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he prevalence of obesity in the United States and the

world has risen to epidemic/pandemic proportions. This
increase has occurred despite great efforts by healthcare
providers and consumers alike to improve the health-related
behaviors of the population and a tremendous push from the
scientific community to better understand the pathophysiol-
ogy of obesity. This epidemic is all the more concerning
given the clear association between excess adiposity and
adverse health consequences such as cardiovascular disease
(CVD) and type 2 diabetes mellitus (T2DM). The risks
associated with overweight/obesity are primarily related to
the deposition of adipose tissue, which leads to excess
adiposity or body fatness. Furthermore, weight loss, specifi-
cally loss of body fat, is associated with improvement in
obesity-related comorbidities. Before weight loss interven-
tions can be recommended, however, patients must be as-
sessed for their adiposity-related risk. Unfortunately, health-
care providers and systems have not done a good job of
assessing for excess adiposity even in its simplest form, such
as measuring body mass index (BMI). It is for these reasons
that we must emphasize the importance of assessing adiposity
in clinical practices. Although it can be argued that the entire
population should be targeted as an important public health
issue with a goal of prevention of weight gain and obesity,

there are currently so many “at risk” individuals that simple
strategies to identify and treat those individuals are necessary.
We must identify those individuals at highest risk of comor-
bidities in order to identify those who might benefit the most
from aggressive weight management.

This scientific statement will first briefly review the
epidemiology of obesity and its related comorbidities, sup-
porting the need for improved assessment of adiposity in
daily clinical practice. This will be followed by a discussion
of some of the challenges and issues associated with assess-
ing adiposity and then by a review of the methods available
for assessing adiposity in adults. Finally, practical recommen-
dations for the clinician in practice will be given with a goal
of identifying more at-risk overweight/obese individuals.

Excess Adiposity: The Scope of the Problem

Classification of Overweight and Obesity

The Centers for Disease Control and Prevention classify
obesity according to BMI' as summarized in Table 1.2
Among adults, a BMI between 18.5 and 24.9 kg/m® corre-
sponds to a healthy weight, BMI between 25.0 and 29.9
kg/m? is overweight, and BMI of =30.0 kg/m” is obese. The
degree of obesity is classified separately. A BMI of 30.0 to
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Table 1. Classification of Body Weight According to BMI in
Adults and in Children222

Adults
Underweight: BMI <18.5 kg/m?
Normal or acceptable weight: BMI 18.5-24.9 kg/m?
Overweight: BMI 25-29.9 kg/m?
Obese: BMI =30 kg/m?
Class 1: BMI 30-34.9 kg/m?
Class 2: BMI 35.0-39.9 kg/m?
Class 3: BMI =40 kg/m? (severe, extreme, or morbid obesity)
Children (youths between 2 and 18 y of age)
Overweight: BMI of 85th to 94th percentile
Obese: BMI of 95th percentile or BMI of =30 kg/m?, whichever is lower
Severe obesity: 99th percentile BMI
=30 to 32 kg/m? for youths 10-12 y of age
=34 kg/m? for youths 14—16 y of age

BMI indicates body mass index.

Adapted from Reference 2a with kind permission from Springer
Science+Business Media. Copyright © 1997, Springer Science+Business
Media.

34.9 kg/m? is class 1 or mild obesity, 35.0 to 39.9 kg/m? is
class 2 or moderate obesity, and =40.0 kg/m? is class 3 or
severe obesity. The absolute value of BMI is not used to
classify weight status in children because change in BMI is
normal and expected as children grow and develop. Instead,
BMI percentiles adjusted for age and sex and calculated
based on a compilation of national survey data collected over
a 30-year period are used. In children 2 to 19 years of age, a
BMI between the 5th and <85th percentiles is healthy,
between the 85th and <95th percentiles is overweight, and at
or above the 95th percentile is obese.?

Epidemiology of Overweight and Obesity

On the basis of data collected as part of the 2007 to 2008
National Health and Nutrition Examination Survey, in the
United States 72.3% of men, 64.1% of women, and 68.0% of
adults overall were either overweight or obese, with 32.2% of
men, 35.5% of women, and 33.8% of adults overall being
obese. The rates were stable for women for the 10 years
preceding the survey and showed a slight increase for men
during that period.# Data from the same period revealed a
prevalence of obesity of 16.9% and a combined overweight
and obesity prevalence of 31.7% among children ages 2 to 19
years.> As among adults, there are encouraging data to
suggest that these rates have stabilized, with the exception of
an increase in the number of boys ages 6 to 19 years with a
BMI percentile at or above the 97th.

There are significant racial and regional differences in the
prevalence of obesity. Non-Hispanic white adults have an
obesity prevalence of 32.8%, compared with 44.1% for
non-Hispanic blacks and 38.7% for Hispanics. Racial differ-
ences are especially pronounced among women: 33.0% of
non-Hispanic white women are obese compared with 49.6%
and 43.0% of non-Hispanic black and Hispanic women,
respectively. Similar racial differences are present among
children: 15.3% of white children are obese, compared with

20.0% of non-Hispanic black children and 20.9% of Hispanic
children. Regional data obtained from the Behavioral Risk
Factor Surveillance System, which relies on self-reported
height and weight, reveal a range of adult obesity prevalence
by county of 12.4% to 43.7%. The highest rates of obesity are
in the South, the western Appalachians, and coastal North and
South Carolina. The lowest rates are in the West, the northern
Plains, and New England.® Among states, according to the
Behavioral Risk Factor Surveillance System, Mississippi has
the highest adult obesity prevalence (32.8%), and Colorado
has the lowest, with a rate of 18.5%.7

Complications of Excess Adiposity

A substantial body of evidence demonstrates a harmful effect
of obesity and excess adiposity on cardiovascular health.
Both abdominal obesity and general obesity are indepen-
dently associated with cerebrovascular disease (odds ratio
[OR] range 1.22-2.37)%-14 and coronary heart disease (OR
range 1.21-3.25).'4-!8 Furthermore, obesity is associated with
increased overall mortality'2' (OR range 1.9-2.42) and
mortality after cardiovascular events (OR range 1.07-
1.94).22-25 Although some studies have shown a J-shaped
curve between BMI and mortality, with higher mortality rates
in individuals in both the highest and lowest BMI categories,
often referred to as the “obesity paradox,”!>2¢ comorbidities
associated with excess adiposity appear to increase across the
continuum of overweight and obesity. Furthermore, abdom-
inal obesity, an important component of the metabolic or the
cardiometabolic syndrome, has been shown to be associated
with stroke,?” coronary heart disease,?® and overall mortal-
ity?%-30 independent of other cardiac risk factors. Overweight
and obesity are also associated with increased risk of a
number of other comorbid conditions, such as T2DM, sys-
temic hypertension, dyslipidemia, obstructive sleep apnea,
osteoarthritis, depression, gout, nonalcoholic liver disease,
reproductive-endocrine disorders, and several cancers, to
name a few.

Assessing Excess Adiposity: The Problems

Total Body Fat Versus Distribution of Body Fat
Versus Body Composition Versus Ectopic Fat

Heterogeneity of Obesity
Although numerous population-based studies have shown

that there is a clear relationship between BMI (the most
common index of adiposity used in clinical practice) and the
documented comorbidities associated with excess body fat-
ness,>!'-34 obesity has remained a puzzling condition for
clinicians because of its remarkable heterogeneity. For in-
stance, although obese patients are as a group at greater risk
of comorbidities than normal-weight individuals, some obese
patients may nevertheless show trivial or even no metabolic
complications, the so-called metabolically healthy obese,?3-42
whereas others with the same level of obesity (on the basis of
similar BMI values) could show numerous metabolic abnor-
malities, including insulin resistance, glucose intolerance,
dyslipidemia, systemic hypertension, and a prothrombotic-
inflammatory profile.#>¢ Thus, although BMI has been
useful to describe secular changes in adiposity at the popu-
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lation level, BMI cannot always properly discriminate the risk
of chronic disease at the individual level.

Body Shape Matters: The Pioneer
Numerous epidemiological and metabolic studies published

over the past 3 decades have provided support to Jean
Vague’s early seminal observations3”->% that the common
complications of obesity, such as insulin resistance, athero-
genic dyslipidemia, T2DM, and CVD, were more closely
related to the distribution of body fat than to the absolute
degree of fatness per se.!9-32:43-56.39-64 Vague coined the term
“android” obesity (more frequently found in men) to describe
the high-risk form of obesity, whereas he introduced the term
“gynoid” obesity to describe the low risk typical of lower-
body adiposity more frequently found in premenopausal
women.>’

The Renaissance of Regional Adipose Tissue Distribution

In the early 1980s, Bjorntorp and colleagues9.69-6566 in
Gothenburg, Sweden, and Kissebah and collaborators®*¢7 in
Milwaukee, WI, reported that when the ratio of waist to hip
circumferences (waist-hip ratio [WHR]) was used as an index
of the relative accumulation of abdominal fat, this variable
was related both to the risk of coronary heart disease and
T2DM and to a diabetogenic/atherogenic metabolic risk
profile. The rationale for this ratio was simple: The greater
the relative accumulation of abdominal fat, the greater the
waist circumference (WC) relative to the hip girth. This early
work has had a tremendous impact on the field of body fat
distribution and health, because it provided evidence that
body fat distribution deserved more attention as a predictor of
the comorbidities than had been, in the past, attributed to
excess body fatness per se.

Imaging Techniques: A Major Advancement in the Study
of Body Fat Distribution

In the mid-1980s, the introduction of imaging techniques
such as computed tomography (CT) gave investigators inter-
ested in body fat topography a more sophisticated tool that
allowed for more precise measurements of regional fat
accumulation. CT was found to be particularly helpful in
distinguishing the abdominal fat stored subcutaneously (ie,
subcutaneous adipose tissue [SAT]) from the adipose tissue
located in the abdominal cavity, including omental, mesen-
teric, and retroperitoneal adipose tissue, which has commonly
been described as intra-abdominal or visceral adipose tissue
(VAT). Studies that have measured SAT and VAT areas with
CT have shown that although the size of both adipose depots
is associated with a progressive deterioration in cardiometa-
bolic risk profile, when matched for levels of SAT, individ-
uals with excess VAT and deep SAT were characterized by a
more diabetogenic/atherogenic risk factor profile.*3-56-68
These results have provided robust evidence that although
excess fatness is associated with metabolic abnormalities,
high levels specifically of VAT are characterized by the most
severe metabolic abnormalities. More recent epidemiological
studies that have used imaging techniques such as CT or
magnetic resonance imaging (MRI) have been able to identify
the respective contributions of SAT and VAT in very large
study samples and have clearly shown that visceral adiposity
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Table 2. Factors Associated With Increased Visceral Adiposity

Increasing age
Sex (men>women)
Menopause in women
Smoking
Nutritional factors (high-caloric diet)
Sedentary behavior
Race
1 Asians
| in blacks

is associated with more severe metabolic disturbances than
subcutaneous adiposity.53.6%.70

Factors Associated With Individual Differences in
Visceral Adiposity
The factors that regulate regional body fat deposition have

been investigated extensively (Table 2). Several factors are
associated with differences in visceral adiposity, such as sex,
age, genetic factors, hormonal profile, smoking, and nutri-
tional factors, as well as vigorous endurance exercise.”'-73
Major sex differences are observed in visceral adiposity
before menopause, with premenopausal women having on
average 50% less VAT than men and with significantly more
gluteal-femoral adipose tissue in women, which may be
metabolically protective.’+75 Such a sex difference in visceral
adiposity has been shown to largely but not entirely explain
the gender gap in cardiometabolic risk variables.”® With age,
there is also a selective deposition of VAT that is predictive
of the age-related deterioration in the cardiometabolic risk
profile,”5-77-80 particularly among those who have a family
history of visceral obesity.3!

Ethnicity and race are also associated with differences in
susceptibility to the selective deposition of VAT.82-87 For
instance, blacks are more prone to subcutaneous adiposity
than whites or Hispanics, whereas evidence available sug-
gests that Asians may be more prone to visceral fat deposi-
tion.®>-87 Ethnic and racial differences in visceral body fat
deposition are currently an area of intense study.

Visceral Adiposity and Metabolic Complications

An important question with considerable clinical implica-
tions is whether excess visceral adiposity is causally
related to metabolic abnormalities. An extensive discus-
sion of this issue is beyond the scope of this scientific
statement, and the reader is referred to several comprehen-
sive reviews on the topic.”!-88-91 Currently, 3 main theories
have been proposed to explain the relationship between
visceral adiposity and metabolic complications:

1. The portal free fatty acid model: Bjorntorp put forward
the hypothesis that in visceral obesity, an uninterrupted
overflow of free fatty acid from intra-abdominal or
visceral adipocytes would expose the liver to high
concentrations, leading to several impairments in he-
patic metabolism.?>-** These include reduced extraction
and degradation of insulin that exacerbates systemic
hyperinsulinemia, reduced degradation of apolipopro-
tein B that leads to hypertriglyceridemia, and increased
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hepatic glucose production that leads to impaired glu-
cose tolerance and eventually to T2DM.%+%5 Therefore,
under this model, one can explain the relationship
between excess visceral adiposity and hypertriglyceri-
demia, hyperapolipoprotein B, hyperinsulinemia, and
glucose intolerance that is found in at-risk overweight/
obese patients. Although elegant work conducted in
dogs supports this model,®® the hypothesis has been
under criticism since Jensen et al®’-*° provided evidence
that most of the free fatty acid found in the portal
circulation originates from SAT. Despite the fact that
these investigators also found a relationship between
visceral adiposity and portal free fatty acid levels
coming from the visceral fat depot,”® other scenarios
may be involved in the full explanation of the dysmet-
abolic state of visceral obesity.

. The “endocrine” function of VAT: Another advance in

our understanding of adipose tissue biology was the
discovery that adipose tissue is more than a triglyceride
storage/mobilization organ. Indeed, numerous poten-
tially important adipose tissue cytokines, commonly
referred to as adipokines, could play a role in the
dysmetabolic state associated with total/visceral adipos-
ity.'% For instance, leptin, which is produced by adi-
pose cells, has been shown to be better correlated with
total and subcutaneous adiposity than with visceral
adiposity.!01-103 This is why circulating leptin levels are
higher in women, who have on average more subcuta-
neous fat than men.!'02104105 Another adipokine, adi-
ponectin, appears to better reflect visceral than total
adiposity.492.106 - Accordingly, adiponectin levels are
generally lower in men than in women, and they are low
in viscerally obese individuals and in patients with
T2DM.#9.107.108 However, a key finding was the obser-
vation that hypertrophied adipose tissue is characterized
by an infiltration of macrophages, some of which are a
major source of inflammatory cytokines such as tumor
necrosis factor-a and interleukin-6.'%%-11° The cytokine
interleukin-6 is a major driver of the production of
C-reactive protein by the liver.!'! Therefore, in viscer-
ally obese patients, the increased production of
interleukin-6 by the expanded visceral adipose depot
could contribute to expose the liver to high interleukin-6
levels, which could in turn stimulate hepatic C-reactive
protein production and impair liver metabolism. Of
course, the model is more complicated than the above
oversimplification, but several adipokines and the role
of the “inflamed” hypertrophied VAT are certainly
under the radar screen and are the subject of consider-
able investigations.

. Visceral obesity, a marker of dysfunctional adipose

tissue leading to ectopic fat deposition: Finally, al-
though visceral adiposity is clearly related to the met-
abolic abnormalities of overweight/obesity, whether
there is a causal relationship between excess visceral
adiposity and metabolic complications has been de-
bated. In numerous recent papers and review articles, it
has been proposed that excess visceral adiposity may
not necessarily impair carbohydrate and lipid metabo-
lism directly but rather may reflect the relative inability
of SAT to properly adapt to positive energy balance and
to expand by hyperplasia (multiplication of preadi-
pocytes to an increase in the number of adipose cells),
creating a “protective metabolic sink.”41.90-°1.112 Under

this model, a sedentary individual exposed to a surplus
of calories would store this extra energy in SAT. To do
so, the subcutaneous fat depot would undergo hyperpla-
sia, if need be, to allow the safe storage of this extra
energy. However, in situations in which subcutaneous
fat could not undergo hyperplasia and therefore would
have a limited ability to expand to store the caloric
excess, as might occur in the setting of adipose tissue
hypoxia,'!3 these excess triglyceride molecules would
accumulate at undesired sites such as liver, heart,
pancreas, or skeletal muscle, a phenomenon referred to
as “ectopic fat deposition.” Substantial experimental
evidence supports the view that excess visceral adipos-
ity is a marker of dysfunctional adipose tissue and of
ectopic fat. For instance, women, who have a lot more
subcutaneous fat than men, are characterized by lower
postprandial lipemia than men because their SAT can
better handle the dietary fat load than men.''* In
addition, individuals with partial lipodystrophies have
more visceral/ectopic fat because of their dysfunctional
SAT.!15.116 Thiazolidinediones, which improve insulin
sensitivity and decrease liver fat, have been shown to
induce hyperplasia of SAT, and this is probably a key
mechanism explaining how this class of drugs improves
glycemia and the cardiometabolic risk profile.''7-119
Finally, a negative energy balance induced by diet or by
endurance exercise has been shown not only to induce
weight loss but also to induce a rapid reduction of liver
fat and VAT.120-123 Thus, under circumstances in which
the “pressure” for storage of excess triglyceride mole-
cules in SAT is decreased, there will no longer be a need
to deposit triglyceride at undesired sites, and ectopic fat
depot will be mobilized more readily than subcutaneous
fat.

Liver Fat as a Key Feature of Ectopic Fat Associated
With Dysfunctional Adipose Tissue and Visceral Obesity
The liver plays a central role in the regulation of carbohydrate
and lipid/lipoprotein metabolism. Thus, any impairment in
liver function is likely to have a major impact on risk
factors/markers for prevalent complications such as T2DM
and CVD. As for the study of visceral adiposity, the devel-
opment of imaging techniques such as CT, MRI, and proton
magnetic resonance spectroscopy (MRS) has allowed the
study of individual differences in liver fat content and its
relationship with cardiometabolic risk variables.!?#-127 First,
it has been found that the growing prevalence of obesity has
had a major impact on the prevalence of nonalcoholic fatty
liver disease,!28-130 a condition that could evolve to nonalco-
holic steatohepatitis and cirrhosis. Studies that have examined
the relationships between body composition, adipose tissue
distribution, and liver fat content assessed by MRS have
clearly shown that excess visceral adiposity is related to liver
fat content even after controlling for total body fat.” How-
ever, liver fat content has generally been found to be more
strongly related to insulin resistance and hypertriglyceridemia
than visceral adiposity.'3! Thus, liver fat is closely related to
features of the metabolic syndrome,!3? but visceral adiposity
is the best adiposity predictor of liver fat content.!33 In the
landmark Dallas Heart Study conducted on >2000 subjects,
ethnic and racial differences (among Hispanic, whites, and
blacks) were observed in liver fat content, with blacks having
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less liver fat than whites and Hispanics.”® However, differ-
ences in visceral adiposity were also noted, with blacks
having less VAT than the 2 other ethnic and racial groups. A
major sex-based difference in the relationship of total adipos-
ity to liver fat content has also been observed: Compared with
men, women appear to be relatively protected from the liver
fat accumulation expected from excess adiposity. However,
this sex difference was entirely attributable to the fact that
women had less visceral fat than men. On the other hand, men
have greater liver fat content than women, a phenomenon that
can be explained entirely by their greater accumulation of
VAT compared with women.”®

Another recently reported international study involving
>4500 patients from 29 countries also provides evidence of
a strong correlation between visceral adiposity and liver fat
content.® This study also found that the greater accumulation
of liver fat in men than in women was entirely accounted for
by the greater visceral adiposity of men compared with
women. Although such robust and consistent associations
cannot be taken as evidence of a causal relationship between
visceral adiposity and liver fat (as previously discussed),
these observations provide highly concordant evidence that
excess liver fat is commonly accompanied by excess visceral
adiposity. Other ectopic fat depots (epicardial fat, skeletal
muscle, pancreas) are also related to cardiometabolic
risk,%0-91.134-137 but their specific contribution beyond visceral
adiposity and liver fat is not clear. The evidence currently
available suggests that excess liver fat is a key central feature
predictive of cardiometabolic abnormalities,'3! which makes
it a priority target for management of complications of
overweight/obesity.

