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The world is witnessing an obesity
pandemic that threatens to pose serious
challenge to every country’s health system.
The projected burden of an enormous
continuing increase in the prevalence of
atheroscelerotic cardiovascular disease,
type 2 diabetes, hypertension, stroke and
some forms of cancer will not only add to
morbidity and mortality but would result
in tremendous increase in health care
expenditure. Obesity is also associated with
an insidious, creeping increase in hitherto
uncommon diseases such as non-alcoholic
fatty liver disease and polycystic ovaries
syndrome. A cluster of cardiometabolic risk
factors has been described in association
with obesity. These factors, both
individually and collectively, enhance the
risk of above mentioned diseases.

Amongst the most worrying problems
is a steep rise in the prevalence of obesity
among children which makes them much
more prone to chronic diseases as they
grow older, thereby curtailing both the
longevity as well as quality of life(1). As
Prof. Kate Steinbeck pointed out at the

recently held 10* International Congress on
Obesity in Sydney : ‘The children in this
generation may be the first in history to die
before their parents because of health
problems related to weight’. This

‘Phenomenon is already well recognized in

developing countries with high infant
mortality due to malnutrition, infections
and infestations. Nevertheless, with
epidimelogical and  demographic
transition, the world now has more fat
people than hungry ones, with more than
a billion overweight people compared to
800 million who are undernourished.
Developing nations are facing a ‘Double
Trouble Syndrome’'(2), with unhealthy
coexistence of both communicable and non-
communicable diseases , alongwith the
spectre of HIV looming large on the
horizon. ‘

It is therefore timely to give serious
thought to preventive aspects especially
with regard to childhood obesity(3). It is
being increasingly recognized that the
environment of the baby and growing child -
plays a significant role in the development
of obesity in childhood and adolescence.
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The warning signs identified for enhancing
obesity risk include watching more than
eight hours of television a week; sleeping
fewer than 10.5 hours each night; above
average birth weight; obesity in both
parents; excessive weight gain in the first
year of life and rapid growth between birth
and the age of two years.

Taking serious note of these trends in
health transition, the CME Committee of
NAMS in 2005 decided to organize an intra-
mural national symposium devoted to
Obesity and the related cardiovascular &
metabolic risk factors. We were assigned
the task of planning and organization of the
symposium which was held at the
PGIMER, Chandigarh on November 20,
2005, It required enormous preparatory
efforts to ensure wider academic interaction
and dissemination of information. Thus the
deliberations of the Symposium were
transmitted live to postgraduate residents
and the Faculty at the Indira Gandhi
Medical College, Shimla. This was done
with the aid of PGIMER'’s Telemedicine
Centre and the Centre for Development of
Advance Computing, Mohali. The Real
Time Video Conferencing was done
successfully through the 3 BRI ISDN (384
Kbps Integrated Services Digital Network)
lines with L.G. Medical College Shimia. The
clarity and connectivity was excellent and
the participants at Shimla Medical College
were gratefully appreciative of such an
academic interaction. The extensive
coverage in the print and electronic media
successfully  disseminated  health
information about the subject content of

Obesity to a wide readership and
enlightened community leadership. The
successful outcome and impact was
therefore most gratifying.

In 2005, NAMS also established and
constituted a standing Academic
Committee with its objectives focused on
enhancing quality of health care through
continuing professional development,
medical education and biomedical research.
In its first meeting, the Academic
Committee decided to develop National
Guidelines in selected areas of health
concerns. One of the topics selected was
‘Metabolic Syndrome and Management of
Risk Factors such as Dyslipidemia’. It has
now been decided that the papers
presented at the National Symposium held
at Chandigarh should be published as a
part of CME Monograph series, and that
this publication may constitute an
important background document, amongst
others, to be deliberated upon by the Expert
Group being convened in early 2007 for
developing and recommending National
guidelines regarding the Diagnosis and
Management of Obesity and associated
Cardiometabolic Risk Factors. Thus, the
present monograph not only reflects the
outcome of 2005 NAMS National
Symposium, but also projects the futuristic
development of background
documentation for the 2007 NAMS Expert
Group meeting. ’

We gratefully appreciate the
cooperation extended by all those who
were, and continue to be, deeply involved
in these endeavours.
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With due apologies to Charles Dickens,
the recently generated intense debate on the
Metabolic Syndrome (MS), may well be
captioned as “A Tale of Two Worlds”. The
debate is essentially centered around
Egomantics, a somewhat catastrophic

combination of semantics and superego.

While my distinguished colleagues at the
International Diabetes Federation (IDF)
concede that MS is ‘perhaps an etiologic
mystery but far from a myth’(1), the
leadership of the American Diabetes
Association (ADA) and European
Association for the Study of Diabetes
(EASD) insist that ‘the MS has been
imprecisely defined, ther& is a lack of
certainty regarding its pathogenesis, and
there is considerable doubt regaxding its
value as a cardiovascular disease risk
marker’ (2). Nevertheless, they also
grudgingly admit that ‘the term MS has
now taken hold in the medical literature. It
has been defined and institutionalized,
principally by the World Health

Organization (WHO) (3) and the Third
Report of the National Cholesterol
Education Program’s Adult Treatment
Panel (NCEP-ATP IIl) (4) albeit with
different definitions. In addition, other
organizations have developed similar, but
again not identical, definitions (5,6). The
fact that a version of the MS has its own
ICD-9 code (277.7) also suggosts that it is
well thought out’.

Responding (or perhaps. reacting) to
what they call ‘shot across the bow of the MS’,
the gallant knight(s), presumably
representing the viewpoint of International
Diabetes Federation, state (1) : ‘we
recognize the importance of debate :
however, the appearance of this initiative
on behalf of two of the world’s leading
regional diabetes organizations raises
questions of motive and timing. Are the
criticisms part of a “turf protection”
scenario or do they have a valid scientific
basis?’. This logic reflects the assumption
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that the view of the whole i.e. IDF must
have a greater credence and credibility than
that of its individual constituents i.e. ADA
and EASD. Almost like the logic behind MS
and its constituents!

Essentially, the scientific argument of
the protagonists is based on the facts that :
(i) MS represents a risk-factor clustering
that increases the “global risk” for
atherosclerotic cardiovascular disease
(ACVD) (7,8); (ii) the constituent risk factors
appear to be of metabolic origin; (iii) the
seemingly apparent contradictions between
different definitions of MS result from the
‘healthy process of evolution’ (9); (iv)
regardless of the precise metabolic
pathways involved, both central obesity
and insulin resistance are common risk
conditions underlying the MS (7); (v) for a
condition such as the MS in which there is
a clustering of risk factors, precise clinical
criteria are difficult to propose; (vi)
proposed thresholds of the risk factors by
necessity are arbitrary, but in the ATP III
and IDF clinical definitions, their use has
the virtue of simplicity; (vii) as current
thresholds employed for clinical diagnosis
are based on contemporary
recommendations of accepted expert
panels, Kahn and colleagues (i.e.
opponents) are stretching credibility with
the claim that the current clinical definition
of the MS is imprecise; (viii) as a general
rule, the risk from MS for major ACVD
events is approximately twice as high as for
those without the syndrome (10). For type
2 diabetes, MS confers an approximate 5-

fold greater risk (10); (ix) it cannot be
overemphasized that MS is not an absolute
risk predictor.

Finally, the protagonists tend to close
the argument for their forceful defense of
MS by stating : ‘the ADA/EASD attempt
to disregard the MS will only confuse health
professionals at all levels. The utility of the
syndrome as a public health initiative has
been put at risk by a statement that has
“come out of the blue” and does not reflect
the past intellectual and constructive
contributions of some of the individual authors!’
What a pity that an academic and scientific
debate is closed by questioning the past
intellectual and constructive contributions
of some of the opponents!

The last statement was provocative
enough to invite a befitting retort from
Richard Kahn, the first author of the ADA/
EASD joint statement. In his article “The
Metabolic Syndrome (Emperor) wears no
clothes {11})’, Kahn laments the fact that
despite over 10,000 articles on the subject,
there is much missing information. He
raises the critical question : ‘whether we
know enough about this constellation of
risk factors to warrant adopting a unique
clinical construct that has value to either
physicians and / or patients?’ He sums up
the basic issues in support of his line of
argument : (i) there is no biological basis
for the diagnostic algorithm ; (if) with many
revisions of the diagnostic algorithm, there
is a lack of specific biological evidence that
warrants the change and / or clarifies as fo
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how the new/revised definition enhances’

the sensitivity, specificity, and positive
predictive value of the diagnosis; (iv) MS,
as defined, is a relatively insensitive
indicator of insulin resistance (12,13); (v) if
the  syndrome includes other
‘prothrombotic and proinflammatory
states’ or factors, why are there no such
criteria in the definition?, and finally (vi)
since all of the syndrome variables have no
upper cut-off limits, many individuals will
be so diagnosed because they have overt
diabetes, hypertension, or severe lipid
abnormalities.

The proponents, in a recent publication
(14), draw support from the scientific
statement published by American Heart
Association and National Heart, Lung, and
Blood Institute, endorsing essentially the
concept and definition of MS (15,16). In a
follow-up of this statement, Grundy
reinforces the proponent’s arguments and
states (17) : ‘Five risk factors of metabolic
origin (atherogenic dyslipidemia, elevated
blood pressure, elevated glucose, a
prothrombotic state, and a proinfla-
mmatory state) commonly cluster together.
This aggregation is frequently observed in
clinical practice, and it has been
convincingly documented in prospective
studies by cluster analyses. Risk factor
clustering cannot be explained by chance
occurrence alone. Thus, if the metabolic
syndrome is defined as multiple risk factors
that are metabolically interrelated, then the
syndrome certainly exists.” The discerning
readers will readily notice the inclusion of

‘a prothrombotic state, and a proinfla-
mmatory state’ amongst the cluster of risk
factors while the proponents donot include
these in the ‘international consensus’.

In this cacophony of arguments and
counterarguments, what seems to have
been forgotten (especially by those who live
near Stratford-upon-Avon) is the axiom :
‘you cannot stage Hamlet without the Prince of
Denmark’. Both the proponents and
opponents cite the ‘seminal’ work of Gerald
Reaven who, in his Banting Lecture in 1988,
provided the conceptual framework of
clustering of metabolic risk factors,
suggesting the term ‘Syndrome X' (18). His
peers honoured him by naming the
syndrome as Reaven's Syndrome. When
the scientific level of current debate was
reduced to questioning the past intellectual
and constructive contributions of some of the
individual authors of ADA/EASD
statement, the Oracle finally spoke. In a
thought provoking article : “The Metabolic
Syndrome : is this diagnosis necessary’ (19},

- Gerald Reaven has imparted poise and

equanimity to the raging debate. In his
masterly review, Reaven concludes : ‘(i)
providers should avoid labeling patients
with the term metabolic syndrome ; (ii)
adults with any major CVD risk factor
should be evaluated for the presence of
other CVD risk factors; and (iii) all CVD risk
factors should be individually and
aggressively treated. If these goals are
achieved, there is no longer a need for a
diagnosis of metabolic syndrome, a
controversy about the best definition of the
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metabolic syndrome, or any confusion as
to the clinical approach to patients who,
although they are at greater risk of CVD,
do not qualify for a diagnosis of metabolic
syndrome.’ '

Such an approach finds a resounding
echo in the recently published joint
statement of American Diabetes
Association and American Heart
Association (20): ‘Both the American Heart
Association and the American Diabetes
Association remain jointly committed to a
reduction in heart disease, stroke, and new-
onset diabetes. We strongly recommend
that all providers assess patients for their
global risk for CVD and diabetes. Despite
many unresolved scientific issues, a
number of cardiometabolic risk factors have
been clearly shown to be closely related to
diabetes and CVD : fasting / postprandial
hyperglycemia, overweight/obesity,
elevated systolic and diastolic blood
pressure, and dyslipidemia. Although
pharmacologic therapy is often indicated
when overt disease is detected, in the early
stages of these conditions, lifestyle
modification with attention to weight loss
and physical activity may well be
sufficient.’

This clarion Call for Action is a
pragmatic approach. While future research
will continue to clarify MS-related issues,
health care providers at all levels, from
primary health care workers and primary
care physicians to nurses, pharmacists,
practitioners of Family Medicine, and
finally upto and including specialists and

tertiary care providers must join together
to implement ‘risk reduction’ approach.
Health Policy Planners and Health
Administrators must affect such changes
not only in health policies but also in all
related intersectoral policies such as
agriculture, tobacco industry, information
and broadcasting, and telecommunication
to impart health-friendly orientation to ail
actions focused at ‘risk reduction’ and to
educate communities regarding hazards of
coca-colonisation and McDonaldisation.

If this debate results in the
development and implementation of
appropriate action plans as suggested
above, and such plans a priori take into
consideration the health needs and
resources of each country, besides
stimulating research efforts to provide the
much needed information presently
missing, it would have admirably served
its purpose. It would certainly have the
whole-hearted support of all of us, who
have served the cause of primary diabetes
care and of the delivery of preventive and
promotive community health services to
deprived population. Hopefully, such an
appeal coming from one who has served
and nurtured the International Diabetes
Federation for nearly four decades, and has
continuing admiration for the past and
present leadership of both the IDF and
ADA, may strike a sympathetic.chord in
those involved in this no holds-barred
debate . Otherwise this appeal will remain,
like that of exhortation by Reaven, a cry in
the wilderness. '
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As Bertrand Russell in his Unpopular

Essays states: “for it is not enough to recognize
that all our knowledge is, in a greater or lesser
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There is an alarming increase in the
incidence and prevalence of obesity and its
adverse health consequences worldwide
justifying its recognition by WHO as a
“Global Epidemic”(1). Especially the
increase in less affluent developing
countries and economies in transition poses
additional burden on their already fragile
infrastructure. The rise in childhood obesity
with attendant increase in Type 2 Diabetes
and other components of the Metabolic
syndrome is a matter of grave concerr.

Magnitude of the problem

According to WHO estimates arounc
one billion people in the world are
overweight and over 300 million of them
are obese (BMI > 30) (2). In developed
countries of Western Europe, USA and
Australasia the epidemic started in 1980’s
whereas in developing countries and
economies in transition like India the
increase in obesity started more recently (3,
4). Across the world statistics have shown
rising incidence in all sections of the
population (3). Though comprehensive
national statistics are not available for our
country representative data from different
regions shows a definite rising trend (5).
The worrisome aspect is the rise in
childhood obesity especially in urban areas

brought to light by several representative
surveys of school children. Our country has
to grapple with the twin burdens of
traditional problems of infectious diseases
and malnutrition as well as the rise in non-
communicable diseases like diabetes and
cardiovascular disease engendered by the
change in lifestyle. According to the recent
mortality and morbidity statistics non
communicable diseases contribute to 53 %
of deaths in our country (6). Even at lower
levels of BMI conventionally regarded as
non obese, Indians have higher body fat
especially visceral fat contributing to the
higher risk of metabolic syndrome and
cardiovascular disease. This has led to the
redefinition of BMI cutoff point for Asians
as <23 (7).

Etiology of the Obesity Epidemic-Genes
vs. Environment

Arguments for and against Nature vs.
Nurture in the causation of obesity abound
but there is consensus that interplay of
genetic and environmental factors is crucial
(8). The importance of genetic factors is
attested by concordance of body weights
of children with biologic parents in
adoption studies and concordance between
monozygotic twins in over feeding studies
(9). Still the rapidity of progression ¢f the
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epidemic across the world cannot be
explained by genetic factors and must be
largely due to changes in lifestyle brought
about by demographic changesi
urbanization and consequent
socioeconomic and behavioral changes in
different countries (10, 11).

An attractive Thrifty gene hypothesis
has been put forward to explain the gene-
environment interaction (12).

Evolutionarily the hunter-gatherer lifestyle

of early man with inevitable fasting and
feasting cycle contingent on availability of
food provided hypothetical ‘thrifty genes’
favoring storage of energy in the form of
adipose tissue to be used up in times of
starvation and insulin resistance at the
muscle level to divert fuel to vital organs
like brain. These protective genes became
detrimental when food supply became
uninterrupted and abundant with progress
in civilization (12).

Simplistically obesity is a consequence
of positive energy balance with energy
intake exceeding expenditure. It is an
ongoing debate whether increased energy
intake or decreased energy expenditure due
to physical inactivity plays the dominant
role in the causation of obesity.

Obesogenic modern environment
Is it increased energy imake?

There is a worldwide nutrition
transition in which traditional diets are
giving way to energy dense, high fat, high
refined carbohydrate ‘western diets’ (13).

