.5% 39.4% 39.5%

60 years and older 35.4% 32.0% 38.1%
Source: Ogden et al. 2013%

© 2015 The Endocrine Society. All rights reserved.

2.1
OBESITY: PREVALENCE AND INCIDENCE

The latest US prevalence data shows that over one in
three adults has obesity. Among the various age groups,
prevalence is highest among those 40-59 years of age
(Table 13).

The NHANES dataset spanning 1960 to 2012 clearly
illustrates a steady rise in the prevalence of obesity
among US adults (Table 14).

Among all US children aged 2-19 years, the overall
prevalence of overweight is 31.8% and obesity 16.9%
(Table 15). Cunningham et al. have shown that young
overweight children are more likely to have obesity
later in life: their prospective study of 7,738 children
demonstrated that overweight 5-year-olds were 4 times

Table 14
Trends in overweight and obesity prevalence in the US adult

population (age 20-79 years), 1960-2012.

EXTREMELY

OVERWEIGHT OBESE OBESE
1960-1962 31.5% 13.4% 0.9%
1971-1974 32.7% 14.5% 1.3%
1976-1980 32.1% 15.0% 1.4%
1988-1994 32.6% 23.2% 3.0%
1999-2000 33.6% 30.9% 5.0%
2001-2002 34.4% 31.2% 5.4%
2003-2004 33.4% 32.9% 5.1%
2005-2006 32.2% 35.1% 6.2%
2007-2008 33.6% 34.3% 6.0%
2009-2010 32.7% 36.1% 6.6%
2011-2012 33.3% 35.5% 6.6%

Source: Fryar et al. 2014

Table 15

Age-adjusted prevalence of obesity by sex and age group in US

children age 2-19 years, 2011-2012.

AGE GROUP OVERALL BOYS GIRLS
2-5 years 8.4% 9.5% 7.2%
6-11 years 17.7% 16.4% 19.1%
12-19 years 20.5% 20.3% 20.7%
Source: Ogden et al. 20142
ENDOCRINE SOCETY | 7



as likely as normal-weight children to have obesity by
age 14.%7

2.2
DEMOGRAPHIC DIFFERENCES

There are notable differences in obesity prevalence and
risk for comorbidities based on factors that include age,
sex, race, ethnicity, and geographic location.®® Differences
in obesity prevalence among major ethnic/racial groups in
the US are summarized below (Table 16).

According to a recent meta-synthesis, obesity
disproportionally affects Spanish-speaking women

of Central American, South American and Caribbean
descent living in the United States.*® In addition, a recent
study of patients treated for overweight or obesity in

US federally supported health centers reported that

Table 16

Obesity in US adults by race and ethnicity, 2011-2012.

NON- NON-

HISPANIC HISPANIC

WHITE BLACK ASIAN HISPANIC
Total® 32.6% 47.8% 10.8% 42.5%
Men? 32.4% 371% 10.0% 40.1%
Women® 32.8% 56.6% 11.4% 44.4%

Source: a, Ogden et al. 2013%; b, Fryar et al. 2014

Table 17
Obesity in Asian/Pacific Islander subgroups in the United States,

1992-2011.

PREVALENCE, PREVALENCE,
RACE/ETHNICITY 1992-1995 2006-2011
Non-Hispanic white 13.9% 25.5%
Chinese 3.3% 71%
Asian Indian 6.8% 19.0%
Filipino 6.9% 22.0%
Korean 3.2% ND
Vietnamese 1.1% ND
Japanese 6.1% ND
Hawaiian/Pacific 25.7% 43.5%
Islander
Other APIs 11.4% 11.5%
Source: Singh and Lin. 2013
ND = no data available
8 | OBESTY

overweight patients or patients with obesity were over 2.5
times more likely to be told they had a weight problem if
they were Hispanic or Latino.®

Obesity prevalence has also tripled among Asian/Pacific
Islander (API) populations over the last two decades, from
3.7% in 1992 to 13.3% in 2010 for all APl subgroups
(Table 17). Though the overall prevalence remains lower in
API populations than non-Hispanic whites, the estimated
annual rate of increase in prevalence is higher for APIs:
6.2% versus 4.0% for non-Hispanic whites.

The risk for overweight and obesity appears to augment
among immigrants, with increasing duration of residence
in the United States (Table 18).%2 In 2003-2008, obesity
prevalence ranged from 2.3% for recent Chinese
immigrants to 31%-39% for Native Americans, US-born

Table 18
Increase in prevalence of obesity among immigrants to the United

States, 1992-2008.

DURATION OF

RESIDENCE IN US PREVALENCE, PREVALENCE,

(YEARS) 1992-1995 2003-2008

<1 5.7% 8.1%

1-5 7.9% 10.8%

5-9 7.6% 14.6%

10-14 9.7% 16.4%

15+ 13.1% 22.0%

US-born 15.6% 26.5%
Source: Singh et al. 201162

© 2015 The Endocrine Society. All rights reserved.



blacks, Mexicans, and Puerto Ricans, and long-term
Mexican and Puerto Rican immigrants, as summarized in
Table 19. Obesity prevalence for US-born adults increased
from 13.9% to 28.7%, whereas prevalence for immigrants
increased from 9.5% to 20.7%. The prevalence of obesity
among Native American/Alaska Native people was very
high, at 39.2%, in 2003-2008.

Among children in the United States, like the adult
population, prevalence of obesity is highest among
Hispanic and non-Hispanic black populations (Table 20).

Table 19
Prevalence of obesity among recent immigrants by race and

country of origin, 2003-2008.

PREVALENCE,

US IMMIGRANTS BY RACIAL GROUP 2003-2008
Non-Hispanic White 10.5%
Non-Hispanic Black 17.3%
US IMMIGRANTS BY COUNTRY OF ORIGIN
Chinese 2.3%
Filipino 7.6%
Asian Indian 57%
Other Asian and Pacific Islanders 4.0%
Mexican 18.9%
Puerto Rican 27.6%
Cuban 22.0%
Central, South American, other Hispanics 14.6%

Source: Singh et al. 201162

Table 20

Obesity in US children by race and ethnicity,
2011-2012.