In summary, excess VAT may be related to cardiometa-
bolic risk in part through a direct mechanism, but we need to
keep in mind that another likely scenario is that excess
visceral adiposity is a marker of dysfunctional SAT and of
ectopic fat deposition. Under this model, 2 key features of
ectopic fat may be excess visceral adiposity and liver fat.

“Normal-Weight” Obesity

Recent studies have suggested that individuals with normal
body weight as defined by BMI might still be at risk for
metabolic syndrome, insulin resistance, and increased mor-
tality if they have a high body fat content.'%!3 A recent
report from a sample of individuals representative of the adult
US population showed that men of normal weight in the
upper tertile of body fat percentage (>23% fat), as measured
with electric bioimpedance, were 4 times more likely to have
metabolic syndrome and had a higher prevalence of dyslip-
idemia, T2DM, systemic hypertension, and CVD than those
in the lowest tertile.'?> Women in the highest tertile of body
fat (>33% fat) were 7 times more likely to have metabolic
syndrome. Interestingly, women with normal-weight obesity
were almost twice as likely to die at follow-up as women in
the lowest tertile of body fat. The prevalence of central
obesity was low in this group of normal-weight individuals,
so these associations were not explained by differences in
measures of central obesity between those with normal-
weight obesity and control subjects. Studies have also shown
that people with normal BMI but enlarged WC have a higher
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rate of cardiovascular events and death (discussed further
below). Although further research is needed to clarify these
interesting results, it is clear that subjects with normal weight
as defined by BMI may need more detailed classification to
better define their adiposity-related risk.

Assessing Excess Adiposity: Methods
This section will review the most accepted methods available
both to clinicians and researchers for assessing excess body
fat. These methods include those for assessing total body fat
mass, distribution of body fat, body composition (percent
body fat), and ectopic fat.

Assessing Total Body Adiposity

Body Weight

Before the use of formulas and tables to adjust body weight
for height, the diagnosis of obesity relied on the subjective
interpretation of physical appearance and the absolute body
weight. The use of weight alone to estimate adiposity,
however, is inappropriate, because it fails to consider the fact
that body weight is proportional to height, an observation first
documented in the 19th century by a Belgian mathemati-
cian.'® This relationship, originally known as the Quetelet
Index, is now known as BMI. The first attempt to formally
diagnose obesity on the basis of body weight indexed to
height in modern times was the use of actuarial tables from
the Metropolitan Life Insurance Company. These tables were
used to estimate ideal weight and then determine the percent-
age of excess weight.'#1:142 Because these tables were not
based on a simple formula and required the subjective
interpretation of an individual’s constitution according to
normal, thin, and big frame, their use is not practical or
reproducible. Thus, a simple body weight is not sufficient in
and of itself for the clinical assessment of body fatness.

Body Mass Index
BMI, calculated as body weight in kilograms divided by

height in meters squared (kg/m?), is one of the most com-
monly used anthropometric measures to assess for total body
adiposity. Because of its simplicity as a measure, it has been
used in epidemiological studies and is recommended as a
screening tool in the initial clinical assessment of obe-
sity.!143.144 Multiple epidemiological studies have demon-
strated increased morbidity and mortality with BMI >30
kg/m>.145 Data from the Prospective Studies Collaboration,
which analyzed 900 000 adults, demonstrated a 30% increase
in all-cause mortality for every increase of 5 U in BMI above
a BMI of 25 kg/m? .20

Although the utility of BMI has been borne out in epide-
miological data, there are limitations to the use of BMI alone
to assess for adiposity in clinical practice, particularly among
adults with BMI =30 kg/m>.146 The numerator in the BMI
calculation is “total” body weight and does not distinguish
between lean and fat mass. Thus, individuals with normal
weight but excess body fat may not be diagnosed as over-
weight or obese. Conversely, adults with high levels of lean
body mass may be misclassified as overweight or obese. Data
from the National Health and Nutrition Examination Survey
IIT were analyzed to compare BMI with the World Health
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Organization criteria for obesity (body fat >25% in men and
>35% in women, as measured by bioelectrical impedance;
discussed below). This analysis demonstrated that although a
BMI =30 kg/m? had good specificity in men (95%) and
women (99%) for detecting obesity, BMI had low sensitivity
in men (36%) and women (49%) for diagnosing obesity.'4¢ In
a meta-analysis that pooled 32 studies and included almost
32 000 individuals, BMI had a pooled sensitivity of 50% to
identify excess adiposity and a pooled specificity of 90%,
which demonstrates that half of the individuals with excess
body fat were not identified as obese.'4”

The cut points of BMI used to diagnose overweight and
obesity are assumed to be independent of age, sex, and
ethnicity and race; however, because of age- and sex-related
differences in body composition, BMI may not correlate as
well with body fat in some age, sex, and ethnic groups. At
similar levels of BMI, women may have higher percentages
of body fat than men.!® Hispanic women have a higher
percentage body fat than black and white American women
with similar BMIs,'#® and black women have a lower
percent body fat than white women with the same BMI.150
The most pronounced difference in the relationship be-
tween BMI, body fat, and disease risk is seen in Asian
populations, in which a given level of BMI is associated
with greater adiposity and comorbidities than in other
populations. Although there are no population-dependent
cut points for BMI, several studies have demonstrated that
cut points between 23 and 27 kg/m? may more accurately
identify obesity in Asian populations.!'51.152

Although BMI is more accurate than body weight alone
and is simple to calculate, it does have limitations, including
poor sensitivity in diagnosing excess body fatness, especially
in some populations. Nevertheless, BMI should be considered
as the primary tool for the assessment of body fatness in
clinical practice because of its global acceptance and ease of
calculation. The limitations of the BMI as discussed, how-
ever, must be considered when it is used alone as an index of
adiposity in clinical practice.

Assessing Distribution of Body Fat

It is clear that simple measurements of body weight and BMI
do not yield good assessments of either the body composition
or distribution of body fat, especially in those with a BMI
<30 kg/m?. Tools are available to better assess the distribu-
tion of adiposity (Table 3).

Waist Circumference
WC has been shown to be a simple and inexpensive yet

effective way to assess for central obesity, with excellent
correlation with abdominal imaging'>* and high association
with CVD risk and mortality.’>* As a result, definitions of the
metabolic syndrome have adapted WC as a surrogate marker
of abdominal or central obesity.'>5> The WC is easily mea-
sured with a tape measure while the patient is standing,
wearing light clothing, and at end expiration. Despite this,
WC measurements have not been well adopted in clinical
practice. One issue relates to issues that surround the mea-
surement site. In a recent review of the literature, a panel of
experts found 8 different measurement locations documented

Table 3. Potential Clinical Utility of the Methods for Assessing
Body Fat Distribution

Method Clinical Use
Waist circumference +++
Hip circumference +
Thigh circumference +
Neck circumference +
Ratios

Waist-to-hip ++

Waist-to-height +

Waist-to-thigh +
Imaging

CT —

MRI —

CT indicates computed tomography; MRI, magnetic resonance imaging;
+++, widely accepted method; ++, accepted method; +, uncommonly
used method; and —, not recommended for clinical use.

for WC: (1) halfway between the lowest rib and the iliac crest
(midpoint); (2) point of minimal circumference; (3) immedi-
ately above the iliac crest; (4) umbilicus; (5) 1 inch above the
umbilicus; (6) 1 cm above the umbilicus; (7) at the lowest rib;
and (8) point of largest circumference around the waist.!>¢
This variability in measurements at different locations may be
problematic, because as one might expect, all WC sites do not
provide the same measurement estimate.'s-162 Although the
umbilicus has been found to be the least reproducible site,
most of these sites have very high reproducibility and do not
appear to be influenced by age or BMI.'57 Although measure-
ment of WC at the iliac crest has been shown to have lower
precision and may require more training and experience to
locate,'>® bony structures are stable landmarks that are not
affected by changes in weight, which confers certain advantages,
especially for longitudinal tracking of body composition. It is for
these reasons that the iliac crest is currently recommended by the
National Institutes of Health and National Heart, Lung, and
Blood Institute. The World Health Organization recommends
the use of the midpoint WC measurement; however, this method
relies on the identification of 2 separate locations, the iliac crest
and the lowest rib, and the need to calculate the midpoint of the
distance between these 2 structures, which requires more skill
and time than a measurement that relies on only 1 structure, such
as the iliac crest.

Another important consideration in establishing a standard
site for WC measurement is the predictability of CVD
morbidity and mortality associated with each measurement
site. For example, WC cut points have been established based
on their correspondence to a BMI of =25 kg/m* or =30
kg/m2: 80 and 88 cm for women and 94 and 102 cm for men,
respectively.’®3 These cut points were established from WC
measurements taken at the midpoint and were not based on
risk of CVD or CVD morbidity and mortality. However,
because studies have shown that WC is associated with CVD
risk, it becomes important to establish the most appropriate
measurement site for predicting CVD risk. Mason and Katz-
marzyk!e* identified optimal WC thresholds for the prediction
of cardiometabolic risk across 4 measurement sites: iliac
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crest, midpoint, umbilicus, and minimal waist. The authors
found that more men and women met the criterion for
abdominal obesity when WC was measured at the umbilicus,
34% and 55%, respectively, compared with 23% and 31%,
respectively, for measurements taken at the minimal waist.
Although the magnitude of the correlation between cardio-
metabolic risk and WC did not differ between measurement
sites, optimal cut points to predict cardiometabolic risk
differed: In men, optimal cut points were 100 cm at all sites
except for the minimal waist, which was 97 cm; in women,
cut points were 87 cm at minimal waist, 90 cm at midpoint,
93 cm at the iliac crest, and 95 cm at the umbilicus.!'®* Similar
observations have been noted by Bosy-Westphal et al,'>° in
which 3 WC measurement sites (rib, midpoint, and iliac crest)
had similar correlations with VAT and cardiometabolic risk
factors.

In summary, WC is a simple and inexpensive tool for
assessing body fat distribution. It correlates well with abdom-
inal obesity as assessed by imaging methods (discussed
below) and is associated with increased risk for adiposity-
related morbidity and mortality. This tool requires only the
purchase of an appropriate tape measure and simple training
of health professionals and/or assistants. It can easily be
incorporated in the vital sign assessment of patients at the
time the body weight is obtained. We recommend performing
the WC measurement at the iliac crest as the easiest and most
consistent location, as described by the National Institutes of
Health guidelines. This tool and its importance can be
explained easily to patients. For these reasons, WC is an ideal
inexpensive clinical complement to the BMI measurement.

Hip Circumference

Hip circumference (HC) is measured at the level of the widest
circumference over the buttocks. This measurement is also
used to calculate the WHR, which has been debated as a
useful tool for assessment of body composition. Some may
argue that a ratio does not provide information on whether the
WC is large or the HC narrow, because, for example, a
woman with a large WC of 100 cm and wide HC of 120 cm
will have the same WHR as a woman with narrow WC of 75
cm and an HC of 90 cm, respectively. Based on differences in
WC, these 2 women would be predicted to have a much
different CVD risk profile. Others argue, however, that HC
adds value to the measurement of WC because wider hips
provide protection against CVD.165.1¢6 When examined with
respect to all-cause mortality, however, HC does not appear
to be a significant predictor of all-cause mortality.!6”

Lower Body Circumferences
Thigh and calf circumferences have also been assessed as

predictors of metabolic risk. Thigh circumference has been
measured on the right leg, 1 cm below the gluteal line,'®” on
the left leg below the gluteal fold,'*® and at mid thigh,'®®
whereas calf circumference has been measured at the maxi-
mum circumference of the calf.'” Mason et al'’ have
reported that, after adjusting for covariates, thigh and calf
circumferences are negatively associated with mortality in
men but not in women. A larger thigh circumference has been
associated with lower risk of T2DM in both men and women,
independent of BMI, age, and WC.!9% Most studies, however,
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have used thigh circumference in combination with WC to
provide an index of upper- to lower-body adiposity (reviewed
below).

Neck Circumference
Neck circumference is another anthropometric measure that

may provide additional information for CVD risk. Neck
circumference has been measured midway between the mid-
cervical spine and midanterior neck, just below the laryngeal
prominence. As early as 1989, data from Take Off the Pounds
Sensibly (TOPS) participants indicated that neck circumfer-
ence was related to the presence of T2DM in women.!'7° In
several studies, this measurement has been found to be
correlated with WC, WHR, and BMI, as well as metabolic
syndrome risk factors, in men and women.!7!-174 A large neck
circumference increases the odds of metabolic syndrome in
men and women, even after adjustment for WC and smok-
ing'7? or BMI and WC.!7* Moreover, the association may be
stronger in women than in men.!”* Neck circumference also
provides risk assessment for obstructive sleep apnea and has
been found to be associated with the severity of obstructive
sleep apnea independent of obesity.!7>

Ratios

Various ratios can be computed from anthropometric data.
Some of the most common include WHR, waist-to-height
ratio (WHtR), and waist-to-thigh ratio. These measurements
have been examined for their ability to predict risk of
metabolic disorders. In fact, Reis et al'7® compared the
relative importance and joint association of overall obesity
and abdominal adiposity with risk of total and cardiovascular
mortality in the National Health and Nutrition Examination
Survey III and found that men and women who died of CVD
had greater WHR and thigh circumference at baseline, but
only women also had greater WC and waist-to-thigh ratio.
The authors concluded that the measurement of body fat
distribution by WHR carries important information to iden-
tify adults at increased risk of mortality. Elsayed et al'7” also
assessed WC and WHR as risk factors for CVD mortality in
patients with chronic kidney disease. They found that WHR
but not WC was associated with cardiac events in models
adjusted for demographic and lifestyle characteristics, as well
as baseline CVD and CVD risk factors. In the Monitoring
Trends and Determinants in Cardiovascular Disease Augs-
burg (MONICA) study, BMI, WC, and WHR were all
strongly and independently related to incident T2DM in both
men and women.'”® Each measurement was equivalent in
predicting T2DM in men but not in women, and WC and BMI
had the greatest risk ratio. Taylor et al'7 also found that the
magnitudes of the association between BMI, WHR, WHItR,
and WC with CVD risk factors were all similar except that
HC was less strongly associated with triglyceride and insulin
levels. Other groups have also shown that BMI, WC, WHR,
and WHtR are all closely related to CVD risk in 20- to
64-year-old Taiwanese men and women'8° and Asians in the
Obesity in Asia Collaboration.'8! However, in non-Asians,
WHR has a stronger association with dyslipidemia than
BMI.18! Ratios involving WC, such as WHR and WHtR, as
well as WC alone, have also been shown to be superior to
BMI at predicting coronary heart disease incidence in white
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middle-aged women.'$? This is supported by data from the
European Perspective Investigating Into Cancer and Nutrition
in Norfolk (EPIC-Norfolk) study's? and data from the Phy-
sicians’ Health Study and the Nurses’ Health Study.!34

The waist-to-thigh ratio has been reported to be a strong
positive predictor of mortality in both men and women'¢” and
has the greatest discriminating power and strongest associa-
tion with T2DM in men compared with WHtR, WHR, WC,
and BMIL.'® In women, waist-to-thigh ratio performed better
than BMI in discrimination for T2DM but was not different
from WHtR, WHR, and WC. These data differ somewhat
from those from the Hoorn Study, in which waist-to-thigh
ratio was a better predictor of future T2DM than BMI in both
men and women. '8

Whether ratios, as indices of upper to lower body fat
distribution, should be used rather than BMI or WC alone for
predicting risk remains debatable and controversial. For
example, although Gelber et al'%* found that WHI(R had the
strongest gradient in association with cardiovascular events in
men and women from the Physicians’ and the Nurses’ Health
Studies, they still concluded that there was no substantial or
clinically meaningful difference between BMI and WHR in
predicting cardiovascular events. Similarly, Taylor et al'7®
concluded that because of similar associations between BMI,
WC, WHR, WHItR, and CVD risk factors, recommendations
to replace BMI with WC-based measurements are not war-
ranted for routine public health surveillance. Page et al'$>
suggested that ease of measurement should be a determining
factor in establishing body composition indices that would
predict CVD risk. Alternatively, Asian studies propose the
use of WHItR!8L185 and WHR!3! in predicting CVD risk
factors. In fact, ratios such as WHtR and WHR may provide
the greatest value for uniform comparison of CVD between
populations. Optimal BMI and WC values for predicting
metabolic disorders differ between Mexicans, Asians, and
blacks and whites,'8-187 but WHtR and WHR adjust for these
ethnic differences in body shape.'$’

Despite all the evidence and the issue of practicality, we do
not recommend the routine use of ratios to assess adiposity.
WHtR and WHR, however, are promising measures for
adjusting for ethnic differences in body shape when deter-
mining metabolic risk.

Sagittal Abdominal Diameter
As with WC, the sagittal abdominal diameter (SAD) has been

shown to be a better marker of abdominal visceral adiposity,
metabolic disorders, and coronary heart disease than the
WHR.!53.188-190 SAD can be measured easily either with CT
or MRI images or directly on a patient, generally in the supine
position, as the distance between the examining table and the
apex of the abdominal girth or the largest anteroposterior
diameter between the xiphoid process and the umbilicus.
Standardized methods for measuring SAD, however, have not
been developed or validated. Some studies have found the
SAD to be an even better predictor of metabolic syndrome,
including dyslipidemia, high blood pressure, and insulin
resistance,!°'-194 and CVD'%> than WC. Other studies, though,
have found no advantage of the SAD over WC.196-198
Although they represent a promising measure of abdominal

adiposity, SAD measurements need to be standardized and
validated and normal thresholds identified.

Imaging Methods: CT and MRI
Although still primarily reserved for research purposes,

imaging methods are available to assess adipose tissue
distribution and body composition. Two commonly used
methods, CT and MRI, have the advantage of distinguishing
SAT and VAT. For example, although WC is generally a
good predictor of abdominal adiposity, it cannot distinguish
between SAT and VAT.

CT produces sliced images of the body from which areas
occupied by selected tissues may be used to determine the
surface or volume of these tissues in any given body area.
Each pixel of each sliced image is assigned an attenuation
value expressed as Hounsfield units (HU), ranging from
—1000 HU (air) to 2000 HU (dense bone). Adipose tissue has
attenuation values that range from —190 to —30 HU. Total
body tissue and organ masses determined from repeated CT
slices performed at 10-cm intervals from toes to fingers are
highly reliable and reproducible, with an error <1% between
paired scans.!’®® The most significant advance in assessment
of adiposity by CT scan has been the ability to dissect out the
various adipose tissue depots in the body. To limit cost and
radiation exposure, most CT scanning methods assess adipos-
ity in the abdominal area with a single sliced image taken at
the L4-L5 intervertebral space and estimation of total SAT
and VAT content.?°° SAT and VAT areas can be separated by
delineating the 2 depots on the densitometric scan. Abdomi-
nal SAT can be further subdivided into superficial and deep
compartments by use of the fascia superficialis.®® The deep
SAT depot is also often referred to as the posterior SAT
depot. VAT is found within the intra-abdominal cavity and is
separated from the SAT by the muscle wall of the abdo-
men.2°! It remains unclear, however, whether assessment of
SAT and VAT volumes derived from several sliced images of
the abdomen by CT is more predictive of disease and
dysmetabolic states than that derived from a single image.2°2
In addition, universal definitions of excess SAT and VAT
area have yet to be accepted.2® CT assessments also allow for
the measurement of lipids in nonadipose tissue compartments
such as muscle and liver, the so-called ectopic fat.203

MRI is based on the interaction between protons present in
all biological tissues and magnetic fields generated and
controlled by the MRI system’s instrumentation. Sliced
images or a whole-body image are constructed according to
the rate at which protons from various tissues return to their
equilibrium state after exposure to various magnetic fields.
Estimation of regional adipose tissue distribution by MRI
compares well with values generated by CT. Because the
radiation dose is virtually absent with MRI, this method is
more appropriate than CT, particularly when several mea-
surements are required over time in the same individual or
when particular populations such as children are being
investigated.?°2 Other advantages of MRI scanning include
access to information on other adipose tissue compartments,
such as intermuscular adipose tissue, and segmentation of the
body into lower- and upper-body regions. The use of MRI to
assess adiposity, however, is limited by its high cost because
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of its sophisticated equipment and data processing.?°> An-
other limitation is that neither MRI nor CT can accommodate
individuals with severe obesity.