Compared to the Paleolithic diet of
prehistoric man the contemporary Western
diet has 3 fold increase in fat especially
saturated fat, high refined carbohydrate
and less protein (12). Even though
population data on overall caloric intake
and dietary fat consumption provide mixed
results, there is no doubt that increase in
consumption of energy dense foods,
number of meals eaten outside home and
consumption of sugary aerated drinks are
major factors linked to obesity (13). The
seeds for the epidemic are sown in early
childhood by early weaning and

introduction of formula foods followed

later by affinity to energy dense, high fat,
high glycemic index, low fiber junk foods
(13). The relative low cost of these foods,
attractive packaging, lure of increased
portion sizes and aggressive marketing by
fast food outlets fuel the epidemic. Social
and environmental factors like conducive
school milieu, peer pressure and busy
working parents using food as reward or
substitute for quality time with children
compound the problem further.

Is it decreased physical activity?

Studies on energy balance in obesity
have shown resting metabolic rate in obese
subjects is unchanged or actually increased
and likewise energy expenditure of
physical activity may be actually increased
whereas energy dissipation by
thermogenesis is decreased (10, 13). Hence
efficient energy storage mechanisms may
be operative. Many researchers conclude
after analysis of dietary patterns of
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communities over time that decrease in
physical activity is a more important cause
of obesity than increased caloric intake (11,
13). Urbanization and a switch from
agrarian to industrial economy have led to
more sedentary physically less demanding
work (14). Increased use of automated
transport and energy saving technologies
at home have led to reduction in energy
expenditure of day to day activities. Passive
leisure time pursuits have increased

because of television and computers.

Especially in children time spent on TV
viewing and computer gaming is directly
correlated to the risk of obesity in many
studies (15). In a nutshell the creations of
civilization and industrialization that
contribute to physical inactivity are two
types of machines -those that reduce the
energy cost of work or transport (electric
appliances and cars) and those that
promote passive recreation (Television,
videos) (16).

Nutrition Transition in the developing
world

Evolution of the human race and
Civilization have brought in their wake
several transitions from time to time (17).
These can be classified into (i) Demographic
transition (From high fertility and high
mortality to low fertility and low mortality)
(i) Epidemiologic transition (From
Infectious diseases and malnutrition to
chronic non-communicable diseases) and
(iif) Nutrition Transition (from Traditional
diet to “Western diet”) (17). The pace of

change in these areas has accelerated
especially in the last 3 centuries.

In evolution Man has progressed from
the age of hunting and collecting food to
the age of continuous food supply and
concomitant chronic degenerative diseases
and this has been brought about by
agricultural and industrial revolutions (17).

Determinants of Nutrition Transition

Nutrition transition is attributable (o a
complex interplay of changes in several
sectors namely agriculture, demography,
socio-economic and health. Of these
socioeconomic  changes are key
contributors. Changes in role of women
especially with respect to time allocation to
household chores because of increase in the
number of working women is found to be
one of the major determinants by
demographic researchers (14, 17). Changes
in income patterns, household food
preparation technology, food production
and processing technology and alterations
in family and household composition are
the other contributors. This has led to
increase .consumption of more processed
instant foods with less fiber and more
refined carbohydrates and fats which are
obesogenic (14, 17).

Urbanization is the culprit!

Progressive increase in the urban
population through migration from rural
areas is witnessed in the developing world.
The urban population in India had
increased from 10.84% in 1901 to 25.72 %
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in 1991 (18). The number of mega cities
(cities with more than 8 million population)
is showing an exponential increase in
developing countries, while it remains
almost constant in developed countries (19).
This is largely because of internal migration
of people from rural to urban areas. This
brings about a switch of work force from
agriculture to industrial and service sectors
with more sedentary occupations
contributing to weight gain.

Urbanization leads to increase in
continuous availability of food with a wide
variety, a significant percentage of it from
processed commercial food sector. Shift in
occupation patterns leads to reduced
compatibility of jobs with home food
preparation and necessitates eating out of
home (14, 17). Socioeconomic factors also
contribute equally. Direct correlation
between annual per capita income and
consumption of fats and refined
carbohydrates is noted in several countries
of the developing world (17). National
nutrition surveys in our country have
shown almost 2 fold difference in fat intake
between urban and rural areas of the
country (4).

The urban structure necessitates
automated transport and constraints of
time, space and safety constraints
discourage simple physical activities like
walking and cycling (13). High rise
apartments and luxury hotels promote use
of elevators and discourage or actually do
not have free access to stairs (16). In

children these problems of urbanization are
compounded by long hours spent in school
and coaching classes necessitated by the-
academic rat race.

Prevention /reversal of the obesity
epidemic- The population approach

The salutary effects of lifestyle
modification on reversing obesity and
metabolic syndrome have been shown
already in select’ populations and
interventional studies for prevention of
Type ‘2 Diabetes' (20). For this we need to
alter the obesogenic milieu through
measures starting from early childhood.
Education through mass media regarding
adverse health consequences of junk food
and sedentary habit, promotion of
optimum maternal nutrition and breast
feeding, inculcation of healthy feeding
practices from infancy, incorporation of
healthy life style advice in school
curriculum and provision of opportunities
for increasing physical activity in the urban
milieu are some of the measures in this
direction (15, 16, 21). This will require
conviction, commitment and coordinated
efforts from scientists, health care
providers, school authorities, food industry
and policy makers. In a nutshell large scale
lifestyle changes brought about by
demographic and socioeconomic changes
and the consequent nutrition transition are
fueling the obesity epidemic. Addressing
lifestyle issues is the only way to stall the
epidemic.
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Energy Homeostasis : Obesity is a
complex metabolic disorder resulting from
dysregulation of energy homeostasis which
essentially reflects an abnorrriality in the
balance between energy intake and energy
expenditure. Such dysregulation may have
genetic and /or life style as well as
behavioural origins, involving the quality
and quantity of food intake on the one
hand, and sedentary life style on the other.
As obesity is commonly associated with
insulin resistance and hyperinsulinemia,
such a constellation increases the risk of
glucose intolerance, type 2 diabetes mellitus
(T2DM), dyslipidemia and cardiovascular
disease (CVD). The all-inclusive term,
metabolic syndrome, has been suggested
for this constellation.

The Regulation of Energy Balance :
There is a general consensus that a
physiological system maintains
homeostasis of energy stores in response
to varying availability of food and changing
demands of energy expenditure. The
energy demands of the body under resting
basal, active and stressful conditions are

adequately and appropriately responded to
in a short period of a few minutes, by
glucose which constitutes a most
dependable energy supply source on a
short term basis, although in the long term,

~ body adipose tissue responds to the needs

for the maintenance of energy balance.
Based on our collaborative studies nearly
three decades ago, Bajaj et al. (1) proposed
the existence of an entero-hypothalamo-
insular- axis. Subsequently Bajaj (2)
summarized the evidence for its metabolic
role  delineating  neuroendocrine
mechanisms involved in the regulation of
energy balance. In this publication, it was
specifically observed : ‘the rate of glucose
utilisation seems to be the set point in the
regulation of entero-hypothalamo-insular
axis. However, this may be so for the
maintenance of energy balance on a short
term basis. Adipose tissue functions as the
major source of energy fuel; during
starvation, glycogen stores in the human
body may sustain life for less than 24 hours
while energy stored as triglycerides can
maintain supplies to vital organs for 30-60
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days. It is therefore possible that control of
triglyceride storage may be of considerable
influence as a long range regulator of
entero-hypothalamo-insular axis’. The
subject has been recently reviewed (3) and
the validity of the hypothesis proposed
earlier has been established.

Hypothalamic Regulation of Energy
Homeostasis : The hypothalamus is the
principal brain region that acts as a key
determinant in the integrated control of
feeding, and
regulation of body weight. Hypothalamus
senses neural, endocrine, and metabolic
signals, integrates these inputs, and
engages distant effector pathways,
resulting in behavioural, autonomic, and
endocrine responses (4). The hypothalamic
control and regulatory mechanism is

energy homeostasis,

mediated through a complex array of
neuroendocrinal signaling pathways
involving synthesis and release of several
neurotransmitters and neuropeptides.
These include
neurotransmitters,

monoamine
such as  b-
hydroxytryptamine, norepinephrine, as
well as orexigenic neuropeptides
(neuropeptide Y, orexins A and Bj and
anorectic  peptides (cocaine-and
amphetamine-regulated transcript: CART;
pro-opiomelanocortin : POMC and related
peptides i.e. tMSH) (5). A brief overview
of the action of these peptides is provided
in the following paragraphs.

The positional cloning of ob gene in
1994 (6), and the subsequent discovery that

the encoded protein, named leptin,
functions as an adipocyte derived signal for
the regulation of feeding behaviour, set the
direction and pace of research during the
last decade. Ob receptor gene was cloned a
year later, in 1995 (7), and leptin receptors
were demonstrated in the arcuate nucleus
of hypothalamus (8). The arcuate nucleus
is located in the mediobasal hypothalamus
adjacent to the floor of the third ventricle.
It contains neurons that respond to afferent
signals, predominately hormonal, which
reflect and relate to the size and state of
adipose tissue stores. Although leptin is
secreted primarily from adipocytes and
insulin is released from the endocrine
both
proportionate to body fat mass and exert
relatively long-lived inhibitory effects on

panacreas, circulate at levels

food intake via actions on their receptors
in the arcuate nucleus. These actions are
mediated through a set of neurons in the
which coexpress
neuropeptide Y (NPY) and agouti-related
peptide (AgRP). These two peptides are
potent stimuli of food intake; moreover,

arcuate nucleus

these peptides also reduce energy
expenditure and thus prorriote weight gair.
In contrast, the arcuate nucleus also
contains neurons that synthesise aMSH
(Melanocyte stimulating hormone) that
exerts a powerful anorectic effect. aMSH is
synthesized  from: its  precursor
proopiomelanocortin (POMC}. Many
POMC neurons also coexpress another
peptide called CART (cocaine and
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amphetamine related transcript). Both
oMSH and CART reduce food intake. a-
MSH is an agonist for melanocortin 4
receptor (MC4R) which also appears to be
involved in the regulation of appetite and
body weight mediated through 5-
hydroxytryptamine receptors (5HT2C),
activation of which causes weight loss and
deletion of which causes adult-onset
obesity in mice (9).

Insulin and leptin signals, which are
enhanced in a state of excess adipose tissue
mass i.e. obesity, are inhibitory to NPY and
AgRP neurons and facilitatory to POMC
and CART neurons, the net effect of these
hormones results in inhibition of feeding
behaviour (10). It is through this reciprocal
regulation of anabolic and catabolic
neuronal circuits that insulin and leptin
mediate their effects on energy balance. It
was hypothesized that a decrease in plasma
levels of insulin and leptin which follows a
reduction in body fat mass, results in the
activation of NPY/AgRP and inhibition of
POMC neurons. While this may be partially
true, the search for orexigenic peptides
initiating feeding behaviour was intensified
during the last decade but has met with
remarkable success only recently. The
recent discoveries, in this context, include
the orexins in the lateral hypothalamus, the
gastrointestinal hormone, Ghrelin in the
gastric mucosa, and the Endocannabinoid
system.

Orexins and Ghrelin : Two groups of
investigators independently described
peptides expressed exclusively in the LHA,

zona incerta and PFA. While delecea et al.
named these peptides as hypocretins 1 and
2 (11), Sakurai et. al. designated them as
Orexins A and B (12)(G. orexis, appetite).
Orexin A consists of 33 aminoacids (Mol.
wt. 3562 Da). Orexin A cDNA was made
by reverse transcriptase treatment of rat
brain mRNA followed by PCR. The
structure of prepro-orexin gene has been
determined, and it has been located on
chromosome 17q21. Both the 33 aminoacid
Orexin A and 28-aminoacid Orexin B (Mol.
wt. 2937 Da) are encoded by a single mRNA
transcript. Also identified were two Orexin
receptors. Orexin A receptor (OX R}
showed a 26% identity with NPY. While
Orexin A was a specific high affinity agonist
for OX R stimulation, a second receptor
OX,R with 64% identity to OX R and high
affinity binding of Orexin B was sequenced.
OX,R also binds Orexin A (13). Impressed
by the ‘striking localisation’ of Orexin
containing neurons in the lateral
hypothalamus and some of its adjacent
areas, and none in the VMH-Arcuate-PVN
area, Sakurai et. al. investigated the effect
of Orexin administration through
preimplanted indwelling catheters (12).
Within one hour of intracerebroventricular
administration of Orexin A bolus, food
consumption was stimulated in a dose-
dependent manner. These actions of Orexin
were similar to, although of lesser order of
magnitude, than those observed following
NPY administration.

Ghrelin, an acylated peptide secreted
by cells in the gastric mucosa, stimulates
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food intake. Ghrelin activates previously
identified orphan receptor (growth
hormone secretagogue receptor) in the

hypothalamus leading to release of growth.

hormone from the pituitary (14). It is now.
being increasingly realized that this peptide
may be more important for initiating
feeding behaviour through actions in the
arcuate nucleus. Indeed, ghrelin is
somewhat unique amongst gut hormones
in stimulating food intake, and its chronic
administration in rats causes obesity (15).
Plasma levels of ghrelin rise significantly
before meals, and fall following the intake
of food (16). Colocalisation of ghrelin
receptor and NPY mRNA in a group of
neurons in acruate nucleus has been
demonstrated (17). Thus ghrelin exerts its
orexigenic effects by binding to its receptor
on NPY/AgRP neurons, thereby activating
this circuit.

The Endocannabinoid Systém :To the
previously defined components of central
and peripheral control mechanism
regulating energy homeostasis as described
above, has been added one of the great
discoveries of the current decade, namely
the existence of an endocannabinoid
system.

Cannabis sativa or cannabis indica grows
wild in several parts of the world, and is
found all over India. Marijuana cigarettes
are prepared from the leaves and flowering

tops of the plant while Hashish is prepared

from concentrated plant resin. While
smoking is the most common mode of use,

the oral intake of Bhang as a concoction is
practiced in several socio-religious groups,
more so during festivals. As a part of folk-
lore medicine, cannabis has been used over
millennia for disorders as varied as joint
pains and epileptic convulsions. It was only
in 1964 that its active psychoactive
constituent A’-tetrahydrocannabinol (A%
THC) was isolated, its structure identified,
and partial synthesis accomplished (18). A®-
THC alongwith other naturally occurring
and synthetic cannabinoids, bind with two
separate G protein-coupled receptors.
Cannabinoid receptor 1(CB) (19) is
localized in the CNS including neurons in
lateral hypothalamus, and in the periphery
especially in the liver and adipose tissue.
In contrast, cannabinoid receptor 2 (CB,) is
found primarily on cells of the immune
system (20). A complex biochemical
pathway for the synthesis, release,
transport, and  degradation  of
endocannabinoids alongwith their
receptors CB, and CB,, constitutes the new
signaling system. Since the discovery of
fatty acid - amide, arachidonoy-
lethanolamide, by Devane et al in 1992 (21),
who also coined the term ‘Anandamide’
from the Sanskrit root ‘Ananda’, meaning
‘internal bliss’, more than 3500 scientific
reports have been published exploring
diverse aspects of endocannabinoid system.
The subject has been recently reviewed (22).

Endocannabinoid system, particularly
in the brain, is generally ‘silent’ under
normal conditions. It becomes activated
under certain circumstances of stress in the
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body. For example, it helps the body to
relax; it reduces pain and anxiety; it causes
sedation, or a slowing down; it tends to
eliminate the memory of unpleasant things
in life. It works at several levels of the body
to do this. Importantly, this system, when
it gets turned on, is thought to increase
appetite through a number of rewarding
pathways. In other words, ‘relax, rest, forget,
protect, and eat’ constitute the ‘panchsheel’
of peaceful coexistence of internal and
external environments. However, increased
endocannabinoid system activity is
associated with excessive food intake,
obesity, and insulin resistance.

The neurometabolic effects of
endocannabinoids can be better understood
in the context of neuroregulation of feeding
behaviour. Endocannabinoids stimulate
anabolic circuits, namely the NPY and
AgRP in the arcuate and their receptors in
the lateral hypothalamus where melanin-
concentrating hormone (MCH) and orexins
are located. MCH binds to a receptor MCH-
R1, which is a G-protein coupled receptor
(GPCR). Deletion of MCH-R1 produces a
lean mouse due largely to increased energy
expenditure, rather than suppression of
feeding (23). Likewise, a recent study
demonstrates significant antiobesity effect
of as MCH-R1 antagonist in diet-induced
obesity in mice (24). In addition, chronic
administration of the antagonist
ameliorated obesity-induced
hypercholesterolemia, hyperinsulinemia,

hypertriglyceridemia and hyperlipidemia.

