
IMSA
INTERNATIONAL MEDICAL SCIENCES ACADEMY

July- September  2008
VOL. 21 NO. 3

Dear Fellows and Members,

JIMSA has chosen ‘Obesity’ as the topic for this
issue and very relevantly so. Obesity can lead to
diabetes, cardiovascular disease and other health
problems. Obesity is increasing in proportion the
world over and various causative factors can be
attributed. However, the age-old advice of good
sense in the intake of food and doing regular
exercise is all that is often needed to curb the onslaught of the obesity
epidemic. This is better said than done in the present age of greed and ill
sustaining life styles. Obesity has medical and surgical interests and is
so apt for a discussion in the multidisciplinary forum of IMSA.
Once again may I urge all of our fellows & members to make to Dubai
for the IMSACON 2008.

Dr. K. Jagadeesan
President, IMSA
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Dear  Fellows and Members
You  are  aware  late Dr. P. Narasimha  Rao, an  international figure both  in academic  and teaching
had been  the  President  of  this prestigious organization for  more  than  a  decade from 1990  to
2002.   He  was   President of  Medical Council of India  and  Vice Chancellor  of  various  Universities.
He had to his credit several  outstanding  contributions to  the  medical  fraternity  till his death .  He
had been  in close   association   with   IMSA since  its  very   inception  in  1981.  The  Academy  has
flourished  tremendously  during  his  tenure as President . Keeping  in  view his  status, services
rendered  to the mankind and on the insistence  of senior  Fellows,  the   Academy  has  established  an
International   Award  in  his  honour  named  ‘Dr.  Pinnamaneni  Narasimha  Rao  International
Award’,  on the lines  of  Dr. B.C. Roy  National Award. Substantial funds  are needed  for this
pestigious award. Initially, the family   of  Dr. P. Narasimha Rao has contributed a  fair amount of
money  and  has also  assured to  contribute more.
I appeal to all  our  Fellows  and Members  to  contribute  generously for  this  noble cause in  the
memory  of  this dedicated acadamecian - Dr. P. Narasimha Rao. A separate account has been
opened  for this Award.

Dr. P. Narasimha Rao
Ex. President, IMSA World H.Q.

Appeal  by Vice-President  IMSA

Dr.  Pinnamaneni  Narasimha  Rao  International Award

Dr. R.R.Thukral
Vice President IMSA World H.Q.

CME  Tamil Nadu Chapter
13-07-2008 Dr.D.Muthukumar : “ Stem Cell Therapy”
10-08-2008 Dr. J. Jagan Mohan : “ Management Of Hand Injuries”
14-09-2008 Dr. S.Jayachandran: “ Oral Ulcers And Management”

IMSA Chapter Activities

Fellows
Dr. Soubam Iboyaima Singh New Delhi
Dr. Vivek Gupta New Delhi
Dr. Sukhminder Singh Patiala
Dr. Manish Kakkar  Delhi
Dr. Pashora Singh Sandhu Punjab
Dr. M.S. Ramachandran Chennai
Dr. Ashoka Mohan Dwarkdas Motiwala  New Delhi
Dr. Sanjay Kumar Chugh  Haryana
Dr. Radhey Mohan  Allahabad (UP)
Dr. Arun Kapur New Delhi

Dr. Ashok Tahiliani  Allahabad (UP)
Dr. Meena Tahiliani  Allahabad (UP)
Dr. J. Jaganmohan  Chennai
Dr. Veena Bhat  Haryana
Dr. Sachit Sharma  New Delhi
Dr. Bishwajeet Chatterjee  Varanasi
Dr. K.V. Raja Sekhar  Chennai
Dr. Anil Khetarpal  New Delhi
Dr. Pradeep G. Nair  Chennai
Dr. R. Sakkaraiappan  Chennai
Dr. Anand Kumar Tripathi Pratapgarh (UP)
Dr. Sanjay Kumar Somani  Lucknow  (UP)

Election of Fellows and Members (July - September 2008)
Dr. Anupam Sibal  New Delhi
Dr. Ashwani Sharma  Amritsar
Dr.  Kamal Kishore  Haryana
Dr. Parveen Bhatia New Delhi

Members
Dr. Ashish Sinha  Maharasthra
Dr. Shilpi  Mohan  Bangalore
Dr. Rizwanul Haque  Gulbarga
Dr. Amar Mohanrao Taksande Maharahtra
Dr.  Sandeep Gupta   Delhi

      IMSA Fellows/Members Directory 2007

Dear Fellows and Members
International Medical Sciences Academy has published Directory of IMSA Fellows and  Members containing information about their mailing addresses,
telephone Nos. email addresses, wherever available. The Directory was released at  the inaugural function of IMSACON 2007 held at Manipal, Karnataka in
November, 2007 . I shall request you to send a demand draft of Rs. 250 soon to enable us to send to you a copy of the Directory by post. You can also collect in
person from IMSA office if you so wish.

       Secretary General, IMSA

Suggestions  to  Enhance  Image  of  Medical Profession  and  Improve  Doctor-Patient Relationship
President, Vice President   and  Trustees of  IMSA have  stressed  that IMSA  must  engage itself  in enhancing  the  image of  Medical Profession
by organizing  seminars/conferences  on various  issues  relating  to medical profession, medico legal,  patient — doctor  relationship  protocol
of  drug  trials  and  research etc.  It was also desired that  suggestions  be  invited  from all  fellows and members,  for  improving  relationship
among   doctors and patients.
The  Fellows and Members  are,  therefore,  requested  to send their suggestions & ways  and  means to IMSA  World Headquarter at New Delhi,
for enhancing image  of  medical  profession   and  improving  doctor —  patient  relationship.

Secretary General, IMSA
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FROM EDITOR’S DESK

JIMSA  BEST PUBLISHED ARTICLE AWARDS

Journal of International Medical Sciences Academy has instituted award for three (3)
best original articles published during the previous 3 years; guidelines are as below:
(1) Original articles belonging to any discipline of medicine published in JIMSA during

  the previous three years.
(2) Age Limit for the principal author/main researcher should be 45 years and below.
(3) Number of awards: Three (3) annually, carrying a gold plated medal, citation and cash

  prize (1st Rs. 3000/-, 2nd  Rs. 2000/-, 3rd Rs. 1000/-)
(4) Awardee should preferably be a fellow/member of  IMSA; non-fellows/ non members

can also be considered for the award if the original work is outstanding; and if selected
for the award will be required to apply for fellowship/membership of IMSA.

(5) Awardees should preferably plan to receive the award at the annual IMSA  conference
- IMSACON.

Editorial Correspondence: All corresspondance are to be addressed to Editor JIMSA
National Medical Library Building, Ansari Nagar, Ring Road, New Delhi - 110 029 India
E-Mail : imsahq@ndf.vsnl.net.in Website : www.jimsaonline.com

This issue on ‘Obesity : New Challenges’ focuses on a number of
important subjects related to this topic. I sincerely thank Prof. Richa
Dewan, Head of  Department of Medicine, Maulana Azad Medical
College, for offering her services as a Guest Editor of this valuable
publication. Her keen interest and pains taking efforts in bringing out
this very informative issue, deserves all the appreciation. No doubt, it
has been a commendable task achieved by her. This issue includes wide
ranging subjects, contributed by a galaxy of eminent experts. I am
confident, readers of JIMSA will find this publication of immense benefit
and will most certainly like to preserve a copy in their personnel reference
libraries. Dr. Richa Dewan has really worked hard in the compilation of
this exhaustive collection of scientific material; I extend my grateful thanks
to her once again and also to all the contributors of this special issue.
I take this opportunity to thank all the members of Editorial and Advisory
Boards for their assistance and also the various pharmaceutical firms,
without whose help this publication would not have been possible.

P. D. Gulati
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Dr. Richa Dewan, joined Maulana Azad Medical College as Assistant Professor of Medicine in
1984, after a brilliant under graduate and post graduate career at the same institute. She was
appointed professor in 1992 and became Head of the Department in 2005. She got promoted to the
rank of Director Professor in 2007. During all these year she has established herself as an excellent
undergraduate and postgraduate teacher and a research worker.
Her main area of interest has been ‘Gastroenterology’ she gained expertise in endoscopic procedures.
The other important field in which Dr. Dewan got interested has been HIV Management: she has
developed a ‘National Centre of Excellence for HIV Management’ and for the training of health
professionals.
During the last 2 decades of her clinical practice, she has actively participated in the academic
programmes organized by API, Indian Society of  Gastroenterology, Indian Medical Association
and several others. Besides being an astute clinician and an eminent internist, she is an excellent
orator. During her short tenure as Head of the Department she has promoted the growth of various
specialties and has encouraged her colleagues to achieve excellence in their respective specialities.
She has published over 100 papers in the National and International Journals. She has also initiated
several public awareness programmes with the help of her departmental colleagues.