A controversy in the field of body composition imaging is
the ideal location of single-slice acquisitions. Because whole-
body MRI scanning is time-consuming, requiring ~30 min-
utes for a whole-body scan, and is very expensive, single-
slice acquisitions are often preferred. Whether a slice
obtained at the level of L4-L5 is most representative of
total-body VAT or most associated with metabolic risk
factors has been studied. Shen et al?** used MRI data to
determine which abdominal slice VAT was most correlated
with total-body VAT and found that in men, the slice located
10 cm above L4-L5 was most correlated with total VAT. In
women, the slice 5 cm above L4-L5 had stronger correlation
with total VAT than L4-L5. The errors of prediction based on
L4-L5 VAT were significantly larger than those based on the
best slice: 10 cm above L4-L5 for men and 5 cm above L4-L5
for women. This group calculated that to achieve the same
power to detect changes in VAT with a single slice compared
with whole-body VAT, studies using the best slice would
require 6% to 7% more participants, whereas studies using
L4-L5 would require 24% more men or 16% more women.
Similar observations were made by Liu et al,?°> who reported
that in Chinese men and women, VAT at the lower costal
margin, which is located above L4-L5, had the highest
correlation with total VAT. Other locations assessed by this
group included midway between the xiphoid process and the
lower costal margin, the umbilicus, midway between the
umbilicus and the pubic symphysis, and the pubic symphysis.

Shen et al?¢ also examined the relationship between total
VAT and single-slice VAT and metabolic risk factors. Com-
pared with total VAT, VAT at L4-L5 had lower correlations
with triglycerides, high-density lipoprotein cholesterol, fast-
ing insulin, and diastolic blood pressure and equal correlation
with fasting glucose and systolic blood pressure in men.
Similarly, slices 5 ecm above and 5 cm below had weaker
correlations with fasting insulin and triglycerides and with
systolic blood pressure (5 cm below only) than total VAT,
whereas the slice 10 cm above L4-L5 had equal or higher
correlations (with triglycerides and high-density lipoprotein
cholesterol) than total VAT. In women, compared with total
VAT, L4-L5 VAT had lower correlations with fasting glu-
cose and high-density lipoprotein cholesterol and equal cor-
relations with fasting insulin, triglycerides, and systolic and
diastolic blood pressures. The slices 5 cm above and 5 cm
below L4-L5 had similar correlations with metabolic risk
factors as total VAT. This study showed that the highest
correlations between VAT area and metabolic risk factors
were 5 cm above or below L4-L5 in women and 10 cm above
in men. These slice locations are the same locations that were
most representative of total-body VAT.2%¢ These data in
women are similar to those of Liu et al?°5 showing that VAT
at the lower costal margin was best correlated with Framing-
ham risk score, whereas in men, VAT at the level of the
umbilicus, somewhat equivalent to L4-L5, was most corre-
lated with Framingham risk score.

In clinical settings, however, because of the limitations of
imaging methods for assessing body composition, such as
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Table 4. Potential Clinical Utility of the Methods for Assessing
Body Composition

Method Clinical Use
Anthropometry ++
Skinfold thickness +
Ultrasound +
Near-infrared interactance +
Hydrostatic weighing +
Air displacement plethysmography +
DEXA +
CT/MRI —
Bioelectric impedance +

DEXA indicates dual-energy X-ray absorptiometry; CT/MRI, computed to-
mography/magnetic resonance imaging; ++, accepted method; -+, uncom-
monly used method; and —, not recommended for clinical use.

cost, availability, time of image acquisition for whole-body
scans, and technical skill requirements for image analysis,
anthropometric measurements are taken as estimates of adi-
pose tissue distribution. Ludescher et al?°7 reported that WC,
WHR, and BMI were significantly correlated with total
adipose tissue, VAT, and SAT; HC was correlated with SAT
and total adipose tissue in men and also with VAT in women.
Moreover, when Lee et al2%8 assessed which measure (WC,
abdominal fat mass by dual-energy X-ray absorptiometry
[DEXA], or abdominal fat mass by CT) was most strongly
associated with metabolic risk factors in Korean women, they
concluded that all methods were of comparable utility.
Whether similar results can be obtained in other ethnic groups
remains to be determined.

Assessing Body Composition

There is a clinical need to measure not only percent body fat
but fat distribution, muscle mass, and bone mass as well.
Whatever the reason for assessing body composition, health-
care providers and educators, fitness specialists, nutritionists,
and other clinicians in health-related fields should have a
general understanding of the most commonly used techniques
for assessment of body composition. It is also important to
understand the interpretation and limitations of body compo-
sition analysis techniques when applied to varied populations,
such as older patients.

A range of techniques are available (Table 4). Some of
those that produce the most accurate data, so-called “gold
standard” or reference methods, have disadvantages of cost,
limited availability, and the need to travel to research facili-
ties. Simpler techniques are well tolerated and portable and
therefore can be used in the clinic, at the patient’s bedside, or
in the community, although this may be less accurate. Some
techniques also allow the assessment of regional as opposed
to whole-body composition. Body composition measurement
methods are continually being perfected, with the most
commonly used methods being bioelectrical impedance anal-
ysis, dilution techniques, air displacement plethysmography,
DEXA, and MRI or MRS. Collectively, these techniques
allow for the measurement of fat, fat-free mass, bone mineral
content, total-body water, extracellular water, total adipose
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tissue and its subdepots (visceral, subcutaneous, and inter-
muscular), skeletal muscle, select organs, and ectopic fat
depots. Generally, the laboratory methods are more precise
than the “field” methods; however, they are also more
expensive, are more time intensive, and require a higher
degree of technical training and skill. Numerous factors need
to be considered before a method for body composition
assessment is selected, including cost, ease of operation,
technician training and skill, patient cooperation and comfort,
number of participants and time available for assessment,
body composition variables to be quantified and the purpose
of the assessment, and whether or not the assessment will be
conducted on multiple occasions to assess changes in body
composition parameters.

Regardless of which instrument is chosen to assess body
composition, the method is only as good as the measurement
technique and prediction or conversion formula applied.
Additionally, to remain valid, the conversion formulas and
prediction equations selected for use must be restricted to the
population from which they were derived. In clinical practice,
bioelectrical impedance analysis and anthropometry are the
most readily applicable in routine use, being easily applied in
clinic, at the bedside, or in community settings.

Anthropometry
Assessment of muscle mass provides an indication of the

body’s protein reserves stored in the lean tissue.??® Measure-
ments of midupper arm and midthigh circumferences (also
discussed above) can be used as indicators of muscle mass.
Midupper arm circumference is measured midway between
the acromion process and the olecranon process while the
patient stands with elbows bent and palms facing upward.
Sex-specific midupper arm and midthigh circumference ref-
erence data are available for adults =20 years of age.?!° On
the basis of data from cadavers, midupper arm (r=0.896) and
midthigh circumferences (r=0.990) are strongly correlated
with total muscle mass.?'! In obese women, body weight and
HC were significant predictors that explained 62% of the
variance in lean tissue volume as measured by MRI.2'? In
obese men, thigh circumference, WC, and body weight were
significant predictors that explained 89% of the variance in
lean tissue volume as measured by MRI. Limb circumference
measurements, however, have shown inconsistent associa-
tions with CVD risk or outcomes.?!3-21% In summary, al-
though limb circumference measurements are considered
simple methods for assessment of body composition, the
accuracy and reliability of the measurements are contingent
in part on the observer’s skill, and the clinical importance is
unclear.219:220

Skinfold Thickness
Because of its relatively low cost and simplicity, the mea-

surement of skinfolds is a popular method of estimating body
composition. Brozek and Keys published the first valid
skinfold equations in 1951. Since that time, >100 prediction
equations using various combinations of anthropometric vari-
ables have been reported in the literature.?!-222 The skinfolds
technique involves pinching the skin with the thumb and
forefinger, pulling it away from the body slightly, and placing
the calipers on the fold. Thus, skinfolds measure the thickness

of 2 layers of skin and the underlying subcutaneous fat, and
sites have been located and measured as described by Jackson
and Pollock??! as follows:

® Chest: a diagonal fold taken on the anterior axillary fold as
high as possible.

® Axilla: a vertical fold taken on the midaxillary line at the
level of the xiphoid process.

® Triceps: a vertical fold measured on the posterior midline
of the upper arm over the triceps muscle halfway between
the acromion and the olecranon processes with the elbow
extended and relaxed.

® Subscapular: a diagonal fold taken on the line coming from
the vertebral border 1 to 2 cm below the inferior angle of
the scapula.

® Abdominal: a vertical fold taken ~2 cm lateral to the
umbilicus.

® Suprailium: a diagonal fold taken above the iliac crest along
an imaginary line extended from the anterior axillary line.

® Thigh: a vertical fold taken on the anterior aspect of the
thigh midway between the hip and the knee joints.

A minimum of 3 skinfolds measurements are taken on the
right side of the body at each site in rotational order by an
experienced skinfolds technician. If the readings are not
within 1 mm of each other, additional measurements should
be taken.

Early models used the sum of 7 skinfold measurements
(chest, midaxillary, triceps, subscapula, abdomen, suprailium,
and thigh).?2* A high correlation (r=0.98) was found between
the 7-skinfold model and one that used only 3 skinfolds
(chest, abdomen, and thigh). Because of the enhanced feasi-
bility of using only 3 measurements compared with 7,
Jackson and Pollock have suggested using the 3-skinfolds
model.??! Using data compiled from 6 laboratories, Lo-
hman?>* reported standard errors from skinfolds measure-
ments to be 2.6 kg for fat-free mass and 3.5% for percent
body fat, which were lower than for body weight or BMI.
Some of the potential sources of error found in the skinfolds
method included variation in subcutaneous in relation to total
fat, variation in skinfolds thickness in relation to subcutane-
ous fat, and technical error in the skinfolds measurement.222

During the development of their equations, Jackson and
Pollock made several observations.??* First, the relationship
between skinfolds and body density was quadratic. The
prediction errors would be larger, especially at the extremes
of body fatness, if a linear regression line were used to fit the
data. In fact, underestimation of percent body fat with
skinfold measurements has been found consistently.?21.225-228
Second, age is independently related to body composition and
should be a factor in generalized equations.??! The skinfolds
method precisely measures body density; however, it requires
a considerable amount of technical skill and being meticulous
with site location and measurement, and it is restricted to the
populations from which the prediction equation was derived.
Although the skinfolds method is an excellent field method to
use in lean participants, it is difficult to obtain reliable and
accurate readings on older participants with loose connective
tissue or obese individuals with large folds. Finally, because
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of racial differences in body composition, race-specific skin-
folds equations should be used.?25:229:230

Near-Infrared Interactance
Near-infrared interactance (NIR) was originally developed

for use in agriculture to assess the composition of grains and
seeds.?*! The major constituents of food (fat, protein, and
water) could be estimated with diffuse reflectance spectro-
photometry by the introduction of 2 wavelength signals, 1
peak and the other at minimum absorption, for each constit-
uent. By decreasing the wavelengths that were used to assess
agricultural products, it was found that the composition of
human tissues could be measured.?3? The Futrex Corporation
(Gaithersburg, MD) developed a wide-slit, commercial NIR
analyzer (Futrex 5000) based on this research. It can be used
to obtain optimal density (OD) measures at diverse sites, such
as subscapular, abdominal, biceps, and thigh.?2! The NIR
probe is placed firmly on the site and positioned perpendic-
ular to the measurement site. The NIR light penetrates the
tissues to a depth of 4 cm and is reflected back to the detector,
which measures the optical density at wavelengths of 940 nm
(OD,) and 950 nm (OD,). The underlying principle is that
ODs are linearly and inversely related to percent body fat, and
thus, the smaller the OD, the greater the absorption of NIR
light and the higher the fat composition. Researchers have
reported good test-retest and day-to-day reliability of the
manufacturer’s equation to predict percent body fat.

A cross-validation study comparing percent body fat obtained
by NIR, skinfolds, and total-body water was conducted on 68
participants of different ages (range 20—61 years) and percent
body fat (range 4.5%—40%).2*> The NIR-predicted percent body
fat was highly related to the percent body fat obtained by other
measures, but the standard errors (mt]2.5% body fat) were fairly
large. Although the Futrex 5000 NIR equation has been reported
to accurately estimate the average percent body fat of homoge-
neous samples of nonobese and lean women,?223+ this equation
overestimated percent body fat by >4% in very lean (<8% body
fat) subjects but underestimated body fat by >4% in fatter
(>30% body fat) subjects.?®> Elia et al>*¢ also noted that the
degree of underestimation of percent body fat increased directly
with the level of body fatness. The OD at the biceps site,
however, may be a better predictor of total percent body fat than
at other sites.220235 Race-specific NIR equations may also need
to be developed to account for variability in skin color, because
differences in skin tone among racial groups may affect OD
measurements and possibly the slope and intercept of the
relationship between OD and percent body fat.?*” In summary,
numerous cross-validation studies have reported large, unaccept-
able prediction errors for NIR measurements, which suggests
that they do little to improve the accuracy of estimating body
composition beyond that obtained from other measures.

Hydrostatic Weighing
Hydrodensitometry, often referred to as underwater or hydro-

static weighing, is one of the oldest in vivo methods of analyzing
human body composition as a 2-compartment (fat and fat-free
mass) model.23® It held the status of being the “gold standard”
for body composition analysis for many years, but this had been
challenged increasingly in the past decade as questions have
been raised about the underlying assumptions. The specific
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gravity or “density” of the object can be determined from the
weight of the object divided by the loss in weight when
submerged in water. Fat-free body mass is assumed to be
composed of constant proportions of water (73.2%), minerals
(6.8%), and protein (19.5%), with residual amounts (<1%) of
other chemical components (eg, glycogen). Human body densi-
ties generally vary between 1.08 g/cm® (very lean) and 1.03
g/cm® (moderately obese). Obese individuals will have body
densities <1.03 g/cm’, and severely obese people may have
densities <1.00 g/cm®. Thus, individual deviations from this
value are mainly because of the amount of fat in the body.
Because fat is less dense than water, the lower the body density,
the greater the amount of body fat. Behnke and Wilmore?3°-240
were the first to show that this method could be used to deduce
the percentage of weight that is fat from body density using a
simple 2-compartment model that assumes specific density for
fat and fat-free fractions of body weight. The most commonly
used 2-compartment model for estimating body composition
from body density measured by underwater weighing was
derived originally by Siri.>*! A revised model proposed by
Brozek et al>*? gives slightly lower estimates in obese subjects
because of somewhat different underlying assumptions about the
densities of fat (0.8888 g/cm®) and fat-free (1.1033 g/cm?)
components. Additional revised models have been proposed that
adjust the coefficients in 2-compartment equations for system-
atic differences in the composition of fat-free mass associated
with age, sex, ethnicity and race, and level of fatness.?*3-245
None of these equations, however, consider human individuality
or variability in the composition of fat-free mass that may occur
independent of age, sex, ethnicity and race, or obesity.

There are a number of other limitations of underwater
weighing. Because the composition of fat-free mass may change
with weight loss, 2-compartment models based on body density
alone may provide inaccurate estimates of the amount of fat
lost.24¢ Accurate measurements require active participation and
effort by the subject being measured. In the conventional
approach, subjects must submerge their body completely while
exhaling maximally, and then hold their breath and body
position for several seconds until a weight measurement is
obtained. Some individuals cannot perform this task adequately,
especially young children, frail elderly, or those with serious
cardiovascular or pulmonary disease. In those who can perform
the procedure, errors may occur because of body movement and
the buoyant effects of air in the gastrointestinal tract and lungs.
It is not feasible to measure the amount of air and gas in the
stomach and intestinal tract, and a fixed value is usually assumed
(=100 mL). Adjustment is made for the larger air volume in the
lungs by measuring residual lung volume when the subject is out
of the water using a spirometer with helium dilution or nitrogen
washout or during weighing with systems designed for this
purpose. The simultaneous measurement of residual lung vol-
ume and underwater weight may be preferred because it controls
for the effects of the increased pressure of water on the thorax
during immersion.

Although feasible, underwater weighing of obese subjects
may present special problems. Obesity is often associated with
respiratory problems and reduced lung function, which may
make it more difficult to obtain accurate measurements of
residual lung volume. Because obese subjects have a strong
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tendency to float, it is necessary to use a weight belt or other tare
weight system to completely submerge the body. The tare
weights must be measured and recorded carefully to obtain an
accurate underwater weight. Despite the various limitations
reviewed above, high levels of precision can be achieved with
underwater weighing. Moreover, underwater weighing may be
the only practical method of measuring body fat in very obese
subjects who cannot be evaluated by other methods. The
minimum possible error from all sources (technical and biolog-
ical) for percent body fat by underwater weighing has been
estimated to be approximately *1.5%.2>* If subjects are com-
fortable with water submersion, the hydrodensitometry method
is very safe. Underwater weighing systems range in price and at
the low end can be built quickly at low cost. Once built, the
systems are usually not transportable.

Air Displacement Plethysmography
Air displacement plethysmography has been used to measure

body composition for nearly a century. Only recently, however,
has a practical, commercially available system (BodPod; Life
Measurement Inc, Concord, CA) been developed that does not
require stringent measures to maintain ambient conditions as a
subject’s body composition is assessed. The BodPod method is
faster and easier to perform, is not associated with radiation
exposure, and is much more comfortable for patients than other
methods of assessing adiposity.2*® Air displacement plethys-
mography relies on the indirect measurement of the volume of
an object from the volume of air it displaces. Body volume is
calculated by subtracting the volume of air in a closed chamber
with a subject inside it from the volume of air in an empty
chamber. Measurement of actual volume depends on Boyle’s
Law, through which pressure and volume are inversely related at
constant temperature. Adjustments to volume calculations are
made to account for air in the lungs and isothermal air near skin
or hair. Once the system calculates body volume, body density
and body fat percentage are calculated by use of a subject’s
weight and a 2-compartment model. More than 30 papers have
been published describing the reliability and validity of BodPod
measurements. In general, the BodPod has been shown to be as
reliable as hydrostatic weighing or DEXA in adults,?*° and its
reliability is comparable in adults and children.25%25! A disad-
vantage of this method is that it only gives a whole-body
assessment of body composition and thus does not give infor-
mation on fat distribution. Although this method has potential
for clinical use in the future, more data on its ability to help risk
stratify individuals are needed.

