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Treatment of obesity: need to focus on high risk
abdominally obese patients
Jean-Pierre Després, Isabelle Lemieux, Denis Prud’homme

It is generally accepted that obesity is a health hazard
because of its association with numerous metabolic
complications such as dyslipidaemia, type 2 diabetes,
and cardiovascular diseases.1 On that basis, health agen-
cies2 3 have proposed that obesity should be defined on
the basis of weight in kg expressed over height in m2, the
so called body mass index,4 initially described by Quete-
let in 1869 (table). Epidemiological studies have
reported a progressive increase in the incidence of
chronic diseases such as hypertension, diabetes, and cor-
onary heart disease with increasing body mass index.1–3

However, despite this well documented evidence, physi-
cians are, in their daily practice, perplexed by the
remarkable heterogeneity found in their obese patients.
For instance, some patients show a relatively “normal”
profile of metabolic risk factors despite the presence of
substantial excess body fat, whereas others who are only
moderately overweight can nevertheless be character-
ised by a whole cluster of metabolic complications,
increasing the risk of type 2 diabetes, coronary
atherosclerosis, and cardiovascular disease.

In this regard, epidemiological and metabolic
studies conducted over the past 15 years have
re-emphasised a notion introduced in the mid-forties by
a French physician, Dr Jean Vague, who reported that
the complications commonly found in obese patients
were more closely related to where the excess fat was
rather than to excess weight per se.5 Since this early pio-
neering work, in which Vague described the high risk
form of obesity by the term “android obesity” or male
type (upper body) obesity, several studies have con-
firmed the notion that a high proportion of abdominal
fat is a major risk factor for coronary heart disease, type
2 diabetes, and related mortality.6 Furthermore, recent
studies have also shown that a preferential accumulation
of body fat in the gluteofemoral region, commonly
found in premenopausal women and initially described

by Vague under the term “gynoid obesity,” is not a major
threat to cardiovascular health.7 8

Therefore, there is currently overwhelming evi-
dence that abdominal obesity is a major clinical and
public health issue. In this review we discuss the clinical
implications of this concept regarding the assessment
and the management of risk in abdominally obese
patients.

Visceral adipose tissue: the culprit
Epidemiological studies have mainly used anthropo-
metric variables such as the ratio of waist to hip circum-
ferences (waist:hip ratio) to estimate the proportion of
abdominal adipose tissue (fig 1). Sophisticated imaging
techniques such as magnetic resonance imaging and
computed tomography, however, can distinguish, with a
high level of precision, intra-abdominal or visceral fat
depot from subcutaneous abdominal fat (fig 1).6 9 These
techniques showed that a simple measurement such as
waist circumference was the best anthropometric corre-
late of the amount of visceral adipose tissue (fig 1).9

Classification of obesity based on body mass index (BMI)2 3

Classification BMI*

Underweight <18.5

Normal range 18.5-24.9

Overweight: >25.0

Pre-obese 25.0-29.9

Obese class I 30.0-34.9

Obese class II 35.0-39.9

Obese class III >40.0

*kg/m2.

Summary points

A simple measurement such as waist
circumference can indicate accumulation of
abdominal fat

Viscerally obese men are characterised by an
atherogenic plasma lipoprotein profile

A triad of non-traditional markers for coronary
heart disease found in viscerally obese middle aged
men (hyperinsulinaemia, raised apolipoprotein B
concentration, and small LDL particles) increases
the risk of coronary heart disease 20-fold

Four out of five middle aged men with a waist
measurement >90 cm and triglyceride
concentrations >2 mmol/l are characterised by
this triad

Even in the absence of hypercholesterolaemia,
hyperglycaemia, or hypertension, obese patients
could be at high risk of coronary heart disease if
they have this “hypertriglyceridaemic waist”
phenotype
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Furthermore, a seven year longitudinal study con-
ducted in women revealed that the change in waist
measurement was a better correlate of the change in
visceral adipose tissue observed over this period than
the change in the waist:hip ratio10 for reasons that are
illustrated in figure 2.