Dr Richa Dewan

OUR GUEST EDITOR

EDITORIAL
This special issue on Obesity: New Challenges has been brought out to highlight the increasing problem of obesity and related morbidity
afflicting people of all age groups in India and southeast Asia region. 21st century has seen India in the middle of epidemic of obesity among
young and adolescents. Indians are genetically susceptible to weight accumulation especially around the waist. Studies on 22 different SNPs
(single nucleotide polymorphism)  near to MC4R gene, have identified a SNP named rs12970134 to be mostly associated with waist
circumference.Of all the states in India Punjab has the highest prevalence of obesity among men and women (30 and 37%). Urbanization has
been recognized as its strongest risk factor, prevalence being three times commoner in urban areas. In clinical practice, obesity is commonly
measured by body mass index (measures generalized obesity) and waist hip ratio (measures central obesity). Other methods are primarily
research tools. Excessive fat accumulation in body is primarily due to imbalance between energy intake and expenditure. Multiple environmental
and genetic factors are responsible for obesity. Origin of obesity may begin in utero when the fetus is exposed to over nutrition (diabetic
mother) or during childhood when the adipocytes are still proliferating. Only two percent are attributed to pathological causes mainly
endocrine. Adipose tissue plays an important role in body metabolism, energy reservoir and as an endocrine organ. Molecules produced by
adipocytes like leptins, adiponectin, adipocins etc play a major role in body’s energy management. Leptin is an important protein hormone,
which helps to regulate body weight, metabolism and reproduction.  Adiponectin acts as anti-inflammatory and antiatherogenic by preventing
insulin resistance. Abdominal obesity, more prevalent among Indians, is a risk factor for premature coronary artery disease, dyslipidemia,
hypertension, stroke and diabetes. Recent studies have shown obesity to be an independent risk factor for chronic kidney disease and renal
malignancy. The respiratory complications of hypoventilation due to obesity have been recognized for a long time. Charles Dickens in his
first novel nearly two centuries ago described the character Mr. Samuel Pick wick so precisely that it gave rise to the term “Pickwickian
Syndrome”, for extreme obesity associated hypoventilation. Obstructive sleep apnea is 30 times more common in morbidly obese and a 12-
fold reduction in overall life expectancy. Children may suffer emotional and physical setback. Obese women are more prone to polycystic
ovarian syndrome; pregnancy and fertility related complications stress incontinence, cholecystitis and malignancy of endometrium and
breast. The management of obesity has been a major challenge faced by clinicians and researchers in last few decades. Most treatment
options use a combination of dietary plus life style modifications and drugs. Objectives of weight loss have to be well defined with realistic
goals and should not compromise patients’ physical and emotional health. 10 % weight reduction in first six months followed by maintenance
of that weight is recommended. Before starting the therapy every patient must undergo a thorough clinical examination and baseline laboratory
tests. While on treatment a very close supervision by a health professional is necessary as patient may require dose adjustment of any drugs
for associated co morbidities. The treating physician must also address the emotional health of the patient in order to have better treatment
outcomes. A number of drugs have evolved so far but none is free of side effects, thereby limiting their use. Currently three drugs are being
used in the management of obesity, Sibutramine, Orlistat and Rimonabant. Intake of cannabis has been seen to be associated with an increase
in appetite. Rimonabant is the first of the new class of agents that act by selectively blocking cannabinoid -1 receptors with resultant central
and peripheral metabolic effects. It has a higher affinity for central receptors as compared to peripheral receptors. The drug has a long
duration of action and good oral bioavailability. It reduces food intake and increases energy expenditure. Bariatric surgery has a definite
place in the treatment of morbid obese not overlooking the risks and complications. A multidisciplinary approach is recommended for
managing obesity.

Richa Dewan
Department of Medicine

Maulana Azad Medical College, New Delhi, India
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OBESITY EPIDEMIC IN INDIA
Richa Dewan,  Praveen Gupta

Department of Medicine, Maulana Azad Medical College,
Bahadurshah Zafar Marg, New Delhi - 110002, India

Correspondence: Director Prof. Richa Dewan,
e-mail: rdewan3@gmail.com

Abstract : Urbanization and economic growth in India has brought in its wake, the problem of obesity among the young and children.
Indians are prone to central obesity which is a risk factor for metabolic and vascular complications even at a lower Body Mass Index. A
BMI of >23 kg/m2 has been shown to be associated with increased risk of diabetes. Indians have a higher visceral fat mass than white
Caucasians and African Americans. Fat cells form a metabolically and hormonally active organ which function as both endocrine and
paracrine organ in the body. Adipocyte secretes a range of molecules that affect metabolism, vascular function, appetite and the immune
and haemostatic systems. The   prevalence of obesity correlates directly with socioeconomic class and is higher among women. Though
excess intake of calories is related to obesity but repeated episodes of malnutrition, followed by nutritional rehabilitation, alter the body
composition and increase the risk of obesity during childhood. Malnutrition causes impaired  linear growth  and  favors adiposity. National
Nutrition Monitoring Bureau  has reported that pattern of food consumption  in India , shows increased intake of  animal products, sugars
and fat since 1971.Increased caloric intake coupled with reduced physical activity have  contributed  significantly to the obesity epidemic
The demographic and epidemiological transition, the forces of internal migration and urbanization, have led to changes in food consump-
tion patterns and physical activity patterns. Genetic influences though not proven probably do play an important role in concert with
environmental factors. Globalization of trade has encouraged people to grow cash crops for export thereby reducing the  availability  of
these  nutrients  for the local population. The movement of population into urban area has significantly altered the work related physical
activity and the inculcation of westernized type dietary  habits have compounded the epidemic of obesity in India.

INTRODUCTION
Over last few years, India has undergone rapid economic
development. But this development has brought the increasing
burden of no communicable diseases.  Obesity is one of the
preventable risk factor for no communicable diseases which
has emerged as a major health problem both in developed and
underdeveloped countries1,2. Obesity can be defined on the
basis of body mass index BMI, weight (kg)/height (m2)3 and
can be used to assess individual and community nutritional
status4. Today whole world is facing epidemic of obesity.5

Developed countries had paid attention to the epidemic, but
developing countries were not able to give attention to such
extent. One reason is the presence of communicable diseases
and other being financial problems. India has controlled under
nutrition to a large extent, but is now facing an epidemic of
obesity. This epidemic is assuming serious proportions in cities
and is particularly affecting young adults and children.
Previously nutrition research in India had focused on under-
nutrition related to nutrient deficit and high rates of infection.
Data from the National Family Health Survey 1998/99 (NFHS
2), however shown that the 12% of the women can be classified
as overweight (BMI > 25 kg/m2) and 2% are obese (BMI > 30
kg/m2). Furthermore, in the large cities where 4% of the
samples live, 37% of women are overweight or obese, while
in the rural areas where 74% reside, 43% have a low BMI.
Socioeconomic status is an important predictor of both over
and underweight.
As rates of overweight and obesity rise, India is beginning to
experience the burden of associated chronic diseases, particularly
cardiovascular disease and adult onset diabetes5, 6.   WHO estimate
that diabetes in India will increase from 19.4 million in 1995
to 57.2 million in 20255.

DEFINITION OF OBESITY AND
APPLICABILITY OF INTERNATIONAL
CRITERIA TO INDIAN
World Health Organization (2000) recommended BMI as cut-
offs for the diagnosis of obesity in developed countries (kg/
m2): preobese 25.00–29.99, obese class I 30.00–34.99, obese
class II 35.00–39.99, obese class III  40.007.
Over last few years it has been observed that the distribution
of fat is also an important determinant of morbidity and
mortality, and that ‘central’ obesity may be more pathological
than generalized obesity (measured as BMI).
Recommendations have come for the diagnosis of central
obesity for men and women respectively:

WORLD HEALTH ORGANIZATION (2000):
Waist: hip ratio
>1.0; >0.85; Waist circumference (mm) ; Moderate
risk 940, 800 ; Severe risk 1020, 880

Research over the last few years has recognized fat cells as
metabolically and hormonally active organ which function as
both endocrine and paracrine organ in the body. Adipocyte
secretes a range of molecules that affect metabolism, vascular
function, appetite and the immune and haemostatic systems8, 9.
Research so far have suggested that deranged adipocyte
function may be involved in the pathogenesis of insulin
resistance syndrome, type 2 diabetes and atherosclerosis9.
In developing countries, metabolic and vascular risks for
‘obesity’ manifest at a lower BMI compared with those in
developed countries. Thus, the BMI classification of obesity
based on large-framed European populations may be
inappropriate for Indians (and other Asians) having a small
body frame10. For a given BMI Indians have a higher percentage
body fat than white Caucasians and African Americans11,12,13.
Indians have a higher visceral fat mass than white Caucasians
and African Americans as shown by various studies in India
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14, 15,16,17,19 ,UK18, 20 and the USA. 11, 13, 21    Magnetic resonance
imaging  has shown that the visceral adiposity in Indians is
accompanied by higher central subcutaneous adiposity i.e.
higher sub scapular, triceps skin fold thickness as well as higher
posterior subcutaneous fat thickness.11  Visceral fat is primarily
responsible for the  various metabolic consequences of central
obesity. The metabolic effects of subcutaneous adiposity need
to be studied further. Higher risk of diabetes and impairment
of glucose tolerance at lower BMI in Indians has been
highlighted in a small prospective study. The 10-year risk of
developing impairment of glucose tolerance or diabetes in
normal glucose-tolerant middle-aged men and women (n-191)
is 2.4 times higher  in subjects with a BMI of >23 kg/m2

compared with those with a lower BMI.22 In a large cross-
sectional study of glucose tolerance in six cities in India
(National Urban Diabetes Survey), a BMI of >23 kg/m2 has
been shown to be associated with increased risk of diabetes.17

Preliminary analysis of bioimpedance measurements has
shown that BMI substantially underestimates adiposity in
Indian men.23,24 Thus, in rural men with a mean BMI of 21 kg/
m2, one-third are adipose (body fat >25%), while 80% of the
urban middle-class men are adipose at a mean BMI of 24.1
kg/m2. Only 7% of these urban men would be classified as
obese by the World Health Organization (2000) criteria (BMI
>30 kg/m2). Thus Indians are considerably adipose at a
relatively lower BMI. On the basis of these data World Health
Organization Expert Consultation (2004) has reduced the
‘obesity-related action point’ in the Asians to 23 kg/m2. 25

CAUSES OF THE EPIDEMIC
Urbanization is strongest risk factor for obesity.26 Obesity is
three times more common in urban areas comparing to rural
areas, although it is increasing rapidly even in villages because
traditional villages are also becoming urbanized in their habits.
Another related risk factor is higher socio-economic status.
Weight gain occurs when energy intake by an individual
exceeds energy expenditure over a period of time. Changing
patterns of food intake and physical activity contribute to the
positive energy balance. Genetic as well as non-genetic
determinants affect an individual’s response to energy intake
as well as physical activity, and therefore influence the balance
between the two factors. 27

It is possible that a ‘thrifty genotype’ may have helped man
survive famine conditions by successfully depositing fat.
However, in the current situation of excess food and reduced
activity, this genotype may lead to obesity.
Presently the contribution of genetic factors to obesity is not
clear at the population level. However, a number of rare
syndromes of extreme obesity have been related to specific
mutations in genes.28 Studies in twins also favor a role for
genetic factors in the etiology of obesity. 29, 30 It is possible
that like other chronic polygenic disorders (diabetes and
hypertension); the expression of obesity is influenced by
environmental condition.