This study focuses sharply on the role of

MCH in lateral hypothalamus. Finally,
neuroanatomical studies reveal a
connection between arcuate neurons
expressing POMC and AgRP/NPY, and
MCH neurons in lateral hypothalamus (25).

Endocannabinoids, in addition to
stimulating anabolic circuits, also inhibit
catabolic circuits consisting of CART and a-
MSH, and their projections into PVN. The
net effect is excessive food intake, obesity,
and insulin resistance. Finally, evidence has
been generated during the last decade
indicating this signaling system as a
modulator of physiological functions not
only in the central nervous system, but also
in the autonomic nervous system,
neuroendocrinal network, the immune
system, the gastrointestinal tract, the
reproductive system both in the male and
the female, and in microcirculation. CB,
knock-out mice are lean as compared to
wild type littermates (26). Specific
antagonists of CB, such as rimonabant
decrease food intake, reduce peripheral and
hepatic lipogenesis, and lead to weight
reduction. Clinical trials with rimonabant
in obesity, dyslipidemia and type 2 diabetes
mellitus have shown promise both in terms
of efficacy and safety. The clearance from
drug regulatory agencies (i.e. FDA) is
awaited (22).

Control of Energy Expenditure : Rapid
advances during the current decade have
not only delineated the molecular
mechanism underlying neural regulation of
energy intake (feeding) as also of energy
storage (adipogenesis and lipogenesis), but
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have also provided new insights into the
cellular mechanisms that control and
regulate energy expenditure. Energy
expenditure can be viewed as occurring in
three major compartments. The first is the
obligatory energy expended on basic
cellular and physiologic functions that
require ATP. The second is the energy spent
in physical activity; some of this is
noexercise activity thermogenesis (NEAT).
It is due to physical activities other than
volitional exercise. The third is referred to
adaptive thermogenesis. The components
of energy expenditure subject to ready
alteration include physical activity and
adaptive thermogenesis. It is the latter
which has became the subject of current
research, and subsequently of major
scientific advance.

To facilitate easy understanding, it is
useful to analyse energy expenditure from
a thermodynarnic perspective. Total energy
expenditure reflects the conversion of
oxygen and food (or fuels stored in the body
as fat, glycogen and protein) into
carbondioxide, water, heat, and work on
the environment. Work performed on the
environment plus heat produced during
biclogical combustion of food or body fuels
equals the amount of heat measured as
calories. Adaptive thermogenesis,
sometimes called facultative
thermogenesis, is defined as heat
production in response to environmental
temperature or dietary intake.

Two main aspects of recent work on
adaptive thermogenesis include the neural

circuitory that activates thermogenesis and
the peripheral tissues where oxidation of
fuels takes place. As part of a unifying
concept of energy homeostasis, it is not
entirely unexpected that the hormonal
signaling and neural pathways that control
food intake are closely interlinked with
these involved in energy expenditure. The
role of insulin in diet-reduced
thermogenesis is an illustrative example.
Insulin injection into the ventromedial and
paraventricular  nucleus in  the
hypothalamus resulted in an increase in
body temperature and energy expenditure,
in addition to a reduction in food intake
(27,28). In rats treated with diazoxide ( a potent
inhibitor of insulin secretion from pancreatic p-
cells), there is a significant attenuation of the
thermogenic response to a carbohydrate meal
{29). Based on these studies, it can be
surmised that insulin action in the
hypothalamus not only reduces food
intake, but also increases SNS (sympathetic
nervous system) outflow to BAT (brown
adipose tissue) to produce heat from fatty
acid oxidation, thereby increasing energy
expenditure.

These physiological and
pharmacological observations may provide
a rational basis for understanding obesity-
associated hypertension, . with
hyperinsulinernia in obesity mediating the
increase in SNS activity (30). Indeed,
systemic insulin administration increases
plasma catecholamine levels. An
interesting corollary may be that elevated
free fatty acids (FFA) commonly seen in
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obesity may result from insulin activation
of sympathetic nervous system. Such an
increase in FFA may be causally linked with
insulin resistance in the muscle. With this
perspective, the association of obesity,
insulin resistance, and type 2 diabetes
mellitus, becomes readily understandable
(30). However, more data need to be
generated to substantiate such a linkage.

Besides insulin, leptin is the other major
signal emanating from adipose tissue.
Mutations in leptin, leptin receptor,
melanocortin 4-receptor (MC4-R) and MCH
all strongly influence both food intake and
energy expenditure. Exogenous
administration of leptin in ob/ob mice not
only reduces food intake, but also increases
energy expenditure. The mitochondrion
ATP metabolism and thermogenesis
mediated through one or more uncoupling
proteins (UCP) not only in the adipose
tissue but also in the skeletal muscle,
constitute other focal points of recent
investigations.

In the cold-induced thermogenesis in
BAT in rodents, the primary molecule
involved is UCP-1, a mitochondrial inner-
membrane protein that uncouples proton
entry from ATP synthesis (31). Two
homologues of UCP-1 have been identified.
These are UCP-2 (32) and UCP-3 (33). While
all three wuncoupling proteins are
abundantly expressed in BAT, UCP-3 is also
predominantly expressed in skeletal muscle
whereas varying levels of UCP-2 are
expressed in most tissues. These proteins
do possibly play a major role in whole body

energy expenditure outside of BAT;
nevertheless, none of the UCP alone has
been shown to exhibit an unequivoral anti-
obesity effect. Moreover, in adult humans,
the amount of BAT is minimal and UCP-1
expression is - physiologically
unmeaningful. Nevertheless, UCP-2 and
UCP-3 were considered possible candidates
in the human. Whether sympathetic drive plays
a role has been investigated by developing
‘betaless’ (deletion of B, B, and B, receptors)
mice which develop severe obesity even
when food intake is identical with wild-
type mice. Although direct evidence for
such an effect in human obesity is lacking,
studies on the expression of UCP-3 in
different physiological situations in
humans (and animals) tend to provide
some support for its role in energy balance
and lipid metabolism (34).

The recent discovery of PPARy
coactivator (PGC)-1 that can coactivate
many transcription factors that participate
in adaptive therogenesis, has provided a
new insight linking -adaptive
thermogenesis with adipocyte biology (35).
The cold-induced PGC-1 is the result of
interaction of B, -adrenergic receptors and
cAMP (36). When PGC-1 is expressed in
white fat or skeletal muscle, a broad
programme of thermogenesis is initiated
which includes mitochondrial biogenesis,
expression of UCP-1 in fat cells and UCP-2
in muscle, and an increase in cellular
respiration. The ability of PGC-1 to promote
mitochondrial biogenesis is due to its ability
to turn on the expression of nuclear
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respiratory factors NRF-1 and NRF-2,
which in turn regulate mitochondrial
transcription factor A (mt TFA) which
directs the transcription and replication of
mitochondrial genome (37). In addition to
PPARY, PGC-1 also binds to other nuclear
receptors including those of retinoic acid
and thyroid hormone, which in turn
positively regulate expression of UCP-1.

UCP-2 and UCP-3 are also regulated by
various nutritional perturbations in a
tissue-selective manner. Present insights
into the transcriptional regulation of UCP-
- 2 and UCP-3 have come from in vivo

administration to animals or in vitro
treatment of cells with PPAR ligands such
as thiozolidinediones. These studies have
indicated that PPAR-a and PPAR-y are
positive regulators of UCP-2 and UCP-3,
-with specificity defined by the tissue or cell-
type being examined. Given that fatty acids
and/or their derivatives are ligands for
these receptors, the PPARs may account for
much of the nutritional regulation of UCP-
2 and UCP-3.

Human obesity being a multifactorial
syndrome, there may be a possibility that a
combination of genetic defects may
significantly enhance the susceptibility to
obesity as compared to that due to
independent gene defects. B, —adrenergic
receptor (ADR B,) is expressed in adipocytes
and mediates the rate of lipolysis in
response to catecholammies, whereas

PPARy, regulates adipogenesis. Although
Trp64 Arg mutation of ADR B, has only a

‘modest association with human obesity (38)

.arecent study was undertaken to evaluate
evidence for interaction between ADR B,
Trp64 Arg mutation and PPARy, Ala
variants with respect of obesity in a cohort
of 453 Mexican-American subjects.
Interestingly, only those subjects who
carried both the variants (32/453) exhibited
increased obesity, in contrast to those with
only PPARy2 variant. The ADR B, variant
was not significantly associated with any
of the obesity-related traits (39). Further
population studies aimed at investigating
more than one gene variant shall be of
interest.

Future Perspective : Obesity is
emerging as a worldwide epidemic. Basic
researches have yielded a rich harvest of
knowledge enhancing our understanding
of hormonal regulation of feeding
behaviour and energy intake, the adipocyte
biology underlying adipogenesis and
adiposity, and the role of adaptive
thermogenesis in the regulation of energy
expenditure. New therapeutic strategies in
the management of obesity are now
emerging, targeting all these potential sites,
through the use of modern tools of
molecular pharmacology and
pharmacogenomics. Nevertheless, life-style
changes and positive behavioural
alterations constitute the most safe and cost
effective strategies to-date.
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Insulin resistance is defined as a
subnormal biological response to
endogenous or exogenous insulin. This
subnormal biological response is
considered for ability of insulin to decrease
the blood glucose. However, the dose of
insulin for optimal biological response is
quite variable and has marked intra- and
interindividual variations (1). In clamp
studies it has been shown that subjects who
are obese but non-diabetic are insulin
resistant and it progressively increased
with occurrence of glucose intolerance (1).
It has been also described that the
minimum amount of physiological
concentration of insulin is required for
prevention of ketosis, whereas the
maximum amount of insulin concentration
is required for muscle glucose uptake. The
clinical markers for insulin insensitivity
include BMI>25kg/m? , waist line>102 cm
in men and 88 cm in women, acanthosis
nigricans and skin tags (2).

Insulin resistance in vivo can be
measured by a computerized based model
named as Homeostatic Model Assessment
(HOMA) assessing insulin resistance at
periphery called as HOMA-IR and at B-cell
called as HOMA-B.? It provides an idea
about the basal insulin resistance where the

formula for HOMA- IR includes FPG
(mmol/L)x IRI(uU/ml) /22.5 and formula
for HOMA-B is 20 x IRl (uU/ml) /
FPG(mmol/L) -3.5. The HOMA correlates
with clamp studies and is good for
epidemiological surveys. Another test is
short insulin tolerance test where insulin
isinjected at adoes of 0.1 U/kg body weight
as IV bolus and samples for glucose are
taken at 15 and 5 minute before and 3, 6, 9,
12, 15, 20 and 30 minutes after insulin
injection (1). The rate constant for plasma
glucose disappearance is calculated from
the formula 0.693/T % and the plasma
glucose T 12 is calculated from the slope of
the least square analysis of the plasma
glucose concentration from 3-15 minute
after IV insulin injection. The other method
to assess insulin resistance is oral glucose
tolerance test which includes following
ingestion of 75 gm of glucose, plasma
glucose and insulin samples are taken at
0,30,60,90,120 minutes. It correlates with
hyperglycemic clamp technique (r=0.67, p<
0.05). The clamp studies are the ‘gold
standards’ for assessing insulin resistance
both at § cell as well as in peripheral tissues
(4). The euglycemic clamp technique
assesses peripheral insulin resistance where
glucose is given at a variable rate with the
aim of maintaining plasma glucose at or
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between 90-110 mg/dl and insulin is given
at a fixed dose infusion. Samples for blood
glucose are collected at 3-5 minute interval
and insulin resistance is calculated by one
upon the amount of glucose infused to
maintain the steady state. Similarly the
hyperglycemic clamp is used to assess the
B cell secretory function where glucose is
infused at variable rate with the aim to keep
the plasma glucose between 180-200 mg/
dl and at a steady state sample for glucose
and insulin are taken and glucose insulin
ratio gives the value of resistance at a 3 cell
level (4). The clamp studies are ‘gold
standard’ to assess insulin resistance but
they are invasive, expensive and requires
alot of efforts, therefore, these are used only
for research purposes. However, in clinical
practice, HOMA and insulin tolerance test
are good modalities to assess insulin
resistance (1).

The insulin resistance is associated
with various metabolic abnormalities
including visceral adiposity, hypertension,
impaired glucose tolerance and
dyslipidemia and virtually all these are
surrogate markers of insulin resistance.
ATPIII and WHO both have defined the
insulin resistance (2) syndrome by
including these pdrameters and at least 3
of them have to be present for a diagnosis
of insulin resistance syndrome(IRS).

The abdominal or visceral adiposity is
the hallmark of insulin resistance syndrome
and whether it is a cause or effect of insulin
resistance is a millicn dollar question (5).
Possibly the visceral obesity is influenced

by genetic factors to begin with and later
on environmental factors predominate. The
waist circumference of more than 102 cm
in men and more than 88 cm in women has
heen defined as detrimental (6,7). The other
putative mechanism for abdominal obesity
include increased 11-beta hydroxysteroid
dehydrogenase type 1 activity which’
converts cortisone to cortisol, that by
inducing lipoprotein lipase activity results
in increased visceral fat  (6).
Hyperinsulinemia as a consequence of
insulin resistance also increases visceral fat
(6). Visceral fat being more metabolically
active and rich in blood and f, adrenergic
supply results in excess release of free fatty
acids (FFAs). FFA’s not only result in
impaired insulin action at target tissues
including muscle but impaired insulin
secretion by B cells (8,9). Impaired insulin
action at muscle is largely attributed to
interference with insulin signaling
mechanism including tyrosine kinase and
PI3 pathway (10). Similarly impaired
insulin secretion is due to decrease in
glucose uptake and utilization by the {3 cells
thereby requisite amount of ATP is not
produced resulting in decreased insulin
secretion (9). These effects of FFA's are
collectively called as lipotoxicity. Increasing
insulin resistance progressively affects the
B cell function and subsequently results in
inexorable B cell exhaustion (12).
Hypertension associated with insulin
resistance is attributed to lack of insulin
mediated vasodilatation because of
decreased nitric oxide synthase (NO
synthase), insulin mediated increased



absorption of sodium from the renal tubule,
increased sympathetic nervous system
activity and increased angiotensinogen and
angiotensin converting enzyme activity
from adipocytes are other contributory
factors for hypertension (2). The glucose
intolerance associated with insulin
resistance is the result of increased insulin
secretion from the beta cells subsequent to
insulin resistance and later on leading to
beta cell exhaustion and occurrence of
hyperglycemia (13). The dyslipidemia
associated with insulin resistance is
characterized by increased VL.DL, increased
small dense LDL and decreased HDL.
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Therefore, insulin resistance is the
characteristic abnormality of insulin
resistance syndrome and various clinical
and biochemical predictors are surrogate
markers of it. It has a relevance in predicting
the future onset of T2DM and
cardiovascular diseases.

6. AlbuJB, Kovera AJ, Johnson JA (2000). Fat
distribution and health in obesity. Ann N Y
Acad Sci 904: 491-501

. 7. Carey DG, Jenkins AB, Campbell LV, et al

(1996). Abdominal fat and insulin
resistance in normal and overweight
women. Diabetes 45: 633-638.

8. Pratley RE,Weyer C, Bogardus C (2000).
Metabolic  abnormalities in the
development of type 2 diabetes mellitus. In
Diabetes Mellitus: A fundamental and
clinical Text. Edited by LeRoith D, Taylor
SI. Philadelphia: Lippincott; 2-11.

9. Pratley RE, Weyer C (2001). The role of
impaired early insulin secretion in the
pathogenesis of type 2 diabetes mellitus.
Diabetologia 44: 929-945.

10. Groop LC, Saloranta C, Shank M, et al
(1991) the role of free fatty acid metabolism
in the pathogenesis of insulin resistance in
obesity and non insulin-dependent diabetes
mellitus. J Clin Endocrinol Metab 72: 96-107.




32

Anil Bhansali

11

12.

Radle PJ, Garland PB, Hales CN,
Newsholme EA (1963). The glucose fatty
acid cycle: its role in insulin sensitivity and
metabolic disturbances of diabetes mellitus.

Lancet 1: 785-789.

DeFronzo RA : Llilly Lecture (1987). The
triumvirate: B-cell muscle liver. A collusion

13.

risponsible for type 2 diabetes. Diaebtes
1988; 37: 667-687.