Metabolic complications associated with
visceral obesity
Plasma glucose and insulin concentrations and risk
of type 2 diabetes
Type 2 diabetes not only increases the risk of
retinopathy, nephropathy, and neuropathy but is also a
major risk factor for atherosclerotic macrovascular dis-

ease, as 75% of patients with type 2 diabetes will even-
tually die from this complication.11 Prospective studies
have shown that abdominal obesity is a major risk fac-
tor for the development of type 2 diabetes.6 This
increased risk can be largely attributed to the fact that
a high accumulation of abdominal adipose tissue,
especially of visceral adipose tissue (see fig 1),12 has
been associated with glucose intolerance and with
hyperinsulinaemia resulting from insulin resistance.6 13

To quantify the respective contributions of the two
main abdominal adipose depots (subcutaneous versus
visceral) to the development of glucose intolerance
and hyperinsulinaemia in obesity, two groups of obese
patients were carefully matched for the same amount
of total body fat but with either low or high levels of
visceral adipose tissue measured by computed tomog-
raphy.13 Obese people with less visceral adipose tissue
were found to have normal glucose tolerance when
compared with lean controls.13 Obese people with a
high accumulation of visceral adipose tissue, however,
showed an increase in their glycaemic response to an
oral glucose load which was measurably higher than
that in obese people with less visceral adipose tissue or
in non-obese controls.13 Major differences were also
noted in the plasma insulin response to the oral
glucose load.13 These comparisons show that viscerally
obese people represent a subgroup of obese patients
with the highest glycaemic and insulinaemic responses
to an oral glucose challenge and that they are at the
highest risk of developing type 2 diabetes.6 12 13

Atherogenic dyslipidaemia of visceral obesity:
beyond low density lipoprotein cholesterol
Obese individuals with a high accumulation of visceral
adipose tissue tend to have hypertriglyceridaemia and
low concentrations of high density lipoprotein choles-
terol.14 Furthermore, the reduction in plasma concen-
tration of high density lipoprotein cholesterol in these
viscerally obese people is the major factor responsible
for the increase in their ratio of cholesterol:high
density lipoprotein cholesterol,15 this ratio being a
powerful predictor of risk of coronary heart disease.16

Despite the fact that viscerally obese patients often
have plasma concentrations of low density lipoprotein
cholesterol in the normal range, they have an
increased proportion of atherogenic small, dense, low
density lipoprotein particles and an increased concen-
tration of apolipoprotein B (a marker of the
concentration of atherogenic lipoproteins) (fig 3).17

Therefore viscerally obese patients have a very athero-
genic plasma lipoprotein-lipid profile. Thus, physicians
clearly need to go beyond the measurement and
interpretation of cholesterolaemia and low density
lipoprotein cholesterol concentrations for proper
evaluation of risk of coronary heart disease in these
patients. Simple lipid variables, generally obtained
from a routine clinical biochemistry profile, can be
used to identify high risk abdominally obese patients
with high levels of visceral adipose tissue.

Atherogenic metabolic profile of visceral
obesity: beyond “classic” risk factors
Prospective studies have shown that the atherogenic
metabolic profile of patients with visceral obesity
contributes substantially to their increased risk of
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Fig 1 Assessment of accumulation of abdominal fat by
measurement of waist at mid-distance between bottom of rib cage
and iliac crest. Amount of visceral adipose tissue that can be
assessed by computed tomography can be estimated by waist
measurement (adapted from Pouliot et al9)
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Fig 2 Misleading information provided by follow up of changes in
waist:hip ratio in woman followed over 20 years. Simultaneous
increase in waist and hip measurements means ratio is stable over
time despite considerable accumulation of visceral adipose tissue,
which would have been predicted from 20 cm increase in waist
observed over time. Thus, waist circumference provides crude index
of absolute amount of abdominal adipose tissue whereas waist:hip
ratio provides index of relative accumulation of abdominal fat
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premature coronary heart disease.18 Results from a
prospective study of middle aged men indicated that
the cluster of metabolic abnormalities found in viscer-
ally obese men was associated with a substantial
increase in the risk of coronary heart disease, even in
the absence of classic risk factors such as type 2
diabetes, hypercholesterolaemia, and hypertension.18 A
triad of “new” atherogenic metabolic risk markers—
fasting hyperinsulinaemia, increased apolipoprotein B
concentration, and an increased proportion of small,
dense, low density lipoprotein particles (abnormalities
found together in viscerally obese men, even in the
absence of type 2 diabetes)—was found to be associated
with a 20-fold increase in the risk of developing coron-
ary heart disease in initially asymptomatic middle aged
men followed over a period of five years.18 Therefore,
this atherogenic metabolic triad of risk markers
observed in viscerally obese patients with insulin resist-
ance is associated with a marked increase in the risk of
coronary heart disease.