ORIGIN OF ADIPOSITY IN INDIA
Obesity is now increasingly reported in young Indian adults

and even in children. According to the World Health
Organization 31, India has a preschool childhood obesity
prevalence of about 1%. Repeated episodes of malnutrition,
followed by nutritional rehabilitation, are known to alter body
composition and increase the risk of obesity.32 The discordance
between linear growth and adipocyte development will
enhance adipocyte development when linear growth is affected
by malnutrition. It is likely that these factors will contribute
to increasing   problem of obesity in India, given the enormous
number of stunted children which is estimated at between
52.0% and 63.0%.33

Childhood obesity increases the risk of obesity in adulthood
and parental obesity interacts quite strongly to alter this risk,
and there are several interactive factors contributing to the
increased prevalence of obesity in childhood.
India, which is rapidly urbanizing, demonstrates increases in
calorie intake, increases in fat intake, and increased levels of
sedentary habits. Lifestyle changes resulting in physical
inactivity and sedentary behaviors are important in contributing
to obesity in children. This is exemplified by more time in a
day spent by children in physically passive behaviors such as
TV viewing, working or playing games on a computer, talking
on the telephone etc.
There are reports from urban parts of India, which provide
some insight into the problem. A study in Bombay revealed
that the prevalence of obesity among young adult males varied
from 10.7% to 53.1%34, while another from Delhi, showed
an overall prevalence of 27.8%.35 and it is higher in females
than males (33.4% vs. 21.3%). A study conducted in Kashmir
showed the obesity prevalence to be 15.0%; females having
a prevalence of 23.7% compared with 7.0% among males.36

Prevalence of obesity varies with socio-economic status in
urban India as shown by data from the Nutrition Foundation
of India. 37  Upper strata is having higher prevalence rates
(32.2% among males, 50% among females) than the middle
classes (16.2% males, 30.3% females), followed by the lower
socio-economic groups (7.0% males, 27.8% females) and the
poor in urban slums with the lowest (1.0% males, 4.0%
females). But these reports are not truly representative of
the problem in the country as they used a body mass index
(BMI) cut-off of 25.0 kg per m2 which include both overweight
and obesity beginning at a BMI of 30.0 kg per m2 and above31.
Surveys conducted by the Food and Nutrition Board (i.e.
District Nutrition Profiles survey)33,  is the only  representative
survey  which have reported prevalence of 0.3% and 0.7% in
rural and 0.4% and 0.7% in urban men and women,
respectively, using a BMI cut-off of 30.0 kg per m2.  National
Family Health Survey showed a prevalence rate of 2.2% for
women aged 15–49 years using BMI. 30.0 kg/m2. 38   It varied
depending on residence (urban. 5.8% vs. rural. 0.9%),
increasing with educational achievement from 0.9% for
illiterate to 6.5% for those with secondary education. However,
it is increasingly evident that, in populations from the Indian
sub-continent, BMI does not provide a good indicator of body
fat (i.e. that body fat content is higher) for any given BMI
among Indians39. Increasing BMI is associated with central
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adiposity and higher waist/hip ratios along with risk of  NCDs
appearing at much lower BMI (25.0 kg/m2) than among other
population groups40.

DIETARY CONSUMPTION AND LIFESTYLE
CHANGES DURING THE NUTRITION
TRANSITION IN INDIA
Rapid quantitative changes in dietary intake in developing
countries indicate an increase in per capita availability of food
and are also accompanied by qualitative changes in the diet.
Food balance data from the Food and Agriculture Organization
(FAO) show that the change in energy intake in Asian countries
has been small, but there have been large changes in
consumption of animal products, sugars and fats41.  The net
effect has been a marked shift in the diet with energy from
fat (both animal and vegetable) increasing each year. Data
from India show that higher-income groups consumed a diet
with 32% of the energy from fat while the lower-income groups
consumed only 17% energy from fat. More recent dietary
surveys in Delhi also confirm that the upper income groups in
urban India currently consume higher levels of energy from
fat as compared with the urban poor or rural populations.

TRENDS AND PATTERNS IN FOOD
CONSUMPTION IN INDIA
There have been many nationally representative surveys on
diet, nutrition and food consumption patterns in India since
the 1970s. They include:
1. National Nutrition Monitoring Bureau (NNMB) surveys

of diet and nutrition on a continuous basis in 10 states in
India since 1971. On some occasions, these NNMB surveys
have been linked with the National Sample Survey
Organization (NSSO) and the National Council of Applied
Economic Research (NCAER);

2. National Family Health Survey (NFHS) conducted by the
Ministry of Health and Family Welfare and coordinated
by the International Institute for Population Sciences,
Bombay. The NFHS surveys cover 24 states and provide
anthropometric data on women aged 15 to 49 years;

3.   District Nutrition Profiles survey organized by the Food
and Nutrition Board, Department of Women and Child
Development, Government of India.

The data from several of these surveys have been collected
and are summarized below.
NNMB survey in India has shown adequacy in calorie intake
during the 1970s and up to the early 1980s. There is gradual
improvement in caloric intake per head, typified by an increase
in consumption of cereal grains, while the intake of most other
food items such as milk, oil, sugar, etc. remained largely
unchanged. Many of these surveys revealed disparities in the
intakes of most foods between rural and urban populations
and between different socio-economic groups. There is gradual
reduction in cereal grain consumption between 1975 and 1995
that has not affected the average energy intake. This is largely
the result of a progressive increase in the intake of protein,

and probably fats. The latter is due to a phenomenal increase
in the consumption of milk and milk products and an increase
in the intake of animal products (designated flesh foods) and
fats and oils. The production of pulses and legumes is a concern
and consequently their cost and consumption have fallen
dramatically. This is a cause for much concern since pulses
and legumes are a very important source of vegetable proteins
in the habitual Indian diet. Trends in the changes in
consumption of urban populations are not readily available,
although the surveys conducted between the late 1970s and
the 1990s show wide differences between the socio-economic
strata in an urban environment. Recent data from the District
Nutrition Profiles survey33, have shown differences in the
intakes of vegetables and fruits and fats and oils between urban
and rural populations.  The National Family Health Survey38

provides information on the consumption of specific and
selected foods once a week at least and demonstrates, for
instance, that the percentage of women consuming meat/
chicken/fish once a week is higher in urban than rural locations

INTAKE OF FAT IN THE DIET
There is progressive increase in the intake of fat over last few
years as shown by analyses carried out by the FAO. When the
dietary energy supply increases, the fat calorie ratio (i.e. the
contribution of fat to energy) increases mainly due to the
increase in consumption of animal products. Food balance
data from the FAO show India at the bottom of the group of
countries with a fat calorie ratio over 15% (15.3%) with a
total fat intake at 37.8 g per day and a 27.5% animal fat to
total fat ratio.41Trends based on food balance sheet data show
that the per capita supply of animal products has increased
from 7.0 g in 1965 to 12.9 g in 1999, thus contributing almost
twice the energy content (increased from 104 to 192 kcal per
capita per day).
Estimates from the NNMB helped to assess the fat intake from
Indian dietary components. It has now been recognized that
components of the Indian diet such as cereals, pulses, tubers
and vegetables have ‘invisible fat’, in addition to the obviously
visible fats consumed in the daily diet. It has been computed
that 10–15% of the daily energy in the diet can come from
this invisible component and this level is adequate to meet
the essential fatty acid requirements for both linoleic acid and
alpha linolenic acid. Dietary fat intake, based on household
surveys, suggests that the visible fat in poor rural diets is largely
vegetable-based with negligible animal fats. The differences
in the dietary fat intake between rural and urban and lower
and higher socio-economic groups are largely due to large
differences in the intakes of visible fats, except in the highest
income group where much of it is from animal sources, with
the invisible fat intake being similar among these groups.42

CONSUMPTION OF FRUITS AND
VEGETABLES AND DIETARY FIBER
Horticultural products are good sources of vitamins, minerals
and fiber as well as bioactive compounds like phytochemicals.
Horticulture has shown dramatic improvement over last few
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years in India, as the area under cultivation and the horticultural
outputs have increased. India has a prominent share in the
global production of fruits and vegetables.43

 But much of this does not seem to be reflected in  increases
in the consumption of fruits and vegetables – perhaps largely
the result of their production as cash crops for export and
sale. This can lead to a considerable loss of soil and
micronutrients that are not beneficial to the local population.
However, economic development seems to lead to
improvements in intakes of legumes and vegetables (as well
as animal products) and these changes may be beneficial. But
these changes with socio-economic status are also often
associated with reduced intakes of coarse cereal grains and
increased reliance on highly polished varieties that may reduce
the intakes of dietary fiber.