Porte Jr D: Banting Lecture (1990). beta-cells
in type 2 diabetes mellitus. Diabetes 1991,
40: 166-180.



Ann Natl Acad Med Sci (India), 4?2 (Suppl.) : 33-44, 2006
Edited by : J.S. Bajaj & K.K. Talwar

Genetics of Metabolic Syndrome

Madhu Khullar & Taranjit Singh Rai

Department of Experimental Medicine and Biotechnology
Post Graduate Institute of Medical Education and Research, Chandigarh

Summary

The metabolic syndrome (MS) is characterized by the clustering of several
metabolic disorders such as increased body weight, insulin resistance, elevated
plasma triglyceride levels, low HDL-cholesterol, high blood pressure and altered
glucose homeostasis. Genetic and environmental factors such as low physical
activity and unhealthy diet are strong determinants of the MS. Association and
linkage studies on candidate genes for MS have revealed significant associations
between the MS and polymorphisms in several different genes such as
adiponectin, Plasma Cell Membrane Glycoprotein 1 (PC1), Hepatic Lipase,
ApoAl/A5/C3/A4 Cluster, Lymphotoxin, interleukin 6 , lamin A/C,
peroxisome proliferator-activated receptor-gamma 2 (PPAR v2),
angiotensinogen-1-converting enzyme (ACE), low density lipoprotein-related
protein-associated protein, and Beta 2-adrenergic receptor (ADRB2) genes . In
contrast, no significant associations have been reported for PPAR o, PPAR co-
activator 1 o, protein tyrosine phosphatase 1 B, ACE,, fatty acid binding protein
2 , tumor necrosis factor alpha (TNF-g) , insulin receptor and ADRB3. genes.
Altogether, the data supports the hypothesis that complex genetic factors may
be implicated in the pathogenesis of the MS,

Introduction activity and unhealthy diet are strong

The metabolic syndrome (MS) is determinants of the MS.

characterized by the clustering of several
- metabolic disorders, such as increased body
weight, insulin resistance, elevated plasma
triglyceride levels, low HDL-cholesterol,
high blood pressure, and altered glucose
homeostasis. The prevalence of the MS
ranges between 15 and 25%. This
prevalence increases with age, affecting
40% of subjects aged 60 years or more.
Environmental factors such as low physical

The metabolic syndrome is a disease
with multifactor etiologies. Genetic factors
have been found to influence the individual
susceptibility to the MS. This is supported
by the observation that metabolic disorders
of the MS tend to clusters in families. For
instance, 45% of first-degree relatives of
type 2 diabetes patients are insulin resistant
compared to 20% of individuals without a
family history of diabetes. Patients with
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type 2 diabetes also have an increased
waist-to-hip ratio compared to subjects
without a family history of type 2 diabetes.
The heritability of obesity varies from 20 to
90% depending on whether the estimates
are based on twin, adoption, or family
studies. It has been reported that
heritability also influences other
components of the MS such as
hypertension, triglyceride, and HDL-
cholesterol concentrations.

There are a number of approaches
available for investigating genes that confer
susceptibility to a disease, including
genome scanning by positional cloning and
the candidate gene approach. Genome-
wide linkage analyses have identified
several chromosomal regions where major
susceptible genes to MS may exist. Tablel
shows the range of LOD scores and
locations on various chromosomes where
such susceptibility loci have been
discovered. These loci are known to harbor
several candidate genes for metabolic
syndrome.

Table 1
S.No | Chromosome | LOD Signal | Location(cM) |
1 2 1.0-3.4 122-180.6
2 ' 11 1.1-3.0 131-143.1
3 16 1132 46.78.6
4 19 1.0-3.3 80-86.4
5 22 1.0-3.4 19-20.9

Mutations and Polymorphisms in the
genes ’

Several studies have reported
significant associations between the MS

and polymorphisms (SNPs) in several
different genes associated with lipid
metabolism, insulin resistance, adipocyte
abnormality, chronic inflammation,
autonomic imbalance etc. Promising
candidate genes include PPAR v2, PC1,
Adiponectin, Hepatic Lipase, Apo Al, C3,
A4, A5, Fatty Acid Binding Protein 2, BAR
2, RAS, Insulin Receptor substrate 1 and 2,
lymphotoxin-a, interleukin 6, lamin A/C,
peroxisome proliferator-activated receptor-
v (PPARY), angiotensinogen-1-converting
enzyme (ACE), low density lipoprotein-
related protein-associated protein 1, B,- '
adrenergic receptor (ADRB2) genes, USF1,
CAPNI10, HNF4a and PPARCc etc.

Peroxisome  Proliferator-Activated

Receptors

The three peroxisome-proliferator-
activated receptor (PPAR) subtypes, PPAR-
gamma, PPAR-alpha and PPAR-delta, are
nuclear receptors that have been the focus
of extensive research during the past
decade. These receptors function as lipid
sensors that coordinately regulate the
expression of large gene arrays and,
thereby, modulate important. metabolic
events. Peroxisome proliferator-activated
receptor (PPAR) gamma is involved mainly
in adipocyte differentiation and has been
suggested to play an important role in the
pathogenesis of insulin resistance and
atherosclerosis. The most frequently
occurring PPARy polymorphism is
substitution of proline to alanine
(Prol12Ala) in exon B of the PPARY2 gene,
and although many studies have been
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performed on the association between this
polymorphism and type 2 diabetes
mellitus, insulin resistance, and obesity, the
significance of such associations remains an
issue of debate Many studies explored the
association between the Prol2Ala
polymorphism in PPAR gamma and
obesity, insulin sensitivity, and type 2
diabetes (1). It appears that the Alal2 allele
confers modest protection against the onset
of type 2 diabetes and is also associated
with an increased BMI in overweight
individuals.

PPAR alpha L162V polymorphism,
alone or in combination or in interaction
with dietary fat intake has been also found
to be associated with metabolic syndrome

(2). '

Plasma Cell Membrane Glycoprotein 1
(PC1)

PC1 is a class II transmembrane
glycoprotein that inhibits IR tyrosine kinase
activity. The A K121Q polymorphic variant
in exon 4 of this PC-1 gene has been
associated with insulin resistance or
hyperglycemia (3, 4).

Adiponectin

Adiponectin, is an adipose-derived
plasma protein and has been well
established to be an important biomarker
for metabolic syndrome and its
complications in humans.
Hypoadiponectinemia is associated with
insulin resistance, type 2 diabetes, obesity,
and dyslipidemia. Some of the common
polymorphisms in the promoter region,

exon and intron 2, and the rare
nonsynonymous mutations in exon 3 of the
human adiponectin gene were repeatedly
shown in many studies from many
different ethnic populations to associate
with the phenotypes related to body
weight, glucose metabolism, insulin
sensitivity, and risk of type 2 diabetes
mellitus and coronary artery disease. The
SNP276 may affect impaired glucose
tolerance and hypoadiponectinemia (5).

The association of adiponectin genetic
variations with dyslipidemia and blood
pressure have been less explored. The
common polymorphisms and rare
mutations of the human adiponectin gene
itself were demonstrated to associate with
differential expression of adiponectin at the
plasma protein level and mRNA level in
adipose tissue. The PPARgamma?2
Prol2Ala variants were also shown to
influence insulin sensitivity in interaction
with adiponectin genotype or to influence
plasma adiponectin levels. However, the
results were not consistent. Three genome-
wide scans for the loci that regulate plasma
adiponectin concentration suggest that
further exploration on chromosomes 5, 9,
14, 15, and 18 is required. These human
genetic studies on adiponectin and the
metabolic syndrome strongly suggest that
adiponectin is one of the causative factors
in its pathogenesis and provide significant
insights into the genetic makeup of the
metabolic syndrome

Hepatic Lipase (HL)
High HL activity is associated with

‘reduced HDL2 cholesterol levels and is
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affected by dietary fat intake and selected
medications. There is evidence for an
interaction of the HL promoter
polymorphism with visceral obesity and
dietary fat intake. Several polymorphisms,
G250 A, C514T, T710C, A763 G are
known to be associated with HL activity (6).

A recent linkage and association
analysis revealed variation at the APOA1/
C3/A4/A5 gene cluster contributes to
Familial hypercholesterolemia
transmission in a substantial proportion of
Northern European families. Apo CIII: TG-
rich lipoproteins are often increased in
metabolic syndrome. The T-455C
polymorphism of Apo Cill are shown to be
associated with increased Apo Clll and TG
levels. Apo CIII-455C was found to
increases risk of CAD in MS. Obesity was
less frequent in MS carriers of the -455C
allele than in MS non carriers (21.6% vs.
34.8%, P < 0.05) '

APOA 'V

Several polymorphisms of Apo V (-
1131C (originally referred to as SNP3),
Ser19Trp , have been shown to be have
associations with TG in healthy and non-
smoking subjects. T-1131C was found to be
associated with higher concentrations of
plasma TG -

Fatty Acid Binding Protein 2(FABP 2) and
Beta Adrenergic Receptor 2 (BAR 2)

Both these proteins link the
inflammatory and lipid-mediated
pathways and have been are implicated in
Atherosclerosis, Obecity, Insulin resistance,

Type 2 diabetes and Fatty liver disease .
Ala54Thr polymorphism of FABP2 and
Trp64Arg polymorphism of BAR 2 has been
implicated in MS (7).

Renin Angiotensin System (RAS)

Helps maintain blood pressure and salt
homeostasis. Polymorphisms of RAS genes,
namely ACE insertion/deletion (I/D),
Angiotensinogen  (AGT).  M235T,
Angiotensin 1I type 1 receptor (ATIR).
A1166C polymorphisms have been studied
for their association with wvarious
cardiovascular disorders, including
metabolic syndrome. D-allele and DD
genotype of ACE I/D has been found to be
associated with development of obesity,
insulin resistance, type 2 diabetes,
dyslipoproteinemias and ischemic heart
disease and myocardial infarction in some
of the studies whereas many studies have
failed to show any such association (8).

There has been some evidence to
support an association between the AGT
polymorphism and insulin resistance (9).

Angiotensin 11 type I receptor (AGTR1)
A1166C appears to predisposeto favourable
anthropometric and metabolic traits,
relative to cardiovascular risk (10).

USF1

USF1 is a transcription factor of the c-
myc family [11] that is known to regulate
several genes involved in glucose and lipid
metabolism, including apolipoproteins
CIII, AIl and E, hormone sensitive lipase,
fatty acid synthase, glucokinase, the
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glucagon receptor, ATP binding cassette Al
and rennin (12). The USF1 gene is located
on human chromosome 1q22-q23 (13). This
locus on chromosome 1 has been linked to
familial combined hyperlipidaemia
(FCHL), a condition characterized by
elevated total cholesterol and / or
triglycerides, in Finnish families (14) and
is also located close to type 2 diabetes

linkage peaks in other populations (15, 16).
" Subsequently, the USF1 gene has been
linked and associated with FCHL, and
haplotypes of USF1 explain the linkage
peak associated with disease, triglycerides,
cholesterol, small dense low-density
lipoprotein and apolipoprotein B,
Furthermore, target genes for this
transcription factor include many other
genes associated with hypertension and
diabetes. Subsequent candidate gene
studies will determine if there is an
association between components of
metabolic syndrome and SNPs of the USF1
gene.

CAPNI10

Calpains are ubiquitously expressed
cysteine proteases that regulate a variety of
cellular functions. CAPN10 is expressed in
B cells where evidence suggests it mediates
apoptosis and insulin exocytosis (17, 18), in
fat and muscle CAPN10 modifies insulin-
mediated glucose transport (18). It also
appears to be involved in myoblast / pre-
adipocyte differentiation (19, 20). CAPN10
was the first type 2 diabetes gene identified
by a genome-wide scan of Mexican-
American families. Initially, linkage was

found on chromosome 2 (LOD 4.03) (21)
and the gene was identified as calpain 10.
Three intron variants account for most of
the haplotype diversity and for 14% of the
population-attributable risk of type 2
diabetes in Mexican-Americans (22). Meta-
analyses of association studies assessing
CAPNI10 and type 2 diabetes risk have
confirmed a role for CAPNIO
polymorphisms in type 2 diabetes
susceptibility (23), increasing risk by _30%
for type 2 diabetes (24). In one of the
analyses, SNP44, arare CAPN10 allele, was
shown to be over-transmitted from
heterozygous parents to their affected
offspring with type 2 diabetes. In Pima
Indians, a CAPN10 polymorphism (SNP43)
correlates with impaired insulin action and
reduced expression of CAPNI10 in the
skeletal muscle of prediabetic subjects (25).
CAPNI10 polymorphisms have also been
associated with insulin secretion, adipocyte
biology and microvascular function. This
suggests that CAPN10 plays a role in the
metabolic syndrome.

HNF4a

HNF4a is a hepatic nuclear factor that
controls expression of many essential genes
in the liver, gut, kidney and B cells, and
plays an important role in maintaining
glucose homeostasis (26). It is also involved
in ‘B-cell development, and mutations of
HNF4a are a rare cause of MODY (27). The
gene for HNF4a has been mapped to
chromosome 20. Chromosome 20 has
shown evidence of linkage to type 2
diabetes (LOD score 2.48) (28), and an
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association between a common HNF4a
polymorphism in the upstream promoter
region of the gene has been found in an
Ashekenazi Jewish population.
Furthermore, a case control association
study searching for diabetes susceptibility
variants at 20q13 found 10 associated
polymorphisms located in the promoter
regions and exons 1--3 of the HNF4a gene
(28). These data suggest variants located
near or within the HNF4 gene increase
susceptibility to type 2 diabetes.

PPARc

Variants of the PPARc gene are strong
candidates for conferring susceptibility to
type 2 diabetes and obesity, because PPARc
regulates adipocyte differentiation, and
lipid and glucose metabolism (29). Two
PPARc isoforms, PPARcl and PPARc2Z,
have been characterized, and are encoded
by a single PPAR gamma gene. The PPARc
gene has been mapped to human
chromosome 3p25 (30). One of the first
examples of a meta-analysis in complex
disease demonstrated that the ProlZ2Ala
variant of PPARc?2 is associated with
predisposition to type 2 diabetes (31).
Evidence suggests a  gene-nutrient
interaction at the PPARcZ locus in
nondiabetic subjects(32). BMI was shown
to vary with the ratio of dietary
polyunsaturated to saturated fat (P:S) - in
Alal2 carriers, BMI was low when the P.S
ratio was high and was elevated when the
P:S ratio was low. This gene-nutrient
interaction suggests that effects of the
Pro12Ala polymorphism could depend on
the most common diets in the populations

studied and may explain the conflicting
results of previous studies. Furthermore, in
a single study, the Finnish diabetes
prevention study, the AlalZ2 allele was
associated with increased risk of
progression to type 2 diabetes. However,
the Alal2Ala genotype was found to be
associated with increased weight loss in
response to lifestyle intervention and less .
progression from IGT to diabetes (33). Thus,
lifestyle intervention can reverse the
diabetogenic risk of the Ala allele.

In contrast, no significant associations
have been reported for PPARo [2], PPAR
co-activator lo (34), protein tyrosine
phosphatase 1 B (35), ACE (36), fatty acid
binding protein 2 (37) tumor necrosis factor-
o. (TNF-o) (38) , insulin receptor (39) and
ADRB3 (40) and (41) genes. Altogether,
these data support the hypothesis that
complex genetic factors may be implicated
in the pathogenesis of the MS.

UCP3

UCP3 is a mitochondrial membrane
transporter mainly expressed in skeletal
muscle. This protein uncouples oxidative
ATP phosphorylation and if dysregulated,
might lead to thermogenesis and energy
balance disorders. The UCP3 -55 C/T SNP
is associated with higher UCP3 mRNA
expression levels (42) and fat mass (43-47).
The relation between this SNP and type 2
diabetes is controversial, with a lower risk
of type 2 diabetes in this population sample
(48, 27) and a higher risk in Chinese (49).

‘Despite the major contribution of increased

body mass in the clustering of metabolic
disorders and the persistent association
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between the UCP3 -55 C/T SNP and
increased fat mass, there was no significant

association between this SNP and the MS
Leptin

It is an adipocyte-secreted hormone
acting in the brain to control energy
homeostasis. Its main effect is to regulate
appetite and energy balance (50).
Pathogenic mutations in the leptin (LEP)
gene leading to the absence of any
functional hormone are associated with
early-onset morbid obesity (51, 52). The LEP
5'UTR +19 G/A SNP is associated with
lower leptin concentrations in obese
individuals (53). In the present population
sample, this SNP was not significantly
associated with the MS.