NON-HISPANIC ~ NON-HISPANIC

WHITE BLACK ASIAN HISPANIC
All 14.1% 20.2% 8.6% 22.4%
Boys 12.6% 19.9% 11.5% 24.1%
Girls  15.6% 20.5% 5.6% 20.6%

Source: Ogden et al. 20142
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These results are corroborated by an observational study
conducted by Kaiser Permanente Northern California
(KPNC) on obesity prevalence among KPNC members
2-5, 6-11, and 12-19 years of age (Table 21). Prevalence
of obesity (BMI = 95" percentile) at 2003-2005 and 2009-
2010 was highest among Hispanics/Latinos across all age
groups and lowest among Asians at both time points.%®

As the BRFSS data is self-reported, the actual state-
level prevalence of obesity is likely underestimated,
because people tend to overestimate their height and
underestimate their weight.

Table 21

Age, sex, and race/ethnicity distributions at each time period.

KAISER PERMANENTE
NORTHERN CALIFORNIA 2003-2005 2009-2010
MEMBERS N (%) N (%)
Ages, years
02-05 85,804 (33.8%) 137,479 (32.2%)
06-11 82,464 (32.5%) 140,815 (33.0%)
12-19 85,739 (33.7%) 148,383 (34.8%)
Sex
Male 128,598 (50.6%) 218,249 (51.1%)
Female 125,404 (49.4%) 208,423 (48.9%)
Race/ethnicity
Asian 34,413 (13.6%) 63,947 (15.0%)
Black 23,179 (9.1%) 34,175 (8.0%)
Hispanic/Latino 25,959 (10.2%) 55,977 (13.1%)
White 98,449 (38.8%) 153,714 (36.3%)
Other 21,660 (8.5%) 40,918 (9.6%)
Unknown 50,342 (19.8%) 76,941 (18.0%)
Total 254,007 426,677
Source: Gee et al. 2013%
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‘LllrFE EXPECTANCY AND MORTALITY

2.3.1

Life Expectancy

The combined negative effects of increasing obesity are
projected to reduce mean life expectancy at age 40 (for
both men and women) by 0.28 years by 2020, 0.55 years
by 2030, and 0.78 years by 2040.%

Among the high-income countries, the US has one of the
highest prevalence rates of obesity and one of the lowest
life expectancies.®” According to a study that projected
the fraction of deaths attributable to obesity, obesity
reduced US life expectancy at age 50 years in 2006 by
1.54 years for women and by 1.85 years for men.?” The
differences between the population attributable fraction
of deaths from obesity in the US was typically greatest at
ages 50 to 59 years for both men and women, reflecting
the large proportion of US residents with obesity in this
age group. For women, the greatest effects were found
between 60 and 69 years of age, whereas for men, the
impact of obesity was highest at ages 50 to 59 years. At
age 50 years, obesity has reduced life expectancy from
between 0.88 and 1.54 years for women, and 0.62 to 1.85
years for men.® Patterns of socioeconomic disparity have
been found to relate to 11 health indicators, including

life expectancy at age 25 and obesity: across all racial
groups, it has been argued that the health problems that
accompany obesity are exacerbated by low income and
educational level.®

According to a study based on the 1997-2000 National
Health Interview Survey of non-smoking US women,
women with obesity who have breast cancer stand to lose
1 to 12 years of life, depending on their age, race, and
obesity status. The relative risk for death in this population
increases with the degree of obesity. Among women

with obesity who have breast cancer, those under age 50
across all racial groups were predicted to lose the most
life years; racial groups other than whites and blacks lost
the most life years (11.9 years), followed by whites (9.8
years) and blacks (9.2 years).®*® However, this conclusion
may need to be re-evaluated. A recent study of physical
activity levels by race, age, and obesity indicates that
fewer African-American patients met American Cancer
Society guidelines. The authors suggest that disparities

in survival among breast cancer patients with obesity
correlates with average physical activity levels.”
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In 2008, a systematic review of literature from 1966
through 2007 showed a small but significant increase
(risk ratio, 1.12) in postmenopausal breast cancer in
women with obesity.” It is hypothesized that in these
women, the increase in white adipose tissue allows for
increased production of estrogen as compared with
women of normal weight. Conversely, a 2012 analysis of
the Study of Tamoxifen and Raloxifene (STAR) trial and
the Breast Cancer Prevention Trial (BCPT) showed only

a modest, statistically non-significant increase in risk for
postmenopausal breast cancer correlated with BMI. The
authors of that analysis point out that there are other
factors besides BMI that might explain the discrepancies,
including detection bias. Addressing this conundrum, a
recent study applied systems analysis to the variables
that possibly affect the prevalence of breast cancer—age,
race/ethnicity, age at menarche, age at first birth, age

at menopause, obesity, alcohol consumption, income,
tobacco use, use of hormone therapy (HT), and BRCA1/2
genotype. The authors applied their analysis to women

in the state of California; a 50% decrease in excess BMI
would reduce the incidence of invasive breast cancer by
384 cases per 100,000 women over 55 years of age. A
100% decrease in excess BMI would produce a reduction
of 375 cases per 100,000.7

N

Mortality

Mortality risk

According to a 2013 study’®, in the year 2000, obesity was
associated with nearly 112,000 excess deaths relative

to normal weight. In a meta-analysis of white women
throughout the world, including the US, grade 1 obesity
(BMI 30 to <35) was associated with ~30,000 excess
deaths and grades 2 to 3 (BMI =35) with more than 82,000
deaths.” Compared with normal-weight adults, adults
with obesity had at least a 20% significantly higher rate of
dying of all-cause or cardiovascular disease (CVD). These
rates advanced death by 3.7 years (grades 2 and 3) for all-
cause mortality and between 1.6 (grade 1) and 5.0 years
(grade 3) for CVD-specific mortality. The burden of obesity
was greatest among adults aged 45 to 64 years for all-
cause and CVD-specific mortality and among women for
all-cause mortality.