CHANGES IN PHYSICAL ACTIVITY
PATTERNS
Physical activity has declined in the world as a result of
increasing mechanization43. Time in a day or week dedicated
to paid work has declined in several countries as a result of
shorter work shifts, shorter weeks and longer vacations.
Concurrent to this, increased urbanization, universal use of
motor cars, mechanization of most manual jobs outside the
occupational sphere and increasing leisure time have
aggravated this trend. Increased leisure time is most often
dedicated to sedentary activities like television viewing, thus
altering the structure of leisure time and encroaching on time
normally allocated to other activities including weekday sleep.

CONCLUSION
The important determinants that characterize the epidemic of
obesity in India are: the demographic and epidemiological
transition, the forces of internal migration and urbanization,
the changes in food consumption patterns and physical activity
patterns that in turn are contributing to increasing sedentary
life style,  and of other non communicable diseases.
Globalization of trade encourages cash crops for export and
the resultant movement of important micronutrients, which
are now not available to the local population. This results in
the inculcation of imbalanced and excessive calorie Western-
type diet, together with the widening of economic inequalities
in the society. Changes in lifestyles will further fuel this.
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INTRODUCTION
Obesity has gone from being a merely medical diagnosis to a morbid
state with widespread physical, mental and social ramifications. No
disorder can be effectively managed if its cause is not known and
blaming obesity on the gluttonous habits of the person is not tenable
any longer1. We are still unravelling the interlinking and intertwined
threads of metabolism that make up the complex tapestry of obesity.
This review is an overview of the latest research available in medical
literature on the aetiopathogenesis of obesity.

ADIPOSE TISSUE
At the basic level obesity occurs whenever the energy expenditure
falls behind the energy intake leading to the body storing the excess
energy as adipose tissue. As with all human physiology there is a
homeostatic loop involving energy intake and disposal; with the adipose
tissue itself playing a vital part. Adipose tissue consists of the much
maligned adipocyte which stores the lipids in its cytoplasm and the
stromal and vascular framework from which the preadipocytes are
derived. However the adipocyte is not content just to act as a lipid
store but also moonlights as a prolific endocrine cell producing various
molecules which affect the body’s energy management2. Leptin is the
major molecule secreted that has been extensively studied and is
discussed in detail below. Other molecules include Adiponectin which
enhances insulin sensitivity and lipid oxidation; adipsin or Factor D a
complement molecule; resistin which contributes to insulin resistance.
A less understood part is the role of Brown Adipose Tissue (BAT). In

essence BAT contains an enzyme which decouples the oxidative
respirative chain from ATP generation leading to dissipation of the
energy as heat. In mice BAT activity is increased by the sympathetic
stimulation mediated by leptin leading to thermogenic dissipation of
energy3. Mice deficient in BAT become obese and might become
diabetic. Stimulation of the BAT by ß3 agonists on the other hand
would protect the mice from obesity4

LEPTIN
Leptin (leptos – greek: thin) circulates as a protein of relative molecular
mass 16,000 in mouse and human plasma5. It was initially
conceptualised during experiments on mice in which recessive
mutations in the obese (ob) and diabetes (db) genes lead to obesity
and diabetes resembling human morbid obesity6. It was postulated
on the basis of further cross circulation experiments that the ob gene
encoded for a circulating factor that regulated energy balance and
that the db gene encoded the receptor for this factor6. This was
confirmed when leptin RNA was found to be expressed in adipocytes
and the plasma levels of leptin were highly correlated with adipose
tissue mass7. Leptin levels underwent a sharp fall in both humans and
mice after weight loss7.Obese humans tend to have high levels of
leptin thus making leptin the principal afferent signal in the negative
feedback loop regulating the size of the adipose tissue mass.  As
would be expected administration of leptin by injection results in a
dose dependent decrease in body weight and this weight loss is
restricted to the adipose tissue mass with sparing of lean body mass8.
The leptin receptor (Ob – R) is encoded by the db gene. It is a member
of the cytokine family of receptors first isolated in the choroid plexus
of mice9. Mutations in the Ob – R result in an obese phenotype identical
to ob mice indicating Ob – R essentiality in leptin action. The leptin
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receptor is expressed in high levels in the hypothalamic neurons. Low
leptin levels lead to stimulation of neuropeptide Y or its receptors;
Neuropeptide Y being the most potent orexigenic stimulus when
administered intrathecally10. This then leads to the starvation response
including an increased food intake, decreased energy expenditure, ¯
GHRH and ¯GnRH. Weight gain and a consequent increased leptin
acts through the Melanocyte Stimulating Hormone (MSH) and its
precursor Proopiomelanocortin (POMC) in the hypothalamus resulting
in a decreased food intake and increased energy expenditure11. Leptin
appears to act within a largely long term system of controlling feeding
behaviour and energy balance and influences the quantity of food
consumed relative to the amount of energy expended.
This nearly perfect Leptin system of long term energy balance can go
wrong at three sites12

1. Failure to produce leptin: as occurs in ob/ob mice; analogous to
type 1 diabetes mellitus. Several families with early onset morbid
obesity caused by inactivating mutations in leptin have been
described13.

2. Inappropriately low leptin secretion for a given fat mass. In such
patients the adipose tissue would expand until normal leptin levels
are reached thus resulting in obesity.

3. Relative or absolute insensitivity to leptin at its site of action:  as
occurs in db/db mice; analogous to type 2 diabetes mellitus. Such
patients will usually have high circulating leptin levels. The
resistance might be at the receptor level in form of mutations of
the db gene. Mechanisms of resistance could also involve POMC
mutations preventing synthesis of  MSH & mutations involving
the melanocortin 4 receptor14. Involvement of peptide processing
enzymes Carboxypeptidase E (product of the fat gene) and PC –
1 leads to obesity and hyperleptinaemia in mice; as does mutation
of the tub gene. Additionally the entry of leptin into the
cerebrospinal fluid may be limiting in some patients and morbid
obesity could result when the plasma leptin levels exceed the
capacity of the transport system15.

The above mentioned mutations are a rare cause of human obesity.
The exact aetiology of common obesity is still unknown there being
no evidence of polymorphisms of leptin or leptin receptor gene among
the common forms of obesity16.

GHRELIN
Ghrelin is an endogenous ligand for the growth hormone secretagogue
receptor (GHS receptor) 17. GHSs were a non natural synthetic group
of molecules developed as a research tool18. GHSs act on a G protein
coupled receptor (GHS Receptor type Ia – GHS-RIa) distinct from
that of GHRH. Tomassetto et al isolated ghrelin as the ‘motilin related
peptide’ with structural and effect related similarities to the duodenal
hormone motilin and Kojima et al correctly identified it as the
endogenous ligand for the GHS-RIa receptor which is predominantly
expressed in the pituitary and the hypothalamus17,19.
Ghrelin itself is expressed mainly in the stomach by neuroendocrine
cells (P/D1 cells in humans) in the fundus and is secreted into the
circulation. Ghrelin concentrations in the plasma rise progressively
during fasting and fall to a nadir within an hour of refeeding. Both
open and closed gastric ghrelin cells exist in the stomach suggesting

they receive both luminal and neuroendocrine information. Gastric
ghrelin production is regulated by nutritional and hormonal factors.
Inhibitory signals include somatostatin, interleukin 1β, growth
hormone, high fat diet and vagal tone. Fasting and low protein diet
leads to increased expression and plasma concentrations of ghrelin.
This is in contrast to majority of gut hormones whose secretion
increases with food intake and decreases with fasting. Ghrelin
administered into the periphery or cerebral ventricles potently
stimulates food intake leading to weight gain in rodents20. The premeal
increase of ghrelin may trigger the desire to eat in animals and humans.
Ghrelin secreted into the plasma acts on the hypothalamus through
Neuropeptide Y (NPY) and Agouti related Peptide (AgRP), two potent
orexigenic peptides21. NPY promotes net energy gain by increasing
food intake, decreasing energy expenditure and exerting effects in
peripheral tissues, including stimulation of glucocorticoid and insulin
secretion that favour deposition of triglycerides in white adipose tissue.
AgRP is a 132 amino acid peptide, synthesized in the brain exclusively
in the arcuate nucleus by neurons that project to the paraventricular
nucleus and lateral hypothalamic area. AgRP’s antagonism of the
melanocortin 4 receptor stimulates food intake and decreases energy
expenditure. A 17% diet induced weight loss leads to a 24% increase
in plasma ghrelin levels indicating that ghrelin is atleast partially
responsibly for the poor adherence to weight reducing diets22. The
success of gastric bypass in maintaining weight reduction is
consequently due in part to the very low ghrelin levels found in these
patients22.