G proteins mediate many pathways
including the B-adrenergic signalling
pathways. A polymorphism in the B,-
adrenergic receptor is associated with the
MS (54) , suggesting a possible implication
of the adrenergic pathway in the clustering
of MS. The GNB3 C825T SNP is functional
and has been associated with several
phenotypes such as dyslipidemia,
hypertension, obesity, and diabetes
mellitus (55, 56). Furthermore, a study
including 806 Japanese subjects (80% men)
showed the CC genotype was protective
against the onset of the clustering of
obesity, hypertriglyceridemia, hyper-
tension, and diabetes mellitus (56).

Given the fact that the prevalence of
coronary heart disease stroke and all-cause
mortality is increased threefold in subjects
with the MS (57), even in the absence of
baseline CVD and diabetes (58), it is

important to better understand the factors
that increase the susceptibility to the
development of the MS. Genetic association
studies may help in this respect. We could
not reveal major associations between any
of the studied polymorphisms in FATP1,
UCP3, TNF-o, LEP, and GNB3 genes and
the MS, suggesting that these
polymorphisms are not major risk factors
for the MS.

As is evident, association of gene
variants, insulin resistance and
dyslipidaemia is complex and has resulted
in inconsistent findings in different studies.
Moreover, the genetic studies till date
generally have been of a small size and
cross sectional in approach which limits
analysis of trends in insulin sensitivity and
lipid and lipoprotein levels in association
with different gene variants. Ethnic
differences in prevalence of various alleles
have further led to a large variability in the
results. However, even taking these
limitations into account, gene variants and
their interaction with environment appear
to modulate glucose and lipoprotein
metabolism.

Given the fact that the prevalence of
coronary heart disease, stroke and all-cause
mortality is increased several folds in

- subjects with the MS, even in the absence

of baseline cardiovascular diseases and
diabetes, it is important to better
understand the factors that increase the
susceptibility to the development of the MS.
Genetic association studies may help in this
respect
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Prologue : In their classical landmark
paper describing the radioimmunoassay of
insulin, Solomon Berson and Rosalyn
Yalow defined insulin resistance as a “state
of a cell, tissue, system or body in which greater
than normal amounts of insulin are required to
elicit a quantitatively normal response”(1).
David Kipins, in a chapter on insulin
physiology, in the monumental monograph
: Methods in Investigative and Diagnostic
Endocrinology’ edited by Berson and
Yalow and published prior to the demise
of Berson, clearly states(2) :

‘Skeletal and cardiac muscle, adipose
tissue and the liver are the principal insulin
responsive tissues of the body. Exposure of
these tissues to physiological levels of
insulin in vivo results in prompt and readily
detectable changes in various parameters
of carbohydrate, lipid, and protein
metabolism. Peripheral nerve, ciliary
muscle, cartilage, fibroblasts, circulating
lymphocytes and granulocytes, and the
arterial wall have also been reported to
respond to the hormone, but the

physiological relevance of these
observations with respect of either total
body metabolic homeostasis or individual
tissue viability remains to be elucidated —
——. It is well recognized that the insulin
sensitivity of target tissues is influenced by
a variety of metabolic states; insulin
resistance is characteristically associated
with obesity, trauma, pregnancy,
acromegaly and hyperadrenocorticism.’

This descriptive narrative provides the
essential context to understand the effects
of differential insulin sensitivity (and
resistance) in various insulin responsive
tissues and organs, besides the possibility
of differential sensitivity with regard to the
effects on carbolydrate, lipid, and protein
metabolism. It also alludes to the effects on
arterial wall, and circulating elements such
as lymphocytes, granulocytes and platelets.

Measurement of Insulin Sensitivity :
The most frequently used method of
measuring insulin sensitivity is by
Euglycemic clamp technique(3). In all
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research laboratories, use of this technique
is considered essential to demonstrate
impaired sensitivity i.e. insulin resistance.
The technique is highly reproducible,
although time consuming, requiring skill
and expertise.

The other computer program based
techniques include FSIVGTT (Frequently
sampled intravenous glucose tolerance test)
(4) and CIGMA (Continuous infusion of
glucose with model assessment) (5). The
values obtained by using these techniques
generally correlate well with the results
obtained with the euglycemic clamp
technique.

A number of techniques have also been
described using standard oral glucose
tolerance tests (OGTT) wherein 75 gm.
glucose load is given orally after a 10-16
hour fast (WHO, 1980)(6). Blood samples
are collected at 30-minute intervals
following the administration of glucose
load. The test duration may be 2 hours
(WHO, 1980) or may be extended to 3 or 4
hours. Glucose and insulin are measured
in each sample. The data is analysed using
various indices, some of which depend on
AUC s (area under glucose curve) and
AUC, .. (area under insulin curve)(7).
Other investigators have used- 1 (mean

mean

plasma insulin during OGTT; m1U/L) and

G__ (mean glucose concentration during

mean

OGTT (mg/dl).

Mathematical models have been’ used
in clinical practice wherein only fasting
glucose concentration, and fasting insulin

concentration have been used to calculate
insulin sensitivity. For example, Raynaud
Index uses the formula R1 = 40/1 where 1,
is the fasting insulin level (uU/ml)(8).
Likewise, fasting glucose to insulin ratio
(FGIR) has been recommended using the
formula :

FGIR = G,/1, (G, = fasting glucose, mg/dl;

1, = fasting insulin, pU/ml)

The major problem with a single
sample-based calculation of insulin
sensitivity is due to the fact that insulin
secretion occurs in an oscillatory manner,
thereby rendering single value-based
measurement amenable to possible error.
Although it has been suggested that
collection of three samples at intervals of
five minutes (and using pooled sample for
subsequent measurements) may minimize
the error, it must be remembered that
‘oscillations’ or ‘pulses’ of insulin secretion
occur at two different periodicities : (i) rapid
small amplitude oscillations which occur
every 10-15 minutes and are superimposed
on (ii) slower, larger amplitude ultradian
oscillations with periods ranging from 80-
150 minutes(9).

Ina general mathematical model which
incorporates f-cell kinetics and a
gastrointestinal absorption term for glucose

. insulin feedback, and comprises of a set of four

nonlinear, coupled ordinary differential
equations(10), numerical simulations
showed that glucose and insulin levels
oscillate before reaching a steady state.
Interestingly, glucose oscillations are seen
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to lead the insulin oscillations. In our study
we observed that the time period of
oscillations is about 90 minutes and the
glucose peak precedes insulin peak by
about 06 minutes(10).

Homeostasis Model Assessment
(HOMA): Insulin resistance (and sensitivity
as measured by this method) is one of the
most commonly used parameters in clinical
metabolic research and is based on a model
of insulin-glucose interaction, with
measurement of fasting glucose (G, :
mmol/L) and fasting insulin (1, : pIU/ml).

1, x G,
IR

HOMA =
22.5

In the mathematical model proposed
by us(11) and referred to in the preceding
paragraph, it was further shown that in
obese controls with normal glucose
tolerance, there was a four-fold increase in
B-cell function, an increased peripheral
resistance to insulin action, and an increased
initial rate of gastro-intestinal absorption as
compared to non-obese controls. In contrast, in
both obese and non-obese subjects with type
2 diabetes mellitus (T2DM), the changes
appear to occur as a result of decreased B-cell
capacity and function and an increased
peripheral resistance to insulin action(12).

Insulin Resistance : metabolic basis
and clinical significance : The preceding
mini-review makes it abundantly clear that
although the term is frequently used to
indicate impaired insulin-stimulated
glucose disposal as generally measured

with the hyperinsulinemic euglycemic
clamp technique, it must be clearly
understood that insulin resistance may
occur at the level of one or more of the
insulin sensitive tissues such as the skeletal
muscle, liver, and the adipose tissue(13).
Thus not only muscle glucose uptake but
also inhibition of adipose tissue lipolysis
and suppression of hepatic glucose
production, all regulated by insulin, must
be considered both individually and jointly
for a comprehensive understanding of
insulin action and insulin resistance. The
subject is recently reviewed by us(14). The
account that follows draws upon our
published review.

There is a paucity of data examining the
insulin dose response characteristics of
stimulation of glucose uptake (muscle) and
suppression of glucose production (liver)
in normals and in subjects with T2 DM. A
well designed study(15) showed in the
normal subjects a significant shift to the
right of the dose-response curve for glucose
uptake with EC, of 58 pU/ml. In contrast, the
corresponding EC,; for suppression of glucose
production was approximately one-half of this
i.e. 26 pU/ml. Thus, with low physiological
increments in plasma insulin, the liver is the
primary determinant of whole body
glucose homeostasis. In subjects with
T2DM, there was a marked shift of a similar
magnitude of both these curves to the right,
with EC, for glucose uptake of 118 yU/ml. and
EC,, for glucose production of 66 uU/ml.

In contrast to EC,, for glucose uptake
and glucose production, data on whole
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body lipolysis during stepwise
hyperinsulinemic-euglycemic clamp
studies show that EC,, for suppression of
lipolysis in normal subjects is much lower
and ranges between 7 and 16 pU/ml(16,17).
Thus, suppression of lipolysis seems to be
the most sensitive of insulin actions, with
the dose response curve of adipose tissue
distinctly to the left of the corresponding
curves for glucose production and glucose
uptake. It is also obvious from these studies
that inhibition of lipolysis can be achieved
at a fasting insulin concentration which is
well within the normal range, and
suppression of glucose production can also
be achieved within the physiological range
of postparandial insulin concentration.
Thus, while the term Insulin Resistance
Syndrome (IRS) may provide a conceptual
framework for diverse cardiometabolic risk
factors grouped together as Metabolic
Syndrome (MS), in depth study of insulin
action and resistance at different sites
(muscle, liver, adipocyte) is required to
compare and contrast the metabolic defects
in each of the clinical disorders including
obesity, T2 DM, Coronary Heart Disease
(CHD), Hypertenion, Polycystic Ovaries
Syndrome (PCOS) and Non-Alcoholic Fatty
Liver Disease (NAFLD), and finally to
investigate their relationship, if any, with
high and/or low birth weights.

The need of such studies becomes
imperative in the light of information
recently made available as a result of
disruption of insulin receptor gene in
specific target tissues. Mice without insulin

receptors in skeletal muscle do not develop
diabetes, suggesting that insulin sensitivity

(and glucose uptake) in skeletal muscle
might not always be a primary cause of .
diabetes(18). However, these mice develop
increased fat mass, elevated serum
triglycerides, and high levels of circulating
FFA, suggesting that insulin resistance in
the muscle contributes significantly to
altered fat metabolism in these animals.
Likewise, mice lacking hepatic insulin
receptors also fail to develop diabetes,
as compensatory hyperinsulinemia
apparently maintains fasting normogly-
caemia (19).

In summary, resistance to insulin may
be viewed in the context of multisystem
insulin resistance, and the clinical sequalae
must depend not only on the system(s)
exhibiting resistance in a more severe form,
but also on the compensatory mechanism(s),
such as B-cell function, operating to respond to
the challenge posed by insulin resistance.

Free Fatty Acids and Insulin
Resistance: The plasma FFA concentration
is determined by: (i) the rate of FFA
production (lipolysis) in the adipose tissue;
and (ii) the rate of uptake from plasma
either for oxidation or for reesterification

to triglycerides. FFA from the visceral

adipose tissue drain directly into the portal
vein and reach the liver. The rate of lipolytic
activity is higher in the abdominal visceral
adipocytes(20). Subjects with central
(visceral) adiposity have higher levels of
FFA in portal vein, in addition to the
daylong elevation of FFA in the peripheral
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plasma. Chronically elevated plasma FFA
can lead to insulin resistance in muscle and
liver(21,22). The thesis that abnormalities
of FFA metabolism may be involved in the
etiology of T2 DM (then called maturity-
onset diabetes mellitus) was first
propounded by Randle et al in 1963 who
suggested a fundamental role of glucose-
fatty acid cycle in the regulation of energy
balance. Based on their studies on rat
cardiac muscle in vitro, it was concluded
that the rate of fat oxidation increased
relative to carbohydrate oxidation in
response to elevated FFA concentration(23).
It was suggested that in the fasting state
with low basal insulin, there was an
increase in the oxidation of fatty acids by
muscle (with reciprocal reduction of
glucose uptake). Opposite was the case in
the fed-state where enhanced insulin
secretion increases glucose uptake by
muscle, in addition to inhibiting lipolysis

in the adipose tissue. Concluding their
 classical paper in the Lancet, Randle et al
stated(23) ‘We propose that the
interactions between glucose and fatty-acid
metabolism in muscle and adipose tissue
take the form of a cycle, the glucose fatty-
acid cycle, which is fundamental to control
of blood glucose and fatty acid
concentrations and insulin sensitivity’.
Nearly three decades later, these
observations were confirmed in healthy
human skeletal muscle wherein a decrease
in carbohydrate oxidation in association
with an increase in fat oxidation was
demonstrated following 1-hour of lipid
infusion, under euglycaemic -

hyperinsulinemic clamp(24). Although the
precise molecular basis of the relationship
between circulating FFA levels and insulin
resistance in the muscle remains uncertain, it is
recognized that chronically elevated FFA levels
may also impair insulin secretion from the p —
cells (lipotoxicity)(25), in addition to
enhancing hepatic glucose output(26). The
latter may be due to a combination of
increased availability of FFA for
gluconeogenesis, and decreased sensitivity
(resistance) to the action of insulin at the
hepatocyte.

Even though the conceptual
framework of Randle’s hypothesis remains
intact, more recent studies have shown that
FFAs and their metabolites also inhibit
insulin signaling, and glucose transport, in
addition to affecting the activities of several
enzymes involved in  glucose
metabolism(27). Following a 5-h infusion
of lipid in healthy volunteers, a significant
decrease in intracellular glucose was
demonstrated, supporting the hypothesis
that elevated FFA induce insulin resistance
principally at the level of glucose
transport(28). This could be either due to a
direct effect on glucose transporter GLUT
4, or mediated through an indirect effect by
modifying upstream signaling events,
notably at the level of phosphatidylinositol
3-kinase (P1 3-kinase). That the latter may
be the case was demonstrated by the fact
that increase in P 1 3-kinase activity in
response to insulin stimulation was nearly
completely abolished in human volunteers
given lipid infusion(29). Additional studies
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show that high FFA concentration may
effect several upstream proteins in the
signaling pathway, including IRS-1 and
protein kinase C theta (PKC 0)(30). It has been
proposed that clevated FFA may activate PKC
8, with the resulting decrease in IRS-1 tyrosine
phosphorylation, a suppression of P1 3-kinase
activity, reduced GLUT translocation, and
cultiminating in a reduction of glucose
transport(31). Such lipid infusions have,
therefore, been shown to closely resemble
the effects of chronically elevated FFA
levels such as inhibition of glucose
transport and phosphorylation, glycogen
synthase and pyruvate dehydrogenase
activity, and insulin signaling through the
IRS-1, PKC 0, and P1 3-Kinase pathways.

Additional evidence for the role of
intracellular lipid in mediating insulin
resistance has been obtained from
transgenic mice with muscle-specific and
liver-specific overexpression of lipoprotein
lipase (LPL). Muscle-LPL-overexpressing
mice had a threefold increase in muscle
triglyceride content and were insulin
resistant due to (i) decrease in insulin-
stimulated glucose transport and (ii) a
reduced insulin activation of IRS-1
associated P1 3-kinase activity. In contrast,
liver-LPL-overexpressing mice had a two-
fold increase in liver triglyceride content.
These mice were insulin resistant primarily
due to the impaired ability of insulin to
suppress endogenous glucose
production(32). These defects in insulin
signaling (and action) were associated with
increases in intracellular fat metabolites (i.e.
diacylglycerol, fatty acylcoenzyme A). Thus
there is a causal relationship between

intracellular accumulation of fat
metabolites and insulin resistance mediated
through changes in insulin signaling
pathway.

In a recent study aimed at investigating
the molecular mechanism (s) underlying
the biochemical basis of insulin resistance
due to the effect of elevated FFA on the
muscle, a triglyceride emulsion was infused
in healthy subjects for 48 hours, followed
by muscle biopsis (vastus lateralis muscle),
microarray analysis, quantitative real time
PCR, and immunoblots. After lipid
infusion, extracellular matrix genes and
connective tissue growth factor were
significantly over expressed. In contrast,
nuclear encoded mitochondrial genes and
PGC-1la (peroxisome proliferator activated
receptor y — coactivator —la ) expression were
decreased(33). As PGC-1a is the transcriptional
coactivator that initiates the expression of
several genes coding for mitochondrial proteins,
a decrease in PGC-1 expression may result
in decreased expression of a number of
metabolic and nuclear encoded
mitochondrial genes involved in electron
transport and oxidative phosphorylation.
Indeed, a decreased expression of nuclear
encoded mitochondrial ~  genes,
accompanied by a decreased expression of
PGC-10, has been demonstrated in insulin
resistant subjects(34,35).