Using waist circumference as a metric in a pooled study
of 650,386 white adults aged 20 to 83 years, a strong
positive linear association of waist circumference (WC)
with all-cause mortality was observed for men (hazard
ratio 1.52 for WC =110 vs <90 cm) and women (hazard

© 2015 The Endocrine Society. All rights reserved.



ratio 1.80 for WC =295 vs <70 cm).” A meta-analysis using
more recent data from adequately adjusted studies found
that obesity was associated with significantly higher all-
cause mortality, with a summary hazard ratio of 1.21 for all
grades of obesity combined, 0.97 for grade 1, and 1.34 for
grades 2 and 3. Relative to the normal weight category,
the hazard ratio for obesity estimated from pooled studies
was 1.20 for men and 1.28 for women.™

Overall influence on life expectancy: Obesity

as comorbidity

Studies that look at the relationship between increased
mortality risks for persons with specific illnesses provide
further evidence that obesity is a disease. In a population-
based case-control study of men who underwent radical
prostatectomy, men with obesity overall experienced
greater than 50% increase in prostate cancer mortality,
with the strongest effect for men having the most
aggressive forms of cancer (Gleason score 8 and higher,
adjusted odds ratio 2.37).7®

Similarly, a large study that pooled five-year follow-up
data for African Americans who died from pancreatic
cancer, relative to a BMI 18.5-24.9, those with BMI of
30.0 to 34.9 had an HR of 1.25, and those with BM| =35.0
had an HR of 1.31.7” For women who underwent surgery
for advanced epithelial ovarian cancer, the obese group
(BMI =40.0) had a higher adjusted odds ratio for severe
complications and a 90-day mortality rate of 15.7%,
higher than both underweight and normal to patients with

Table 22
PREVALENCE, PREVALENCE,
STATE 2011-2013 STATE 2011-2013

Mississippi 35.1% Colorado 21.3%
West Virginia  35.1% Hawaii 21.8%
Arkansas 34.6% Massachusetts ~ 23.6%
Tennessee 33.7% Utah 24.1%
Kentucky 33.2% California 24.1%
Louisiana 33.1% Montana 24.6%
Vermont 24.7%

Source: Behavioral Risk Factor Surveillance Survey, 2011-2013%
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grade 2 obesity.” Finally, a study that pooled information
in 20 prospective studies of adults with obesity, grade 3
obesity was associated with substantially elevated HRs of
death and major reductions in life expectancy compared
with normal weight: BMI of 40-44.9, 45-49.9, 50-54.9,
and 55-59.9 kg/m2 was associated with an estimated 6.5,
8.9, 9.8, and 13.7 years of life lost, respectively.”

2.4
DIAGNOSIS, TREATMENT, AND
PRESCRIPTION TRENDS

2.4.1

Anti-Obesity Drugs

During the period 1991-1996, the outpatient use of
anti-obesity drugs, mostly phentermine or fenfluramine,
in the United States peaked at 8,529 anti-obesity drug
prescriptions filled per 100,000 US population. Starting
in 1997, prescription rates decreased dramatically

when fenfluramine and dexfenfluramine were voluntarily
withdrawn from the market due to their association with
valvular heart disorders. Whereas the use of phentermine
started to increase in 2004 after an earlier decline, this
drug has remained the leading prescription weight-loss
drug throughout the study period. In 2011, 2,554 anti-
obesity drug prescriptions were filled per 100,000 US
population, of which 86.6% were for phentermine.®® Table
23 summarizes the distribution of all patients using anti-
obesity medication between 2008-2011. Notably, these
data are prior to the most recent FDA approvals.

Table 23
The distribution of all anti-obesity drug users by age and BMI

range (2008-2011).

AGE 0-16 17-44 45-64 65 +

% distribution 0.5% 62.3% 35.55% 3.6%

BMI RANGE <249 25-26.9 27-299 =30

% distribution 4.5% 6.0% 12.7% 65.7%
Source: Hampp et al. 2013%
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Orlistat, a pancreatic lipase inhibitor, was approved

in 1999 by the FDA. Until 2012, orlistat was the only
anti-obesity drug approved by the FDA for long-term
use.?2 A number of new pharmacotherapies for obesity
management have since come to market, including
lorcaserin and phentermine/topiramate in 2012, and

most recently naltrexone/bupropion in 2014 and
liraglutide in 2015, as treatment options for chronic
weight management supplemental to diet and exercise.?®!
Preliminary studies suggest that naltrexone and
buproprion affect two separate areas of the brain that are
in involved in food intake.® Liraglutide, a GLP-1 inhibitor,
at 3 milligrams per day was recently approved by the US
FDA and has been approved for anti-obesity use in the
EU.8% In a clinical trial [ClinicalTrials.gov ID:NCT01272219],
as reported at the 96™ annual meeting, of the Endocrine
Society, liraglutide induced greater mean weight loss
(8.0%) than placebo (2.6%) after 56 weeks; the adverse
events were mild and transient. It reduced blood pressure
and improved glycemic control.24# In existing studies,
phentermine/topiramate had a superior weight loss profile
to lorcaserin, but the incidence of adverse effects was
lower with lorcaserin. Both drugs were well-tolerated, and
adverse events were modest in intensity, dose dependent,
mild, resolved quickly,®® and tended to decrease with the
duration of treatment.?”

«"').4‘ 2

Surgical Procedures

As shown in Table 24, the rate of bariatric surgery per
100,000 adults increased more than 4-fold between

1998 and 2002; the population-based rate continued to
increase to 63.9 in 2004 but plateaued at 54.2 procedures
in 2008.

