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Abstract Larger waist circumference or waist-hip ratio, as
crude indicators of visceral fat mass, are associated with
adverse metabolic profile, but their role in predicting future
coronary heart disease (CHD) events has been less
investigated. Recent epidemiologic findings suggest that
these simple and inexpensive measures of abdominal fat
distribution predict CHD independently of body mass
index, and, to a certain extent, cardiovascular disease risk
factors. The magnitude and shape of the association
between abdominal adiposity and CHD have been shown
to vary with age, gender, and ethnicity. Studies have also
suggested that lower body fat is associated with reduced
CHD risk, although the clinical relevance for this finding
needs further elucidation. Assessing body fat distribution
may be useful for improving CHD risk assessment,
although more studies are needed to assess consistency in
CHD risk predictions across populations. A consensus is
also needed to define the clinically relevant cut-off points
for waist circumference or waist-hip ratio.
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Introduction

Obesity is characterised by an excess amount of fat that is
deleterious to health [1]. Excess fat in the abdominal
region, particularly in the visceral area, has been suggested

as being responsible for the myriad of metabolic con-
sequences of obesity [2, 3]. Because measures such as waist
circumference and waist-hip ratio are known correlates of
visceral fat mass, these simple measures may be used to
improve assessment for coronary heart disease (CHD) risk
[4]. Indeed, the World Health Organization [1] and the
National Institutes of Health in the United States [5]
developed clinical guidelines in late 1990s that suggested
incorporation of waist circumference assessment in clinical
settings to help improve cardiovascular risk assessment.
Similar clinical guidelines were developed in the United
States [6], the United Kingdom [7], and Canada [8] in the
early and mid-2000s. However, the evidence for the clinical
relevance of abdominal adiposity was generally linked to
their associations with intermediate markers of metabolic
disease, such as blood pressure, lipid profile, and insulin
sensitivity. Until recently, there were only a handful of
studies that looked at important health outcomes such as
mortality or development of CHD. It is therefore relevant to
re-examine current evidence on the importance of abdominal
fat distribution in the etiology of CHD and its relevance to
CHD prevention and management. Two recent systematic
reviews examined the prospective association of waist
circumference and waist-hip ratio with cardiovascular dis-
ease (CVD) [9•] and CHD [10•]. Furthermore, since the
publication of those reviews, additional findings have been
reported from a number of newer studies.

The main purpose of this article is to provide an update on
the relationship between fat distribution and CHD, examine
current controversies that need to be carefully considered,
and describe implications of these findings for physicians
and health professionals in the community. This article also
focuses on prospective studies examining the association
between waist circumference or waist-hip ratio and CHD,
although other health end points are discussed as relevant.

D. Canoy (*)
NIBHI, School of Community-Based Medicine,
The University of Manchester,
Jean McFarlane Building (Room 4.308), Oxford Road,
Manchester M13 9PL, UK
e-mail: dexter.canoy@manchester.ac.uk

Curr Atheroscler Rep (2010) 12:125–133
DOI 10.1007/s11883-010-0092-9



Fat Distribution and Metabolic Complications:
The Anatomic Basis

Body fat is stored in various depots, with over 85% of fat
stored subcutaneously and around 10% stored in the viscera
[11]. Other fat depots that may have relevance to atheroscle-
rotic disease include pericardial fat [12], buccal fat [13], and
ectopic fat (adipose tissue stored in other organ systems)
[14]. Fat distribution can also be crudely categorized either
as upper body fat, truncal or abdominal fat (where bigger
girth is indicative of increased visceral fat mass), or lower
body fat (which is mainly subcutaneous). Adipose tissues in
these different compartments also reflect variations in
metabolic characteristics. Compared with subcutaneous fat,
visceral fat depots have higher lipolytic rates [15], are less
responsive to the antilipolytic effect of insulin [16], show
increased expression of inflammatory markers and secretion
of other adipokines [17], and exhibit an enhanced activity of
intravascular coagulation factors [18]. Anatomically, layers
of abdominal subcutaneous fat have been recognized, with
lower metabolic activity observed in the superficial layer
than in the deeper layer [19]. As compared with upper body
subcutaneous fat, lower body subcutaneous fat is character-
ized by lower blood flow rate and lower hormone-sensitive
lipase rate of action [20]. This wide variation in metabolic
characteristics suggests that preferential storage of excess fat
in specific depots may provide the basis for the differences in
metabolic risks associated with fat distribution.