Notwithstanding the effect on nuclear
encoded mitochondrial genes, a marked
increase in expression of extracellular
matrix-related genes following lipid
infusion was of considerable interest(33).
Such a pattern characterizes inflammatory
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response leading to extracellular matrix
remodelling and fibrosis. Thus chronic
elevation of FFA may result in
inflammation-associated extracellular
matrix changes in the skeletal muscle. Such
fibrotic inflammatory responses are
mediated by the Connective tissue growth
factor (CTGF), also termed CCNZ2, a 38KD,
protein belonging to the CNN family(36).
Fig. 1 projects a conceptual model of the
molecular basis of insulin resistance(14).
Metabolic activity in the adipocytes,

through changes in the circulating levels of
adipokines and elevated levels of FFA may
result in a decreased expression of PGC-1a
and several nuclear encoded mitochondrial
genes, thereby reducing oxidative

phosphorylation, in addition to producing
defects in glucose transport and insulin
signaling pathways. The resultant insulin
resistant state in turn increases lipolysis,
further increasing the levels of circulating
FFA. Adipokines, such as resistin, lead to
increase in hepatic fat, causing insulin

Fig. 1 : Decreased expression of nuclear encoded mitochondrial genes and increased expression of
extracellular matrix - related genes may contribute to the molecular basis of insulin resistance (for
explanation, see text). From Bajaj and Bajaj (14) with permission of Editor and Publisher

PGC’- 1o : peroxisome proliferator activated receptor ¥ - coactivator - 1a; CTGF : connective tissue growth

factor; FFA : free fatty acids.




52 ].S. Bajaj and Mandeep Bajaj

resistance in the liver, and increased hepatic
glucose output. In contrast, adiponectin
reduces hepatic fat content. Increased levels
of glucose and FFA enhance the expression
of CTGF, leading to altered cellular matrix.
It is obvious that new therapeutic targets
aimed at increasing PGC-1o activity and
reducing CTGF activity bear therapeutic
potential.

There is evidence that CTGF mediates
fibrotic changes at multiple sites i.e.
atheromatous plaques(37); mesangium in
the glomerulus(38); myocardium following
ischemic injury(39) and activated hepatic

stellate cells(40). As angiotensin II (acting
through angiotensin receptor 1) increases
the expression of CTGF, the current use of
specific angiotensin receptor blockers in the
prevention and management of diabetic
nephropathy seems to be most rational. Of
major interest is the observation that liver
biopsis from nondiabetics and T2DM
patients with non-alcoholic steatohepatitis
(NASH) showed enhanced expression of
CTGF that correlated with the degree of
fibrosis(40). As the CTGF expression is
increased in the liver from Zucker obese
rats in association with lipid abnormalities
and fatty liver in this animal model of

Altered Extracellular Matrix

Fig. 2 : Enhanced expression of connective tissue growth factor and its possible consequences. From Bajaj
and Bajaj (14) with permission of Editor and Publisher. ’
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insulin resistance, it may be a rational
molecular target for future drug
development. Indeed, an angiotensin II
type 1 receptor antagonist, olmesartan
medoxomil, has been shown te improve
experimental liver fibrosis by suppression
of proliferation and collagen synthesis in
hepatic stellate cells(41). A unifying model
of several diseases included in the
Metabolic  Syndrome, and their
complications, is shown in Fig. 2 which may
also portend possible molecular sites for
future drug development(14).

Adiponectin and Insulin resistance :
Hypoadiponectinemia characterizes
1T2DM, a well recognized insulin-resistant
state. Recent studies have provided
evidence that increased hepatic fat content
is an important determinant of hepatic
insulin resistance in type 2 diabetic
patients(42). Thiazolidinediones have been
shown to reduce hepatic fat content and
improve hepatic insulin sensitivity in
patients with T2DM(42).
Thiazolidinediones initiate their action by
binding PPARy, primarily located on
adipocytes(43), and thereby increasing
plasma .adiponectin levels. Indirect
evidence suggests that adiponectin might
mediate some of the insulin-sensitizing
effects of PPARy agonists.

The first-ever clinical study aimed at
investigating the effect of long term (14
weeks) administration of 45 mg.
pioglitazone daily in subjects with T2DM
resulted in a three-fold increase in plasma
adiponectin which correlated inversely

with endogenous (hepatic) glucose
production. There was also a significant
inverse correlation of plasma adiponectin
with hepatic fat content. Higher the plasma
adiponectin levels, lower the hepatic fat
content. Thus the increase in plasma
adiponectin following pioglitazone therapy
is strongly associated with a decrease in
hepatic fat content and enhanced hepatic
and peripheral insulin sensitivity(44).

Put together with a similar study(45),
there is unequivocal evidence that
pioglitazone (thiozolidinedione) treatment
of subjects with T2DM increases plasma
adiponectin and decreases plasma resistin
levels, resulting in a decrease in hepatic fat
content and a reduction in hepatic glucose
production. Indicators of net therapeutic
benefit included a decrease in fasting
plasma glucose as well as a lowering of the
HbAlc and serum triglyceride levels(44).

In addition to its metabolic effects,
adiponectin has also been shown to
modulate endothelial inflammatory
response through TNF-a-induced
expression of endothelial adhesion
molecules(46). In vitro studies in human
aortic endothelial cells have shown that
human recombinant adiponectin not only
suppresses endothelial expression of
adhesion molecules but also decreases the
proliferation of vascular smooth muscle
cells, and reduces lipid accumulation in
macrophageé, thereby modulating
transformation of macrophages to foam
cells(47).
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Two clinical studies published recently
provide interesting data linking the
metabolic and anti-inflammatory roles of
adiponectin. In a study of 77 subjects who
had diabetes or were at high risk to develop
diabetes, there was a significant negative
correlation between circulating levels of
adiponectin and C-reactive protein (CRP),
plasminogen activator inhibitor-1 (PAI-1),
and tissue plasminogen activator (tPA)(48).
These negative associations remained
significant after adjusting for gender and
BMI. This study reinforces earlier
observation regarding the protective role of
adiponectin against inflammation and
endothelial dysfunction, and provides
evidence of its negative association with
tPA, which is known to play a role in
impaired fibrinolysis. A similar study in
women with prior gestational diabetes
mellitus (pGDM) who are known to be at
higher risk of developing T2DM and
associated cardiovascular complications,
showed that plasma adiponectin was
significantly lower in pGDM as compared
to women with normal glucose tolerance
during pregnancy. The differences
remained statistically significant even after
adjustment for body fat mass. Equally
significant were the differences in the levels
of PAI-1 and ultrasensitive CRP which were
higher in the pGDM group. It was
concluded that lower plasma adiponectin
concentrations characterize women with
previous GDM independently of the
prevailing glucose tolerance, insulin

sensitivity or the degree of obesity and are
associated with subclinical inflammation
and atherogenic parameters(49).

Thus, the'role of adiponectin as a
mediator of insulin resistance and an
integrator of metabolic and inflammatory
signals underlying obesity, T2DM, and
coronary heart disease has assumed
considerable significance, both in terms of
its potential as a part of preventive
strategies, and also as a prototype molecule
for the development of new analogues and
related compounds aimed at therapeutic
intervention. Further, development of
PPAR-y agonists which increase
endogenous adiponectin may be equally
promising and rewarding.

Pathophysiological basis of metabolic
syndrome : The foregoing narrative clearly
delineates a constellation of risk factors of
metabolic origin which have a close
association with increased risk of T2DM,
hypertension and  atherosclerotic
cardiovascular disease (CVD). Although
there is a considerable agreement on the
role and place of various cardiometabolic
risk factors, the terminology of metabolic
syndrome has raised intense debate(50).
Nevertheless, the recognised risk factors
include derangerhents of lipid metabolism
(atherogenic dyslipidemia) comprising an
increased levels of apoliprotein B,
triglycerides, small LDL particles, and low
levels of high density lipoproteins (HDL).
Also present may be disturbances of
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carbohydrate metabolism such as impaired
fasting glucose, impaired glucose tolerance,
or diabetes mellitus. A prothrombotic state
comprising of an increase in procoagulant
factors such as fibrinogen and factor VII,
alongwith increased anti-fibrinolytic
factors such as PAI-1, and endothelial
dysfunction are important constituents. An
associated  proinflammatory state
characterized by elevation of circulating
cytokines i.e. TNF-a, resistin and IL-6 in
addition to an ifcrease in acute phase
reactant (CRP) is generally observed. A
significant reduction in circulating
adiponectin is a contributory factor. The
most important clincopathological basis is
obesity, especially trunkal obesity or
visceral adiposity, and the key molecular
link is insulin resistance at various levels,
and in different compartments (vide supra).

The causes of the ‘metabolic syndrome’
are complex and as suggested above,
involve hormonal and metabolic factors.
Genetic susceptibility is described and
gene-environment (lifestyle) interactions
are well recognized. Although obesity,
especially central adiposity remains a key
clinical link, its definition based on
ethnicity-specific cut-aff values of waist
circumference has been delineated only
recently (Table(51)). A combination of
accurately measured waist circumference,
along with BMI{Wt. (kg) / Ht. (in meters)?}
may be more informative. It is however
suggested that a 'single accurate
measurement of waist circumference if

culturally permissible, should be the
preferred choice.

Ethnicity-specific values for waist
circumference (51) :

Cduntry/ Waist circumference (cm)i.
ethnic group (as measure of
central obesity)
Europids Male > 94
Female >80
South Asians | Male . >90
Female > 80
Chinese Male >90
Female >80
Japanese Male >90
Female >80

While recommending these cut-off
points for waist circumference, it is
emphasized that ‘these are pragmatic cut-
off points and better data are required to
link them to risk. It is also mentioned that
ethnicity should be the basis for
classification, not the country of residence’
(51).

Epilogue : While the purists may
continue to argue about the diagnostic
criteria (WHO(52) or IDF(53) or NCEP :
ATP II1(54)) and the cell biologists may
continue their efforts at localizing
molecular lesion (s) underlying insulin
resistance and deranged adipocyte biology,
there is enough information already
available to launch rationally sound public
health measures at the individual, community
and national levels(50). Time to act was
yesterday : to-day may already be too late!
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Introduction:

The term “Syndrome X" was coined by
Prof. Gerald Reaven at.the Banting lecture
of the American Diabetic Association in
1988 for a constellation of abnormalities
that had insulin resistance as the

underlying abnormality. The term’

metabolic syndrome (MetS) has been in
extensive use after WHO formulated
diagnostic criteria in 1999 to denote this
entity although the expression per se was
in use since the late 1970s. The syndrome
encompasses a cluster of metabolic risk
factors associated with an increased risk for
Type 2 Diabetes and cardiovascular disease
(CVD). Several expert groups have
attempted to produce diagnostic criteria to
define metabolic syndrome (see Table 1).

Table 1 Definitions of the metabolic
syndrome

ATP III definition (15)

Any three or more of the following
criteria: '

(1) Waist circumference > 102 cm in men
and > 88 cm in women,

(2) Serum triglycerides > 150 mg/dl
(3) Blood pressure > 130/85 mm Hg

(4) HDL cholesterol < 40 mg/dl in men
and < 50mg/dl in women

(8) Serum glucose (fasting) > 110 mg/dl
WHO definition (2)

Diabetes, IFG, IGT or insulin resistance
(assessed by clamp studies) and at least two
of the following criteria:

(1) Waist-to-hip ratio > 0.90 in men or
>(.85 in women

(2) Serum triglycerides > 150 mg/dl or
HDL cholesterol < 35 mg/dl in men
and <40 mg/dl in women

(3) Blood pressure > 140/90 mm Hg

(4) Urinary albumin excretion rate >20ug/
min or albumin to creatinine ratio >30

mg/g ,
International Diabetes Federation (IDF)
definition (3)

Central obesity

| (Defined as waist circumference =94cm
for Europid men and = 80cm for Europid
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women, with ethnicity specific values for
other groups) plus any two of the following
four factors:

(1) Raised TG level: =150 mg/dL (1.7
mmol/L), or specific treatment for this
lipid abnormality

(2) Reduced HDL cholesterol: <40 mg/dL
(1.03 mmol/L*) in males and <50mg/
dL (1.29 mmol/L*) in females, or
specific treatment for this lipid
abnormality. '

(3) Raised blood pressure: systolic BP =130
or diastolic BP =85 mm Hg, or
treatment of previously diagnosed
hypertension.

(4) Raised fasting plasma glucose (FPG)
=100 mg/dL (5.6 mmol/L), or
previously diagnosed type 2 diabetes
(If above 5.6 mmol/L or 100 mg/dL,
OGTT is strongly recommended but is
not necessary to define presence of the
syndrome.) ‘

* These values have been updated from
those originally presented to ensure
consistency with ATP III cut points.

The most widely accepted of the
definitions for MetS have been produced
by the World Health Organization (WHO)
and the National Cholesterol Education
Program —Third Adult Treatment Panel
(NCEP ATP I1I) (1, 2). Both groups agree
on the core components: obesity, insulin
resistance, dyslipidaemia and
hypertension. Unlike the WHO definition,
the ATP III definition does not obligatorily

require impaired glucose regulation or
insulin resistance as an essential
component. In addition, the levels set for
each component and the combination of
components required to diagnose the MetS
are slightly different in the two
recommendations.

Pathophysiology of cardiovascular disease
in the metabolic syndrome

Abnormal fat distribution

Population studies have shown an
increase in the risk of chronic non-
communicable diseases associated with a
progressive increase in total adiposity as
assessed by the body mass index (BMI).
Among equally obese individuals, those
with an increase in abdominal fat (assessed
by waist circumference) are at increased
risk of Type 2 diabetes and CVD. This is -
independent of the risk predicted by "
increased BMI. For instance, the
INTERHEART study (4) studied patients
with initial myocardial infarction
worldwide in over 55 countries and
identified nine important risk factors for
myocardial infarction which accounted for -
over 9/10th of the worldwide myocardial

- infarction risk. One of these risk factors was

abdominal obesity. Yusuf et al. (5)
subsequently explored the associations
between different measures of obesity and
risk of myocardial infarction in this study.
Four different measurements of obesity
were examined: BMI, waist-to-hip ratio,
waist circumference and hip circumference.
The waist-to-hip ratio was the obesity
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measurement most strongly associated
with myocardial infarction. The cut-off
value for waist circumference is likely to
be population specific as there are clear
differences across various ethnic
populations in the relationship between
overall adiposity, abdominal -obesity and
visceral fat accumulation. This has been
noted by several studies in India (6). In this
regard waist circumference criteria for
South Asians suggest a cut-off of 94 cm for
males and 80cm for females (7).

Thus, although Reaven's original
description did not include it, abdominal
obesity as assessed by waist circumference
is an important cardiovascular risk marker
and the primary target for the treatment of
metabolic syndrome. The International
Diabetes Federation (IDF) (3) places even
more emphasis on central obesity. This new
emphasis on central obesity as opposed to
BMI is based on growing evidence that
waist circumference has a closer association
with cardiovascular disease and mortality.

Insulin resistance

Insulin resistance is central to the
pathophysiology of the metabolic
syndrome and has been postulated as its
underlying cause. It correlates univariately
with the risk of Type 2 diabetes and CVD;
however the association with hypertension
is weak. The mechanisms underlying the
link between insulin resistance and CVD
still need further investigation but there is
evidence that excess free fatty acids are
involved. A recent meta-analysis (8)
examined the relationship between plasma

insulin and cardiovascular mortality in
nondiabetic adults based on data from 11
prospective studies. After adjusting for
various risk factors including age and
smoking, the hazard ratio of cardiovascular
mortality was highest in the subgroup with
the highest fasting insulin. Although there
is overwhelming evidence suggesting that
the metabolic syndrome is significantly
associated with insulin resistance, the ATP

- III definition of the metabolic syndrome

does not include a measurement of insulin
resistance.