Dual-Energy X-Ray Absorptiometry

DEXA has been used extensively to study bone demineralization
and osteoporosis and represents a significant advance in body fat
assessment because of its ease of use in clinical settings and
greater accuracy and precision for the differentiation of lean and
fat tissues than earlier methods such as whole-body hydroden-
sitometry. DEXA defines a technology by which the attenuation
of radiation at 2 energies is used to determine 2 components of
the attenuating tissue, either bone and soft tissue or lean soft
tissue and fat. Many now consider DEXA as one of the “gold
standards” for body fat assessment. Validation studies have
shown that body fat assessment by DEXA generally compares
well with the 4-compartment model in which body fat is

estimated from measurements of body density (hydrodensitom-
etry), total-body water (usually by deuterium dilution), and
DEXA bone mineral values.?s2 However, studies suggest that
DEXA may underestimate body fat at low body fat percentage
and overestimate body fat at higher body fat percentage in both
adults and children.?53-254

More recently, DEXA has been used to assess regional
body fat distribution. Abdominal fat is usually measured
between the L1 and L4 vertebral bodies on the DEXA scan
image.?>> Studies have shown that abdominal fat mass mea-
sured by DEXA and CT is highly correlated, although DEXA
systematically underestimates the CT-derived abdominal fat
mass.?¢ However, DEXA cannot differentiate subcutaneous
from visceral fat adiposity.

Assessment of body fat by DEXA requires very little radiation
(1 uSv), which makes it appropriate for repeated measures in a
clinical setting.?5> DEXA is also very quick and is easily applied
for both healthy individuals and patients. Assessment of body fat
by DEXA obviously requires specialized equipment that is
moderately expensive but not too large to be easily accommo-
dated within a small obesity clinic. Intermanufacturer and
intramanufacturer differences have been raised as areas of
concern, although these differences are of particular importance
only in longitudinal and multicenter research settings.?52-2%5
DEXA is an attractive tool for measurement of body composi-
tion and potentially fat distribution but is reserved for research
purposes at the current time until more data on risk prediction
and cost-effectiveness are available.

CT and MRI
The use of CT and MRI has revolutionized not only the study

of fat distribution as discussed in detail above but also that of
body composition. These 2 methods are the only ones that
provide reliable information on internal adipose tissue depots.
CT and MRI are also considered to be the “gold standard” for
calibration of field methods designed to measure adipose
tissue and lean body mass.2%

Bioelectric Impedance
Total body fat can also be assessed by electric techniques that

take advantage of the principle that tissues conduct electricity
based on their water and dissolved electrolyte content (fat and
bone are relatively nonconductive). Bioelectrical impedance
analysis (BIA) uses a small, alternating, single-frequency current
that passes through electrodes applied to extremities of the body
(usually wrists or ankles) to measure impedance between points
of contact. An estimate of total body water is acquired, from
which total body fat-free mass is calculated on the basis of the
assumption that 73% of the body’s fat-free mass is water.?5” A
multisegmental BIA approach can be used to also provide
estimates of fat-free mass distribution and hence body fat
distribution based on the assumption that the body is made up of
groups of cylinders (arms, legs, total body).?>” Multifrequency
BIA (or bioimpedance spectroscopy) differentiates intracellular
water from extracellular water compartments, which is particu-
larly helpful in the exploration of variations in levels of hydra-
tion.258 Unlike single-frequency BIA, multifrequency BIA may
be used to evaluate leg skeletal muscle.>>®

The equipment required for BIA is generally very easy to use,
portable, and much more affordable than other sophisticated
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methods such as DEXA, CT, and MRI.2%° BIA also poses no risk
to patients (although it is not recommended for participants with
a pacemaker) and provides instant results. However, studies
have shown that the validity of body fat assessment by BIA is
influenced by sex, age, disease state, race and ethnicity,>®! level
of fatness, environment, phase of menstrual cycle, and underly-
ing medical conditions.?? Studies suggest that BIA measure-
ments validated for specific ethnic and racial groups, popula-
tions, and conditions can be used to obtain accurate measures of
body fat in those populations, but not others. This emphasizes
the importance of using specific calibration equations for opti-
mal use of this technique to assess body fat in clinical practice.
The use of BIA to assess adiposity is also limited by the fact that
it provides unreliable information on body fat distribution.

Other Important Issues to Consider

Assessing Fat Mass and Distribution in the Elderly
Changes in body composition occur as part of the normal aging

process and are associated with important effects on health and
function. Thus, it is important to understand the interpretation
and limitations of body composition analysis techniques when
applied to older patients with abnormal body composition, in
whom some of the underlying assumptions of the techniques
may not hold true. In particular, changes include loss of the
skeletal muscle component of lean tissue (sarcopenia), changes
in body fat content and distribution (including increased ectopic
fat deposition), and their combination of sarcopenic obesity.
Furthermore, changes in body composition with aging, particu-
larly the altered composition of the constituents of fat-free mass,
and changes in fat distribution may lead to measurement errors
with standard body composition assessment methodologies. A
curvilinear relationship between body fat and age was demon-
strated in a cross-sectional study of 1324 individuals across the
age range of 20 to 94 years.?®3 A 10-year longitudinal study in
elderly people also showed a decline in subcutaneous fat but an
overall increase in total fat mass by densitometry.2** WC and
HC were the best anthropometric predictors of total fat mass
change, with change in skinfolds having a far weaker relation-
ship. Potential limitations of body composition techniques in
older individuals include changes in composition of fat-free
mass with age or altered distribution of fat, which could
invalidate the underlying assumptions of the techniques. Also,
predictive equations may have been derived in populations of
younger ages and may be less valid in elderly individuals.
Normal ranges of BIA data for different age groups from the
National Health and Nutrition Examination Survey III have been
published as reference data.?*> The same point applies to
anthropometry, with inaccuracy in the elderly when existing
equations are used and development of newer age-specific
equations.2®¢ Techniques used for assessment should therefore
be adapted or validated in this age group.

Ethnic and Racial Considerations

Because race may affect the composition of fat-free mass and
regional fat distribution, race-specific prediction equations may
need to be developed for some racial groups.?®’” To date,
race-specific skinfolds (American Indian women, black men,
and Asian adults) and NIR (American Indian women and white
women) equations have been developed.2®8 It is readily apparent
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that the majority of published field method prediction equations
have been developed and cross-validated for white populations.
Hence, these equations may not be applicable to individuals
from other racial groups.?®® Race may affect the composition of
fat-free mass,>’0273 as well as the regional fat distribu-
tion,225-229274 thereby altering the relationship between reference
measures and field measures of body composition, such as the
sum of skinfolds, resistance index from BIA, and optical
densities from NIR. As a result, race-specific equations may
need to be developed. Research strongly suggests that multicom-
ponent models need to be used to quantify differences in fat-free
mass composition because of race so that accurate skinfolds and
NIR prediction equations can be developed. Practitioners should
carefully select and use only those prediction equations that have
been developed and cross-validated for specific racial groups.

Assessing Ectopic Fat

The presence of increased triglycerides in nonadipose tissues,
such as the liver, skeletal muscle, and cardiac muscle, is
associated with metabolic and cardiac dysfunction.?>-27 There-
fore, the assessment of triglycerides content in these organs has
important physiological and clinical implications. Localized
proton MRS provides a reliable assessment of intracellular
triglyceride content. Moreover, MRS is noninvasive, does not
involve ionizing radiation, and can be performed repeatedly
without adverse effects in human subjects. The procedure
usually takes <30 minutes for each tissue that is evaluated.

The MRS procedure involves the use of a strong magnet and
nonionizing radiofrequency waves to acquire quantitative infor-
mation on intracellular triglyceride content. This approach is
based on the principle that the cellular chemical environment
influences the oscillation frequency (resonance frequency) of
nuclear protons ('H). Therefore, protons present in intracellular
water and triglycerides, as well as in intracellular and extracel-
lular triglycerides, can be distinguished by their resonance
frequencies. Fourier transformation is used to deconvolute the
frequency data and generate spectra that provide information on
the chemical nature and amount of the intracellular components.
The strength of the external magnetic field influences resonance
separation, so increasing the magnetic field can sometimes
provide a more reliable assessment of individual water and
triglyceride MRS peaks. For example, water and triglycerides
are easily separated by use of a 1.5-T magnet, but a stronger
magnet might be needed to reliably quantify the areas of both
peaks in skeletal muscle.

The threshold for the normal amount of triglycerides in
nonadipose tissues has only been established for the liver. An
excessive amount of triglycerides in the liver (ie, steatosis) is
defined “chemically” as an intrahepatic triglyceride (IHTG)
content that exceeds 5% of liver by volume or weight, or
“histologically” when 5% of hepatocytes contain visible intra-
cellular triglycerides.?3%-28! Recent data from a large population
study that evaluated IHTG content by MRS in Hispanic, white,
and black subjects support the notion that ~5% of liver volume
as triglycerides should be considered the upper limit of nor-
mal.?82 A normal amount of IHTG was estimated to be 5.6% of
liver volume, because this value represented the 95th percentile
in subjects who were considered to be at low risk for nonalco-
holic fatty liver disease (ie, BMI <25 kg/rnz, no T2DM, and
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normal fasting serum glucose and alanine aminotransferase
concentrations). Other methods for evaluating IHTG content are
not as reliable or safe as MRS. Although IHTG can be
determined by histological evaluation of liver tissue obtained by
percutaneous biopsy, this procedure is prone to sampling error
because of small sample size (=50 mg of biopsy tissue com-
pared with ~25 g of tissue evaluated by MRS) and can cause
discomfort and medical complications, such as bleeding and bile
leakage. Ultrasound, CT, and MRI are noninvasive techniques
that can be used to detect liver fat, but they do not provide a
reliable quantification assessment of IHTG content.?33284 The
use of serum liver biochemistry panels to diagnose hepatic
steatosis is not reliable, because up to 80% of subjects with
increased IHTG content (=5.6% IHTG content) have normal
alanine aminotransferase concentrations.?8>

Assessing Changes in Adiposity

Assessing Changes in Total Fat Mass

The majority of longitudinal studies assessing changes in adi-
posity over time rely on the use of BMI or body weight.
Reductions in body weight and BMI have been demonstrated to
improve risk factors for CVD, including T2DM and systemic
hypertension.?8¢-287 Findings from the Diabetes Prevention Pro-
gram demonstrated that for every kilogram of weight loss with
a lifestyle intervention, there was a 16% reduction in risk of
T2DM.288 Despite improvements in morbidity, reductions in
body weight have not clearly demonstrated improvements in
mortality. In fact, in several prospective studies, weight loss is
associated with increased all-cause mortality. One concern in
using weight loss or BMI change as a measure in predicting
outcomes is that these measures do not differentiate between loss
of fat mass and lean mass. Although ideally, weight loss should
result in loss of fat mass, there is also loss of fat-free mass, and
the percentage of weight lost as fat-free mass has been found to
be different even among similar weight loss ranges.28° Cachexia,
or rapid weight loss, for example, may cause significant lean
mass loss, whereas people engaged in intense exercise programs
might gain weight at the expense of increased muscle mass
without any increase in fat mass. Decreases in fat mass or lean
mass may be better predictors of outcome than weight and BMI.
In an analysis of 2 prospective population cohorts, weight loss
was associated with increased mortality, whereas loss of fat
(measured by skinfold thickness) was associated with decreased
mortality.?°© Comparisons of 5 measures of adiposity suggested
that although BMI and fat mass are both predictive of mortality,
WHR and WC were stronger predictors.?*!

Assessing Changes in Distribution of Body Fat

In recent years, WC and WHR increasingly have become
therapeutic goals in dietary interventions or weight loss trials,
supported by the strong epidemiological evidence linking mea-
sures of body fat distribution with metabolic dysregulation,
long-term cardiovascular events, and onset of T2DM; however,
the advantages of assessing changes in WC or WHR over time
are still controversial. The evidence linking changes in WC or
WHR to cardiovascular events or mortality is nearly nonexistent.
Several studies have shown an association between changes in
WC and changes in lipids, blood pressure, fasting blood glucose,
and other cardiometabolic risk factors. Most of the studies,

however, have failed to adjust for concurrent changes in BMI,
and when they did adjust for changes in BMI, the association
between changes in WC and change in cardiometabolic factors
disappeared.>*22°* One of the only exceptions is the DESIR
study (Data from an Epidemiological Study on the Insulin
Resistance Syndrome), in which the adjustment for BMI change
did attenuate but did not take away the association between
change in WC over 9 years and several cardiometabolic risk
factors, including triglycerides, blood pressure, and fasting
insulin in women.2%¢ At the moment, there is inconclusive
evidence that changes in WC over time can accurately predict
improvements in cardiometabolic risk factors beyond the effect
predicted by changes in BMI, particularly among men.

Studies assessing the validity of serial measurements of WC
or WHR to assess changes in abdominal visceral fat have shown
conflicting results. One small study in women showed an
excellent correlation between change in WC and change in
abdominal visceral fat as measured by CT,”® whereas 2 studies,
1 in Asian women and 1 in patients with chronic kidney disease,
showed only a mild correlation between change in WC and
change in abdominal visceral fat, which suggests that most of the
variability in WC was attributable to changes in subcutaneous
abdominal fat.2°>2%¢ Changes in WHR appear to have a poor
correlation with changes in abdominal visceral fat.7 This might
be due in part to a suboptimal interobserver variability on serial
WHR measurements.?*8

Despite the limited evidence linking changes in WC to
changes in cardiometabolic risk factors beyond the effect of BMI
change, some reports suggest that there may be a role in
measuring serial WC to assess the benefit of lifestyle interven-
tions. In one clinical trial, patients assigned to intense exercise
did not lose any significant amount of body weight, but their WC
was significantly reduced at follow-up, which was associated
with a benefit in regard to metabolic comorbidities.'2° In another
study involving different doses of exercise, the reduction in WC
was independent of changes in body weight in all exercise
groups.?®® These results cannot be extrapolated to populations
that are not purposely engaged in intensive exercise programs.
The assessment of changes in WC in weight loss trials or
observational studies may also help to reclassify people accord-
ing to the presence or absence of central obesity or metabolic
syndrome, and for that matter, it may help in the estimation of
incidence rates of both conditions.

Assessing Changes in Body Composition

There is limited evidence assessing the value of measuring body
composition over time to assess changes in adiposity. A recent
report assessed the correlation between change in body weight
and change in fat mass in a group of people attending a wellness
center. It showed that changes in body weight “generally” reflect
changes in body fat content. The study showed that a weight loss
of >1 kg will have a specificity of 89% and sensitivity of 75%
to detect a fat loss of more than 1 kg, with a positive predictive
value of 90% and a negative predictive value of 75%. This study
also showed that favorable improvements in body composition
may have gone undetected in almost one third of the people
whose weight remained unchanged at follow-up.3?° The reliabil-
ity of assessment of body composition change has been tested in
several studies. These studies have shown that air displacement
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plethysmography, DEXA, and BIA are all reliable techniques to
assess changes in body composition over time compared with
sophisticated methods used as a “gold standard.”301.302

Several studies, however, have shown that weight change
over time is due in part to changes in lean mass and not just to
changes in body fat. This may depend on the manner in which
the weight was lost. In one cohort of healthy individuals
followed up for 8 years, lean mass accounted for 49% of the
weight loss among those who lost any weight. Among those who
gained weight at follow-up, the change in lean mass accounted
for 32% of the weight change.3°3 In another cohort of healthy
volunteers 20 to 74 years old who were followed up for up to 3
years, almost half of the weight loss was because of loss in lean
mass, and about half of the weight gain was attributed to change
in lean mass.?** Those relationships appeared to be independent
of physical activity and age group. Data from the Healthy Aging
and Body Composition Study showed that among those who lost
weight in a 4-year period, 60% and 40% of the weight lost in
men and women, respectively, was because of lean mass loss.305
Among those who gained weight, approximately one fourth of
the weight change was explained by an increase in lean mass in
both sexes. These and other studies suggest that longitudinal
assessment of body composition may be justified. Older indi-
viduals have a skeletal muscle mass decline of ~1% per year,
and this phenomenon affects the validity of the use of weight
changes to assess changes in adiposity.?°® Longitudinal assess-
ment of body composition also may be useful among those
engaged in long-term exercise programs and among competitive
athletes, particularly if resistance training is involved. Individu-
als attempting rapid weight loss, particularly those following
ketogenic diets that promote diuresis or those undergoing bari-
atric surgery, should also consider longitudinal body composi-
tion assessment to determine the fat mass lost beyond excessive
diuresis or loss in lean mass.

Unfortunately, there are no longitudinal studies assessing
the effect of changes in body composition on incidence of
clinical events or survival. There are no cohort studies
assessing the association between changes in body fat com-
position and improvement in cardiometabolic parameters
such as lipids, fasting blood glucose, insulin resistance, and
blood pressure independent of changes in body weight.

Summary

The long-term deleterious consequences of excess adiposity are
great and of clinical importance. Although the prevention of
overweight and obesity in all individuals would be ideal, this is
neither feasible nor realistic at the current time. We must
therefore target those individuals at greatest risk (ie, those who
already have excess or increasing levels of adiposity or those
with disproportionate abdominal fat). The first step in targeting
those at greatest risk is to identify those individuals (ie, to assess
them for adiposity).

In 2009, the National Committee for Quality Assurance
published Healthcare Effectiveness Data and Information Set
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(HEDIS) standards recommending the measurement and
documentation of BMI in all adults.3*” Other groups and
guidelines are in agreement,'#33%8 and as such, the BMI
should be used as a primary tool for assessing individuals for
excess adiposity. It must be emphasized, however, that
although BMI is generally well correlated with body fatness
at a population level, there is significant heterogeneity in
individual body fatness and ultimately risk for associated
comorbidities at a given BMI. This heterogeneity not only is
related to a number of different factors such as age, sex,
genetics, and ethnicity or race but is also a result of differ-
ences in body fat distribution and composition. This has
resulted in discussions of concepts such as “healthy obesity”
and “normal-weight obesity.” Furthermore, at any BMI or
level of body fatness, the proportion of abdominal fat,
particularly of VAT, and the amount of liver fat are highly
correlated with metabolic disorders. Thus, although assessing
for total fat mass with a BMI is a good and realistic start, it
is also certainly not clinically sufficient.

It is therefore relevant to consider the use of simple clinical
tools to help healthcare professionals find these high-risk indi-
viduals with excess visceral and liver fat. Recent data clearly
indicate that at any BMI level, an increased WC is predictive of
an increased risk of comorbidities and thus provides additional
value in the assessment of an individual’s level of excess
adiposity and risk for associated comorbidities. As a result,
measurement of WC has been recommended by the National
Institutes of Health/National Heart, Lung, and Blood Institute
and the National Cholesterol Education Program Adult Treat-
ment Panel II1'#315 in addition to the BMI. Specifically, for a
given BMI, individuals with an elevated WC will likely have
more abdominal fat and thus more visceral, liver, and ectopic fat
and more risk for obesity-related metabolic disorders, which
warrants more aggressive intervention. A WC measurement
would be especially valuable if BMI-specific cutoffs were
available; unfortunately, such cutoffs have not been established
in the literature and thus are desperately needed. Furthermore,
proper age-, sex-, and race- or ethnicity-specific cutoff values for
WC still need to be determined. Although we have discussed a
number of other methods for measuring fat distribution and body
composition, each of which has its merits and limitations, there
is insufficient evidence or justification to apply these to daily
clinical practice at the current time.

In summary, ideally, healthy lifestyle and body weight
maintenance should be recommended to all individuals. More
aggressive intervention, however, should be considered for
those at higher risk; that is, those who already have excess
adiposity, especially those with excess abdominal fat. BMI
and WC measurements are the primary tools for assessing
adiposity, and those individuals with an elevated BMI or with
a disproportionally high WC for a given BMI should have
other cardiometabolic risk factors evaluated for further risk
stratification and should be targeted for a healthier lifestyle
and body weight.