Fat Distribution and Metabolic Complications:
The Physiologic Basis

In obesity, increased visceral fat releases excess free fatty
acids into the portal vein [21]. It has been hypothesized that
exposing the liver to elevated fatty acid concentration
contributes to peripheral and hepatic insulin resistance,
impaired insulin secretion, and development of atherogenic
dyslipidemia (“portal theory”) [2]. Although most of the
free fatty acids in the portal circulation originate from
subcutaneous fat [22•], the proportion of free fatty acids in
the portal circulation originating from the viscera increases
with larger visceral fat mass [21].

Subcutaneous fat may also be important in modulating
metabolism [22•]. Adipocytes in the lower body adipose
tissues have the capacity to increase in number or size to store
excess fat and may serve as a metabolic “sink” by buffering
elevated postprandial fatty acid and lipid fluxes [23].
Impairment of this function could have important metabolic
consequences. The importance of subcutaneous fat in metab-
olism has been suggested by a number of elegant animal
studies involving lipoatrophic mice and ob/ob mice, both of
which exhibit insulin resistance and dyslipidemia. Transplan-

tation of subcutaneous fat in lipoatrophic mice [24] and
expansion of subcutaneous fat in obese mice overexpressing
the mutated adiponectin gene [25••] resulted in normalization
of lipid levels and glucose homeostasis in these animals. In
humans, lipodystrophy is associated with insulin resistance and
dyslipidemia [26]. Intriguingly, the removal of subcutaneous
fat in morbidly obese patients by liposuction has neither led to
marked improvement in their short-term or long-term meta-
bolic profile [27]. In diabetic patients, the use of thiazolidine-
dione, a peroxisome proliferator–activated receptor γ agonist
that induces preadipocyte differentiation and subcutaneous fat
mass expansion, improves insulin sensitivity [28]. It has been
suggested that impairment of or exceeding the storage capacity
of subcutaneous fat depot may lead to an overflow of fatty
acids into the circulation that will contribute more free fatty
acids in the portal circulation. The excess subcutaneous fat
may even be stored ectopically in organs such as skeletal
muscle and liver, which in turn could contribute to metabolic
dysregulation (ie, the “overflow theory”) [29].

Although similar to the two previous hypotheses, a third
paradigm stresses the importance of intrahepatic fat as the
underlying mechanism that explains the complications of
abdominal obesity. Matched for the same visceral fat mass
volume, individuals with higher intrahepatic triglyceride
content had lower insulin sensitivity and higher secretion rate
of triglyceride-rich very low-density lipoprotein [30••]. In
contrast, when matching for intrahepatic triglyceride content,
no metabolic differences were observed with visceral fat
mass volume, suggesting that the obesity-related complica-
tions were more closely dependent on intrahepatic fat than
on visceral fat. This study has indeed challenged the dogma
that visceral fat mass explains the metabolic consequences of
abdominal obesity. However, it is likely that visceral and
intrahepatic fat mass will correlate in obese persons. It
certainly remains unclear if both represent distinct or related
pathologic processes. Alternatively, these mechanisms need
not be mutually exclusive; in a persistent condition of
positive energy balance, the mechanisms may represent
stages of metabolic dysregulation that consequently promote
atherosclerosis. The challenge remains to identify the
phenotype of adiposity that best captures the disparate
effects of fat depot on clinically relevant outcomes.