HYPOTHALAMUS
From the above discussion it is clear that the hypothalamus is the
central agency for integration of all the signals both neuronal and
endocrine and maintaining the energy balance in the body. Neural
impulses mostly vagal and hormonal signals in form of leptin, ghrelin,
insulin, cholycystokinin all act on the hypothalamus along with
metabolites like glucose. These diverse sigals cause the release of the
various peptides in the hypothalamus which modify both food seeking
and energy expending behaviour. Orexin, melanin concentrating
hormone (MCH), NPY and AgRP stimulate appetite whereas MSH
and GLP – 1(Glucagon like peptide 1) would suppress appetite. This
might be partially routed through the autonomic nervous system. In
mice symphathetic activation of BAT is one of the methods of increased
energy expenditure.
Another method of thermogenesis is the NonExercise Activity
Thermogenesis (NEAT)23. NEAT is the thermogenesis that
accompanies all the routine activities of daily life like walking, standing,
fidgeting, posture maintenance etc., in short all activities apart from
volitional exercise. If energy balance is ideal almost 70 percent of the
extra energy expenditure on overfeeding is attributed to NEAT. The
relative strength of induction of NEAT would determine to some
extent the amount of extra energy leftover which would be stored as
fat.
Lesions of the  hypothalamus like tumours or inflammation can cause
hypothalamic dysregulation resulting in obesity.
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HYPOTHALAMO-PITUITARY-ADRENAL
AXIS
Central obesity is one of the hallmarks of Cushing’s syndrome.
Even though serum cortisol might be higher in obese patients, an
overnight dexamethasone suppression test will be positive in an
overwhelming 90% of patients thereby preventing confusion. The
remaining 10% can be excluded on the basis of a 2 day low dose
dexamethasone suppression test.
However more ominous is the permissive role of glucocorticoids
in the development of central obesity in ‘common’ obesity (as
opposed to those associated with specific disorders/mutations).
The thrifty phenotype hypothesis suggests that in response to
undernutrition, a foetus will selectively distribute nutrients to
preserve brain growth at the expense of other organs such as liver,
pancreas, and muscle24. The stress response to foetal
undernutrition will lead to an increased ACTH secretion and a
probable resetting of the HPA axis. As these individuals experience
improved postnatal nutrition , the compensatory catch up growth
is associated, as early 5yrs of age, with increased visceral adipose
tissue and later with insulin resistance25. This might in part explain
the explosion of obesity and diabetes in India and also the
relatively higher incidence of diabetes in poor migrants from
developing countries settling in urban centres/developed
countries.

STOMACH
The stomach plays an extremely important role in energy homeostasis,
ghrelin release being only one of the mechanisms. Gastric distension
and emptying playimportant roles in regulating food intake. Gastric
distension with food relays a satiety signal to the hypothalamus through
vagal afferents inhibiting further food intake26. Anorexigenic molecules
like cholecystokinin not only suppress feeding on a hypothalamic
level but also decrease gastric transit, thereby further inhibiting food
intake27. On the other hand rapid gastric emptying is associated with
overeating and obesity. Lesions of the ventromedial nucleus (VMH)
of the hypothalamus result in disruption of autonomic control of the
stomach causing an accelerated transit of food from the stomach28.
As the stomach does not appropriately distend with food satiety
signalling is defective resulting in overeating and obesity. This is
thought to be the major cause of the obese VMH syndrome.
Leptin and its receptor have been identified in the gastric mucosa in
humans29. Gastric leptin can be released into the blood and gastric
juice after feeding, insulin-induced hypoglycemia, or infusion of CCK-
8, pentagastrin, and secretin. Gastric leptin may have a role in appetite
regulation by acting directly in the hypothalamus or in synergy with
CCK via the vagal pathway or by modifying absorption of dietary
protein and fats30.
Enterostatin, a derivative of procolipase (protein necessary for intestinal
fat digestion) is also produced by the gastric chief cells. Enterostatin
increases during fat feeding, where it is found in circulating blood as
well as in intestinal lumen and the lymph31. Enterostatin inhibits gastric
emptying and signals the hypothalamus as a satiety factor thereby
reducing food intake.

CONCLUSION
Multiple signals converge on the hypothalamus to regulate energy
balance in the body. Knowledge of the molecular basis of the
signalling will help modulate therapeutic measures to induce and
maintain weight loss and prevent weight gain in the first place.
However research into obesity has still a long way to go before
translating into therapeutic measures.
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INTRODUCTION
Obesity is a prevalent health hazard particularly in
industrialized countries and is closely associated with a number
of pathological disorders, including non-insulin-dependent
diabetes, hypertension, cancer, gallbladder disease, and
atherosclerosis.1, 2 Obesity is fundamentally a problem of
energy balance; it develops when energy (food) intake is in
excess of total energy expenditure (Basal Metabolic Rate,
‘thermogenesis’, physical activity, ‘non-exercise activity
thermogenesis’). Differences between intake and expenditure
are primarily buffered by changes in the amount of lipid
(triacylglycerols) deposited in the specialized fuel storage
organ, white adipose tissue (or white fat).
The adipose tissue primarily consists of two functionally
distinct types – brown and white adipose tissue. Brown adipose
tissue is specialized for heat production by non-shivering
thermogenesis, and in this tissue the stored lipid droplets serve
primarily as a fuel for the production of heat. The mitochondria
in these cells are unique; their membranes contain an uncoupler
of oxidative phosphorylation (UCP -1 protein) and metabolism
of this fat does not produce ATP. Whereas the white adipose
tissue serves as a major energy reservoir and stores
triacylglycerols in periods of energy excess and mobilizes the
same during energy deprived states. In addition to fuel storage,
white adipose tissue can act as a thermal insulator to heat loss
and as a cushion to protect other organs.

ADIPOSE TISSUE AS AN ENDOCRINE
ORGAN
The adipose tissue is made up of mature adipocytes, which
store lipid; in addition it has a variety of other cells (e.g.
fibroblasts, endothelial cells, macrophages) which constitute
around 50% of the total cellular content. White adipocytes are
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major secretory cells, making adipose tissue a key endocrine
organ. Adipose tissue is now considered as the largest
endocrine organ in most humans – and more so in the
overweight and obese individuals.
Quantitatively, the most important secretion from adipocytes
is fatty acids, which is released during the periods of negative
energy balance (particularly fasting). In addition to fatty acids,
several other lipid moieties are also released; these include
prostanoids (which are synthesized by the tissue itself), and
cholesterol and retinol, which are not synthesized but are rather
stored and subsequently released.
Adipose tissue is now recognized as the source of key
hormones which play an important role in the regulation of
energy balance and adipocytes are also known to secrete a
diverse range of protein factors and signals termed
‘adipokines’, which are involved in metabolic regulation and
are increasingly considered to be directly linked to the
pathogenesis  of common obesity. These adipokines act both
locally and distally through autocrine, paracrine and endocrine
effects to regulate fat cell differentiation, and sense and adjust
systemic energy balance.3 As energy surplus develops,
adipocyte differentiation and lipid accumulation are inhibited
through feedback loops of adipocyte-derived factors such as
TNF-á, angiotensinogen (AGT), and resistin (for resistance to
insulin). In states of energy deficit or excess, there is a
corresponding change in the levels of adipocyte secreted
proteins, (such as adiponectin, leptin), and trophic substances
such as acylation stimulating protein (ASP) and angiotensin
II (AngII). In states of energy excess, these signal a drive to
adipocyte formation and renewed triglyceride accumulation.
Insulin is central to this process, promoting lipogenesis and
energy storage.
Increased activity of three of these adipokines namely tumor
necrosis factor, interleukin 6, and resistin, play a role in the
development of the insulin resistance present in obesity. In
contrast, other adipokines, like adiponectin and leptin, are
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insulin sparing through stimulatory effects on the beta
oxidation of fatty acids in skeletal muscle.

SECRETORY FUNCTIONS OF ADIPOSE
TISSUE 4

The following is a list of key substances known to be secreted
by adipose tissue – table.
Table: Substances secreted by the adipose tissue:
Hormones

·          Leptin
·         Adiponectin
·         Resistin
·         Glucocorticoids
·         Estrogens

Cytokines
·          IL-6
·         TNF-á
·         VEGF
·         TGF β
·         HGF

Enzymes
· Aromatase
· 11-β HSD - 1 Complement factors
· adipsin

Others
· PAI-1
· Acylation-stimulating protein (ASP)
· Angiotensinogen

Adipokines
The adipokines are highly diverse in terms of protein structure
and physiological function. They include classical cytokines,
growth factors and proteins of the alternative complement
system; proteins involved in the regulation of blood pressure,
vascular haemostasis, lipid metabolism, glucose homeostasis
and angiogenesis.
Adiponectin
Adiponectin [Adipocyte complement-related protein (ACRP)],
is expressed abundantly and exclusively in white adipose
tissue.5 It is the most abundant protein produced by adipose
tissue. Serum adiponectin is found to circulate as oligomers
of four to six trimers each.6 Its serum concentrations are
reduced in obese mice and humans and rise following weight
loss. This suggests that adiponectin plays a negative feedback
role in fat storage.7 It has also been observed in studies on
human subjects that low circulating serum adiponectin levels
correlates strongly with increasing BMI, obesity and insulin
resistance.8, 9

Adiponectin appears to be an endogenous anti-inflammatory
and anti-atherogenic factor that is protective against insulin
resistance and macroangiopathy.10 Its concentrations correlate
with the insulin sensitivity state and rise in response to insulin.
Further, evidence has emerged from studies which suggest that
the insulin sensitizing action of thiazolidinediones (acting via

PPAR) may be mediated through increased adiponectin.11

Adiponectin has a tendency to retard atherosclerosis. This
effect is either mediated through a direct action of adiponectin
on the endothelium or indirectly through reduction in the
expression of leukocyte adhesion molecules and inflammatory
cytokines (e.g. TNF á).8, 14, 15