Screening tools to identify high risk
abdominally obese individuals
The existence of this atherogenic metabolic triad indi-
cates a need for a simple algorithm which could be
used by general physicians and health professionals to
screen rapidly for the risks associated with this cluster.
A close relation between accumulation of visceral adi-
pose tissue and plasma insulin and apolipoprotein B
concentrations has been reported,10 but the direct
measurement of accumulation of visceral adipose
tissue by computed tomography is costly and involves
irradiation of participants. Accumulation, however, can
be estimated from anthropometric indices,19 and stud-
ies have shown that the waist circumference is a useful
measurement not only to predict accumulation (see fig
1) but also to monitor its change over time.10 20 On the
other hand, the variable which has been reported to
display the closest association with the presence of
atherogenic small, dense, low density lipoprotein parti-
cles is the plasma triglyceride concentration measured
in the morning after a 12 hour fast.17 21

Simple screening variables, such as waist circumfer-
ence and fasting triglyceride concentrations, have been
tested for their ability to identify high risk, viscerally
obese men who would be carriers of the atherogenic
triad.15 Sensitivity and specificity analyses conducted in
a sample of men aged between 30 and 65 years showed
that a cut off point of a 90 cm waist measurement
would provide the best discriminative ability to
distinguish men with hyperinsulinaemia and increased
apolipoprotein B concentration from those with
normal concentrations for both variables.15 Further-
more, a fasting triglyceride concentration of 2 mmol/l
provided the best cut off point to identify men with the
small, dense, low density lipoprotein phenotype.15 By
using these simple cut off values, more than 80% of
men with a waist circumference >90 cm and fasting
triglyceride concentrations >2 mmol/l were carriers of
the atherogenic metabolic triad, whereas only 10% of
men with a waist circumference < 90 cm and fasting
triglyceride < 2 mmol/l were carriers.15 These results
emphasise the importance of the measurement and
interpretation of waist circumference and of fasting
triglyceride concentration in the assessment of risk of
coronary heart disease. Although this approach is
promising, it is important to point out that there are
sex and ethnic group differences in the relation of waist
measurement to accumulation of visceral adipose
tissue as well as to metabolic complications. Thus, it is
likely that different cut off values defining the
hypertriglyceridaemic waist phenotype may be found
in women (before and after the menopause) as well as
in other age and ethnic groups.

Hypertriglyceridaemic waist: a new clinical
phenotype defining a high risk form of
overweight/obesity
From the ability of the combined interpretation of
waist measurement and fasting plasma triglyceride
concentration to discriminate a large proportion
of carriers from non-carriers of the features of the
atherogenic metabolic triad, we believe that the
hypertriglyceridaemic waist may help to refine our
identification of high risk patients beyond the use of
waist measurement alone.

Large, buoyant particles

Apo B

Small, dense particles

25% more apo B

Increased risk of
coronary heart disease

Fig 3 Schematic example of how “normal” concentration of low
density lipoprotein cholesterol could mislead assessment of risk of
coronary heart disease in abdominally obese patients. Even when
concentrations of low density lipoprotein cholesterol are the same,
abdominally obese patients have increased proportions of smaller low
density lipoprotein particles that are relatively depleted in cholesterol
(esterified cholesterol). However, as there is one apolipoprotein B (apo
B) molecule per low density lipoprotein particle, increased
concentration of these atherogenic lipoproteins can be detected by
measuring apolipoprotein B, which is about 25% higher among
abdominally obese people. Presence of increased concentration of
these small low density lipoprotein particles predicts substantially
increased risk of coronary heart disease in middle aged men