Downloaded from http://circ.ahajournals.org/ at ARCURI ATT LISTA on September 27, 2011


http://circ.ahajournals.org/

16

Circulation

November 1, 2011

Disclosures
Writing Group Disclosures
Writing Group Speakers’ Expert Consultant/
Member Employment Research Grant Other Research Support Bureau/Honoraria Witness ~ Ownership Interest Advisory Board Other
Marc-Andre University of Colorado None None None None None None None
Cornier Denver
Nichola Davis Albert Einstein College of None None None None None None None
Medicine
Jean-Pierre Centre de recherche Eli Lilly Canadat None Abbott Laboratories*; None None Novartis* None
Després Institut universitaire de AstraZeneca®;
cardiologie et de GlaxoSmithKline*;
pneumologie de Québec Pfizer*; Solvay
Pharma*
Daurice A. Nell Hodgson Woodruff None None None None None None None
Grossniklaus School of Nursing at
Emory University
Samuel Klein Washington University Atkins Foundationt; DSM None Merck* None Aspirations Medical ~ Amylin*; Dannon/Yakult*; ~ None
School of Medicine Nutritional Productst; Technologiest Ethicon Endosurgery*;
Ethicon Johnson & Johnson*;
Endosurgery (J&J)t; NIHT; Merck*; Orexigen*;
Novo Nordiskt; Research Takeda
Retirement Foundationt; Pharmaceuticals*; Vivus*
UCYCLYD Medicis Globalt
Benoit Lamarche Laval University None None None None None None None
Francisco Mayo Clinic NIHT Mayo Clinict; Select None None None None None
Lopez-Jimenez Research*
Paul Poirier Quebec Heart Institute Merckt Quebec Heart Institutet None None None None None
Goutham Rao University of Pittsburgh None None None None None None None
Medical Center
Marie-Pierre St. Luke’s/Roosevelt Ajinomotot; NIHt; The None None None None FreeLife* None
St-Onge Hospital Obesity Society*
Amytis Towfighi University of Southern None None None None None None None

California

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10 000
or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns
$10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.
tSignificant.

Reviewer Disclosures

Research ~ Other Research ~ Speakers’ Bureau/ Expert Ownership Consultant/
Reviewer Employment Grant Support Honoraria Witness Interest Advisory Board ~ Other
Lora Burke University of Pittsburgh None None None None None None None
Steven B. Heymsfield Pennington Biomedical None None None None None None None
Research Center
Ahmed Kissebah Medical College of None None None None None None None
Wisconsin
Steve Smith Sanford/Burnham Research None None None None None None None

Institute

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10 000 or more
during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns
$10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

Downloaded from http://circ.ahajournals.org/ at ARCURI ATT LISTA on September 27, 2011


http://circ.ahajournals.org/

References

1. Centers for Disease Control and Prevention. Body mass index. http://
www.cdc.gov/healthyweight/assessing/bmi/index.html. Accessed May
26, 2010.

2. Poirier P, Alpert MA, Fleisher LA, Thompson PD, Sugerman HJ, Burke
LE, Marceau P, Franklin BA; on behalf of the American Heart Asso-
ciation Obesity Committee of the Council on Nutrition, Physical
Activity and Metabolism, Council on Cardiopulmonary Perioperative
and Critical Care, Council on Cardiovascular Surgery and Anesthesia,
Council on Cardiovascular Disease in the Young, Council on Cardio-
vascular Nursing, and Council on Clinical Cardiology. Cardiovascular
evaluation and management of severely obese patients undergoing sur-
gery: a science advisory from the American Heart Association. Circu-
lation. 2009;120:86-95.

2a.Standards Committee, American Society for Bariatric Surgery.
Guidelines for reporting results in bariatric surgery. Obes Surg. 1997;7:
521-522

3. Barlow SE. Expert committee recommendations regarding the prevention,
assessment, and treatment of child and adolescent overweight and obesity:
summary report. Pediatrics. 2007;120(suppl 4):S164-S192.

4. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in
obesity among US adults, 1999-2008. JAMA. 2010;303:235-241.

5. Ogden CL, Carroll MD, Curtin LR, Lamb MM, Flegal KM. Prevalence
of high body mass index in US children and adolescents, 2007-2008.
JAMA. 2010;303:242-249.

6. Centers for Disease Control and Prevention (CDC). Estimated county-level
prevalence of diabetes and obesity: United States, 2007. MMWR Morb
Mortal Wkly Rep. 2009;58:1259—-1263.

7. Centers for Disease Control and Prevention. US obesity trends. http://
www.cdc.gov/obesity/data/trends.html#State. Accessed May 26, 2010.

8. Hu G, Tuomilehto J, Silventoinen K, Sarti C, Minnisto S, Jousilahti P.
Body mass index, waist circumference, and waist-hip ratio on the risk of
total and type-specific stroke. Arch Intern Med. 2007;167:1420—1427.

9. Strazzullo P, D’Elia L, Cairella G, Garbagnati F, Cappuccio FP, Scalfi
L. Excess body weight and incidence of stroke: meta-analysis of pro-
spective studies with 2 million participants. Stroke. 2010;41:e418—e426.

10. Kurth T, Gaziano JM, Rexrode KM, Kase CS, Cook NR, Manson JE,
Buring JE. Prospective study of body mass index and risk of stroke in
apparently healthy women. Circulation. 2005;111:1992-1998.

11. Rexrode KM, Hennekens CH, Willett WC, Colditz GA, Stampfer MJ,
Rich-Edwards JW, Speizer FE, Manson JE. A prospective study of body
mass index, weight change, and risk of stroke in women. JAMA. 1997,
277:1539-1545.

12. Song YM, Sung J, Davey Smith G, Ebrahim S. Body mass index and
ischemic and hemorrhagic stroke: a prospective study in Korean men.
Stroke. 2004;35:831-836.

13. Suk SH, Sacco RL, Boden-Albala B, Cheun JF, Pittman JG, Elkind MS,
Paik MC. Abdominal obesity and risk of ischemic stroke: the Northern
Manbhattan Stroke Study. Stroke. 2003;34:1586-1592.

14. Lawlor DA, Leon DA. Association of body mass index and obesity
measured in early childhood with risk of coronary heart disease and
stroke in middle age: findings from the Aberdeen Children of the 1950s
Prospective Cohort Study. Circulation. 2005;111:1891-1896.

15. Nelson TL, Hunt KJ, Rosamond WD, Ammerman AS, Keyserling TC,
Mokdad AH, Will JC. Obesity and associated coronary heart disease risk
factors in a population of low-income African-American and white
women: the North Carolina WISEWOMAN project. Prev Med. 2002;
35:1-6.

16. Wilsgaard T, Arnesen E. Body mass index and coronary heart disease
risk score: the Tromsg study, 1979 to 2001. Ann Epidemiol. 2007;17:
100-105.

17. Gruson E, Montaye M, Kee F, Wagner A, Bingham A, Ruidavets JB,
Haas B, Evans A, Ferrieres J, Ducimetiere PP, Amouyel P, Dallon-
geville J. Anthropometric assessment of abdominal obesity and coronary
heart disease risk in men: the PRIME study. Heart. 2010;96:136-140.

18. Manson JE, Colditz GA, Stampfer MJ, Willett WC, Rosner B, Monson
RR, Speizer FE, Hennekens CH. A prospective study of obesity and risk
of coronary heart disease in women. N Engl J Med. 1990;322:882—889.

19. Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB, Overvad
K, van der Schouw YT, Spencer E, Moons KG, Tjgnneland A, Halkjaer
J, Jensen MK, Stegger J, Clavel-Chapelon F, Boutron-Ruault MC,
Chajes V, Linseisen J, Kaaks R, Trichopoulou A, Trichopoulos D,
Bamia C, Sieri S, Palli D, Tumino R, Vineis P, Panico S, Peeters PH,
May AM, Bueno-de-Mesquita HB, van Duijnhoven FJ, Hallmans G,
Weinehall L, Manjer J, Hedblad B, Lund E, Agudo A, Arriola L,

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

39.

40.

Cornier et al Assessing Adiposity 17

Barricarte A, Navarro C, Martinez C, Quirés JR, Key T, Bingham S,
Khaw KT, Boffetta P, Jenab M, Ferrari P, Riboli E. General and
abdominal adiposity and risk of death in Europe [published correction
appears in N Engl J Med. 2010;362:2433]. N Engl J Med. 2008;359:
2105-2120.

Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, Halsey J,
Qizilbash N, Collins R, Peto R. Body-mass index and cause-specific
mortality in 900 000 adults: collaborative analyses of 57 prospective
studies. Lancet. 2009;373:1083-1096.

Baik I, Ascherio A, Rimm EB, Giovannucci E, Spiegelman D, Stampfer
MIJ, Willett WC. Adiposity and mortality in men. Am J Epidemiol.
2000;152:264-271.

Cui R, Iso H, Toyoshima H, Date C, Yamamoto A, Kikuchi S, Kondo
T, Watanabe Y, Koizumi A, Wada Y, Inaba Y, Tamakoshi A; JACC
Study Group. Body mass index and mortality from cardiovascular
disease among Japanese men and women: the JACC study. Stroke.
2005;36:1377-1382.

Widlansky ME, Sesso HD, Rexrode KM, Manson JE, Gaziano JM.
Body mass index and total and cardiovascular mortality in men with a
history of cardiovascular disease. Arch Intern Med. 2004;164:
2326-2332.

Zhou M, Offer A, Yang G, Smith M, Hui G, Whitlock G, Collins R,
Huang Z, Peto R, Chen Z. Body mass index, blood pressure, and
mortality from stroke: a nationally representative prospective study of
212,000 Chinese men. Stroke. 2008;39:753-759.

Towfighi A, Ovbiagele B. The impact of body mass index on mortality
after stroke. Stroke. 2009;40:2704-2708.

Oki I, Nakamura Y, Okamura T, Okayama A, Hayakawa T, Kita Y,
Ueshima H; NIPPON DATAS8O0 Research Group. Body mass index and
risk of stroke mortality among a random sample of Japanese adults:
19-year follow-up of NIPPON DATAS80. Cerebrovasc Dis. 2006;22:
409-415.

Chen HJ, Bai CH, Yeh WT, Chiu HC, Pan WH. Influence of metabolic
syndrome and general obesity on the risk of ischemic stroke. Stroke.
2006;37:1060-1064.

Cabrera MA, Gebara OC, Diament J, Nussbacher A, Rosano G, Wajn-
garten M. Metabolic syndrome, abdominal obesity, and cardiovascular
risk in elderly women. Int J Cardiol. 2007;114:224-229.

Gami AS, Witt BJ, Howard DE, Erwin PJ, Gami LA, Somers VK,
Montori VM. Metabolic syndrome and risk of incident cardiovascular
events and death: a systematic review and meta-analysis of longitudinal
studies. J Am Coll Cardiol. 2007;49:403-414.

Jacobs EJ, Newton CC, Wang Y, Patel AV, McCullough ML, Campbell
PT, Thun MJ, Gapstur SM. Waist circumference and all-cause mortality
in a large US cohort. Arch Intern Med. 2010;170:1293-1301.

Colditz GA, Willett WC, Rotnitzky A, Manson JE. Weight gain as a risk
factor for clinical diabetes mellitus in women. Ann Intern Med. 1995,
122:481-486.

Manson JE, Willett WC, Stampfer MJ, Colditz GA, Hunter DJ, Han-
kinson SE, Hennekens CH, Speizer FE. Body weight and mortality
among women. N Engl J Med. 1995;333:677-685.

Stamler R, Stamler J, Riedlinger WF, Algera G, Roberts RH. Weight
and blood pressure: findings in hypertension screening of 1 million
Americans. JAMA. 1978;240:1607-1610.

Willett WC, Manson JE, Stampfer MJ, Colditz GA, Rosner B, Speizer
FE, Hennekens CH. Weight, weight change, and coronary heart disease
in women: risk within the “normal” weight range. JAMA. 1995;273:
461-465.

Deleted in proof.

Drapeau V, Lemieux I, Richard D, Bergeron J, Tremblay A, Biron S,
Marceau P, Mauriege P. Metabolic profile in severely obese women is
less deteriorated than expected when compared to moderately obese
women. Obes Surg. 2006;16:501-509.

Lemieux I, Drapeau V, Richard D, Bergeron J, Marceau P, Biron S,
Mauriege P. Waist girth does not predict metabolic complications in
severely obese men. Diabetes Care. 2006;29:1417-1419.

. Ruderman N, Chisholm D, Pi-Sunyer X, Schneider S. The metabolically

obese, normal-weight individual revisited. Diabetes. 1998;47:699-713.
Sims EA. Are there persons who are obese, but metabolically healthy?
[published correction appears in Metabolism. 2002;51:536]. Metabo-
lism. 2001;50:1499—-1504.

Karelis AD, Faraj M, Bastard JP, St-Pierre DH, Brochu M, Prud’homme
D, Rabasa-Lhoret R. The metabolically healthy but obese individual
presents a favorable inflammation profile. J Clin Endocrinol Metab.
2005;90:4145-4150.

Downloaded from http://circ.ahajournals.org/ at ARCURI ATT LISTA on September 27, 2011


http://www.cdc.gov/healthyweight/assessing/bmi/index.html
http://www.cdc.gov/healthyweight/assessing/bmi/index.html
http://www.cdc.gov/obesity/data/trends.html#State
http://www.cdc.gov/obesity/data/trends.html#State
http://circ.ahajournals.org/

18

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Circulation November 1, 2011

. Blither M. The distinction of metabolically “healthy” from “unhealthy”
obese individuals. Curr Opin Lipidol. 2010;21:38—43.

Wildman RP, Muntner P, Reynolds K, McGinn AP, Rajpathak S, Wylie-
Rosett J, Sowers MR. The obese without cardiometabolic risk factor
clustering and the normal weight with cardiometabolic risk factor clus-
tering: prevalence and correlates of 2 phenotypes among the US popu-
lation (NHANES 1999-2004). Arch Intern Med. 2008;168:1617-1624.
Després JP, Moorjani S, Lupien PJ, Tremblay A, Nadeau A, Bouchard
C. Regional distribution of body fat, plasma lipoproteins, and cardio-
vascular disease. Arteriosclerosis. 1990;10:497-511.

Pouliot MC, Després JP, Nadeau A, Moorjani S, Prud’homme D, Lupien
PJ, Tremblay A, Bouchard C. Visceral obesity in men: associations with
glucose tolerance, plasma insulin, and lipoprotein levels. Diabetes.
1992;41:826—-834.

Ross R, Aru J, Freeman J, Hudson R, Janssen 1. Abdominal adiposity
and insulin resistance in obese men. Am J Physiol Endocrinol Metab.
2002;282:E657-E663.

Ross R, Freeman J, Hudson R, Janssen I. Abdominal obesity, muscle
composition, and insulin resistance in premenopausal women. J Clin
Endocrinol Metab. 2002:;87:5044-5051.

Bacha F, Saad R, Gungor N, Janosky J, Arslanian SA. Obesity, regional
fat distribution, and syndrome X in obese black versus white ado-
lescents: race differential in diabetogenic and atherogenic risk factors.
J Clin Endocrinol Metab. 2003;88:2534-2540.

Cartier A, Lemieux I, Alméras N, Tremblay A, Bergeron J, Després JP.
Visceral obesity and plasma glucose-insulin homeostasis: contributions
of interleukin-6 and tumor necrosis factor-alpha in men. J Clin Endo-
crinol Metab. 2008;93:1931-1938.

Coté M, Mauriege P, Bergeron J, Alméras N, Tremblay A, Lemieux I,
Després JP. Adiponectinemia in visceral obesity: impact on glucose
tolerance and plasma lipoprotein and lipid levels in men. J Clin Endo-
crinol Metab. 2005;90:1434-1439.

Boyko EJ, Leonetti DL, Bergstrom RW, Newell-Morris L, Fujimoto
WY. Visceral adiposity, fasting plasma insulin, and lipid and lipoprotein
levels in Japanese Americans. Int J Obes Relat Metab Disord. 1996;20:
801-808.

Nieves DJ, Cnop M, Retzlaff B, Walden CE, Brunzell JD, Knopp RH,
Kahn SE. The atherogenic lipoprotein profile associated with obesity
and insulin resistance is largely attributable to intra-abdominal fat.
Diabetes. 2003;52:172—-179.

Cnop M, Havel PJ, Utzschneider KM, Carr DB, Sinha MK, Boyko EJ,
Retzlaff BM, Knopp RH, Brunzell JD, Kahn SE. Relationship of adi-
ponectin to body fat distribution, insulin sensitivity and plasma lipo-
proteins: evidence for independent roles of age and sex. Diabetologia.
2003;46:459-469.

Fox CS, Massaro JM, Hoffmann U, Pou KM, Maurovich-Horvat P, Liu
CY, Vasan RS, Murabito JM, Meigs JB, Cupples LA, D’Agostino RB
Sr, O’Donnell CJ. Abdominal visceral and subcutaneous adipose tissue
compartments: association with metabolic risk factors in the Fra-
mingham Heart Study. Circulation. 2007;116:39-48.

Banerji MA, Faridi N, Atluri R, Chaiken RL, Lebovitz HE. Body
composition, visceral fat, leptin, and insulin resistance in Asian Indian
men. J Clin Endocrinol Metab. 1999;84:137-144.

Tchernof A, Lamarche B, Prud’homme D, Nadeau A, Moorjani S,
Labrie F, Lupien PJ, Després JP. The dense LDL phenotype: association
with plasma lipoprotein levels, visceral obesity, and hyperinsulinemia in
men. Diabetes Care. 1996;19:629-637.

Pascot A, Lemieux I, Prud’homme D, Tremblay A, Nadeau A, Couillard
C, Bergeron J, Lamarche B, Després JP. Reduced HDL particle size as
an additional feature of the atherogenic dyslipidemia of abdominal
obesity. J Lipid Res. 2001;42:2007-2014.

Vague J. Sexual differentiation, a factor affecting the forms of obesity
[in French]. Presse Med. 1947;30:339-340.

Vague J. The degree of masculine differentiation of obesities: a factor
determining predisposition to diabetes, atherosclerosis, gout and ulric
calculous disease. Am J Clin Nutr. 1956;4:20-34.

Larsson B, Svirdsudd K, Welin L, Wilhelmsen L, Bjorntorp P, Tibblin
G. Abdominal adipose tissue distribution, obesity, and risk of cardio-
vascular disease and death: 13 year follow-up of participants in the study
of men born in 1913. BMJ. 1984;288:1401-1404.

Ohlson LO, Larsson B, Svirdsudd K, Welin L, Eriksson H, Wilhelmsen
L, Bjorntorp P, Tibblin G. The influence of body fat distribution on the
incidence of diabetes mellitus: 13.5 years of follow-up of the partic-
ipants in the study of men born in 1913. Diabetes. 1985;34:1055-1058.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG, Commerford
P, Lang CC, Rumboldt Z, Onen CL, Lisheng L, Tanomsup S, Wangai P
Jr, Razak F, Sharma AM, Anand SS; INTERHEART Study Investi-
gators. Obesity and the risk of myocardial infarction in 27,000 partic-
ipants from 52 countries: a case-control study. Lancet. 2005;366:
1640-1649.

Brunzell JD, Fujimoto WY. Body fat distribution and dyslipidemia.
Am J Med. 1995;99:457-458.

Matsuzawa Y, Shimomura I, Nakamura T, Keno Y, Kotani K, Tokunaga
K. Pathophysiology and pathogenesis of visceral fat obesity. Obes Res.
1995;3(suppl 2):187S-194S.

Kissebah AH, Vydelingum N, Murray R, Evans DJ, Hartz AJ, Kalkhoff
RK, Adams PW. Relation of body fat distribution to metabolic compli-
cations of obesity. J Clin Endocrinol Metab. 1982;54:254-260.
Lapidus L, Bengtsson C, Larsson B, Pennert K, Rybo E, Sjostrom L.
Distribution of adipose tissue and risk of cardiovascular disease and
death: a 12 year follow up of participants in the population study of
women in Gothenburg, Sweden. BMJ. 1984;289:1257-1261.
Krotkiewski M, Bjorntorp P, Sjostrom L, Smith U. Impact of obesity on
metabolism in men and women: importance of regional adipose tissue
distribution. J Clin Invest. 1983;72:1150-1162.