In view of such extensive favorable actions of adiponectin
and the initial encouraging results seen in animal studies, this
molecule and its associated receptors could be the target of
future successful preventive strategies or therapies in obesity,
atherosclerosis and type 2 diabetes mellitus.8, 15, 16

Leptin
Leptin was one of the earliest adipokines to be identified as
the product of the ob gene in mice. Non production of leptin
by a mutant strain of mice (ob/ ob) produced a state of obesity,
elevated cortisol levels, insulin resistance, and reproductive
dysfunction.17

Leptin’s primary physiologic function is the defense of body
fat. Declining levels in adipose tissue and serum signal the
presence of energy deficit to the brain. It is an essential signal
from adipocytes to the hypothalamus in the control of appetite
and energy balance and is believed to keep the CNS informed
about the body’s energy reserves. Leptin acts through cell
surface receptor, OB-R and signal transduction involves Janus
kinases.18

The primary target of leptin is believed to be the neurons of
the hypothalamic arcuate nucleus neurons. The systemic
response is inhibition of food intake and an increase in overall
energy expenditure by the organism.19 Leptin reduces the levels
of intracellular lipid in skeletal muscle, liver and pancreatic
beta cells, thereby improving insulin sensitivity. In muscle this
insulin sensitizing effect is achieved through inhibition of
malonyl CoA, permitting increased transport of fatty acids
into mitochondria for beta oxidation. These changes are
partially mediated by central sympathetic activation of
adrenergic receptors.20 Peripheral effects of leptin include
modulation of reproduction, angiogenesis, immunity and
regulation of triacylglycerol metabolism.18

Though studies have described a positive correlation between
BMI and circulating leptin levels in humans21, the role of leptin
in the pathogenesis of common obesity is still not well
elucidated. Except in rare instances of genetic leptin deficiency
syndromes, exogenous leptin has not proved to be effective
in regulating appetite or raising body metabolism.22,23

Resistin
This name for this hormone was coined after an association
was observed between “resistin” and insulin resistance.24

However, later work suggested that the likely effect of resistin
was on hepatic glucose output rather than insulin sensitivity
of peripheral tissues.25 The hormone is believed to be expressed
at much higher levels in visceral fat as compared to
subcutaneous fat. Inflammatory cytokines and steroids are
believed to increase expression of resistin while
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thiazolidinediones inhibit it.
The physiological role of resistin is still unclear and under
evaluation

INFLAMMATION AND OBESITY
A number of inflammation-related proteins are released by
white adipocytes. One of the most important recent
developments in obesity research is the emergence of the
concept that obesity is characterized by chronic mild
inflammation. The basis for this view is that the circulating
level of several cytokines and acute phase proteins associated
with inflammation is increased in obese individuals. As
adipocytes secrete a number of cytokines and acute phase
proteins, it is considered that the expanded adipose tissue mass
contributes, either directly or indirectly, to the increased
production and circulating levels of inflammation- related
factors in obesity. In other words, the state of inflammation in
adipose tissue in obesity leads to an increased production and
release of inflammation-related factors.

ADIPOSE TISSUE AND THE DISEASES
OF OBESITY
The central change to the body in obesity is the increase in the
amount of adipose tissue – which may constitute more than
half of total body mass in those with a BMI that is in excess of
the threshold of obesity. It is not, however, only the total
amount of fat that is important, but also its distribution. Thus,
a more central fat deposition (‘android’ or ‘apple’ type , as
compared to ‘gynoid’ or ‘pear’ shaped) is associated with a
greater risk of the metabolic syndrome and several of the other
diseases linked to obesity. The current view is that the
inflammatory state of obesity plays a key causal role in the
development of type 2 diabetes and the metabolic syndrome
(which includes atherosclerosis, hypertension and
dyslipidemia). A central hypothesis is that the increase in
inflammation-related adipokine production that occurs in
obesity lead to the associated diseases. In this context, the
reduction in adiponectin in the obese is thought to be of
particular significance in view of the anti-inflammatory effect
of this adipokine.

CONCLUSION
The mechanisms by which obesity contributes to insulin
resistance, hypertension, and endothelial disease are among
the most important questions facing medical investigators
today. Research into the function and regulation of adipocyte
signaling proteins, adipocytes differentiation, and the control

of fat partitioning will likely result in further insight into these
mechanisms and the discovery of therapies for treatment of
obesity and obesity related diseases.
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INTRODUCTION
The change in body weight follows the laws of physics and
dictates that if caloric intake is greater than caloric output
weight gain will occur. However, regulation of body
homeostasis is a complex integration of genetic, social
behavioral and physiologic factors, many of which have yet
to be fully understood. There is definitive role of genetic
factors in the pathophysiology of obesity. The genetic and
social adaptations that have been passed through the millennia
have resulted in the populations with ever increasing waistlines
and risk for serious morbidity and mortality. It is noteworthy
that obesity in middle aged humans is a risk factor for many
age related diseases and decreases life expectancy by about 7
years which is roughly comparable to the combined effects of
cardiovascular diseases and cancer on the lifespan.
As per WHO, (World Health Organisation), BMI is categorised
as 18-25 - Normal 25-30 - Over weight 30-35 - Grade I obesity
35-40 - Grade II obesity greater than 40 - Morbid obesity.
However, in Indian context obesity in adults is defined as
BMI>27.0 kg/m2. The subjects having BMI levels of 23-26.9
are in the overweight group. Traditionally, obesity was believed
to be associated with affluent life style in the west. However,
obesity is a fast growing problem in developing countries.
Several studies in India have shown that changes in dietary
pattern, physical activity levels, lifestyles associated with
affluence and migration to urban areas are related to increased
frequencies of obesity and the risk of diseases, such as coronary
heart disease and diabetes mellitus. In the last two decades
India is in the midst of epidemic of metabolic syndrome,
obesity, diabetes mellitus and cardiovascular diseases. The
phenomenon is present across population including persons
in the lower and mid income group. But there is definite
difference in urban and rural population and rich and poor.
As per study undertaken by Nutrition Foundation of India
(NFI), 32.3 per cent of middle class men, and 50 per cent of
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women are obese. From the most recent nationally
representative estimates for the prevalence of overweight and
obesity in 14 countries of the region, it is apparent that
overweight and obesity is endemic in much of the region,
prevalence ranging from less than 5% in India to 60% in
Australia. Moreover, although the prevalence in China is a
third of that in Australia, the increase in prevalence in China
over the last 20 years was 400% compared with 20% in
Australia1. The prevalence of abdominal obesity was higher
than the prevalence of overweight/obesity. US data shows that
30% of the US population is obese and 64% is overweight.
Obesity is second to smoking as a preventable cause of death
and is expected to be first by the end of this decade. Now
obesity is recognized as an illness and even the insurance
companies have started paying for the treatment of obesity.

IMPACT OF OBESITY ON METABOLISM
AND DIFFERENT SYSTEMS
Ectopic lipids and the metabolic syndrome
The metabolic syndrome reflects a failure of a system designed
to promote intracellular lipohomeostasis, preventing
lipotoxicity in the organs of over nourished individuals. When
normal, healthy individuals consume surplus calories, the
excess fuel is stored as triglycerides in white adipocytes. These
cells also appear to protect lean tissues against the harm of
lipotoxic damage by secreting leptin, a hormone with an
antisteatotic role. Early in obesity, adipocytes increase their
secretion of leptin in an attempt to enhance oxidation of the
surplus lipids in lean tissues by activating AMPK-activated
kinase and reducing activity of lipogenic enzymes. However,
deficiency or unresponsiveness of leptin prevents these
protective attempts, resulting in ectopic accumulation of lipids.
Among cells that are harmed by ectopic accumulation of lipids
are pancreatic ß-cells and myocardiocytes. This can lead to
type 2 diabetes mellitus and/or lipotoxic cardiomyopathy.
Unresponsiveness to leptin is probably the most common cause
of liporegulatory failure and the metabolic syndrome2.
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on different systems. In this article the impact of obesity on morbidity and mortality is discussed with special relevance to
insulin resistance, diabetes mellitus and cardiovascular effects.
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BMI-ASSOCIATED DISEASE RISK
The use of body mass index (BMI) has been proposed by the
National Institutes of Health3 and the World Health
Organization4 as a method for defining overweight and obesity.
This classification system is based on epidemiologic data
indicating that the risk of premature mortality usually begins
to increase at a BMI of 25 to 29.9 kg/m2, and increases further
at a BMI of 30 kg/m2.  Other factors, such as waist
circumference, weight gain since young adulthood, fitness
level, and ethnic or racial background, also influence the
relationship between BMI and overall disease risk. The
underweight subjects (BMI<18.5) are also at risk for increased
disease risk. Other factors which increase the risk in obese
patients are:
• Large waist circumference (men>40 in; women >35 in)
• 5 kg or more weight gain since age 18-20 y
• Poor aerobic fitness
• Specific races and ethnic groups