Over 10 years, the number of adolescent inpatient
bariatric procedures increased from 328 in 2000 to 1009
in 2009. Adolescent bariatric surgery trends mirror those
observed in the adult population, with a plateau in volume
during the mid-2000s and a shift toward less invasive
procedures.® One such innovation, sleeve gastrectomy,
has been shown effective in producing weight loss.

In 117 patients with a starting mean BMI of 46.6 + 6.0
kg/m2, laparoscopic gastric band significantly lowered
the BMI to 30.3 + 5.9 kg/m2 and 30.6 + 5.6 kg/m2 at

12 and 24 months respectively, and resolved obesity-
related diseases; at two years, the remission-rate for type
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2 diabetes mellitus was 80.7%, hypertension 63.9%.
However, there were some complications, including an
increase of GERD, from 12.8% prior to the operation to
27.4% at 2 years post-operative.®

HEALTH OUTCOME MEASURES

Diet-Related Outcomes

One of the first studies to provide a comprehensive
comparison of diets randomly assigned 811 overweight
adults to diets with four different percentages of fat,
protein, and carbohydrates. All participants were offered
group and individual instructional sessions for 2 years.
Among the 80% of participants who completed the trial,
the average weight loss was 4 kg and 14% to 15% of

the participants had a reduction of at least 10% of their
initial body weight. Satiety, hunger, satisfaction with the
diet, and attendance at group sessions were similar for

all diets; attendance was strongly associated with weight
loss (0.2 kg per session attended). The diets improved
lipid-related risk factors and fasting insulin levels. The end
result was that clinically meaningful weight loss resulted
from reduced-calorie diets, no matter which macronutrient
was emphasized.®"

A recent meta-analysis reviewed sources that make
claims for superiority of one diet over others for inducing
weight loss (Table 25). Among 59 eligible articles reporting
48 unique randomized trials (including 7,286 individuals)
as compared with no diet, the largest weight loss was
associated with low-carbohydrate diets and low-fat diets
and there was no difference between the effectiveness of
these diet categories.

In the analysis adjusted for diet class, all treatments
were superior to no diet at 6-month follow-up. Significant
weight loss was observed with any low-carbohydrate or
low-fat diet. Behavioral support and exercise as an add-
on to diet appeared to modestly enhance the weight loss
effects at the 6-month follow-up, though this association
was nonsignificant for behavioural support at 12 months.
Overall, the authors concluded that although weight loss
differences between individual named diets were small,
all treatments were superior to no diet. This supports

the practice of recommending any diet that a patient will
adhere to in order to lose weight.®?
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Table 24

Use of bariatric surgery among US adults, 1998—2008.

Procedures
Total number

Gastric bypass (Roux-en-Y)
Gastroplasty
Laparoscopic gastric band

Overall annual rate/100,000 adults?
Laparoscopy rate

Patient Characteristics
Median age, years
Female, %
Caucasians, %

Comorbidity
Diabetes, %
Hypertension, %
Hyperlipidemia, %
Chronic liver disease, %
Sleep apnea, %

Outcome
In-hospital mortality, %
Median length of stay, days

1998 2002
12,775 70,256
78% 92%
22% 8%
n/a n/a
6.3 32.7
21% 17.9%
39 42
82% 84%
81% 81%
14% 21%
35% 44%
5% 7%
1% 9%
19% 26%
0.80% 0.50%
4 3

Source: Nguyen et al. 20138

2007

84,129

72%
4%
24%

36.9
87.5%

44
80%
1%

30%
52%
33%
7%

13%

0.12%

2008

124,838

69%
2%
29%

54.2
90.2%

45
79%
74%

33%
56%
20%
10%
14%

0.10%

Table 25

Difference in average weight loss for four diet classes versus no diet.

DIET TYPE
Low-carbohydrate
Low-fat

Moderate macronutrients

(LEARN)

WEIGHT LOSS AT 6 MONTHS
8.73 kg
7.99 kg
6.78 kg

Lifestyle, Exercise, Attitudes, Relationships, and Nutrition  6.07 kg

Source: Johnston et al. 2014%

WEIGHT LOSS AT 12 MONTHS

7.25 kg
7.27 kg
5.70 kg
5.16 kg

© 2015 The Endocrine Society. All rights reserved.
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The aforementioned studies also suggest that dietary
advice needs to be backed up by ongoing support, and
that differences in various dietary approaches might be
successful for different persons. Facing that challenge,
representatives from the American College of Cardiology,
American Heart Association, and The Obesity Society
published an extensive evaluation of the components

of weight-loss management (hereinafter “the ACC/
AHA/TOS guidelines”). The conclusion of the AHA/
ACC/TOS guidelines was that caloric restriction is the
key mechanism driving weight loss, and in agreement
with the results of the two studies mentioned above,
acknowledgement of minimal distinction between diets
based on different proportions of macronutrients. The
panel recommended future research to further examine
application of dietary guidelines to specific patient
populations according to demographic influences, degree
of obesity, diet as a preventive strategy, and baseline
co-morbid conditions.*” On the basis of the panel’s
meta-analyses, the following table illustrates interventions
deemed effective according to studies where strength of
evidence was rated as high.

Lesser improvements were found in health profiles
where the strength of evidence was moderate. In those
overweight and adults with obesity and T2D managed
only with a comprehensive lifestyle treatment, there was
some weight gain over 4 years. This weight gain resulted
in an increase in HbA1c below pre-intervention, but

at clinically meaningful levels. In observational cohort
studies, showing low strength of evidence, there was a
25% decrease in mortality rate among overweight and
adults with obesity and T2D who intentionally lost 9-13 kg
compared with weight-stable controls.*

N E D

Exercise-Related Outcomes

A systematic review of randomized clinical trials showed
that exercise alone as a means of weight loss only
produced small mean weight loss compared to no
treatment. However, when combined with diet, increasing
exercise intensity not only increased the weight loss

but also resulted in significant positive changes in

other metabolic outcome measures: reduced diastolic
blood pressure, triglycerides, and fasting glucose.%
Furthermore, the response to exercise, like other weight
loss interventions, is highly variable with some individuals
losing significant amounts of weight while whereas others
do not.
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A recent review based on NHANES data in US adults
has shown that average caloric intake did not change
significantly over the period 1988 to 2010; instead, the
main determinant for increasing obesity was a decline
in physical activity level.** The proportion of adults who
reported no leisure-time physical activity increased over
the period from 19.1% to 51.7% in women, and from
11.4% to 43.5% in men.