Anthropometric Correlates of Fat Depots

Total (overall or general) adiposity can be crudely quanti-
fied by calculating body mass index (BMI), which is
calculated as weight in kilograms divided by height in
meters squared [1]. Although persons who are overweight
(BMI of 25–29.9 kg/m2) or obese (BMI≥30 kg/m2) are
likely to have excess fat, BMI does not give an indication as to
how this fat is distributed in the body. Fat mass in specific depots
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may be estimated with relative accuracy using CT or MRI, but
these methods are impractical to use in clinical settings. Waist
circumference and waist-hip ratio are simple anthropometric
indicators of abdominal adiposity as they correlate reasonably
well with visceral fat mass [1, 4]. However, the amount of fat
for a given body size is known to vary by age, gender, and
ethnicity [31]. This variability in adiposity may contribute to
differences in risks associated with a specific level of
adiposity across subgroups within and between populations
[32, 33]. Other body composition measurement techniques,
such as bioelectrical impedance and dual energy x-ray
absorptiometry, may also provide estimates for regional
(upper and lower body) fat mass, but these measures do not
provide information on visceral fat mass.

Fat Distribution and Coronary Heart Disease

In the 1950s, Vague [34] suggested that body habitus was
associated with ill health, but it was not until 1984 when
two Swedish reports emerged that showed waist-hip ratio
was prospectively associated with incident CHD [35, 36].
These findings indicated for the first time that abdominal
adiposity was an important risk factor for CHD independent
of BMI. Since the publication of these seminal reports, only
a limited number of studies have further examined the
nature of the relationship between abdominal adiposity and
atherosclerotic disease. Detailed analyses of these various
studies are shown in two systematic reviews that focus on
slightly different but overlapping disease outcomes (CVD [9•]
and CHD [10•]). Since the publication of these reviews,
findings from a number of studies have also been published
on CHD outcomes [37–41, 42••, 43]. Studies published since
2008 are shown in Table 1. Examining the evidence
provided by all these investigations may reveal the impor-
tance of abdominal fat distribution in the etiology of CHD
and help shape how the condition can best be managed.

General Characteristics of the Prospective Studies

Waist circumference and waist-hip ratio are two commonly
used indicators for abdominal adiposity in epidemiologic
studies that have reported on CHD outcome [10•, 37–40], but
waist-height ratio has also been examined in some reports
[41, 44]. Many of these studies covered a wide range of age
groups, started at different time periods, and involved mostly
Western populations. Although fat distribution is known to
vary with ethnicity, few compared the influence of fat
distribution on incident CHD between ethnic groups within a
single population [45–47]. Although data for men and
women were available, few studies have included both men
and women to allow comparison of effect sizes between the
sexes [45, 48••]. There has been a wide variability in the

sample size, number of relevant end points, and duration of
follow-up across the studies. Many studies combined fatal
and nonfatal outcomes, whereas others solely considered
CHD-related deaths. Case ascertainment was made on the
basis of adjudication by independent assessors or identified
from hospital records or death certificates.

Findings from Prospective Studies

Higher waist-hip ratio is associated with increased risk for
CHD independently of BMI in British men and women, even
among non-obese individuals (BMI<30 kg/m2) [48••].
Although similar findings were observed for waist circum-
ference, risk estimates were less consistent and robust. In
other studies, there was a lack of consistent significant
association between waist circumference and CHD, but
generally there were a fewer number of events in the analyses
(around 20 to 500 CHD cases) or inappropriate adjustment
for mediating factors [10•, 37–39]. However, in a study with
over 2000 CHD cases, waist circumference or waist-hip ratio
was prospectively associated with CHD independently of
BMI as well as other classic cardiovascular disease risk factors
[48••]. Studies with a larger number of cases may have the
sufficient statistical power to show an independent effect
despite the high correlation between abdominal adiposity
measures (particularly waist circumference) and BMI.