DISEASES ASSOCIATED WITH OBESITY
Obesity leads to many complications. Some of these are:
1.Hypertension 2. Diabetes 3. Dislepidemia  4. Gall stones 5.
Arthritis  6. Coronary heart disease 7. Certain type of cancers
8. Infertility 9. Low self esteem 10. Snoring and sleep apnoea
etc
METABOLIC SYNDROME
Impact on Mortality
Isomaa and colleagues have evaluated differences in mortality
between subjects with and without the metabolic syndrome
(as defined by WHO).
The all-cause mortality rate was significantly higher in subjects
with the metabolic syndrome (18.0% vs 4.6%, P < 0.001), as
was cardiovascular mortality (12.0% vs 2.2%, P < 0.001) (5).
Obesity decreases life expectancy by about 7 years which is
roughly comparable to the combined effects of cardiovascular
diseases and cancer on the lifespan.
Impact on Cardiovascular Health
Although it has been widely assumed that the metabolic
syndrome is associated with an increased risk of cardiovascular
disease, relatively little research has been done on the
prevalence of cardiovascular morbidity and mortality in
patients with the syndrome.
Following the introduction of the WHO definition, Isomaa and
colleagues5 assessed cardiovascular morbidity and mortality
in a cohort of subjects (N = 3,928; age, 35 to 70 years) being
followed in a longitudinal study in Finland and Sweden (the
Botnia study). Median follow-up was 6.9 years.
Subjects meeting the WHO definition of metabolic syndrome
were significantly more likely to have a history of coronary
heart disease, myocardial infarction, and stroke than those
without the syndrome. The presence of metabolic syndrome
was associated with significantly increased risk of coronary
heart disease (relative risk, 2.96, P < 0.001), myocardial

infarction (RR 2.63, P < 0.001), and stroke (RR 2.27, P <
0.001). Overall, the prevalence of coronary heart disease, MI,
and stroke were approximately 3-fold higher in the group with
metabolic syndrome.
Elevated risk of CVD prior to clinical diagnosis of
Type 2diabetes
In an epidemiologic study of female nurses (The Nurses Health
Study; age, 35-55 y) after 2.2 million person-years of follow-
up, the relative risk of cardiovascular disease was significantly
elevated prior to diagnosis of diabetes. During 20 years of
follow-up, 110,227 women remained free of diabetes and 5894
were diagnosed with type 2 diabetes. 1556 new cases of
myocardial infarction, 1405 strokes, 815 cases of fatal
coronary heart disease, and 300 fatal strokes were documented.
Among the nurses who developed diabetes, the age-adjusted
relative risk of myocardial infarctions or stroke was 2.82 for
the period before diagnosis and 3.71 for the period after
diagnosis compared with women who did not develop diabetes
during the same period. The relative risk of a myocardial
infarction in subjects with a diagnosis of diabetes at baseline
was 5.02. These results suggest that aggressive management
of cardiovascular risk is warranted in individuals at increased
risk for type 2 diabetes.
This study provides strong evidence for adopting a strategy
for diabetes prevention rather than just a policy screening
frequently for type 2 diabetes in high-risk subjects. The latter
strategy could not prevent cases of CVD that develop prior to
the onset of clinical diabetes(6).
Characteristics of metabolically normal obese and
metabolically abnormal obese subjects
Although obesity is associated with insulin resistance and a cluster of
other metabolic disorders, there is a distinct population of obese yet
‘metabolically normal’ (ie, insulin sensitive) individuals based on
accepted cut-point for insulin sensitivity (8 mg/min x kg LBM [lean
body mass] by hyperinsulinemic/euglycemic clamp).  (43) forty-three
obese, sedentary, postmenopausal women were examined.  17
seventeen were identified as metabolically normal, obese; 26 were
metabolically abnormal (insulin resistant); and the two groups were
compared using a number of physical, physiologic, and metabolic
parameters.  Only lean mass, glucose disposal, and visceral adipose
tissue were found to be statistically different between the two groups.
In fact, the glucose disposal values for the metabolically normal obese
women were comparable to those found in healthy, young nonobese
women and this group had on average 49.6% less visceral adipose
tissue than their metabolically abnormal counterparts7.
In terms of lipid levels and blood pressure differences between insulin-
sensitive and insulin-resistant, obese, post-menopausal women,
significant between-group differences were observed in triglyceride
and HDL levels; the metabolically normal obese women had
significantly lower triglyceride and higher HDL levels (both P < 0.01)7.
Oral glucose tolerance in insulin-sensitive and insulin-
resistant obese subjects
In terms of glycemic control between insulin-sensitive and
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insulin-resistant, obese, post-menopausal women, significant
between-group differences were observed in fasting glucose
and insulin levels, 2 h insulin levels, and insulin area as might
be expected as insulin sensitivity was used as a point of
differentiation.
This study in identifying phenotypic characteristics that are
protective against metabolic factors associated with the insulin
resistance syndrome found that lower amounts of visceral
adipose fat, which accounted for 22% of the between-group
variance, despite large quantities of total body fat, probably
contributed to a favorable metabolic profile.  Consistent with
this, lower triglyceride and higher HDL levels were also seen
in the insulin-sensitive group. Combined with the lower levels
of visceral fat, this is in accordance with the idea that insulin-
resistance is associated with an unfavorable body fat
distribution and disturbances in lipid–lipoprotein profile,
independent of the level of obesity6.
Waist size vs BMI and the metabolic syndrome
The San Antonio Heart Study is a population-based, 8-year
longitudinal study that evaluated the incidence of diabetes and
cardiovascular disease among Mexican Americans and non-
Hispanic whites in San Antonio, Texas8. The study cited here
looked at the development of metabolic syndrome in 1968
subjects who did not meet the World Health Organization
criteria for the metabolic syndrome at baseline.
After 8 years of follow-up, both BMI and waist circumference
proved to be highly predictive of eventual development of the
metabolic syndrome. Subjects with baseline BMI >30 or waist
circumference >40 inches in men or >35 inches in women
were 3 and 8 times more likely to develop metabolic syndrome
than those with BMI <25 or with smaller waist circumference.
Up to one third of those with high BMI and increased waist
circumference developed the metabolic syndrome, versus one
tenth of those in the lighter, thinner group.
Both insulin resistance and decreased insulin secretion
predict the risk of developing type 2 diabetes: 7-year incidence
In the San Antonio Heart Study, the risk of converting to type
2 diabetes was significantly associated with insulin resistance
(high HOMA-IR) and impaired insulin secretion (low ratio of
early insulin increment to early glucose increment, ∆ I30-0/∆
G30-0).  Also among converters to diabetes, the only subjects
with adverse cardiovascular risk factors (high systolic blood
pressure and triglyceride levels and low HDL) were converters
to diabetes with high HOMA-IR and ∆I30-0/ ∆ G30-0 (insulin-
resistant subjects). This led the authors to suggest that treatment
options to reduce the risk of developing diabetes should focus
on insulin-sensitizing interventions rather than therapies that
increase insulin secretion, because of the latter’s potential
increase of cardiovascular risk8.
Intra-abdominal fat mass and CHD risk in type 2 diabetes
In a prospective cohort study among female registered nurses in
the U.S., 44,702 women (age, 40-65 y) who were free of prior
coronary heart disease, stroke, or cancer, provided waist and hip
circumferences9.  After an 8-year follow-up, after adjusting for

BMI, age (continuous), age2, smoking, parental history of
myocardial infarction, alcohol consumption, physical activity,
menopausal status, hormone replacement therapy, aspirin intake,
saturated fat, and antioxidant score, waist circumference
significantly correlated to an increased risk in coronary heart
disease (P < 0.001 for trend).  Waist circumference and waist-to-
hip ratio (WHR) were independently strongly associated with
increased risk also among women with a BMI >25.  After adjusting
for reported hypertension, diabetes, and high cholesterol, a waist
circumference of >30 or a WHR of e”0.76 was associated with a
2-fold higher risk of coronary heart disease.
Abdominal fat distribution increases the risk of coronary
heart disease
Abdominal fat distribution increases the risk for coronary heart
disease (CHD) among lean, overweight, and obese persons.
The risk of CHD begins to increase at a normal BMI, which is
23 kg/m2 for men and 22 kg/m2 for women10.  Data from both
the Iowa Women’s Health Study11 and the Nurses’ Health
Study9 found that women in the lowest BMI but highest waist-
to-hip circumference ratio tertiles (a measure of abdominal
adiposity) had a greater risk of fatal and nonfatal myocardial
infarctions than women in the highest BMI but lowest waist-
to-hip circumference ratio tertiles.
Relationship between weight gain in adulthood and risk of
type 2 diabetes mellitus
An increase in weight since young adulthood (18–20 years of
age) in men and women is associated with increased risk of
developing type 2 diabetes.  A weight gain of 10 kg, which is
the average amount of weight gained by US adults from 20 to
50 years of age, is associated with a two- to threefold increase
in the risk of diabetes9.  Weight gain during adulthood is also
associated with an increased risk of coronary heart disease,
hypertension, and cholelithiasis compared with those who
maintain their weight after 18 to 20 years of age.

HYPERTENSION AND OBESITY
There is linear relationship between HT and BMI12. With
increasing BMI the prevalence of hypertension increases. As
per NHANES III age adjusted prevalence of HT (>140/90)
was 42% males and 38 % females as compared to 15% in lean
body weight subjects. With every 10% increase in body weight
the BP increases by 6.5 mmHg.

CEREBROVASCULAR AND
THROMBOTIC COMPLICATIONS
Fatal and non fatal stroke incidence is twice in obese as
compared with lean body weight subjects1. Risk of stroke
increases with increasing BMI in both males and females.
There is increase in other thrombotic events as well like DVT,
venous stasis and pulmonary embolization. Prevalence of DVT
increases due to increased intra abdominal pressure, impaired
fibrinolysis and increased inflammatory mediators.