Studies have differed in their emphasis on weight loss
versus physical activity as being primarily responsible for
improvements in lipid profile and overall health.®5%

Pharmacotherapy

Successful pharmacotherapy as an adjunct to diet and
exercise provides an additional tool for those persons who
are not able to lose weight, or for those in whom obesity
has reached a critical stage.*® Drugs to treat obesity

can be divided into three groups: those that reduce

food intake; those that alter metabolism; and those that
increase thermogenesis.%” There is general consensus
that weight loss of 5% or more, achieved through
intensive lifestyle intervention, is clinically meaningful: it
reduces cardiovascular risk factors, prevents or delays
development of T2DM, and ameliorates other health
consequences of obesity. Based on available evidence
to date, the US Preventive Services Task Force (USPSTF)
recommends that patients with a BMI of 30 kg/m? or
higher be offered or referred to intensive behavioral
interventions.%

Five drugs are currently approved by the US Food and
Drug Administration for long-term management of obesity.
Outcomes associated with each pharmacotherapy are
highlighted below and discussed in greater detail by
Apovian et al.*:

Orlistat, approved in 1999 as a prescription drug

and for over-the-counter sale in 2007, partially blocks
absorption of fats. In trials, the mean body weight loss
was 3% greater than placebo, and patients experienced
less weight gain after 2 years.?2 The weight loss in a 3
year study was 11% at 1 year compared to 7% for the
placebo and after 3 years, the loss was 6.5% in patients
as compared with 4.1% for the placebo.® Side effects can
include an increased number of bowel movements and
potential changes in the bowel function and microbiota.?
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Lorcaserin, a serotonin, dopamine and norepinephrine
reuptake inhibitor, was approved by the FDA in 2012. The
mean body weight loss for lorcaserin was 5.8 kg vs 2.2 kg
for placebo. Side effects include a possible concern for
cancer risk.?2

Naltrexone/buproprion, approved in 2014, is intended
for patients with a BMI of 30 kg/m? or above, or

27 kg/m? or greater in the presence of at least one
weight-related comorbidity such as hypertension, type
2 diabetes, dyslipidemia.®?

Phentermine, an appetite suppressant, was approved
for short-term use in 1959; weight loss for patients using
this drug was 3.6 kg greater than those treated with a
placebo. However, phentermine is approved only for
short-term use®, and discontinuation of this drug involves
withdrawal symptoms.??

Phentermine/topiramate, a combination of phentermine
with topiramate, involves a synergistic action. It was
approved in 2012. Using a dosage of 7.5 mg phentermine
with 46 mg topiramate produced a reduction in weight of
9.3% versus the placebo at -2.2%. For the combination
15 mg phentermine and 92 mg topiramate, the reduction
was as high as 10.75%.%2 The most commonly observed
side effects in clinical trials were those of the constituent
drugs: phentermine causes insomnia and dry mouth early
in treatment, but these resolved. Topiramate, a carbonic
anhydrase inhibitor, is associated with altered taste for
carbonated beverages and tingling in fingers, toes, and
perioral areas, and may lead to mild metabolic acidosis.8®

Liraglutide, FDA approved in December 2014, is a
GLP-receptor agonist. In a European study, the weight
loss, depending on a dosage ranging from 1.2 to 3.0 mg,
was 4.8 to 7.2kg, versus the placebo at 2.8 kg and 4.1

kg in the orlistat-treated comparator group. Liraglutide
remains the only anti-obesity medication approved by the
European Medicines Agency.®®

2.5.4

Bariatric Procedures

A review of nearly 30 long-term studies comparing
bariatric procedures showed that gastric bypass surgery
had better outcomes than gastric banding for long-term
weight loss, controlling T2DM and high blood pressure,
and lowering cholesterol levels.*

© 2015 The Endocrine Society. All rights reserved.

The authors of the review found that those undergoing
gastric bypass operations lost more weight—an average
of 66% of their excess weight (which translates to about
a 30% loss of body weight)—compared with a 45%
average excess weight loss for those undergoing gastric
banding procedures (about 22% loss of body weight).

In a study of 208 patients with clinically severe obesity
(BMI <50 kg/m?) who underwent sleeve gastrectomy as

a sole procedure at a bariatric referral center, a mean
excess weight loss of 71.1% (about 35% weight loss)
was documented in 90 (89.4%) of 106 patients, available
for follow-up after 3 years. The excess weight loss slowly
declined to 57.6% (about 28% weight loss) in 21 (77.7%)
of 27 patients at 5 years of follow-up. No deaths were
recorded. Early morbidity (<30 d) was 9.6%, chiefly owing
to staple line closure leaks, and late morbidity was 4.8%.
The excess weight loss slowly declined to 57.6% in 21
(77.7%) of 27 patients after 5 years of follow-up. No
major metabolic deficiencies were apparent. Statistically
significant improvements in pre-existing hypertension,
diabetes mellitus, and dyslipidemia were achieved. GERD
symptoms developed in 9.8% of patients within the first
postoperative year but lessened over time to 7.4% at the
5-year mark.%

1 METABOLIC SYNDROME

On the basis of NHANES 2003-2006 data, the age-
adjusted prevalence of MetS, a cluster of major
cardiovascular risk factors with increased waist
circumference and insulin resistance, is 34% (35.1%
among men and 32.6% among women).""" MetS
components as detailed in the 2001 Adult Treatment
Panel (ATP) Ill report and updated by a joint statement in
2009 are:

¢ Elevated waist circumference with population and
country-specific definitions (ranging from 85 to 102 cm
in men and 80 to 90 cm in women);

e Elevated fasting triglycerides =150 mg/dL;

® Reduced HDL cholesterol <40 mg/dL in men and
<50 mg/dL in women;

¢ Elevated blood pressure =130/85 mmHg or
treatment for hypertension; and
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¢ Fasting glucose =100 mg/dL or use of
antidiabetic medication.*1%

Three abnormal findings out of these five qualify an adult
for MetS. Modified criteria for children and adolescents
have been published by a panel of the International
Diabetes Federation (IDF).¢ These are as follows:

Age 6 to <10 years
e Obesity = 90™ percentile as assessed by
waist circumference

¢ MetS cannot be diagnosed, but further measurements
should be made if family history of MetS, type 2
diabetes mellitus, dyslipidaemia, cardiovascular
disease, hypertension, or obesity

Age 10 to <16 years
e Obesity = 90™ percentile (or adult cutoff if lower) as
assessed by waist circumference

e Triglycerides = 1.7 mmol/L
¢ HDL-cholesterol <1.03 mmol/L

¢ Blood pressure = 130 mmHg systolic or =85
mmHg diastolic

e Glucose = 5.6 mmol/L (oral glucose tolerance test
recommended) or known type 2 diabetes mellitus

Table 26

Age = 16 years
e Use existing criteria for adults

Jolliffe and Janssen have also proposed age-specific
MetS criteria for adolescents (age 12 to 19) that are linked
to both the National Cholesterol Education Program Adult
Treatment Panel Ill (ATP) and IDF adult MetS criteria.'®

3.1
METABOLIC SYNDROME: PREVALENCE AND
INCIDENCE

Tables 26 and 27 present the estimated prevalence of
MetS in a study based on the results of the NHANES
1999-2000 and biannually through 2009-2010.3

3.1.1

Trends

The decrease in age-adjusted prevalence of MetS
between 1999-2000 and 2009-2010 may be explained
by an improved treatment of the underlying risk factors.
During that period, prevalence of hypertriglyceridemia
decreased (33.5% to 24.3%)), as did elevated

blood pressure (32.3% to 24.0%). The prevalence

of hyperglycemia increased, as did elevated waist
circumference (45.4% to 56.1%). These trends varied
considerably by gender and race/ethnicity groups.
Decreases in elevated blood pressure, suboptimal
triglycerides, and HDL-C prevalence have corresponded

Age-standardized prevalence of MetS as estimated by the diagnostic criteria.

YEARS 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010
Total Population 25.54% 27.37% 25.76% 23.18% 24.94% 22.90%
Males 23.35% 27.45% 25.26% 24.57% 26.54% 23.69%
Females 27.50% 26.98% 26.20% 22.10% 23.54% 21.80%
Source: Beltran-Sanchez et al. 2013*
Table 27
Age-standardized prevalence of MetS as estimated for persons with abdominal obesity.
YEARS 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010
Total Population 43.45% 48.96% 55.35% 54.24% 53.78% 56.07%
Males 36.48% 39.82% 46.02% 46.41% 45.44% 46.44%
Females 53.53% 57.67% 64.41% 61.70% 61.93% 65.38%
Source: Beltran-Sanchez et al. 20133
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with increases in antihypertensive and lipid-modifying
drugs. The increase in elevated waist circumference
parallels the increase in obesity in the US over this
time period.?

n N
5]

/

DEMOGRAPHIC DIFFERENCES

The recently published cross-sectional cohort, interview-
administered Hispanic Community Health Study/Study
of Latinos (HCHS/SOL) tested theoretically driven
hypotheses concerning psychosocial factors in CVD and
was primarily focused on the high prevalence of diabetes
among Latinos.'® In general, there was a higher rate of
MetS among Latinos than among non-Hispanic whites,
but the incidence of MetS differed among different
Hispanic/Latino groups. It was highest among Puerto
Ricans (37%) and lowest among South Americans (27%).
The prevalence of MetS was significantly higher among
Puerto Rican women (40.9%) than Puerto Rican men
(82.6%) and paralleled the presence of diabetes.!®

In a 2011 study of 300 Filipino-Americans, representative
of the second largest Asian subgroup in the United States,
a modified definition of MetS was used to take account

of the ethnic-specific body structure: elevated waist
circumference was defined as =90 cm in men and =88 cm
in women. In participants 35 to 75 years of age, 18.3% of
the participants (21.1% of males and 15.7% of females)
met the threshold for MetS. The prevalence of MetS

was considerably lower than the NHANES values for
2009-2010.1%

Another study examining NHANES 2003-2006 found that
non-Hispanic black males were about one-half as likely as
non-Hispanic white males to meet the criteria for MetS,
whereas non-Hispanic black and Mexican-American
females were about 1.5 times as likely as non-Hispanic
white females to meet the criteria. Further, MetS increased
with age but even more dramatically as BMI increased.'"’

A more recent study taking account of both the WHO and
Adult Treatment Panel lll criteria for MetS found that rates
for racial/ethnic minority groups are higher than those for
adults overall. The modest decrease in MetS from 1999-
2000 to 2009-2010 among US adults noted previously
was not shared by racial/ethnic minorities: there was little
change in prevalence among blacks (22.0% vs 22.71%) or
Hispanics (32.9% vs 31.9%).1%®
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The pediatric and adolescent prevalence of MetS, on
the basis of NHANES 1999-2002 data, is summarized

in Table 28. The prevalence of MetS in adolescents

12 to 19 years of age was 9.4%, which represents about
2.9 million people.