Kissebah AH, Peiris AN. Biology of regional body fat distribution:
relationship to non-insulin-dependent diabetes mellitus. Diabetes Metab
Rev. 1989;5:83-109.

Kelley DE, Thaete FL, Troost F, Huwe T, Goodpaster BH. Subdivisions
of subcutaneous abdominal adipose tissue and insulin resistance. Am J
Physiol Endocrinol Metab. 2000;278:E941-E948.

Després JP, Haffner SM, Balkau B, Ross R, Alméras N; TIMI Investi-
gators. Comparison of visceral adiposity and liver fat in 4277 individuals
from an international cohort of patients classified according to their
glucose tolerance status: the INSPIRE ME IAA study. Presented at: 46th
Annual Meeting of the European Association for the Study of Diabetes;
September 20-24, 2010; Stockholm, Sweden.

Guerrero R, Vega GL, Grundy SM, Browning JD. Ethnic differences in
hepatic steatosis: an insulin resistance paradox? Hepatology. 2009;49:
791-801.

Kissebah AH, Krakower GR. Regional adiposity and morbidity. Physiol
Rev. 1994;74:761-811.

Barrett-Connor E, Khaw KT. Cigarette smoking and increased central
adiposity. Ann Intern Med. 1989;111:783-787.

Ross R, Bradshaw AJ. The future of obesity reduction: beyond weight
loss. Nat Rev Endocrinol. 2009;5:319-325.

Kvist H, Chowdhury B, Grangard U, Tylén U, Strostrom L. Total and
visceral adipose-tissue volumes derived from measurements with
computed tomography in adult men and women: predictive equations.
Am J Clin Nutr. 1988;48:1351-1361.

Kotani K, Tokunaga K, Fujioka S, Kobatake T, Keno Y, Yoshida S,
Shimomura I, Tarui S, Matsuzawa Y. Sexual dimorphism of age-related
changes in whole-body fat distribution in the obese. Int J Obes Relat
Metab Disord. 1994;18:207-212.

Lemieux S, Després JP, Moorjani S, Nadeau A, Thériault G,
Prud’homme D, Tremblay A, Bouchard C, Lupien PJ. Are gender
differences in cardiovascular disease risk factors explained by the level
of visceral adipose tissue? Diabetologia. 1994;37:757-764.

Pascot A, Lemieux S, Lemieux I, Prud’homme D, Tremblay A,
Bouchard C, Nadeau A, Couillard C, Tchernof A, Bergeron J, Després
JP. Age-related increase in visceral adipose tissue and body fat and the
metabolic risk profile of premenopausal women. Diabetes Care. 1999;
22:1471-1478.

Lemieux S, Prud’homme D, Tremblay A, Bouchard C, Després JP.
Anthropometric correlates of changes in visceral adipose tissue over 7
years in women. Int J Obes Relat Metab Disord. 1996;20:618—-624.
Lemieux S, Prud’homme D, Nadeau A, Tremblay A, Bouchard C,
Després JP. Seven-year changes in body fat and visceral adipose tissue
in women: association with indexes of plasma glucose-insulin homeo-
stasis. Diabetes Care. 1996;19:983-991.

Enzi G, Gasparo M, Biondetti PR, Fiore D, Semisa M, Zurlo F. Sub-
cutaneous and visceral fat distribution according to sex, age, and over-
weight, evaluated by computed tomography. Am J Clin Nutr. 1986;44:
739-746.

Bouchard C, Tremblay A, Després JP, Nadeau A, Lupien PJ, Thériault
G, Dussault J, Moorjani S, Pinault S, Fournier G. The response to
long-term overfeeding in identical twins. N Engl J Med. 1990;322:
1477-1482.

Downloaded from http://circ.ahajournals.org/ at ARCURI ATT LISTA on September 27, 2011


http://circ.ahajournals.org/

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Albu JB, Murphy L, Frager DH, Johnson JA, Pi-Sunyer FX. Visceral fat
and race-dependent health risks in obese nondiabetic premenopausal
women. Diabetes. 1997,46:456—-462.

Conway JM, Chanetsa FF, Wang P. Intraabdominal adipose tissue and
anthropometric surrogates in African American women with upper- and
lower-body obesity. Am J Clin Nutr. 1997,66:1345-1351.

Després JP, Couillard C, Gagnon J, Bergeron J, Leon AS, Rao DC,
Skinner JS, Wilmore JH, Bouchard C. Race, visceral adipose tissue,
plasma lipids, and lipoprotein lipase activity in men and women: the
Health, Risk Factors, Exercise Training, and Genetics (HERITAGE)
family study. Arterioscler Thromb Vasc Biol. 2000;20:1932-1938.
Lovejoy JC, de la Bretonne JA, Klemperer M, Tulley R. Abdominal fat
distribution and metabolic risk factors: effects of race. Metabolism.
1996;45:1119-1124.

Hoffman DJ, Wang Z, Gallagher D, Heymsfield SB. Comparison of
visceral adipose tissue mass in adult African Americans and whites.
Obes Res. 2005;13:66-74.

Kadowaki T, Sekikawa A, Murata K, Maegawa H, Takamiya T,
Okamura T, El-Saed A, Miyamatsu N, Edmundowicz D, Kita Y, Sutton-
Tyrrell K, Kuller LH, Ueshima H. Japanese men have larger areas of
visceral adipose tissue than Caucasian men in the same levels of waist
circumference in a population-based study. Int J Obes (Lond). 2006;30:
1163-1165.

Bjorntorp P. Metabolic implications of body fat distribution. Diabetes
Care. 1991;14:1132-1143.

Després JP. Is visceral obesity the cause of the metabolic syndrome?
Ann Med. 2006;38:52—63.

Després JP, Lemieux I. Abdominal obesity and metabolic syndrome.
Nature. 2006;444:881-887.

Després JP, Lemieux I, Bergeron J, Pibarot P, Mathieu P, Larose E,
Rodés-Cabau J, Bertrand OF, Poirier P. Abdominal obesity and the
metabolic syndrome: contribution to global cardiometabolic risk [pub-
lished correction appears in Arterioscler Thromb Vasc Biol. 2008;28:
el51]. Arterioscler Thromb Vasc Biol. 2008;28:1039-1049.

Mauriege P, Marette A, Atgié C, Bouchard C, Thériault G, Bukowiecki
LK, Marceau P, Biron S, Nadeau A, Després JP. Regional variation in
adipose tissue metabolism of severely obese premenopausal women.
J Lipid Res. 1995;36:672—684.

Mittelman SD, Van Citters GW, Kirkman EL, Bergman RN. Extreme
insulin resistance of the central adipose depot in vivo. Diabetes. 2002;
51:755-761.

Bjorntorp P. “Portal” adipose tissue as a generator of risk factors for
cardiovascular disease and diabetes. Arteriosclerosis. 1990;10:493-496.
Bjorntorp P. Abdominal obesity and the development of non-insulin
dependent diabetes mellitus. Diabetes Metab Rev. 1988;4:615-622.
Bergman RN, Kim SP, Catalano KJ, Hsu IR, Chiu JD, Kabir M,
Hucking K, Ader M. Why visceral fat is bad: mechanisms of the
metabolic syndrome. Obesity (Silver Spring). 2006;14(suppl
1):16S-198S.

Martin ML, Jensen MD. Effects of body fat distribution on regional
lipolysis in obesity. J Clin Invest. 1991;88:609—-613.

Nielsen S, Guo Z, Johnson CM, Hensrud DD, Jensen MD. Splanchnic
lipolysis in human obesity. J Clin Invest. 2004;113:1582-1588.

Jensen MD. Gender differences in regional fatty acid metabolism before
and after meal ingestion. J Clin Invest. 1995;96:2297-2303.

Flier JS. The adipocyte: storage depot or node on the energy information
superhighway? Cell. 1995;80:15-18.

Hube F, Lietz U, Igel M, Jensen PB, Tornqvist H, Joost HG, Hauner H.
Difference in leptin mRNA levels between omental and subcutaneous
abdominal adipose tissue from obese humans. Horm Metab Res. 1996;
28:690-693.

Couillard C, Mauriecge P, Prud’homme D, Nadeau A, Tremblay A,
Bouchard C, Després JP. Plasma leptin concentrations: gender dif-
ferences and associations with metabolic risk factors for cardiovascular
disease. Diabetologia. 1997;40:1178-1184.

Yatagai T, Nagasaka S, Taniguchi A, Fukushima M, Nakamura T,
Kuroe A, Nakai Y, Ishibashi S. Hypoadiponectinemia is associated with
visceral fat accumulation and insulin resistance in Japanese men with
type 2 diabetes mellitus. Metabolism. 2003;52:1274—1278.

Hickey MS, Israel RG, Gardiner SN, Considine RV, McCammon MR,
Tyndall GL, Houmard JA, Marks RH, Caro JF. Gender differences in
serum leptin levels in humans. Biochem Mol Med. 1996;59:1-6.
Ostlund RE Jr, Yang JW, Klein S, Gingerich R. Relation between
plasma leptin concentration and body fat, gender, diet, age, and meta-
bolic covariates. J Clin Endocrinol Metab. 1996;81:3909-3913.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

e

122.

123.

124.

125.

126.

127.

128.

Cornier et al Assessing Adiposity 19

Motoshima H, Wu X, Sinha MK, Hardy VE, Rosato EL, Barbot DJ,
Rosato FE, Goldstein BJ. Differential regulation of adiponectin
secretion from cultured human omental and subcutaneous adipocytes:
effects of insulin and rosiglitazone. J Clin Endocrinol Metab. 2002;87:
5662-5667.

Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE,
Tataranni PA. Hypoadiponectinemia in obesity and type 2 diabetes:
close association with insulin resistance and hyperinsulinemia. J Clin
Endocrinol Metab. 2001:;86:1930-1935.

Rathmann W, Haastert B, Herder C, Hauner H, Koenig W, Meisinger C,
Holle R, Giani G. Differential association of adiponectin with cardio-
vascular risk markers in men and women? The KORA survey 2000. Int
J Obes (Lond). 2007;31:770-776.

Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante
AW Jr. Obesity is associated with macrophage accumulation in adipose
tissue. J Clin Invest. 2003;112:1796—-1808.

Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expression of
tumor necrosis factor-alpha: direct role in obesity-linked insulin
resistance. Science. 1993;259:87-91.

Baumann H, Gauldie J. Regulation of hepatic acute phase plasma
protein genes by hepatocyte stimulating factors and other mediators of
inflammation. Mol Biol Med. 1990;7:147-159.

Ibrahim MM. Subcutaneous and visceral adipose tissue: structural and
functional differences. Obes Rev. 2010;11:11-18.

Wood IS, de Heredia FP, Wang B, Trayhurn P. Cellular hypoxia and
adipose tissue dysfunction in obesity. Proc Nutr Soc. 2009;68:370-377.
Couillard C, Bergeron N, Prud’homme D, Bergeron J, Tremblay A,
Bouchard C, Mauriége P, Després JP. Gender difference in postprandial
lipemia: importance of visceral adipose tissue accumulation. Arte-
rioscler Thromb Vasc Biol. 1999;19:2448 -2455.

Garg A, Misra A. Lipodystrophies: rare disorders causing metabolic
syndrome. Endocrinol Metab Clin North Am. 2004;33:305-331.
Hegele RA. Insulin resistance in human partial lipodystrophy. Curr
Atheroscler Rep. 2000;2:397-404.

Miyazaki Y, Mahankali A, Matsuda M, Mahankali S, Hardies J, Cusi K,
Mandarino LJ, DeFronzo RA. Effect of pioglitazone on abdominal fat
distribution and insulin sensitivity in type 2 diabetic patients. J Clin
Endocrinol Metab. 2002;87:2784-2791.

Yki-Jarvinen H. Thiazolidinediones. N Engl J Med. 2004;351:
1106-1118.

Bertrand OF, Poirier P, Rodés-Cabau J, Rinfret S, Title LM, Dzavik V,
Natarajan M, Angel J, Batalla N, Alméras N, Costerousse O, De Laro-
chelliere R, Roy L, Després JP; VICTORY Trial Investigators. Cardio-
metabolic effects of rosiglitazone in patients with type 2 diabetes and
coronary artery bypass grafts: a randomized placebo-controlled clinical
trial. Atherosclerosis. 2010;211:565-573.

Ross R, Dagnone D, Jones PJ, Smith H, Paddags A, Hudson R, Janssen
I. Reduction in obesity and related comorbid conditions after diet-
induced weight loss or exercise-induced weight loss in men: a ran-
domized, controlled trial. Ann Intern Med. 2000;133:92—-103.

Fujioka S, Matsuzawa Y, Tokunaga K, Keno Y, Kobatake T, Tarui S.
Treatment of visceral fat obesity. Int J Obes. 1991;15(suppl 2):59-65.
Leenen R, van der Kooy K, Deurenberg P, Seidell JC, Weststrate JA,
Schouten FIM, Hautvast JG. Visceral fat accumulation in obese sub-
jects: relation to energy expenditure and response to weight loss. Am J
Physiol. 1992;263:E913-E919.

Paré A, Dumont M, Lemieux I, Brochu M, Alméras N, Lemieux S,
Prud’homme D, Després JP. Is the relationship between adipose tissue
and waist girth altered by weight loss in obese men? Obes Res. 2001;
9:526-534.

Davidson LE, Kuk JL, Church TS, Ross R. Protocol for measurement of
liver fat by computed tomography. J Appl Physiol. 2006;100:864 —868.
Longo R, Pollesello P, Ricci C, Masutti F, Kvam BJ, Bercich L, Croce
LS, Grigolato P, Paoletti S, de Bernard B, Tiribelli C, Dalla Palma L.
Proton MR spectroscopy in quantitative in vivo determination of fat
content in human liver steatosis. J Magn Reson Imaging. 1995;5:
281-285.

Fishbein MH, Gardner KG, Potter CJ, Schmalbrock P, Smith MA.
Introduction of fast MR imaging in the assessment of hepatic steatosis.
Magn Reson Imaging. 1997;15:287-293.

Siegelman ES, Rosen MA. Imaging of hepatic steatosis. Semin Liver
Dis. 2001;21:71-80.

Scheen AJ, Luyckx FH. Obesity and liver disease. Best Pract Res Clin
Endocrinol Metab. 2002;16:703-716.

Downloaded from http://circ.ahajournals.org/ at ARCURI ATT LISTA on September 27, 2011


http://circ.ahajournals.org/

20

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,
145.

146.

147.

148.

149.

Circulation November 1, 2011

Del Gaudio A, Boschi L, Del Gaudio GA, Mastrangelo L, Munari D.
Liver damage in obese patients. Obes Surg. 2002;12:802—804.
Wanless IR, Lentz JS. Fatty liver hepatitis (steatohepatitis) and obesity:
an autopsy study with analysis of risk factors. Hepatology. 1990;12:
1106-1110.

Fabbrini E, Magkos F, Mohammed BS, Pietka T, Abumrad NA, Pat-
terson BW, Okunade A, Klein S. Intrahepatic fat, not visceral fat, is
linked with metabolic complications of obesity. Proc Natl Acad Sci
U S A. 2009;106:15430-15435.

Kotronen A, Yki-Jarvinen H. Fatty liver: a novel component of the
metabolic syndrome. Arterioscler Thromb Vasc Biol. 2008;28:27-38.
Kotronen A, Westerbacka J, Bergholm R, Pietildinen KH, Yki-Jirvinen
H. Liver fat in the metabolic syndrome. J Clin Endocrinol Metab.
2007;92:3490-3497.

Tacobellis G, Corradi D, Sharma AM. Epicardial adipose tissue:
anatomic, biomolecular and clinical relationships with the heart. Nar
Clin Pract Cardiovasc Med. 2005;2:536-543.

Szendroedi J, Roden M. Ectopic lipids and organ function. Curr Opin
Lipidol. 2009;20:50-56.

Montani JP, Carroll JF, Dwyer TM, Antic V, Yang Z, Dulloo AG.
Ectopic fat storage in heart, blood vessels and kidneys in the patho-
genesis of cardiovascular diseases. Int J Obes Relat Metab Disord.
2004;28(suppl 4):S58-S65.

Ravussin E, Smith SR. Increased fat intake, impaired fat oxidation, and
failure of fat cell proliferation result in ectopic fat storage, insulin
resistance, and type 2 diabetes mellitus. Ann N'Y Acad Sci. 2002;967:
363-378.

De Lorenzo A, Del Gobbo V, Premrov MG, Bigioni M, Galvano F, Di
Renzo L. Normal-weight obese syndrome: early inflammation? Am J
Clin Nutr. 2007;85:40—-45.

Romero-Corral A, Somers VK, Sierra-Johnson J, Korenfeld Y, Boarin S,
Korinek J, Jensen MD, Parati G, Lopez-Jimenez F. Normal weight
obesity: a risk factor for cardiometabolic dysregulation and cardiovas-
cular mortality. Eur Heart J. 2010;31:737-746.

Quetelet L. A Treatise on Man and the Development of His Faculties:
Burt Franklin Philosophy Monograph Series. New York, NY: B Frank-
lin; 1968.

Metropolitan Life Insurance Company. Overweight: its prevention and
significance. Stat Bull Metropol Life Insur Co. 1960;41:6.

Stewart A, Brook RH, Kane RL. Conceptualization and Measurement of
Health Habits for Adults in the Health Insurance Study: Vol. II: Over-
weight. Santa Monica, CA: RAND Corp; 1980.

National Institutes of Health. The Practical Guide to the Identification,
Evaluation, and Treatment of Overweight and Obesity in Adults.
Bethesda, MD: US Department of Health and Human Services, Public
Health Service, National Institutes of Health, National Heart, Lung, and
Blood Institute; 2000. NIH publication No. 00-4084.

Deleted in proof.

Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, De Simone
G, Ferguson TB, Ford E, Furie K, Gillespie C, Go A, Greenlund K,
Haase N, Hailpern S, Ho PM, Howard V, Kissela B, Kittner S, Lackland
D, Lisabeth L, Marelli A, McDermott MM, Meigs J, Mozaffarian D,
Mussolino M, Nichol G, Roger VL, Rosamond W, Sacco R, Sorlie P,
Stafford R, Thom T, Wasserthiel-Smoller S, Wong ND, Wylie-Rosett J;
on behalf of the American Heart Association Statistics Committee and
Stroke Statistics Subcommittee. Executive summary: heart disease and
stroke statistics—2010 update: a report from the American Heart Asso-
ciation [published correction appears in Circulation. 2010;121:e259].
Circulation. 2010;121:948 -954.

Romero-Corral A, Somers VK, Sierra-Johnson J, Thomas RJ, Collazo-
Clavell ML, Korinek J, Allison TG, Batsis JA, Sert-Kuniyoshi FH,
Lopez-Jimenez F. Accuracy of body mass index in diagnosing obesity in
the adult general population. Int J Obes (Lond). 2008;32:959-966.
Okorodudu DO, Jumean MF, Montori VM, Romero-Corral A, Somers
VK, Erwin PJ, Lopez-Jimenez F. Diagnostic performance of body mass
index to identify obesity as defined by body adiposity: a systematic
review and meta-analysis. Int J Obes (Lond). 2010;34:791-799.
Gallagher D, Visser M, Sepulveda D, Pierson RN, Harris T, Heymsfield
SB. How useful is body mass index for comparison of body fatness
across age, sex, and ethnic groups? Am J Epidemiol. 1996;143:228 -239.
Fernandez JR, Heo M, Heymsfield SB, Pierson RN Jr, Pi-Sunyer FX,
Wang ZM, Wang J, Hayes M, Allison DB, Gallagher D. Is percentage
body fat differentially related to body mass index in Hispanic
Americans, African Americans, and European Americans? Am J Clin
Nutr. 2003;77:71-75.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Evans EM, Rowe DA, Racette SB, Ross KM, McAuley E. Is the current
BMI obesity classification appropriate for black and white postmeno-
pausal women? Int J Obes (Lond). 2006;30:837—843.