Obesity and inflammation

Inflammation clearly plays a major role
in atherogenesis (9). Several inflammatory
markers: Tumour necrosis factor (TNF) o,
Interleukin-6 (IL-6), fibrinogen and C-
reactive protein (CRP) have often been
found to be elevated in studies of patients
with MetS. The most extensively studied
inflammatory marker is high sensitivity C-
reactive protein (CRP). It has been shown
to be a predictor of both diabetes and
cardiovascular  disease risk. A
proinflammatory state recognized by
elevated C-reactive protein (CRP) levels is
commonly present in people with the MetS
. There is a significant relationship between
plasma CRP levels and measures of
adiposity and of insulin resistance. One
contributory mechanism to this association
is obesity, as adipocytes and macrophages

~release inflammatory cytokines which

promote an inflammatory state.

CRP has also been shown to be an
independent predictor of cardiovascular
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events and its predictive value has been
said to equal that of metabolic syndrome
(10). The predictive strength of CRP levels
on cardiovascular disease has, however,
been questioned by Danesh et al. (11), who
reported CRP levels in 2459 patients with
major adverse cardiovascular events in
comparison with a matched cohort of 3969
individuals. After adjusting for many
known risk factors, CRP showed an odds
ratio of only 1.45 for coronary artery
disease. At present the American Heart
Association (AHA) does not recommend
using CRP for population screening or to
monitor treatment.

Obesity and atherogenesis: multiple
signals

Adipose tissue is not an inert organ but
an important player in the integration of
endocrine, metabolic, and inflammatory
signals for the control of energy
homeostasis. Several substances are
secreted and several receptors have been
identified on adipocytes. One important
adipocytokine identified is adiponectin.
Levels of adiponectin have been shown to
have a strong and consistent inverse
association with insulin resistance and
inflammation (12,13). Adiponectin levels
possibly, may be a marker for
atherosclerosis and coronary heart disease.
In a large case-control study that examined
adiponectin levels it was found that men
with the lowest quintile of adiponectin

fevéls had a significantly decreased risk of -

myocardial infarction (relative risk 0.39)
(14). Adiponectin may have anti-
inflammatory effects that provide

protection against atherosclerosis
development, particularly in those clinical
situations associated with low plasma
concentrations of adiponectin. The future
may possibly see recombinant adiponectin
used in the prevention or treatment of
cardio-vascular disease in selected patients.

Leptin and resistin are other markers
associated with obesity. Obese individuals
have been demonstrated to have elevated
leptin concentrations (15). The West of
Scotland Coronary Prevention Study
(WOSCOPS) (16) showed that leptin
independently increased the relative risk of
coronary artery disease. The role of resistin

" in obesity and insulin resistance in humans

is debated. Obese individuals have higher
serum levels of resistin than lean
individuals (17) but serum resistin has not
been shown to be a significant predictor of
insulin resistance (18,19).

Atherogenic dyslipidaemia

The dyslipidaemia associated with the
MetS includes raised TGs and low
concentrations of HDL-cholesterol. A more
detailed analysis usually reveals other
lipoprotein abnormalities, including
elevated apolipoprotein B (Apo B),
increased number of small dense low-
density lipoprotein (LDL) particles and
small HDL particles. All of these
abnormalities are independently
atherogenic.

Elevated blood pressure

MetS is usually associated with raised
blood pressure. However, the strength of
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association varies considerably from one
population to another.

Prothrombotic state

~ Components of the MetS are associated
with both coagulation and fibrinolytic
proteins, with a link to an elevated
plasminogen activator inhibitor-1 (PAI-1)
and fibrinogen being the most consistent
findings.

Endothelial dysfunction

There is evidence that patients with
MetS have elevated mononuclear cell
adhesion, and diminished endothelial-
dependent vasodilata-tion that are markers
of endothelial dysfunction and associated
with cardiovascular adverse events.

Relationship to predictability of cardio-
vascular disease and diabetes mellitus

Cardiovascular disease

Since the metabolic syndrome
comprises accepted CVD risk factors, it
would be expected that the syndrome is a
strong predictor of CVD. A substudy of the
Botnia study, which involved over 4000
Finnish and Swedishadults, demonstrated
that those with the MetS, as defined by the
1999 WHO criteria, were thrice as likely to
have a history of CHD compared with those
without the syndrome. Moreover, the
presence of the syndrome was associated
with . a  significantly increased
cardiovascular mortality (12% vs. 2%) (20).
Observational studies that have confirmed
that the risks of developing CVD,
cardiovascular mortality and all-cause

mortality, are increased by the presence of
the MetS, include the European DECODE
study (8), the Finnish Kuopio study (21) and
the San Antonio Heart Study (22). Similar
findings are also reported from clinical
trials, including the WOSCOPS trial, and,
at least for insulin resistance, the VA-HIT
study. Nonetheless, other studies have
disputed whether the MetS gives any
additional information over and above the
individual well-known CVD risk factors
(23). This may relate to an inadequate
definition of the MetS; (clear measurements
of inflammation are not included) and the
cut-points used, rather than a problem with
the overall concept. Indian studies have
documented the prevalence of abnormal
lipid distribution and waist-hip ratio (6);
however, the predictive value of MetS for
cardiovascular events has not yet been
validated. '

Diabetes

Non-diabetic people with the MetS are
at a very. high risk for the development of
Type 2 diabetes. In one study, the risk for
diabetes was five fold higher in patients
with the syndrome (22). However, glucose
dysregulation (IFG or IGT) is often already
present in patients with MetS. Importantly,
the greatest impéct of diabetes is the two
to four times greater risk of CHD and
stroke.

Management
Lifestyle modification

The management of metabolic
syndrome lies in the early detection and
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treatment of the underlying risk factors
which make up the syndrome, mainly
abnormal blood pressure and glucose
levels, dyslipidemia, being overweight and
abdominal obesity. In individuals with a
normal fasting glucose, the presence of IGT
is a good surrogate marker for insulin
resistance, and is easily measured using the
oral glucose tolerance test. Once a clinical
diagnosis is made, decreasing energy intake
and increasing physical activity remains the
cornerstone of therapy. Decreasing dietary
glucose by reducing the intake of high-
glycemic beverages and replacing refined
grain products and potatoes with
minimally processed plant based foods
such as whole grains, fruits and vegetables
may reduce coronary heart disease
incidence among people with metabolic
syndrome.

Mega doses of dietary antioxidants
have not demonstrated protection against
CV disease or diabetes. Smoking increases
the risk of adverse CVD events and should
be strongly discouraged.

Exercise has the potential to bring
about weight loss, increase insulin
sensitivity, alter the plasma lipoprotein
profile and improve fibrinolytic activity.
These favourable effects likely result from
changes in the activity of insulin sensitive
glucose transporters and of skeletal muscle
lipoprotein lipase. The health benefits of
regular physical activity as a primary
preventive measure is beyond doubt.
Accumulating at least 30 min of daily
physical activity of moderate intensity is
probably enough to maintain body weight.

Drug therapy

Appropriate drug therapy should be
initiated to manage elevations in blood
pressure and dyslipidemia among patients
with the metabolic syndrome. The choice
of medications prescribed should be based
on the established guidelines for the
management of these conditions. ACE
inhibitors are a reasonable choice for the
management of hypertension given its
renal protection for patients with diabetes,
and the possibility that it may prevent
diabetes among patients with IGT. Statins
or fibrate therapy should be initiated
depending on the type of dyslipidemia.

Modulation of insulin resistance is
possible by thiazolidinediones and
metformin. Apart from their glucose
lowering effects, the thiazolidinediones
have multiple nonglucose metabolic effects.
They also reduce insulin resistance through
binding to and activation of the nuclear
receptor, peroxisome proliferators-
activated receptor - gamma (PPAR
gamma), with subsequent effects on
glucose and lipid homeostasis. Thus,
diabetic patients must be treated with
insulin sensitizers whenever possible.
ACE-inhibitors should be the first-choice
antihypertensives in patients with
hypertension associated with the metabolic
syndrome.

Other drugs that have the potential to
control glucose abnormalities associated
with the metabolic syndrome include the
prandial oral antidiabetic agents such as
alpha glucosidase inhibitors (Acarbose,
voglibose, miglitol) and the rapidly acting
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insulin secretagogues (Nateglinide,
Repaglinide). These drugs improve the
control of postprandial hyperglycemia.

" The approach of treating patients with
IGT with medications to prevent or delay
diabetes is rapidly evolving and their
benefits need to be confirmed in large
prospective clinical trials.

Patients with diabetes derive
substantial benefit from aspirin. Apart from
its use in diabetics the role of aspirin in
nondiabetics with metabolic syndrome is
uncertain.
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The metabolic syndrome is defined by
a constellation of risk factors, including
abdominal obesity, impaired glucose
tolerance in association with
hyperinsulinaemia, insulin resistance,
dyslipidaemia characterized by low high-
density lipoprotein (HDL)-cholesterol and
high triglyceride levels, and hypertension.
The World Health Organization (WHO)
and the Adult Treatment Panel (ATP) III of
the National Cholesterol Education
Program have developed clinical criteria for
metabolic syndreme (1). Metabolic
syndrome has gained a great deal of
attention because it is considered a
precursor to type 2 diabetes mellitus (DM)
and also increases cardiovascular disease
(CVD) risk, even with levels of glycaemia
below that used to define diabetes (1). The
connections between chronic kidney
disease (CKD) and CVD are increasingly
evident. Indicators of CKD, albuminuria
(micro- or macro-) and loss of glomerular
filtration rate (GFR) are independently
associated with increased CVD risk in the
general population, as well as high-risk
subgroups (2,3). These connections are
exceedingly complex and include a number
of shared traditional risk factors (notably
diabetes and hypertension), development

of non-traditional risk factors (anaemia,
hyperparathyroidism with disordered
mineral metabolism, high levels of
homocysteine and others) and more severe
atherosclerosis.

Microalbuminuria It is defined as
urinary albumin excretion of 30 - 300 mg/
day (20 - 200 ug/mt.) or albumin creatinine
ratio in untimed urine specimen of 30 mg/
g. Microalbuminuria in type I DM is the
earliest sign of overt nephropathy of these
who have microalbuminuria within 10
years of the onset of DM, most will progress
to overt proteinuria while in type-II DM
progression of microalbuminuria to overt
nephropathy occurs in 20-40% of patients.
Microalbuminuria is a clinical criterion for
metabolic syndrome by the WHO
classification (1). The frequency of
microalbuminuria increases across the
spectrum from those with normal glucose
tolerance (5-10%), to metabolic syndrome
(12-20%), to type 2 diabetes (25-40%) (4).
Enough evidence has been garnered
confirming the association between
microalbuminuria and each of
hypertension (5) and central obesity (6).
Also, studies confirm the association of
microalbuminuria with salt sensitivity, the
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absence of nocturnal drops in both systolic
and diastolic blood pressure, dyslipidemia,
and left ventricular hypertrophy (7).

More importantly, microalbuminuria is
now established as a modifiable predictor
of CVD and CVD mortality (5). Evidence
has been garnered that microalbuminuria
is a marker of generalized endothelial

dysfunction and consequently a risk factor

for CVD (8). In recent studies, this
endothelial dysfunction has been
characterized by the presence of
transmembrane leakiness (9). It is presently
unclear whether transmembrane leakiness
should be viewed as the culminating event
of different atherogenic factors acting in
concert to promote endothelial dysfunction
or whether it should be considered as the
underlying substrate that enhances the
atherogenicity. For one, the increase in
vascular permeability can promote the
penetration of .atherogenic lipoprotein
particles in the arterial wall. One possible
explanation is that endothelial dysfunction
might promote increased penetration of
atherogenic lipoprotein particles in the
arterial wall, but glucose control, insulin
resistance, procoagulant stage, and
adhesion molecules have all been
implicated in the pathogenesis. In addition,
microalbuminuria has also been associated
with alterations in hemodynamic and
- vascular responses. This is exemplified by
studies that have demonstrated that the
compensatory vasodilation seen after relief
from prolonged ischemia or infusion of
vasodilators such as nitroglycerin is

blunted in people with microalbuminuria
9).

In summary, microalbuminuria is a
signal from the kidneys conveying the
abnormalities in endothelial function and
vascular response. It can be seen as a early
marker of generalized endothelial
dysfunction, althrosclerosis increased
cardiovascular disease risk and progressive
renal failure. More importantly
microalbumniuria represents the stage of
nephropathy at which treatment is often
successful in preventing progressive renal
disease. In this light, the reduction of
microalbuminuria should be implemented
as a therapeutic goal to reduce overall CVD
and CKD risk (10).

Chronic kidney disease (CKD) as per
position statement from Kidney Disease:
Improving Global Outcomes (KDIGO) 2005
has been defined as GFR < 60 ml.mt. (11).
There has been on alarming growth of the
prevalence of CKD and end stage renal
disease (ESRD) over the last decade, in
concert with a striking increase in the
burden of diabetes, the leading cause of
ESRD. Furthermore US Renal Data Support
System (USRDS) 15% annual report projects
that by the year 2030, ESRD population will
increase by 460,000 new cases annually and
the prevalent population will reach 2.24
million, with two thirds of these numbers
having diabetes as the primary cause of
renal disease (12,13).

In parallel with the growth in kidney
disease, the prevalence of obesity/insulin
resistance and impaired glucose
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metabolism has been rising rapidly,
currently meeting the epidemic proportions
(14). The prevalence of diagnosed and
undiagnosed diabetes: constitute a major
portion of the insulin resistant population
is estimated at 8% of adult population (15).
An even greater number of patients have
cardiometabolic syndrome (24%) (12).

In India, conservative estimates put the
annual incidence of ESRD in India around
100 per million of the population this would
mean approximately 100,000 new patients
every year for a population of 1 billion.
Diabetic nephropathy is the commonest
cause of ESRD in persons over 40 years of
age accounting for 34% of ESRD cases. The
fate of ESRD patients in this country is quite
dismal, with a majority (65.7%) not
receiving any form of RRT or stopping the
treatment due to lack of resources. Only
12.8% undergo renal transplantation, 16.3%
receive maintenance hemodialysis for
varying periods of time and 5% continuous
ambulatory peritoneal dialysis (16).

The prevalence of metabolic syndrome
in Indian population has been reported to
be 11-40 % (17). If metabolic syndrome per
se is the cause of CKD as has been shown
in recent studies then a substantial
population is going to have ESRD in near
future. This burden of ESRD can neither be
borne by individuals nor the state. Hence
it is important to address the issue of CKD
in metabolic syndrome so that preventive
steps can be taken.

The two most important causes of
ESRD viz. diabetes and hypertension are

closely associated with excess body weight,
but obesity is still not listed as a cause of
ESRD in USRDS report.

Obesity and Kidneys

Obesity is the phenotypic hallmark of
metabolic syndrome. In addition to adverse
consequences to the health of obese
individuals obesity during pregnancy has
been linked to future risk for the
development of type II Diabetes and
hypertension in the offspring when they
reach adulthood, thus risking the kidneys
of next generation.

Obesity related glomerulopathy

Nephrotic syndrome associated with
obesity was reported 3 decades ago. The
prevalence  of  obesity  related
glomerulopathy which causes CKD has
increased 10 fold over last. 15 years as a
consequence of the spread of obesity
epidemic (18). Increased incidence of higher
body mass index (BMI) and ESRD in
Japanese men has been shown after
adjusting for comorbid conditions (19).

In experimental animals a number of
structural changes viz expansion of
bowman'’s space, increased bowman's
capsule surface area and glomerular tuft
area, endothelial and mesangial cell
proliferation and basement membrane
thickening have been shown in early
obesity (20). In human beings kidney
biopsy from obese individuals showed
glomerulomegaly in all, focal segmental
glomerulosclerosis in 80% and increased
mesangial matrix and cellularity in 45% of
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individuals (21). Obesity has also been
shown to accelerate the course of idiopathic
glomerular disease, such as IgA
nephropathy (18). The clinical course of
obesity related glomerulopathy appears to
be progressive. After a mean follow up of
27 months 14% of patients reached renal
end point i.e. doubling of serum creatinine
(21).

Renal hemodynamic changes in obesity

The elegant renal physiological studies
of Chagnac et al (22) in obese patients have
demonstrated that values of GFR and renal
plasma flow (RPF) exceeded those of lean
controls by 50% and 30% respectively. This
results in increased filtration fraction, an
indirect indicator of glomerular
hypertension. Glomerular hyperperfusion,
hyperfiltration and hypertension lead to
stretching of the glomerular capillary wall,
injury to endothelial and epithelial cell and
transudation of macromolecular in the
mesangium. This leads to mesangial
expansion and sclerosis. This supported
with experimental data has been proposed
to contribute to progression of
nephropathy.