Atherothrombotic, pro-inflammatory abnormalities in viscerally
obese patients

This cluster of complications substantially increases the risk of coronary
heart disease in affected patients.
• Insulin resistance
• Hyperinsulinaemia
• Glucose intolerance
• Type 2 diabetes
• Hypertriglyceridaemia
• Hypoalphalipoproteinaemia
• Increased apolipoprotein B
• Small, dense, low and high density lipoprotein particles
• Postprandial hyperlipidaemia
• Hypertension
• Impaired fibrinolysis and increased susceptibility to thrombosis (raised
plasminogen activator inhibitor-1 and fibrinogen)
• Low chronic inflammation state (raised interleukin 6, raised C reactive
protein, etc)
• Endothelial dysfunction
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For instance, the use of the waist measurement has
been widely emphasised in the United Kingdom
because of the pivotal studies of Lean et al.22–24 At the
same time, our group had also documented a
progressive increase in the prevalence of metabolic
complications with increasing waist sizes, and the two cut
off values that we had proposed (90 cm and 100 cm)19

are close to the 88 cm in women and 102 in men
suggested by Lean and his group. Thus, if the clinician
cannot obtain a 12 hour fasting blood sample to meas-
ure triglyceride concentrations, waist measurements of
100-102 cm in men and 88-90 cm in women provide
useful reference values to identify obese patients who
may be at high risk for chronic metabolic diseases.
Furthermore, waist measurement also moves the focus
from weight to the high risk form of obesity: abdominal
obesity. Therefore, as waist circumference was found to
be a useful and simple marker of abdominal fat
accumulation, the World Health Organization3 had used
the studies of Lean et al to propose cut off points of 102
cm for men and 88 cm for women. To define critical
waist circumference values, however, a few additional
issues need to be examined.

Firstly, with age there is a selective deposition of
visceral adipose tissue.10 20 For example, a middle aged
man with a waist measurement of 95 cm has, on aver-
age, more visceral adipose tissue than a young adult
man with a similar waist circumference.19 Thus,
different cut off measurements should be proposed on
the basis of the patient’s age, a notion not covered by
the WHO recommendations. Secondly, and most
importantly, although waist measurement improves
our ability to identify high risk patients, there is still
considerable variability in the metabolic risk profile
within a group of patients with similar levels of
abdominal fat. Adding fasting triglyceride concentra-
tion to the waist measurement improves physicians’
ability to identify abdominally obese men likely to have
the features of the insulin resistance syndrome. In their
studies, Lean and colleagues rather focused on
“traditional risk” factors such as cholesterol, high den-
sity lipoprotein cholesterol, and blood pressure,22–24

whereas we have assessed measurements of the
metabolic syndrome, such as insulin, apolipoprotein B,
and size of low density lipoprotein particles.16 Thirdly,
although adding triglyceride concentration to waist
measurement improves our ability to identify high risk
abdominally obese men, we do not know whether this
algorithm predicts risk of coronary heart disease
equally well in women. This is because no prospective
study with “hard” end points has documented the
event rate for coronary heart disease associated with
the atherogenic metabolic triad resulting from
abdominal obesity in women. As the menopause is
associated with a selective deposition of visceral
adipose tissue as well as with an increased risk of
coronary heart disease, such studies are urgently
needed. Finally, there are major ethnic differences in
the interrelations between waist circumference, accu-
mulation of visceral adipose tissue, and the metabolic
risk profile. Our hypertriglyceridaemic waist approach
has been developed in white men and its validity
should not be extrapolated to other ethnic groups.
Additional studies are clearly warranted.

Management of obesity: focusing on high risk
patients
As obesity is often characterised by metabolic compli-
cations that harm health, it has been suggested that it
should be considered as a disease.3 Unfortunately, if
obesity is defined only on the basis of body mass index,
some healthy men and women (at least from a
metabolic point) with values of 30 and more will auto-
matically be classified at high risk even if they have a
fairly normal profile of metabolic risk factors. This may
explain the rather disappointing results of weight loss
trials that use pharmacotherapy, in which a large pro-
portion of the participants were “metabolically
healthy” women.25 26 However, on the basis of major
metabolic improvements induced by moderate
(5-10%) weight loss (fig 4), the relevance of an aggres-
sive management of high risk abdominally obese
people identified not on the basis of body weight but
also by waist and fasting triglyceride measurements is
emphasised. In this context, the benefits of pharmaco-
therapy are likely to outweigh the potential risks of
drug treatment. Obesity as a health problem has to be
defined beyond of weight and cosmetic considerations.