Goh VH, Tain CF, Tong TY, Mok HP, Wong MT. Are BMI and other
anthropometric measures appropriate as indices for obesity? A study in
an Asian population. J Lipid Res. 2004;45:1892—1898.

WHO Expert Consultation. Appropriate body-mass index for Asian
populations and its implications for policy and intervention strategies
[published correction appears in Lancet. 2004;363:902]. Lancet. 2004;
363:157-163.

Pouliot MC, Després JP, Lemieux S, Moorjani S, Bouchard C, Tremblay
A, Nadeau A, Lupien PJ. Waist circumference and abdominal sagittal
diameter: best simple anthropometric indexes of abdominal visceral
adipose tissue accumulation and related cardiovascular risk in men and
women. Am J Cardiol. 1994;73:460—-468.

de Koning L, Merchant AT, Pogue J, Anand SS. Waist circumference
and waist-to-hip ratio as predictors of cardiovascular events: meta-
regression analysis of prospective studies. Eur Heart J. 2007;28:
850-856.

Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Executive Summary of the Third Report of the
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III). JAMA. 2001;285:2486-2497.
Ross R, Berentzen T, Bradshaw AlJ, Janssen I, Kahn HS, Katzmarzyk
PT, Kuk JL, Seidell JC, Snijder MB, Sgrensen TI, Després JP. Does the
relationship between waist circumference, morbidity and mortality
depend on measurement protocol for waist circumference? Obes Rev.
2008;9:312-325.

Mason C, Katzmarzyk PT. Effect of the site of measurement of waist
circumference on the prevalence of the metabolic syndrome. Am J
Cardiol. 2009;103:1716-1720.

Wang J, Thornton JC, Bari S, Williamson B, Gallagher D, Heymsfield
SB, Horlick M, Kotler D, Laferrére B, Mayer L, Pi-Sunyer FX, Pierson
RN Jr. Comparisons of waist circumferences measured at 4 sites. Am J
Clin Nutr. 2003;77:379-384.

Bosy-Westphal A, Booke CA, Blocker T, Kossel E, Goele K, Later W,
Hitze B, Heller M, Gliier CC, Miiller MJ. Measurement site for waist
circumference affects its accuracy as an index of visceral and abdominal
subcutaneous fat in a Caucasian population. J Nutr. 2010;140:954-961.
Bigaard J, Spanggaard I, Thomsen BL, Overvad K, Tjgnneland A.
Self-reported and technician-measured waist circumferences differ in
middle-aged men and women. J Nutr. 2005;135:2263-2270.

Houmard JA, Wheeler WS, McCammon MR, Wells JM, Truitt N,
Hamad SF, Holbert D, Isracl RG, Barakat HA. An evaluation of waist to
hip ratio measurement methods in relation to lipid and carbohydrate
metabolism in men. Int J Obes. 1991;15:181-188.

Willis LH, Slentz CA, Houmard JA, Johnson JL., Duscha BD, Aiken LB,
Kraus WE. Minimal versus umbilical waist circumference measures as
indicators of cardiovascular disease risk. Obesity (Silver Spring). 2007,
15:753-759.

Lean ME, Han TS, Morrison CE. Waist circumference as a measure for
indicating need for weight management. BMJ. 1995;311:158-161.
Mason C, Katzmarzyk PT. Waist circumference thresholds for the pre-
diction of cardiometabolic risk: is measurement site important? Eur
J Clin Nutr. 2010;64:862—-867.

Esmaillzadeh A, Mirmiran P, Moeini SH, Azizi F. Larger hip circum-
ference independently contributed to reduced metabolic risks in Teh-
ranian adult women. Int J Cardiol. 2006;108:338-345.

Snijder MB, Zimmet PZ, Visser M, Dekker JM, Seidell JC, Shaw JE.
Independent and opposite associations of waist and hip circumferences
with diabetes, hypertension and dyslipidemia: the AusDiab Study. Int J
Obes Relat Metab Disord. 2004;28:402—-4009.

Mason C, Craig CL, Katzmarzyk PT. Influence of central and extremity
circumferences on all-cause mortality in men and women. Obesity
(Silver Spring). 2008;16:2690-2695.

Snijder MB, Dekker JM, Visser M, Bouter LM, Stehouwer CD,
Kostense PJ, Yudkin JS, Heine RJ, Nijpels G, Seidell JC. Associations
of hip and thigh circumferences independent of waist circumference
with the incidence of type 2 diabetes: the Hoorn Study. Am J Clin Nutr.
2003;77:1192-1197.

Li C, Ford ES, Zhao G, Kahn HS, Mokdad AH. Waist-to-thigh ratio and
diabetes among US adults: the Third National Health and Nutrition
Examination Survey. Diabetes Res Clin Pract. 2010;89:79-87.

Downloaded from http://circ.ahajournals.org/ at ARCURI ATT LISTA on September 27, 2011


http://circ.ahajournals.org/

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

Freedman DS, Rimm AA. The relation of body fat distribution, as
assessed by six girth measurements, to diabetes mellitus in women. Am J
Public Health. 1989;79:715-720.

Ben-Noun L, Laor A. Relationship of neck circumference to cardiovas-
cular risk factors. Obes Res. 2003;11:226-231.

Ben-Noun LL, Laor A. Relationship between changes in neck circum-
ference and cardiovascular risk factors. Exp Clin Cardiol. 2006;11:
14-20.

Onat A, Hergeng G, Yiiksel H, Can G, Ayhan E, Kaya Z, Dursunoglu D.
Neck circumference as a measure of central obesity: associations with
metabolic syndrome and obstructive sleep apnea syndrome beyond waist
circumference. Clin Nutr. 2009;28:46-51.

Preis SR, Massaro JM, Hoffmann U, D’ Agostino RB Sr, Levy D, Robins
SJ, Meigs JB, Vasan RS, O’Donnell CJ, Fox CS. Neck circumference as
a novel measure of cardiometabolic risk: the Framingham Heart Study.
J Clin Endocrinol Metab. 2010;95:3701-3710.

Kawaguchi Y, Fukumoto S, Inaba M, Koyama H, Shoji T, Shoji S,
Nishizawa Y. Different impacts of neck circumference and visceral
obesity on the severity of obstructive sleep apnea syndrome. Obesity.
2011;19:276-282.

Reis JP, Macera CA, Araneta MR, Lindsay SP, Marshall SJ, Wingard
DL. Comparison of overall obesity and body fat distribution in pre-
dicting risk of mortality. Obesity (Silver Spring). 2009;17:1232-1239.
Elsayed EF, Tighiouart H, Weiner DE, Griffith J, Salem D, Levey AS,
Sarnak MJ. Waist-to-hip ratio and body mass index as risk factors for
cardiovascular events in CKD. Am J Kidney Dis. 2008;52:49-57.
Meisinger C, Doring A, Thorand B, Heier M, Lowel H. Body fat
distribution and risk of type 2 diabetes in the general population: are
there differences between men and women? The MONICA/KORA
Augsburg cohort study. Am J Clin Nutr. 2006;84:483—-489.

Taylor AE, Ebrahim S, Ben-Shlomo Y, Martin RM, Whincup PH,
Yarnell JW, Wannamethee SG, Lawlor DA. Comparison of the associ-
ations of body mass index and measures of central adiposity and fat
mass with coronary heart disease, diabetes, and all-cause mortality: a
study using data from 4 UK cohorts. Am J Clin Nutr. 2010;91:547-556.
Huang KC, Lin WY, Lee LT, Chen CY, Lo H, Hsia HH, Liu IL, Shau
WY, Lin RS. Four anthropometric indices and cardiovascular risk
factors in Taiwan. Int J Obes Relat Metab Disord. 2002;26:1060-1068.
Barzi F, Woodward M, Czernichow S, Lee CM, Kang JH, Janus E, Lear
S, Patel A, Caterson I, Patel J, Lam TH, Suriyawongpaisal P, Huxley R.
The discrimination of dyslipidaemia using anthropometric measures in
ethnically diverse populations of the Asia-Pacific Region: the Obesity in
Asia Collaboration. Obes Rev. 2010;11:127-136.

Page JH, Rexrode KM, Hu F, Albert CM, Chae CU, Manson JE.
Waist-height ratio as a predictor of coronary heart disease among
women. Epidemiology. 2009;20:361-366.

Canoy D, Boekholdt SM, Wareham N, Luben R, Welch A, Bingham S,
Buchan I, Day N, Khaw KT. Body fat distribution and risk of coronary
heart disease in men and women in the European Prospective Investi-
gation Into Cancer and Nutrition in Norfolk cohort: a population-based
prospective study. Circulation. 2007;116:2933-2943.

Gelber RP, Gaziano JM, Orav EJ, Manson JE, Buring JE, Kurth T.
Measures of obesity and cardiovascular risk among men and women.
J Am Coll Cardiol. 2008;52:605-615.

Lin WY, Lee LT, Chen CY, Lo H, Hsia HH, Liu IL, Lin RS, Shau WY,
Huang KC. Optimal cut-off values for obesity: using simple anthropo-
metric indices to predict cardiovascular risk factors in Taiwan. Int J
Obes Relat Metab Disord. 2002;26:1232-1238.

Berber A, Gémez-Santos R, Fanghinel G, Sanchez-Reyes L. Anthropo-
metric indexes in the prediction of type 2 diabetes mellitus, hypertension
and dyslipidaemia in a Mexican population. Int J Obes Relat Metab
Disord. 2001;25:1794-1799.

Dhaliwal SS, Welborn TA. Measurement error and ethnic comparisons
of measures of abdominal obesity. Prev Med. 2009;49:148-152.
Zamboni M, Turcato E, Armellini F, Kahn HS, Zivelonghi A, Santana
H, Bergamo-Andreis IA, Bosello O. Sagittal abdominal diameter as a
practical predictor of visceral fat. Int J Obes Relat Metab Disord.
1998;22:655-660.

Iribarren C, Darbinian JA, Lo JC, Fireman BH, Go AS. Value of the
sagittal abdominal diameter in coronary heart disease risk assessment:
cohort study in a large, multiethnic population. Am J Epidemiol. 2006;
164:1150-1159.

Sampaio LR, Simoes EJ, Assis AM, Ramos LR. Validity and reliability
of the sagittal abdominal diameter as a predictor of visceral abdominal
fat. Arq Bras Endocrinol Metabol. 2007;51:980-986.

191.

192.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

Cornier et al Assessing Adiposity 21

Ohrvall M, Berglund L, Vessby B. Sagittal abdominal diameter
compared with other anthropometric measurements in relation to car-
diovascular risk. Int J Obes Relat Metab Disord. 2000;24:497-501.
Risérus U, Arnlov J, Brismar K, Zethelius B, Berglund L, Vessby B.
Sagittal abdominal diameter is a strong anthropometric marker of insulin
resistance and hyperproinsulinemia in obese men. Diabetes Care. 2004;
27:2041-2046.

3. Hoenig MR. MRI sagittal abdominal diameter is a stronger predictor of

metabolic syndrome than visceral fat area or waist circumference in a
high-risk vascular cohort. Vasc Health Risk Manag. 2010;6:629-633.
Nakata K, Choo J, Hopson MJ, Ueshima H, Curb JD, Shin C, Evans
RW, Kadowaki T, Otake T, Kadota A, Kadowaki S, Miura K, El-Saed
A, Edmundowicz D, Sutton-Tyrrell K, Kuller LH, Sekikawa A. Stronger
associations of sagittal abdominal diameter with atherogenic lipoprotein
subfractions than waist circumference in middle-aged US white and
Japanese men. Metabolism. 2010;59:1742-1751.

Empana JP, Ducimetiere P, Charles MA, Jouven X. Sagittal abdominal
diameter and risk of sudden death in asymptomatic middle-aged men:
the Paris Prospective Study I. Circulation. 2004;110:2781-2785.

Hwu CM, Hsiao CF, Sheu WH, Pei D, Tai TY, Quertermous T,
Rodriguez B, Pratt R, Chen YD, Ho LT. Sagittal abdominal diameter is
associated with insulin sensitivity in Chinese hypertensive patients and
their siblings. J Hum Hypertens. 2003;17:193-198.

Onat A, Avci GS, Barlan MM, Uyarel H, Uzunlar B, Sansoy V.
Measures of abdominal obesity assessed for visceral adiposity and
relation to coronary risk. Int J Obes Relat Metab Disord. 2004;28:
1018-1025.

Mukuddem-Petersen J, Snijder MB, van Dam RM, Dekker JM, Bouter
LM, Stehouwer CD, Heine RJ, Nijpels G, Seidell JC. Sagittal abdominal
diameter: no advantage compared with other anthropometric measures
as a correlate of components of the metabolic syndrome in elderly from
the Hoorn Study. Am J Clin Nutr. 2006;84:995-1002.

Sjostrom L. A computer-tomography based multicompartment body
composition technique and anthropometric predictions of lean body
mass, total and subcutaneous adipose tissue. Int J Obes. 1991;15(suppl
2):19-30.

Ross R. Advances in the application of imaging methods in applied and
clinical physiology. Acta Diabetol. 2003;40(suppl 1):S45-S50.

Kvist H, Sjostrom L, Tylén U. Adipose tissue volume determinations in
women by computed tomography: technical considerations. Int J Obes.
1986;10:53-67.

Lee SY, Gallagher D. Assessment methods in human body composition.
Curr Opin Clin Nutr Metab Care. 2008;11:566-572.

Meng K, Lee CH, Saremi F. Metabolic syndrome and ectopic fat
deposition: what can CT and MR provide? Acad Radiol. 2010;17:
1302-1312.

Shen W, Punyanitya M, Wang Z, Gallagher D, St-Onge MP, Albu J,
Heymsfield SB, Heshka S. Total body skeletal muscle and adipose tissue
volumes: estimation from a single abdominal cross-sectional image.
J Appl Physiol. 2004;97:2333-2338.

Liu KH, Chan YL, Chan JC, Chan WB, Kong MO, Poon MY. The
preferred magnetic resonance imaging planes in quantifying visceral
adipose tissue and evaluating cardiovascular risk. Diabetes Obes Metab.
2005;7:547-554.

Shen W, Punyanitya M, Chen J, Gallagher D, Albu J, Pi-Sunyer X,
Lewis CE, Grunfeld C, Heymsfield SB, Heshka S. Visceral adipose
tissue: relationships between single slice areas at different locations and
obesity-related health risks. Int J Obes (Lond). 2007;31:763-769.
Ludescher B, Machann J, Eschweiler GW, Vanhofen S, Maenz C,
Thamer C, Claussen CD, Schick F. Correlation of fat distribution in
whole body MRI with generally used anthropometric data. Invest
Radiol. 2009;44:712-719.

Lee K, Lee S, Kim YJ. Waist circumference, dual-energy X-ray absor-
tiometrically measured abdominal adiposity, and computed tomo-
graphically derived intra-abdominal fat area on detecting metabolic risk
factors in obese women. Nutrition. 2008;24:625-631.

Hull HR, Thornton J, Wang J, Pierson RN Jr, Kaleem Z, Pi-Sunyer X,
Heymsfield S, Albu J, Fernandez JR, Vanitallie TB, Gallagher D.
Fat-free mass index: changes and race/ethnic differences in adulthood.
Int J Obes (Lond). June 8, 2010. doi:10.1038/ijo.2010.111. http:/
www.nature.com/ijo/journal/v35/n1/full/ijo2010111a.html. Accessed
June 30, 2010.

McDowell MA, Fryar CD, Ogden CL. Anthropometric reference data
for children and adults: United States, 1988—1994. Vital Health Stat 11.
2009 Apr:1-68.

Downloaded from http://circ.ahajournals.org/ at ARCURI ATT LISTA on September 27, 2011


http://www.nature.com/ijo/journal/v35/n1/full/ijo2010111a.html
http://www.nature.com/ijo/journal/v35/n1/full/ijo2010111a.html
http://circ.ahajournals.org/

22

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

2217.

228.

229.

230.

231.

232.

233.

235.

Circulation November 1, 2011

Martin AD, Janssens V, Caboor D, Clarys JP, Marfell-Jones MJ. Rela-
tionships between visceral, trunk and whole-body adipose tissue weights
by cadaver dissection. Ann Hum Biol. 2003;30:668—-677.

Ross R, Shaw KD, Rissanen J, Martel Y, de Guise J, Avruch L. Sex
differences in lean and adipose tissue distribution by magnetic resonance
imaging: anthropometric relationships. Am J Clin Nutr. 1994;59:
1277-1285.

Oppert JM, Charles MA, Thibult N, Guy-Grand B, Eschwege E, Duci-
metiere P. Anthropometric estimates of muscle and fat mass in relation
to cardiac and cancer mortality in men: the Paris Prospective Study.
Am J Clin Nutr. 2002;75:1107-1113.

Stevens J, Keil JE, Rust PF, Tyroler HA, Davis CE, Gazes PC. Body
mass index and body girths as predictors of mortality in black and white
women. Arch Intern Med. 1992;152:1257-1262.

Zhu S, Heo M, Plankey M, Faith MS, Allison DB. Associations of body
mass index and anthropometric indicators of fat mass and fat free mass
with all-cause mortality among women in the first and second National
Health and Nutrition Examination Surveys follow-up studies. Ann Epi-
demiol. 2003;13:286-293.

Kahn HS, Simoes EJ, Koponen M, Hanzlick R. The abdominal diameter
index and sudden coronary death in men. Am J Cardiol. 1996;78:
961-964.

Terry RB, Stefanick ML, Haskell WL, Wood PD. Contributions of
regional adipose tissue depots to plasma lipoprotein concentrations in
overweight men and women: possible protective effects of thigh fat.
Metabolism. 1991;40:733-740.

Heitmann BL, Frederiksen P. Thigh circumference and risk of heart
disease and premature death: prospective cohort study. BMJ. 2009;339:
b3292.

Wagner DR, Heyward VH. Techniques of body composition assess-
ment: a review of laboratory and field methods. Res Q Exerc Sport.
1999;70:135-149.

Sebo P, Beer-Borst S, Haller DM, Bovier PA. Reliability of doctors’
anthropometric measurements to detect obesity. Prev Med. 2008;47:
389-393.

Jackson A, Pollock ML. Practical assessment of body composition.
Physician Sports Medicine. 1985;13:76-90.

Lohman TG. Skinfolds and body density and their relation to body
fatness: a review. Hum Biol. 1981;53:181-225.

Jackson AS, Pollock ML. Generalized equations for predicting body
density of men. Br J Nutr. 1978;40:497-504.

Lohman TG. Current Issues in Exercise Sciences Series (Monograph 3).
Champaign, IL: Human Kinetics; 1992.

Zillikens MC, Conway JM. Anthropometry in blacks: applicability of
generalized skinfold equations and differences in fat patterning between
blacks and whites. Am J Clin Nutr. 1990;52:45-51.

Heyward VH, Cook KL, Hicks VL, Jenkins KA, Quatrochi JA, Wilson
WL. Predictive accuracy of three field methods for estimating relative
body fatness of nonobese and obese women. Int J Sport Nutr. 1992;2:
75-86.

Gray DS, Bray GA, Bauer M, Kaplan K, Gemayel N, Wood R,
Greenway F, Kirk S. Skinfold thickness measurements in obese subjects.
Am J Clin Nutr. 1990;51:571-577.