In 1999 to 2004, about 4.5% of US adolescents 12 to

17 years of age had MetS, according to the definition
developed by the International Diabetes Federation. In
2006, this prevalence would have represented about 1.1
million adolescents aged 12 to 17. Prevalence increased
from 1.2% among those 12 to 13 years of age to 7.1%
among those 14 to 15 years of age, and was higher
among boys (6.7 %) than girls (2.1%). Furthermore, 4.5%
of white adolescents, 3.0% of black adolescents, and
7.1% of Mexican American adolescents had MetS. The
prevalence of MetS remained relatively stable during
successive 2-year periods: 4.5% for 1999 to 2000,

4.4% to 4.5% for 2001-2002, and 3.7% to 3.9% for
2003-2004. Between 1999 and 2002, 44% of overweight
adolescents or adolescents with obesity had MetS. From
1988 to 1994, two-thirds of all adolescents had at least

1 metabolic abnormality.”

nn

HEALTH OUTCOMES

Presence of MetS has health consequences beyond
cardiovascular risk. A recent study using the ATPIII
definition of MetS found a borderline-significant (P=0.06)
relationship between MetS and glaucoma. In a sample

of 3026 adult men and women from the 2005-2008
NHANES (weighted mean age: 57.0 years), the prevalence
of glaucoma in patients with and without MetS was

5.3% and 3.6%, respectively.'®? In a retrospective

cohort study of 4216 women enrolled in an integrated

Table 28

ADOLESCENT DEMOGRAPHIC METS PREVALENCE (%)
Boys 13.2

Girls 53

White 10.7

Black 52

Mexican American 11.1

Overall 9.4

Source: Beltran-Sanchez et al. 2013%;
Falkner et al. 2014'%®
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health plan who were diagnosed with incident early-
stage breast cancer between 1990 and 2008, 26% had
at least 3 MetS components. Compared with women
with no MetS components, presence of at least 3 MetS
components was associated with an increased risk of
second breast cancer events (hazard ratio, 1.50) and
breast-cancer specific mortality (hazard ratio, 1.65).% In
a study of a large cohort (40,977 men; 21,277 women)
in France using the NCEP-ATP criteria to define MetS,
the following clinical and biological parameters were
significantly associated with MetS in men and women,
after adjustment for age: lower physical activity, lower
vital capacity ratio, higher pulse pressure and heart rate,
higher gamma-glutamyl transpeptidase, ASA and ALA
transaminase and alkaline phosphatase levels, higher
uricemia, leukocyte and globulin levels, dental and
gingival inflammation, and higher stress and depression
scores. After adjustment for age, the excess risk of
all-cause mortality in subjects with MetS compared

to subjects without MetS was 1.82 in men and 1.80 in
women. After adjustment for age and gender, the risk of
death associated with each MetS component was 2.36
for high waist circumference, 2.08 for elevated triglyceride
levels, 1.71 for low HDL-cholesterol levels, 1.75 for
elevated arterial pressure, and 2.93 for elevated glucose
level.1%®

3.4
LIFE EXPECTANCY AND MORTALITY

3.4.1

Death from Cardiovascular Disease

A prospective cohort study used data from 6255 adult
participants in the NHANES 1l (30 to 74 years of age, 54%
female) weighted to 63.9, representative of 64 million
adults in the US All subjects had mortality information,
and were followed for a mean of 13.3 years. MetS was
defined by modified National Cholesterol Education

Program criteria. From sample-weighted multivariable Cox

proportional-hazards regression, compared with those
with neither MetS nor prior cardiovascular disease (CVD),

age-, gender-, and risk factor-adjusted hazard ratios (HRs)

for congestive heart disease (CHD) mortality were 2.02 for
those with MetS and 4.19 for those with pre-existing CVD.
For CVD mortality, HRs were 1.82 and 3.14, respectively;
for overall mortality, HRs were 1.40 and 1.87, respectively.
In persons with MetS but without diabetes, risks of CVD
and CHD mortality remained elevated. Diabetes predicted
all mortality end points. Those with even 1 to 2 MetS
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risk factors were at increased risk for mortality from
CHD and CVD. Furthermore, MetS more strongly
predicted CHD, CVD, and total mortality than did its
individual components.'°

In a 2014 study, the age-adjusted prevalence of MetS
was 26.7% in the US Of the five MetS components,
obesity significantly predicted CVD mortality in the US

In that study, after a median follow-up of 13.8 years in
the US, based on NHANES Il for patients 30 year of age
and older, 1,683 patients died from CVD (11.75 per 1,000
person-years).'"!

DiAGNOSIS, TREATMENT, AND
PRESCRIPTION TRENDS

Treatment

The primary approaches for management of the individual
components of MetS range from bariatric surgery to
pharmaceutical intervention to behavioral modification.
These treatments target the individual risk factors of MetS
or obesity/insulin resistance. Because it results in weight
loss, bariatric surgery significantly reduces prevalence.
For instance, increased weight among breast cancer
patients with MetS was the major factor in increased risk
for a second breast cancer occurrence.'®

Bariatric Surgery

A population-based, retrospective study of patients

who had MetS as defined by the American Heart
Association/National Heart, Lung, and Blood Institute
were evaluated for bariatric surgery between January 1,
1990, and December 31, 2003. 180 underwent Roux-
en-Y gastric bypass, and 157 were assessed in a weight-
reduction program but did not undergo surgery. In the
surgical group, all MetS components improved and
medication use decreased. Nonsurgical patients showed
improvements in high-density lipoprotein cholesterol
levels. After bariatric surgery, the number of patients
with MetS decreased from 156 (87 %) of 180 patients

to 53 (29%); of the 157 nonsurgical patients, MetS
prevalence decreased from 133 patients (85%) to 117
(75%). A relative risk reduction of 0.59 was observed in
patients who underwent bariatric surgery and had MetS
at follow-up. Results were similar after excluding patients
with diabetes or cardiovascular disease or after using
diagnostic criteria other than body mass index for MetS.
Significant predictors of MetS resolution included a

© 2015 The Endocrine Society. All rights reserved.



5% loss in excess weight; the reversibility of MetS
depended more on the amount of excess weight loss
than on other parameters.''?