Shape and Magnitude of Association

The relationship between BMI and mortality, including
deaths related to the circulatory system, has been suggested
to be J-shaped in that excess risk is noted in the lower end
as well as in the upper end of the distribution of BMI [49•].
The shape of the association between fat distribution and
CHD is less clear. For waist-hip ratio, the relation with
atherosclerotic disease showed a graded, linear association
across the whole range of this measure in both men and
women [48••]. However, for waist circumference, the shape
varies slightly depending on whether or not the association
has been adjusted for BMI and/or other covariates [48••, 50].
Because it is highly correlated with BMI, it may closely
follow the shape of the association of BMI with CHD.

The magnitude of the risk associated with higher abdominal
adiposity is rather strong. Comparing the risk of those in the
top versus bottom fifth of the distribution of adiposity measure
in a British cohort, the age-adjusted hazard ratios for waist-hip
ratio and waist circumference were 2.06 (95% CI, 1.75–2.43)
and 1.85 (95% CI, 1.57–2.17), respectively, in men, and 2.44
(95% CI, 1.88–3.17) and 2.35 (95% CI, 1.84–3.01), respec-
tively, in women [48••]. To put this into context, the risk
estimates for BMI were 1.74 (95% CI, 1.49–2.02) in men and
1.99 (95% CI, 1.60–2.47) in women. Adjustment for other
covariates attenuates the associations for waist circumference
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and waist-hip ratio, but the associations generally remained
significant. These effect sizes are comparable in other studies
[40, 43, 50].

A quantitative relationship of waist circumference and
waist-hip ratio with incident CVD in prospective studies has
also been recently reported [9•]. Combining data from 15
publications involving 258,114 participants and 4355 cases
of incident CVD (fatal and nonfatal CHD and stroke events),
an increase in waist circumference or waist-hip ratio has
been significantly associated with increased risk for devel-
oping CVD in both men and women. The relative risk for
developing CVD increased by 2% (95% CI, 1–3%) for every
1-cm increase in waist circumference and by 5% (95% CI,
4–7%) for every 0.01 increase in waist-hip ratio. The risk
estimates were comparable between men and women and
persisted after adjusting for potential confounders, including
BMI, and potential mediating biological factors.

Consistency Between Populations and Between Subgroups
Within a Population

Variations in the associations across important subgroups in
the population might be expected considering that adiposity
and its distribution are known to vary by age, sex, and
ethnicity. Some studies indicate that the association
between abdominal adiposity and CHD is stronger in
younger than in older adults [42••, 48••, 50]. In the
Atherosclerosis Risk in Communities (ARIC) study, risk
estimates in men were greater in whites than in blacks,
whereas risk estimates in women were greater in blacks
than in whites. In the Charleston Heart Study, which
included white and black men, abdominal adiposity was
not shown to be independently associated with CHD [46].
The lack of association was also evident in Aboriginal
Australians [38]. Lack of an association in these studies
could be due to lack of statistical power, as the studies
involved only relatively small numbers of CHD events.
Indeed, in a biracial cohort with over 1000 CHD cases,
waist-hip ratio (but not waist circumference) was an
independent predictor of incident CHD [40].

Role of Mediating Factors

Hypertension, dyslipidemia, elevated levels of circulating
inflammatory markers and other adipokines, impaired glucose
homeostasis, and endothelial dysfunction are among themyriad
of pathways that may promote atherogenesis. Hence, adjusting
for these factors in the analysis to establish the association
between fat distribution and CHD may be inappropriate.
However, adjusting for such factors could provide information
on the importance of specific pathways that link abdominal
adiposity with CHD. For example, if the excess risks are mainly
mediated by hypertension or hypercholesterolemia, then risk

assessment and management may simply relate to controlling
such factors to reduce CHD risk in patients with excess
abdominal fat. Knowing what these mechanisms are may help
identify more relevant ways to prevent, or to reduce the risk of,
CHD among abdominally obese persons. Despite the attenu-
ation of CHD risk estimates for abdominal adiposity after
adjusting for blood pressure and cholesterol, some studies
show that the relation remains significant, confirming that
other biological factors may be involved [48••, 50, 51].