Jackson AS, Pollock ML, Ward A. Generalized equations for predicting
body density of women. Med Sci Sports Exerc. 1980;12:175-181.
Wang J, Thornton JC, Russell M, Burastero S, Heymsfield S, Pierson
RN Jr. Asians have lower body mass index (BMI) but higher percent
body fat than do whites: comparisons of anthropometric measurements.
Am J Clin Nutr. 1994;60:23-28.

Martorell R, Malina RM, Castillo RO, Mendoza FS, Pawson IG. Body
proportions in three ethnic groups: children and youths 2-17 years in
NHANES II and HHANES. Hum Biol. 1988;60:205-222.

Norris A. Post-harvest physiology and crop preservation. In: Lieberman
M, ed. Instrumental Techniques for Measuring Quality of Agricultural
Crops. New York, NY: Plenum; 1983:471-484.

Conway JM, Norris KH, Bodwell CE. A new approach for the esti-
mation of body composition: infrared interactance. Am J Clin Nutr.
1984:40:1123-1130.

Conway J, Norris KH. In Vivo Body Composition Studies. Brookhaven,
NY: Institute of Physical Sciences in Medicine; 1987.

. Davis P, Van Loan M, Holly RG, Krstich K. Near infrared interactance

vs hydrostatic weighing to measure body composition in lean, normal
and obese women. Med Sci Sports Exerc. 1989;21:S100.
McLean KP, Skinner JS. Validity of Futrex-5000 for body composition
determination. Med Sci Sports Exerc. 1992;24:253-258.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.
248.

249.

250.

251.

252.

254.

255.

256.

257.

258.

259.

260.

Elia M, Parkinson SA, Diaz E. Evaluation of near infra-red interactance
as a method for predicting body composition. Eur J Clin Nutr. 1990;
44:113-121.

Wilson W, Heyward, VH. Validation of Near-Infrared Interactance
Method for Black, Hispanic, Native American and White Men. New
York, NY: Plenum; 1993.

Wang ZM, Heshka S, Pierson RN Jr, Heymsfield SB. Systematic orga-
nization of body-composition methodology: an overview with emphasis
on component-based methods. Am J Clin Nutr. 1995;61:457—-465.
Wilmore JH, Behnke AR. An anthropometric estimation of body density
and lean body weight in young men. J Appl Physiol. 1969;27:25-31.
Wilmore JH, Behnke AR. An anthropometric estimation of body density
and lean body weight in young women. Am J Clin Nutr. 1970;23:
267-274.

Siri WE. Body Composition From Fluid Spaces and Density. Wash-
ington, DC: National Academy of Sciences; 1961.

Brozek J, Grande F, Anderson JT, Keys A. Densitometric analysis of
body composition: revision of some quantitative assumptions. Ann N Y
Acad Sci. 1963;110:113-140.

Visser M, Gallagher D, Deurenberg P, Wang J, Pierson RN Jr,
Heymsfield SB. Density of fat-free body mass: relationship with race,
age, and level of body fatness. Am J Physiol. 1997;272:E781-E787.
Lohman TG. Applicability of body composition techniques and con-
stants for children and youths. Exerc Sport Sci Rev. 1986;14:325-357.
Deurenberg P, Leenen R, Van der Kooy K, Hautvast JG. In obese
subjects the body fat percentage calculated with Siri’s formula is an
overestimation. Eur J Clin Nutr. 1989;43:569-575.

Murgatroyd PR, Coward WA. An improved method for estimating
changes in whole-body fat and protein mass in man. Br J Nutr. 1989;
62:311-314.

Deleted in proof.

Dempster P, Aitkens S. A new air displacement method for the deter-
mination of human body composition. Med Sci Sports Exerc. 1995;27:
1692-1697.

Fields DA, Goran MI, McCrory MA. Body-composition assessment via
air-displacement plethysmography in adults and children: a review. Am J
Clin Nutr. 2002;75:453-467.

Wells JC, Fuller NJ. Precision of measurement and body size in
whole-body air-displacement plethysmography. Int J Obes Relat Metab
Disord. 2001;25:1161-1167.

Dewit O, Fuller NJ, Fewtrell MS, Elia M, Wells JC. Whole body air
displacement plethysmography compared with hydrodensitometry for
body composition analysis. Arch Dis Child. 2000;82:159-164.

Genton L, Hans D, Kyle UG, Pichard C. Dual-energy X-ray absorpti-
ometry and body composition: differences between devices and com-
parison with reference methods. Nutrition. 2002;18:66—70.

3. Van Der Ploeg GE, Withers RT, Laforgia J. Percent body fat via DEXA:

comparison with a four-compartment model. J Appl Physiol. 2003;94:
499-506.

Sopher AB, Thornton JC, Wang J, Pierson RN Jr, Heymsfield SB,
Horlick M. Measurement of percentage of body fat in 411 children and
adolescents: a comparison of dual-energy X-ray absorptiometry with a
four-compartment model. Pediatrics. 2004;113:1285-1290.

Plank LD. Dual-energy X-ray absorptiometry and body composition.
Curr Opin Clin Nutr Metab Care. 2005;8:305-309.

Glickman SG, Marn CS, Supiano MA, Dengel DR. Validity and reli-
ability of dual-energy X-ray absorptiometry for the assessment of
abdominal adiposity. J Appl Physiol. 2004;97:509-514.

Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia M, Gémez
JM, Heitmann BL, Kent-Smith L, Melchior JC, Pirlich M, Scharfetter H,
Schols AM, Pichard C; Composition of the ESPEN Working Group.
Bioelectrical impedance analysis, part I: review of principles and
methods. Clin Nutr. 2004;23:1226—1243.

Heymsfield SB, Wang Z, Visser M, Gallagher D, Pierson RN Jr. Tech-
niques used in the measurement of body composition: an overview with
emphasis on bioelectrical impedance analysis. Am J Clin Nutr. 1996;
64(suppl):478S—484S.

Pietrobelli A, Morini P, Battistini N, Chiumello G, Nufiez C, Heymsfield
SB. Appendicular skeletal muscle mass: prediction from multiple fre-
quency segmental bioimpedance analysis. Eur J Clin Nutr. 1998;52:
507-511.

Sutcliffe JF. A review of in vivo experimental methods to determine the
composition of the human body. Phys Med Biol. 1996;41:791-833.

Downloaded from http://circ.ahajournals.org/ at ARCURI ATT LISTA on September 27, 2011


http://circ.ahajournals.org/

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

Rush EC, Crowley J, Freitas IF, Luke A. Validity of hand-to-foot
measurement of bioimpedance: standing compared with lying position.
Obesity (Silver Spring). 2006;14:252-257.

Dehghan M, Merchant AT. Is bioelectrical impedance accurate for use
in large epidemiological studies? Nutr J. 2008;7:26.

Mott JW, Wang J, Thornton JC, Allison DB, Heymsfield SB, Pierson
RN Jr. Relation between body fat and age in 4 ethnic groups. Am J Clin
Nutr. 1999;69:1007-1013.

Hughes VA, Roubenoff R, Wood M, Frontera WR, Evans WJ, Fiatarone
Singh MA. Anthropometric assessment of 10-y changes in body com-
position in the elderly. Am J Clin Nutr. 2004;80:475-482.

Piccoli A, Pillon L, Dumler F. Impedance vector distribution by sex,
race, body mass index, and age in the United States: standard reference
intervals as bivariate Z scores. Nutrition. 2002;18:153-167.

Visser M, van den Heuvel E, Deurenberg P. Prediction equations for the
estimation of body composition in the elderly using anthropometric data.
Br J Nutr. 1994;71:823-833.

Camhi SM, Bray GA, Bouchard C, Greenway FL, Johnson WD, Newton
RL, Ravussin E, Ryan DH, Smith SR, Katzmarzyk PT. The relationship
of waist circumference and BMI to visceral, subcutaneous, and total
body fat: sex and race differences. Obesity. 2011;19:402—408.
Heyward VH. Evaluation of body composition: current issues. Sports
Med. 1996;22:146-156.

Heyward V, Stolarczyk LM. Applied Body Composition Assessment.
Champaign, IL: Human Kinetics; 1996.

Coté KD, Adams WC. Effect of bone density on body composition
estimates in young adult black and white women. Med Sci Sports Exerc.
1993;25:290-296.

Ortiz O, Russell M, Daley TL, Baumgartner RN, Waki M, Lichtman S,
Wang J, Pierson RN Jr, Heymsfield SB. Differences in skeletal muscle
and bone mineral mass between black and white females and their
relevance to estimates of body composition. Am J Clin Nutr. 1992;
55:8-13.

Schutte JE, Townsend EJ, Hugg J, Shoup RF, Malina RM, Blomqvist
CG. Density of lean body mass is greater in blacks than in whites. J Appl
Physiol. 1984;56:1647-1649.

Stolarczyk LM, Heyward VH, Hicks VL, Baumgartner RN. Predictive
accuracy of bioelectrical impedance in estimating body composition of
Native American women. Am J Clin Nutr. 1994;59:964-970.

Vickery SR, Cureton KJ, Collins MA. Prediction of body density from
skinfolds in black and white young men. Hum Biol. 1988;60:135-149.
Korenblat KM, Fabbrini E, Mohammed BS, Klein S. Liver, muscle, and
adipose tissue insulin action is directly related to intrahepatic triglycer-
ide content in obese subjects. Gastroenterology. 2008;134:1369-1375.
Fabbrini E, Mohammed BS, Magkos F, Korenblat KM, Patterson BW,
Klein S. Alterations in adipose tissue and hepatic lipid kinetics in obese
men and women with nonalcoholic fatty liver disease. Gastroenterology.
2008;134:424-431.

Krssak M, Falk Petersen K, Dresner A, DiPietro L, Vogel SM, Rothman
DL, Roden M, Shulman GI. Intramyocellular lipid concentrations are
correlated with insulin sensitivity in humans: a '"H NMR spectroscopy
study [published corrections appear in Diabetologia. 1999;42:386 and
Diabetologia. 1999;42:1269]. Diabetologia. 1999;42:113-116.

Hwang JH, Stein DT, Barzilai N, Cui MH, Tonelli J, Kishore P,
Hawkins M. Increased intrahepatic triglyceride is associated with pe-
ripheral insulin resistance: in vivo MR imaging and spectroscopy
studies. Am J Physiol Endocrinol Metab. 2007;293:E1663-E1669.
McGavock JM, Lingvay I, Zib I, Tillery T, Salas N, Unger R, Levine
BD, Raskin P, Victor RG, Szczepaniak LS. Cardiac steatosis in diabetes
mellitus: a 'H-magnetic resonance spectroscopy study. Circulation.
2007;116:1170-1175.

Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ, Cummings
OW, Ferrell LD, Liu YC, Torbenson MS, Unalp-Arida A, Yeh M,
McCullough AJ, Sanyal AJ; Nonalcoholic Steatohepatitis Clinical
Research Network. Design and validation of a histological scoring
system for nonalcoholic fatty liver disease. Hepatology. 2005;41:
1313-1321.

Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepatitis:
summary of an AASLD Single Topic Conference [published correction
appears in Hepatology. 2003;38:536]. Hepatology. 2003;37:1202-1219.
Szczepaniak LS, Nurenberg P, Leonard D, Browning JD, Reingold JS,
Grundy S, Hobbs HH, Dobbins RL. Magnetic resonance spectroscopy to
measure hepatic triglyceride content: prevalence of hepatic steatosis in
the general population. Am J Physiol Endocrinol Metab. 2005;288:
E462-E468.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

Cornier et al Assessing Adiposity 23

Longo R, Ricci C, Masutti F, Vidimari R, Crocé LS, Bercich L, Tiribelli
C, Dalla Palma L. Fatty infiltration of the liver: quantification by 'H
localized magnetic resonance spectroscopy and comparison with
computed tomography. Invest Radiol. 1993;28:297-302.

Ricci C, Longo R, Gioulis E, Bosco M, Pollesello P, Masutti F, Croce
LS, Paoletti S, de Bernard B, Tiribelli C, Dalla Palma L. Noninvasive in
vivo quantitative assessment of fat content in human liver. J Hepatol.
1997;27:108-113.

Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, Horton JD,
Cohen JC, Grundy SM, Hobbs HH. Prevalence of hepatic steatosis in an
urban population in the United States: impact of ethnicity. Hepatology.
2004;40:1387-1395.

Appel LJ, Champagne CM, Harsha DW, Cooper LS, Obarzanek E,
Elmer PJ, Stevens V], Vollmer WM, Lin PH, Svetkey LP, Stedman SW,
Young DR; Writing Group of the PREMIER Collaborative Research
Group. Effects of comprehensive lifestyle modification on blood
pressure control: main results of the PREMIER clinical trial. JAMA.
2003;289:2083-2093.

Pi-Sunyer X, Blackburn G, Brancati FL, Bray GA, Bright R, Clark JM,
Curtis JM, Espeland MA, Foreyt JP, Graves K, Haffner SM, Harrison B,
Hill JO, Horton ES, Jakicic J, Jeffery RW, Johnson KC, Kahn S, Kelley
DE, Kitabchi AE, Knowler WC, Lewis CE, Maschak-Carey BJ, Mont-
gomery B, Nathan DM, Patricio J, Peters A, Redmon JB, Reeves RS,
Ryan DH, Safford M, Van Dorsten B, Wadden TA, Wagenknecht L,
Wesche-Thobaben J, Wing RR, Yanovski SZ. Reduction in weight and
cardiovascular disease risk factors in individuals with type 2 diabetes:
one-year results of the Look AHEAD trial. Diabetes Care. 2007;30:
1374-1383.

Hamman RF, Wing RR, Edelstein SL, Lachin JM, Bray GA, Delahanty
L, Hoskin M, Kriska AM, Mayer-Davis EJ, Pi-Sunyer X, Regensteiner
J, Venditti B, Wylie-Rosett J. Effect of weight loss with lifestyle inter-
vention on risk of diabetes. Diabetes Care. 2006;29:2102-2107.
Chaston TB, Dixon JB, O’Brien PE. Changes in fat-free mass during
significant weight loss: a systematic review. Int J Obes (Lond). 2007,
31:743-750.

Allison DB, Zannolli R, Faith MS, Heo M, Pietrobelli A, Vanltallie TB,
Pi-Sunyer FX, Heymsfield SB. Weight loss increases and fat loss
decreases all-cause mortality rate: results from two independent cohort
studies. Int J Obes Relat Metab Disord. 1999;23:603—-611.

Simpson JA, Maclnnis RJ, Peeters A, Hopper JL, Giles GG, English
DR. A comparison of adiposity measures as predictors of all-cause
mortality: the Melbourne Collaborative Cohort Study. Obesity (Silver
Spring). 2007;15:994-1003.

Ishizaka N, Ishizaka Y, Toda E, Koike K, Yamakado M, Nagai R.
Impacts of changes in obesity parameters for the prediction of blood
pressure change in Japanese individuals. Kidney Blood Press Res. 2009;
32:421-427.

Williams PT. Changes in body weight and waist circumference affect
incident hypercholesterolemia during 7 years of follow-up. Obesity
(Silver Spring). 2008;16:2163-2168.

Balkau B, Picard P, Vol S, Fezeu L, Eschwege E; DESIR Study Group.
Consequences of change in waist circumference on cardiometabolic risk
factors over 9 years: data from an Epidemiological Study on the Insulin
Resistance Syndrome (DESIR). Diabetes Care. 2007;30:1901-1903.
Hwang MJ, Chung WS, Gallagher D, Kim DY, Shin HD, Song MY.
How useful is waist circumference for assessment of abdominal obesity
in Korean pre-menopausal women during weight loss? Asia Pac J Clin
Nutr. 2008;17:229-234.

Velludo CM, Kamimura MA, Sanches FM, Lemos MM, Canziani ME,
Pupim LB, Draibe SA, Cuppari L. Prospective evaluation of waist
circumference and visceral adipose tissue in patients with chronic
kidney disease. Am J Nephrol. 2010;31:104-109.

van der Kooy K, Leenen R, Seidell JC, Deurenberg P, Droop A, Bakker
CJ. Waist-hip ratio is a poor predictor of changes in visceral fat. Am J
Clin Nutr. 1993;57:327-333.

Nordhamn K, Sédergren E, Olsson E, Karlstrom B, Vessby B, Berglund
L. Reliability of anthropometric measurements in overweight and lean
subjects: consequences for correlations between anthropometric and
other variables. Int J Obes Relat Metab Disord. 2000;24:652—657.
Church TS, Martin CK, Thompson AM, Earnest CP, Mikus CR, Blair
SN. Changes in weight, waist circumference and compensatory
responses with different doses of exercise among sedentary, overweight
postmenopausal women. PLoS One. 2009;4:e4515.

Cruz P, Johnson BD, Karpinski SC, Limoges KA, Warren BA, Olsen
KD, Somers VK, Jensen MD, Lopez-Jimenez F. Validity of weight loss

Downloaded from http://circ.ahajournals.org/ at ARCURI ATT LISTA on September 27, 2011


http://circ.ahajournals.org/

24

302.

303.

304.

305.

Circulation November 1, 2011

in estimating improvement in body composition in individuals attending
a wellness center. Presented at: 50th Cardiovascular Disease Epidemi-
ology and Prevention Scientific Sessions 2010; March 3, 2010; San
Francisco, CA.

. Jebb SA, Siervo M, Murgatroyd PR, Evans S, Frithbeck G, Prentice AM.

Validity of the leg-to-leg bioimpedance to estimate changes in body fat
during weight loss and regain in overweight women: a comparison with
multi-compartment models. Int J Obes (Lond). 2007;31:756-762.
Powell LA, Nieman DC, Melby C, Cureton K, Schmidt D, Howley ET,
Hill JO, Mault JR, Alexander H, Stewart DJ. Assessment of body
composition change in a community-based weight management
program. J Am Coll Nutr. 2001;20:26-31.

Kyle UG, Melzer K, Kayser B, Picard-Kossovsky M, Gremion G,
Pichard C. Eight-year longitudinal changes in body composition in
healthy Swiss adults. J Am Coll Nutr. 2006;25:493-501.

Kyle UG, Zhang FF, Morabia A, Pichard C. Longitudinal study of body
composition changes associated with weight change and physical
activity. Nutrition. 2006;22:1103-1111.

Newman AB, Lee JS, Visser M, Goodpaster BH, Kritchevsky SB,
Tylavsky FA, Nevitt M, Harris TB. Weight change and the conservation

306.

307.

308.

of lean mass in old age: the Health, Aging and Body Composition Study.
Am J Clin Nutr. 2005;82:872-878.

Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M,
Schwartz AV, Simonsick EM, Tylavsky FA, Visser M, Newman AB.
The loss of skeletal muscle strength, mass, and quality in older adults:
the Health, Aging and Body Composition Study. J Gerontol A Biol Sci
Med Sci. 2006;61:1059-1064.

2009 Technical Specifications for Physician Measurement. www.ncqu.org/
Portals/0/HEDISQM/HEDIS2009/HEDIS_2009_Physician_Measures.pdf.
Accessed January 25, 2011.

Katz DL, O’Connell M, Yeh M-C, Nawaz H, Njike V, Anderson LM,
Cory S, Dietz W; Task Force on Community Preventive Services. Public
health strategies for preventing and controlling overweight and obesity
in school and worksite settings: a report on recommendations of the
Task Force on Community Preventive Services. MMWR Recomm Rep.
2005;54:1-12.

KEy Worps: AHA Scientific Statements Bl obesity H overweight l body
weight Bl metabolic syndrome H body fat

Downloaded from http://circ.ahajournals.org/ at ARCURI ATT LISTA on September 27, 2011


www.ncqu.org/Portals/0/HEDISQM/HEDIS2009/HEDIS_2009_Physician_Measures.pdf
www.ncqu.org/Portals/0/HEDISQM/HEDIS2009/HEDIS_2009_Physician_Measures.pdf
http://circ.ahajournals.org/