Physicians currently have a better understanding of
the aetiology of chronic complications such as coronary
heart disease and have access to a tremendous range of
drugs to treat them. Therefore, there has been a
legitimate emphasis on the treatment of complications
that are powerful risk factors for coronary heart disease
such as hypertension, dyslipidaemia, and diabetes (fig
5). However, for a long time obesity was not well defined
as a risk factor for coronary heart disease because of its
remarkable heterogeneity. By better identification of a
high risk form of obesity, it is hoped that physicians will
be encouraged to treat the cause of the metabolic com-
plications by focusing on waist circumference as
another therapeutic target. Waist girth should be
considered as a “vital sign” and recorded in the medical

Visceral
adipose tissue

Lipid
profile

Susceptibility
to thrombosis

Inflammation
markers

Endothelial
function

Risk of coronary
heart disease

Deteriorated Improved

Impaired Improved

High

Abdominally
obese
(high waist
measurement)

Reduced
obesity

(low waist
measurement)
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Insulin sensitivity
Insulinaemia
Glycaemia

Impaired Improved

Subcutaneous
adipose tissue

~ 30% visceral adipose tissue loss
   (diet, physical activity,
   pharmacotherapy)
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Fig 4 Potential benefits of moderate (5-10%) weight loss in high risk patients with cluster of
atherothrombotic, pro-inflammatory metabolic abnormalities associated with
hypertriglyceridaemic waist. Weight loss in abdominally obese patients is associated with
selective mobilisation of diabetogenic and atherogenic visceral adipose tissue, even 5-10%
weight loss is associated with preferential mobilisation of visceral adipose tissue, leading to
simultaneous improvement in all metabolic markers of coronary heart disease risk. Thus
simultaneous metabolic improvements associated with mobilisation of visceral adipose tissue
may contribute substantially to reduced risk of acute coronary event in high risk patients
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chart of every patient. Obviously, as our sedentary life-
style combined with our diet rich in saturated fats and
trans fatty acids and in refined sugars is “toxic” to our
metabolism, any approach aimed at the management of
risk of coronary heart disease in abdominally obese
patients will require a multifaceted approach (balanced
nutrition with more vegetables and fruit, fewer refined
products rich in fat and sugar, more physical activity)
directed at the critical factors involved in the aetiology
of the patient’s condition. In a broader context of a
comprehensive evaluation and treatment of risk (and
not of body weight), it is hoped that this approach will
help physicians to identify obese patients that may
require pharmacotherapy aimed at waist rather than
weight management.
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Corrections and clarifications

How animal passions became aroused
Two errors occurred in this review of the television
documentary The Rise and Rise of Animal Rights by
Rhona MacDonald (27 January, p 244). Firstly, we
should of course have spelt Colin Blakemore’s
name correctly. Secondly, the article wrongly stated
that the Royal Society for the Prevention of Cruelty
to Animals (RSPCA) was formed in the 1960s. The
society was in fact formed in 1824 (as the Society
for the Prevention of Cruelty to Animals) and with
royal approval became the RSPCA in 1840.

Mumps, measles, and rubella vaccine and the incidence of
autism recorded by general practitioners: a time trend
analysis
In this fast track paper by James A Kaye and
colleagues (24 February, pp 460-3), perhaps the
editing was just too fast. We failed to pick up that
the title of the table should have referred to
median [not mean] age.

Recent advances: Urology
Some confusion has arisen over a slightly
inaccurate reference in this article by Paul Abrams
and Alan Wein (2 December, pp 1393-6). The
article in reference 20 was published in a
supplement to European Urology, called Curriculum
in Urology 1.3, and not in the main journal, as was
stated. The correct reference is: De Jong TPVM.
Treatment of bladder exstrophy and epispadias.
Eur Urol 1999;36(suppl):1-7.
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