Peripheral Adiposity and Metabolic Health

There have been a number of reports suggesting that lower
body adiposity is an important component of metabolic
health. As mentioned previously, subcutaneous fat may
modulate metabolism and could therefore modify metabolic
disease risk. There is some evidence in humans that hip or
thigh circumference, for a given body or waist size, is
related to a better cardiovascular risk profile [52–54].
Studies that used dual energy x-ray absorptiometry (a bone
density scan) to estimate lower body adiposity suggested
that this protective effect was largely explained by the
subcutaneous fat rather than the muscle mass or the
intramuscular fat mass [54]. Indeed, after adjusting for
BMI and waist circumference, an inverse association
between hip or thigh circumference and risk for CHD and
diabetes mellitus has been demonstrated in a number of
studies [40, 48••, 55]. The magnitude of the effect of hip
circumference is substantial. In the European Prospective
Investigation into Cancer (EPIC)-Norfolk study, up to 30%
to 40% reduction in risk was observed in the top fifth as
compared to the bottom fifth of the distribution of hip
circumference independently of waist circumference, BMI,
biological mediators, and other covariates [48••].

Role of Fat Distribution in Coronary Heart Disease Risk
Assessment

Despite the evidence that fat distribution is an important
determinant of CHD independent of BMI and other classic
risk factors of CHD, its role in CHD risk assessment has
remained controversial [56]. It is probably not helped by the
fact that studies in this research area may have focused,
perhaps inadvertently, on controversial issues that could send
a mixed or contradictory message outside of the research
community. Some of these key issues are described below.

Purpose of Risk Assessment

Abdominal obesity may be considered as an independent
risk factor that can potentially be used to improve CHD risk
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assessment in the clinical setting. From this perspective,
various measurements would have been taken (including
blood sample collection), and the clinical management is
predicated on the overall risk profile. Treatment of specific
risk factors, such as prescription of antihypertensive drugs
and cholesterol-lowering medications, smoking cessation,
and perhaps weight management, may form part of
managing the patient [6, 7]. However, as a screening tool,
it becomes problematic because hypertension and dyslipidemia,
which are part of the biological pathway linking obesity with
CHD, are included in clinical assessment of CHD risk [6]. The
other perspective focuses on obesity as the condition of
interest and its assessment determines the focus of subsequent
management, which includes weight management, treatment
of CHD risk factors, or both. In this perspective, weight
management is viewed as part of reducing blood pressure and
cholesterol level and not just to improve nonclassical CHD
pathways (eg, reducing low-grade systemic inflammation).
These two perspectives overlap in clinical practice, and more
so if patients are considered obese. However, the distinction is
clearly manifested in those who do not meet the clinical
definition for obesity. The importance of adiposity is therefore
dependent on the purpose of its measurement—either as a risk
factor in a CHD risk score model or as a condition that needs
to be clinically managed. Part of this management included
addressing the CHD risk. Considering that abdominal
adiposity is also associated with other important health
outcomes, including all-cause mortality and some types of
cancer [42••, 49•], focusing solely on the role of abdominal
adiposity in CHD may not be addressing the overall health
status of the patient.

Total Versus Regional Adiposity

Whether it is overall fatness or the relative distribution of
fat that has a more important clinical relevance remains a
controversial issue. Even if findings show independent
effects for each of these measures, some measures,
particularly BMI and waist circumference, are highly
correlated. Few obese individuals are likely to have a small
waist circumference. As BMI is widely measured in clinical
practice, it offers an advantage over waist circumference.
Because obesity is clinically defined using BMI, the issue
therefore is less about which measurement is better for
CHD assessment in the clinical setting and more about
whether or not the addition of another measurement, such
as waist circumference, would provide additional and
meaningful clinical information, taking into account limi-
tations in patient consultation times. In patients with BMI≥
30 kg/m2, there is no evidence that management of excess
weight and its co-morbid conditions will have to be
modified depending on their waist circumference [57].
However, there is evidence that abdominal adiposity, as

measured by waist circumference or waist-hip ratio, could
be useful to assess CHD risk in non-obese individuals
[48••]. Hence, it is likely that abdominal adiposity
assessment may benefit non-obese patients for whom
abdominal adiposity assessment may influence subsequent
clinical management.