Effect of weight loss on renal function

Obesity related glomerular
hyperfiltration ameliorates after weight
loss. In a study of 17 morbid obese
individuals ( BMI-48 kg/m? who lost 48
kg and 1 year with BMI decreasing to 32
kg/m? after gastroplasty, augmented GFR,
RPF and albuminuria improved
substantially after weight loss (23). The

decreased albuminuria was not solely due
to decrease in GFR as evidenced by
decrease in the fractional albumin
clearance. The decrease in fractional
albumin excretion after weight loss could
be due to improvement in glomerular
hemodynamics or it could also be the result
of improvement of generalised endothelial
cell dysfunction and thus a better integrity
of the systemic capillary network. Whether
these improvements in general
hemodynamics and endothelial
dysfunction translates in prevention of
nephropathy is yet to be established.

Pathophysiology of kidney involvement
in metabolic syndrome

Kidney involvement in metabolic
syndrome per se occurs due to interplay
between number of mediators as shown in
Fig.1.

Renin angiotensin aldosterone system
(RAAS): Adipose tissue, especially visceral
type, possesses a local RAAS, which has
more significant local paracrine as well as
systemic effects than the subcutaneous fat

In insulin resistance/hyperinsulinemia,
which is frequently associated with visceral
obesity, RAAS activity is increased. In
addition to the increased adipose tissue
RAAS activity, systemic RAAS effects are
also enhanced in the insulin-resistant/
hyperinsulinemic state, despite a state of
sodium retention and volume expansion.

Sympathetic nervous system (SNS):
Both animal and human studies suggest
that increased SNS activity, where vascular
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Figure 1

Pathophysiology of Chronic Kidney Disease
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and renal INS actions are selectively
preserved, may be another mediator of
hypertension in insulin resistance/
hyperinsulinemia state via stimulating
renal sodium reabsorption with subsequent
volume expansion and increasing cardiac
output (9). In the Normative Aging Study,
SNS activity was elevated with
hyperinsulinemia and correlated with BMI
(24).

Natriuretic peptide system: The
natriuretic peptide system consists of the
atrial natriuretic peptide(ANP), the brain
natriuretic peptide (BNP), and the C-type
natriuretic peptide (CNP), each encoded by
a separate gene. They are synthesized
predominantly in the heart, brain, and
kidneys and work via specific receptors,
namely NPr-A, NPr-B, and NPr-C.(3) The
natriuretic peptides have a protective role

on the development of hypertension due
to their natriuretic and vasodilator effects
as well as due to their inhibitory effect on
the SNS and the RAAS. In obesity/
hyperinsulinemia, over expression of NPr-
C receptor and lower levels and function
of ANP with a possible role for a promoter
variant at position -55 in the NPr-C gene,
have been reported, contributing to
increased sodium retention (7).

Dyslipidemia: It enhances renal
dysfunction through filtered lipoproteins,
damaging glomerular and tubular cells, in
addition to enhancing endothelial
dysfunction and atherosclerosis and
participating in the deleterious renal
functional and structural changes,
eventually leading to nephron damage.

Dysglycemia: It is not only involved in
the aforementioned renal changes, but it
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also exerts a direct toxic effect on nephrons
through glycosylation of glomerular
proteins

Functional and Structural Changes,
Compensatory Responses, and Late
Nephronal Damage: Insulin resistance/
hyperinsulinemia state is accompanied by
increased EC proliferation and intrarenal
lipid and hyaluronate deposition in the
matrix and inner medulla These
depositions increase intra-renal pressure
and volume in the tightly encapsulated
kidney, leading to parenchymal prolapse
and urine outflow obstruction, which result
in slow tubular flow and subsequently
increased sodium reabsorption, especially
in the loop of Henle . This leads to
inappropriately small natriuretic response
to saline load at mean and glomerular
pressure, often referred to as “impaired
pressure natriuresis” (6,7).

These functional and structural
changes in the kidney provoke
compensatory lowered renal vascular
resistance, elevated kidney plasma flow,
glomerular hyperfiltration, and stimulation
of RAAS, despite volume expansion.
Neurohumoral factors like Ang II,
sympathetic system, and cytokines are
synergistically involved in these
compensatory mechanisms. For instance,
Angll, in addition to its systemic effects on
BP, directly contributes to increased
glomerular capillary pressure through
vasoconstriction of the efferent arterioles
and upregulation of renal injury response.
These alterations with the hypertension

associated with the insulin-resistant state

help overcome the increased tubular

reabsorption and maintain sodium balance.
The persistence of these compensatory
responses, increasing glomerular wall
stress, in the presence of hypertension,
dyslipidemia and dysglycemia, will
precipitate gradual nephron 1loss,
glomerulosclerosis and eventually ESRD.
This  glomerulosclerosis in  the
hyperinsulinemic/insulin-resistant kidney
is peculiar and characterized by lower rate
of nephrotic syndrome, fewer lesions of
segmental sclerosis and a greater
glomerular size compared with the
idiopathic variety (25).

Clinical evidence of CKD in metabolic
syndrome

Theoretically as discussed above
metabolic syndrome per se can and should
lead to CKD. But the evidence was not so
convincing because of the effect of
overlapping variables which constitute this
syndrome. Epidemiological studies have
linked the metabolic syndrome with an
increased incidence of microalbuminuria,
few studies have evaluated its relationship
with CKD (26,27).

In National Health and Nutrition
Examination survey (NHANES III)
prevalence of metabolic syndrome was
24.7%. There was a graded increase in the
prevalence of CKD with more number of
risk factor 0.9% with 1 risk factor to 9.2%
with 5 factors. The prevalence of
microalbuminuria also increased for 4.9%
with 1 risk factor to 20.1% with § risk
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factors. The multivariate-adjusted odds
ratio of CKD and microalbuminuria in
participants with metabolic syndrome 2.60
and 1.89 respectively (27). The cross
sectional study however does not prove
whether the syndrome is a cause or a
consequence of reduction of kidney
function and also whether the association
is independent of future development of
diabetes and hypertension.

The Atherosclerosis Risk in
Communities Study (ARIC), a large
prospective, community-based
longitudinal study has demonstrated that
the metabolic syndrome, absent diabetes,
is associated with an increased risk for
incident CKD, defined as progression to
estimated GFR<60ml/min per 1.73 m* over
a 9—yf period. The risk was independent of
potential confounding factors such as age,
gender, race, education, BMI, alcohol and
tobacco use, coronary heart disease, and
physical activity. There were graded
relations among the number of clinical
traits of the metabolic syndrome, HOMA-
insulin resistance, and fasting insulin levels
and the risk for CKD, suggesting a
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Pharmacotherapy can be used in
conjunction with diet and physical activity
to achieve and maintain a realistic degree
of weight loss. Pharmacotherapy should be
considered for patients with BMI greater
than 27 kg/m? and associated obesity
related complications (i.e. hypertension,
CHD, hyperlipidemia, diabetes and sleep
apnea) or for those with a BMI greater than
30 kg/m? with diagnosed complications in
conjunction with diet and exercise.

Physicians are sometimes reluctant to
prescribe medications for obesity, possibly
because patients rapidly regain weight
when treatment is discontinued. However,
long-term pharmacotherapy for this
chronic condition should not be dismissed.
This is especially in view of the fact that
the serious systemic adverse effects that
have been associated with certain anti-
obesity agents in the past can now be
avoided with the selection of newer agents.
Moreover, a landmark study by Weintraub
et al (1) showed that appetite suppressant
medication combined with diet and
behaviour modification can lower body
weight by as much as 10kg and maintain
this weight loss for as long as 4 years. This
achievement had not previously been
accomplished by any method except gastric

surgery. The drugs available for the
treatment of obesity in the past have been
outlined below.

In the 1950s and 1960s, amphetamines
were the major prescription medications for
weight loss (2). In the years after
amphetamines were no longer approved
for long-term weight loss, behavioural
treatments and diet changes were used as
the main strategy to achieve weight loss.
No new medications were approved by the
FDA for obesity treatment from 1973 to 1996

).

Weight loss medications again gained
wide popularity in the mid 1990s with the
introduction of fenfluramine and
dexfenfluramine. However, these drugs
were withdrawn from the market due to the
continued reporting to the FDA of heart
valve defects.

Currently, there are limited choices for
pharmacotherapy for obesity, yet
understanding of the disease and the
individual neurochemical processes
involved is rapidly developing. The
introduction of the new agents,
sibutramine, orlistat and rimonabant
demonstrates that medications are evolving
to treat obesity (Table-1).
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Table -1 : Newer Antiobesity agents

Drug Class Dose

Sibutamine Centrally acting appetite suppresent | Usual initial dose : 10mg OD
(Inhibits reputake of serotonin and | Maximum dose : 15mg OD
nonadrenaline. This results in | Patients who do not tolerate 10mg can
suppression of appetite and | be switched to 5mg OD
inducement of satiety)

Orlistat Lipase inhibitor (Inhibits lipase | 120mg tid
necessary for absorption of body fat)

Rimonabant | CB, receptor antagonist 5-20mg tid

A combination of drug therapy, dietary
therapy and increased physical activity
provides the most successful therapy for
weight loss and weight maintenance.

Sibutramine:

Sibutramine blocks the presynaptic
reuptake of both norepinephrine and
serotonin, thereby potentiating the anorexic
effect of these two neurotransmitters in the
CNS. Unlike fenfluramine and
dexfenfluramine, which also release
serotonin from presynaptic sites,
sibutramine did not cause valvular heart
disease in 133 patients treated for a mean
of 7.6 months (3). Sibutramine given at 2-5
times the therapeutic dose was found to
lack acute abuse potential in comparison

~with 20mg of D-amphetamine (4).

The randomized, double-blind trial of
sibutramine involved 605 obese subjects
recruited from 8 European centers (5). After
being treated for 6 months with a
hypocaloric diet and 10 mg/d of
sibutramine, 467 subjects achieving more

than 5% weight loss were more randomized
to 18 months of further treatment with 10-
20 mg/d of sibutramine (n=352) or placebo
(n=115). Forty-two percent of subjects in the
sibutramine group and 50% in the placebo
group dropped out. Of subjects completing
the trial, 43% in the drug group as
compared with 16% in the placebo group
maintained 80% or more of their original
weight loss. An absolute weight loss of 8.9
kg was documented. from baseline.
Allowing for dropout‘sﬁé‘nd nonresponders,
one of five subjects who received
sibutramine for the entire 24 months of the
study maintained 80% or more of their
original weight loss.

In a number of studies lasting up to
yr, weight loss with a hypocaloric diet and
10-20 mg/d of sibutramine ranged from 4.7-
7.3% of baseline or about 2-3 times that
observed in placebo treated control subjects
(6-9). The decline in fasting triglyceride
levels ranged from 4.5-42 mg/dl (0.051-0.47
mmol/L), the increase in high-density
lipoprotein cholesterol ranged from 3-8
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mg/dl and changes in LDL were small and
variable. Consistent side effects of
sibutramine therapy included a 0.3-2.7
mmHg increase in systolic blood pressure,
a 1.6-3.4 mmHg increase in diastolic blood
pressure, and a 2-5 beat per minute increase
in resting heart rate. Other side effects
included headache, insomnia, dry mouth
and constipation. One study found that the
frequency of adverse events could be
reduced without sacrificing efficacy if
sibutramine was given intermittently as 12
wk of active drug alternating with 7 wk of
placebo over a 44-wk period (10).

ORLISTAT:

Orlistat is the only approved inhibitor
~of  the gastrointestinal lipases,
predominantly pancreatic lipase, necessary
for the hydrolysis of triglyceride to free fatty
acids in the lumen of the gut. Because this
agent can reduce the absorption of dietary
fat by up to 30%, it produces weight loss
comparable to or greater than that obtained
by placing an individual on a fat restricted
diet. Although there are no systemic side
effects of orlistat due to its lack of
absorption, supplementation of fat-soluble
vitamins may be prudent to prevent the
development of vitamin deficiency
syndromes.

In a representative 2yr study, 1187
obese adult subjects were placed on a
hypocaloric diet for 4wk (11). Of this group
892 subjects were randomized to receive
placebo 3 times a day or orlistat, 120 mg 3
times a day, for 52 wk. At the end of this

period, the orlistat group was again
randomized to 3 times a day for an
additional 52wk. During the first year,
orlistat treated subjects lost more weight
than placebo treated subjects (8.76 to 5.81
kg; p < 0.001). During the second year,
subjects treated with orlistat 120mg 3 times
a day regained 35.2% of lost weight;
subjects treated with orlistat 60mg 3 times
a day regained 51.3% of lost weight and
subjects treated with placebo regained
63.4% of lost weight.

In contrast to sibutramine, orlistat
causes significant reductions in total and
low-density lipoprotein cholesterol and in
systolic and diastolic blood pressure.
Gastrointestinal side effects of orlistat,
including loose stools, increased defecation,
fecal urgency and oily discharge are
significantly more common than observed
with placebo and may lead to
discontinuation of the drug. One study
found that concomitant use of natural fibre
(psyllium mucilloid) may reduce the
incidence of these gastrointestinal side
effects (12).

Because their mechanisms of action
differ, it is reasonable to ask whether
combined therapy with orlistat plus
sibutramine might produce a greater
degree of weight loss than is achievable
with either agent alone. One study of 34
obese women addressed this issue (13).
Subjects were treated with sibutramine for
1 yr and achieved a mean weight loss of
11.6% of initial weight. They were then
randomly assigned in a double blind
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fashion to 16 additional wk of treatment
with either sibutramine plus placebo or
sibutramine plus orlistat. The study
demonstrated that addition of orlistat
produced no additional weight loss during
the 16wk of combined therapy. This finding
suggests that weight loss with currently
available agents may be limited to about
10% of starting weight. Only 20-30% of
unselected individuals will come close to
this degree of weight loss, body weight
begins to rise again after 12-18 months of
treatment. The possibility of long term
failure of these agents must be borne, in
mind and drug therapy should be
discontinued if significant weight regain
occurs.

RIMONABANT:

It is a cannabinoid receptor antagonist.
Cannabinoids are well known for centuries
for its appetite enhancing effect. Keeping
this knowledge in mind people discovered
the endo cannabinoid system. The
cannabinoid (EC) system contributes to the
physiological regulation of energy balance,
food intake, and lipid and glucose
metabolism through both central and
peripheral effects. EC acts on various region
of hypothalamus viz lateral hypothalamus,
acute and paraventicular nucleus. At
periphery EC has direct effect on fat cells
through cannabinoid one (CB)) receptor, it
promotes, lipogenesis and positive energy
balance. CB, receptor is also expressed in
various other peripheral organs including
autonomic nervous system, liver, muscle
and gastrointestinal  tract  (14).

Administration of the first
endocannabinoid discovered, anadamide,
in hypothalamus or of 2-arachidonoxyl-
glycerol in the nucleus accumbens can
provoke food intake in satiated rodents
(15). ‘

Rimonabant is a CB, receptor
antagonist, it increases serotonin and
dopamine levels by increasing their turn
over. Centrally it blocks CB, receptor,
inhibits orexigenic action of ghrelin and
causes reduction in appetite. Peripherally,
it causes lipolysis as well as increases basal -
metabolic rate. The effects of Rimonabant
were studied in more than 1500 patients in
Rimonabant in obesity Europe (RIO
Europe) study (16). The results of this phase
3 study showed that weight loss at 1 year
was significantly greater in patients treated
with rimonabant 5mg {(mean-3.4 kg, [SD
5.7]; p=0.002 vs placebo) and 20 mg (-6.6
kg, [7.2]; p < 0.001 vs placebo) compared
with placebo (-1.8 kg [6.4]). Significantly
more patients treated with rimonabant
20mg than placebo achieved weight loss of
5% or greater (p < 0.001) and 10% or greater
(p < 0.001). Rimonabant 20mg produced
significantly greater improvements than
placebo in waist circumference, HDL-
cholesterol, triglycerides and insulin
resistance and prevalence of the metabolic
syndrome. The effect of rimonabant 5 mg
were of less clinical significance.
Rimonabant was generally well tolerated
with mild and transient side effects.

Rimonabant is prescribed in a doses of
5-20 mg/day. Common side effects are
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hausea, vomiting, depression and anxiety.
As seen with other antiobesity drugs,
tolerance is quickly developed to its
anorexic effect (16).

Many drugs are available and many
more are under development for
management of obesity viz leptin
analogues, neuropeptide antagonist,
amylin,  melanocortin-4  receptor
antagonist, and glucagon - like peptide
agonists (GLP-1)
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