Bariatric surgery brings serious risks along with possibility
of improvement. Among 186,576 bariatric surgery patients
drawn from the Bariatric Outcomes Longitudinal Database
between 2007 and 2010, 23,106 met the criteria for MetS.
Among those patients, 62% underwent gastric bypass,
32% gastric banding, and 4.5% sleeve gastrectomy.
MetS patients had an increase in serious complications
compared with those without MetS (2.4% vs 1.0%),
readmissions (6.2% vs 4.7%) and mortality (0.3% vs
0.1%) within 90 days of surgery. In 12,144 (53%) of the
MetS patients, remission of hypertension, diabetes,

and dyslipidemia occurred in 6%, 50%, and 35% of
patients, respectively; 76% of MetS patients with sleep
apnea went off all forms of treatment 12 months after

the bariatric operation. Among procedures, adjustable
gastric banding had a lower 12-month rate of remission

of MetS compared with Roux-en-Y gastric bypass,

sleeve gastrectomy, and biliopancreatic diversion with
duodenal switch.'®

Pharmaceutical Intervention

A direct pharmaceutical intervention has been the subject
of investigation since the discovery in 2003 that it was
possible to lower MetS through a combination of drugs—
statin, aspirin, and folic acid—termed the “polypill” or
"polycap.” In 2009, a group in India had some success in
a clinical trial using 3 different statins with aspirin and folic
acid to reduce cardiovascular risk factors.!*

In a study based on 10-year longitudinal observations

in an Australian population, in 1,991 cases classified

as MetS in individuals free of existing diabetes mellitus

or CVD, treatment with the polypill (or its components)
was shown by mathematical analysis to be effective at
reducing cardiovascular events. In 1,000 individuals, statin
use alone could reduce MetS in 171 patients; aspirin
(acetylsalicylic acid), in 201; and an antihypertensive

in 186. The more drug therapies employed, the greater
the reduction, with the polypill reducing up to 351
cardiovascular events per 10,000 individuals. Although not
cost-effective compared with aspirin alone in the general
population, in a high-risk population, among whom
combination therapy is often prescribed, the polypill is
likely to be more cost-effective than antihypertensive
therapy alone or dual therapy with a statin and
antihypertensive combination.!'®

© 2015 The Endocrine Society. All rights reserved.

Recently, interest in possible intervention has focused

on the presence of reactive oxygen species as initiators
of a vicious cycle activating an inflammatory response,
ultimately contributing to diabetes, cardiovascular
diseases, and steatosis. It is known that MetS is
associated with oxidative stress and mitochondrial
dysfunction.''® Recent evidence suggests that

because Co-enzyme Q10 (Co-Q10), is an essential
component of mitochondrial electron transport, Co-Q10
supplementation may be useful in MetS therapy. The anti-
inflammatory response and lipid metabolizing effect of
Co-Q10 is probably mediated by transcriptional regulation
of inflammation and lipid metabolism.'” A study of
obesogenic mice indicated that the mitochondria-targeted
antioxidant MitoQ, a ubiquinone compound with the same
antioxidant component as Coenzyme Q, had potential

as a helpful therapy for MetS components.''® However,

a recent study that investigated levels of Co-Q10, vitamin
E, and antioxidant status in subjects with MetS concluded
that only a higher level of antioxidant enzyme activities
was significantly associated with a reduction in the

risk of MetS independent of the levels of Co-Q10 and
vitamin E."°

Behavioral modification

Behavioral modification as a way to reduce obesity and
MetS seems to have a higher success rate in studies of
pediatric populations, perhaps because adults were able
to enforce changes in behavior among the children. 457
Singaporean children and adolescents (age 2-18 years)
with obesity were guided through a 24-week lifestyle
modification trial with components of exercise, diet
education, and behavior modification. Among the 98% of
the children who completed the trial, prevalence of MetS
decreased from 20.8% to 1.8%.%°

In a family-based approach, Swedish tutors guided 26
children with obesity aged 8 to 12 years and their parents
through a study of eating habits, physical and sedentary
activity, meeting every 3 months for a period of 2 years.
For most of the participants, the favorable changes were
in the increased amount of physical activity; eating habits
according to the children’s self-reports improved after
the intervention, whereas parental reports showed only

a decrease in binge eating.’' A similar program among
families of 423 children ages 2 to 5 years in preschool
centers showed significant improvements in the rate of
obesity and favorable trends in the BMI z-score.
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Another approach used a combination of pharmaceuticals
and behavioral modification. In a Diabetes Prevention
Program randomized trial involving community

volunteers having 3 or more MetS characteristics (waist
circumference; blood pressure; and levels of high-density
lipoprotein cholesterol, triglycerides, and fasting plasma
glucose) that met criteria from the National Cholesterol
Education Program Adult Treatment Panel Il, 3 groups
were compared. One group received metformin, 850 mg,
twice daily; a second group received a placebo in place
of metformin, and a third group underwent intensive
lifestyle intervention designed to achieve and maintain a
7% weight loss and 150 minutes of exercise per week.
Incidence of the MetS was reduced by 41% in the lifestyle
group and by 17% in the metformin group compared

with placebo.??

Finally, dietary changes have been shown to reduce
MetS. In 2008, a one-year trial showed that in a cohort
where 61.4% of the participants met criteria for MetS, a
Mediterranean diet supplemented with nuts reduced the
prevalence of MetS in 13.7% of the participants originally
presenting with MetS. 2

Further corroboration of the Mediterranean diet’s
effectiveness came in a secondary analysis of the
multicenter, randomized PREDIMED trial conducted
between 2003 and 2010. In a group of participants at
high risk for CVD, MetS developed in 50.0%; reversion
occurred in 28.2% of the participants who followed either
the Mediterranean diet supplemented with nuts (HR, 1.10)
or olive oil (HR, 1.35) as opposed to a control group who
had received only advice to follow a low-fat diet. There
was a significant reduction in both central obesity and
high fasting glucose in the group supplemented with olive
oil, and a significant decrease in central obesity in the
group supplemented with nuts.2
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