Defining Clinical Cut-off

Although there is no clear agreement as to which
anthropometric measure is the single best indicator for
abdominal adiposity, clinical guidelines tend to suggest the
use of waist circumference because it is generally simple to
assess. However, there is no consensus on which cut-off
points are best for risk assessment. Defining thresholds is
complicated because there are differences in the relation of
abdominal adiposity with different risk factors, and the risk
estimates for various disease outcomes may differ. Current-
ly, the International Diabetes Federation has recommended
waist circumference thresholds for increased risk for
cardiovascular disease and diabetes as ≥94 cm in men and
≥80 cm in women. The American Heart Association and
National Heart, Lung, and Blood Institute set the thresholds
at ≥102 cm in men and ≥88 cm in women, and the World
Health Organization uses both thresholds to reflect different
levels of risks [58••]. Other groups either adopt or set their
own thresholds to reflect the relevance of these cut-off
points to their local needs. There is a consensus that more
data are needed to assess how robust these thresholds are in
relation to gender, age, and ethnicity or country.

Implications for Prevention, Treatment,
and Management

There are new developments in pharmacotherapy to reduce
weight and subsequently modify body fat distribution that
look promising and could prove to be useful and effective
when used in the clinical setting [59]. However, a
pharmacologic approach to improve adiposity phenotype
is unlikely to be feasible in the population. Factors such as
smoking, physical activity, and diet are known to influence
body fat distribution [60, 61], and promoting an overall
healthy lifestyle forms part of overall clinical and public
health management strategies. Targeting to modify a
specific depot is probably less useful because fat mass in
all depots are likely to be correlated. For example,
individuals with bigger waist girth are likely to have bigger
hips, so individuals with bigger hips, which confer lower
risk, are likely to have bigger waist girth and therefore
benefit from reduction of this excess fat. It has been
suggested that a reduction of waist circumference by 5 cm
is feasible via dietary restriction and low-intensity exercise
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three times a week [60]. This reduction can potentially
reduce CHD or CVD by 11% to 15% (not to mention the
benefits of improving glucose homeostasis) [9•, 48••].
Although this risk reduction may seem small for an
individual, it is likely to show a substantial impact on the
population as a whole. Considering that about 785,000 new
coronary attacks may have occurred in 2009 in the United
States [62], even a 10% risk reduction would mean 78,500
new cases could have been prevented this past year.

Conclusions

Body fat distribution is an important determinant of
metabolic health. Abdominal obesity could lead to meta-
bolic consequences and increase the risk for CHD as well
as other health outcomes. This importance has been
underscored by the inclusion of abdominal adiposity in
the definition of metabolic syndrome in a recent interna-
tional consensus [58•]. Nevertheless, more research is
needed to examine the relation between various anthropo-
metric indicators of abdominal adiposity and disease out-
comes in as wide of a range of age groups, ethnicities, and
populations as possible to help inform how best to use and
interpret these measures in clinical risk predictions. In the
future, it is likely that a more sophisticated and perhaps
more personalized algorithm may be needed to improve
CHD risk assessment [56]. Increasing our knowledge of the
genetic basis of fat distribution and development of
pharmacologic drugs targeting specific fat depots may alter
clinical practice on CHD risk assessment and management.
However, even more importantly, regardless of how body
fat is distributed, reduction of obesity prevalence and
prevention of excess weight gain are two of the most
fundamental public health challenges.
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