PULMONARY DISEASES13

Obesity is associated with restrictive lung disease due to
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pressure placed over chest wall and thoracic cage. There is
restrictive lung function i.e., reduced respiratory compliance,
increased work of breathing and reduced total lung capacity.
Obesity is also associated with limited ventilation of lung
bases. The major reasons of restrictive lung functions are due
to following factors:
• Reduced ventilatory response to hypercapnia and

hypoxemia or both
• Mechanical factors: respiratory muscles fail to meet

increased ventilatory demand
• Other factors like elevated diaphragm and inadequate

inspiratory muscle strength
Pickwickval is severe form of obesity hypoventilation
syndrome characterized by extreme obesity, irregular breathing,
somnolence, cyanosis and secondary polycythemia and RV
dysfunction.
Obstructive sleep apnoea (OSA) is common in obese subjects.
In this condition there are episodes of apnea/hypopnoea during
sleep, partial/complete upper airway obstruction despite
persistent respiratory effort, larger neck girth >17 and 16 in
men and women. BMI >30 and abdominal fat distribution is
associated with OSA.

MUSCULOSKELETAL DISEASES
Hyperuricemia and gout both are associated with obesity. Male
sex, diabetes, obesity and insulin resistance syndromes are
associated with hyperuricemia. Osteoarthritis in weight bearing
joints specially knee joint is common in obese patients14.

CANCER RISK
Several studies have shown a strong association between
adiposity and increased risk of cancers of breast in
postmenopausal women; of the endometrium, kidney, and gall
bladder in women; and of colon in men. However, it is only
recently that in a prospectively studied population, it was
clearly demonstrated that increased body weight waas
associated with increased death rates for all cancers combined
and from cancers at multiple specific sites15,16. More than
900,000 US adults who were free of cancer at enrollment in
1987 were followed for 16 years, at which time 57,145 died
from cancer. Overweight and obesity contributed significantly
to mortality from cancer. On the basis of the association
observed in this study, it was estimated that obesity could
account for 14% of all deaths from cancer in men and 20% of
those in women. Obesity correlates with ingestion of high fat,
high calorie diet which itself is risk factor for cancer.
Other problems associated with obesity are being discussed
in other chapters of this special issue. Some of these are listed
below:

GENITOURINARY TRACT DISORDERS
Obesity is associated with following disorders in women of
childbearing age.
• PCOD
• Irregular menses

• Pregnant overweight women are at risk for HT and GDM
• Urinary incontinence
Obesity is also associated with increased congenital
malformations in babies born to obese mothers17.

NEUROLOGICAL DISORDERS
As discussed above there is increased prevalence of stroke in
subjects with obesity12. Other specific problem in obesity is
idiopathic intracranial hypertension (pseudotumour cerebri)
which is characterized by headache, vision abnormalities,
tinnitus and sixth nerve palsy.
Risk of IIH increases with 10% weight gain and weight loss
improves IIH.

GASTROINTESTINAL DISORDERS
There is strong association between obesity and
gastroesopahageal reflux disease. Subjects who are obese have
increased prevalence of hiatus hernia as well.
There is linear relationship between obesity and gallstones.
As per NHS study the prevalence of gallstones is 1% with a
BMI of 30 and 2% with a BMI of 45%. Gallstone risk also
increases with rapid weight loss during treatment of obesity.
Weight loss >1.5 kg per week is associated with increase bile
saturation and enhanced cholesterol crystal nucleation and
reduced gallbladder contractility. Obesity is also a strong risk
factor for pancreatitis18. Obesity associated pancreatitis is
severe and there is increased risk of death. The mechanisms
of pancreatitis are:
• Increased peripancreatic and retroperitoneal fat depostion
• Peripancreatic fat necrosis and subsequent local and

systemic complications

HEPATIC DYSFUNCTION
Non-alcoholic fatty liver disease is very common in obese
patients19. This condition is assocted with hepatomegaly,
abnormal LFT, steatosis, statohepatitis and rarely fibrosis and
cirrhosis. The prevalence of steatosis in obesity is 75%,
steatohpatitis is 20% aand cirrhosis occurs in 2% cases.
Mechanisms of NAFLD are as follows:
• Steatosis

• Increased lipolysis of adipose tissue so increased TG
• Increased delivery of FFA to liver
• Inadequate hepatic FA oxidation

• Peroxidation of hepatic lipids
• Cytokines

• Direct cellular injury
• Inflammation and
• fibrosis

RENAL DYSFUNCTION
Central obesity is independently associated with risk of
albuminuria in normoglycemic subjects. This may explain high
diabetic renal disease in South Indians20. Possible mechanisms
are increased metabolic demand, increased glomerular pressure
and glom hypertrophy, secondary focal segmental
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glomerulosclerosis. Insulin resistance (IR) accelerates
structural changes and thr’Angiotensin II so increased collagen
production and deposition.

DIRECT COST OF CHRONIC DISEASES
IN THE UNITED STATES
It is estimated that obesity accounts for 6% of the nation’s
total healthcare expenses, with $51.6 billion/year in direct costs
and over $100 billion/year in both direct and indirect costs 21-

22. Direct costs include the costs of personal health care,
hospital care, physician services, allied health services, and
medications. Indirect costs include the value of lost
productivity from illness or premature mortality. The estimated
direct cost of obesity is comparable to that of other prevalent,
chronic diseases, such as type 2 diabetes and coronary heart
disease, and is more costly than both hypertension and stroke.
Moreover, obesity contributes to the development of other
chronic diseases; it is estimated that 61% of the direct cost of
type 2 diabetes, 17% of the direct cost of coronary heart
disease, and 17% of the direct cost of hypertension are
attributable to obesity.

CONCLUSION
Overweight/obesity is a disease process but needs to be
publicized and effort needs to be made by policy makers. Main
mortality comes from associated metabolic syndrome leading
on to DM, CHD, Stroke, cancer etc. It is a systemic disease
affects most of systems. Recent studies have shown that obesity
is emerging as a risk factor for renal dysfunction. The silver
line in the obesity related complications is that by reducing
weight most of the complications can be reversed.
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(2-3%), nausea (1.4%), vomiting, diarrhea(3.0%). Pregnancy: There are no adequate and well controlled studies in pregnant women,
therefore safety in pregnant women is not known Sitagliptin is secreted in the milk of lactating rats, should not be used in nursing
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is generally well tolerated in the elderly.
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INTRODUCTION
Regional body fat distribution has an important influence on
metabolic and cardiovascular risk factors. Increased abdominal
(visceral) fat accumulation is a risk factor for coronary artery
disease (CAD), dyslipidemia, hypertension, stroke, and type
2 diabetes. The recent emphasis on treatment of the
dyslipidemia of the metabolic syndrome has compelled
practitioners to consider lipid-lowering therapy in a greater
number of their patients, as one in two individuals over age
50 has the metabolic syndrome. Individuals with the metabolic
syndrome typically have normal low-density lipoprotein
cholesterol levels, and current lipid-lowering guidelines may
underestimate their cardiovascular risk. Multiple
environmental and genetic factors are thought to influence the
manifestation of abdominal obesity. Intraabdominal fat
increases with age in both overweight and normal weight
individuals independently of changes in total body fat1. Sex
steroid hormones appear to contribute to body fat distribution,
as men have twice as much abdominal fat as women2,3, and
estrogen deficiency (at menopause) is associated with a
preferential increase in intraabdominal fat, which is blunted
by estrogen replacement therapy4,5. There is also evidence that
increased abdominal adipose tissue is associated with physical
inactivity, increased plasma cortisol, and intrauterine
environment6. Inheritance clearly plays a role in body fat
distribution, as family studies have shown that genetic factors
account for about 50% of the variance in intraabdominal fat

OBESITY AND CARDIOVASCULAR RISK:
METABOLIC SYNDROME

Divey Manocha, Kuldeep Kumar, S. Anuradha, R. Dewan
Department of Medicine, Maulana Azad Medical College, Bahadurshah Zafar Marg, New Delhi - 110002, India

after adjusting for age, sex, and total body fat7. Genetic factors
that predispose individuals to gain weight centrally may explain
the susceptibility of certain ethnic groups to DM28,9.

LINK BETWEEN OBESITY AND
METABOLIC ABNORMALITIES
Two subgroups of patients with the abdominal obesity are at
particularly high risk for premature CAD. One, individuals
with type 2 diabetes, accounts for 20–30% of early
cardiovascular disease. The second, familial combined
hyperlipidemia, accounts for an additional 10–20% of
premature CAD. Familial combined hyperlipidemia is
characterized by the metabolic syndrome in addition to a
disproportionate elevation of apolipoprotein B levels. The
measurement of fasting glucose and apolipoprotein B, in
addition to the fasting lipid profile, can help to estimate CAD
risk in patients with the metabolic syndrome. Distinct
Metabolic Features are seen in individuals with increased
amounts of abdominal (visceral) adipose tissue:
Hypertriglyceridemia, Reduced high density lipoprotein
(HDL), and Small, dense low density lipoprotein (LDL)
particles characterize the dyslipidemia associated with
increased abdominal fat. Individuals with the metabolic
syndrome typically have normal LDL cholesterol levels, but
their LDL particles are small and dense, and current lipid-
lowering guidelines may underestimate their coronary artery
disease (CAD) risk. Further evaluation of apolipoprotein B
(apo B) in patients with the metabolic syndrome can help detect
patients with familial combined hyperlipidemia (FCHL) and
identify them as candidates for aggressive lipid lowering.(11)
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Abstract: Increased abdominal fat distribution is a risk factor for coronary artery disease, dyslipidemia, hypertension, stroke and type2
diabetes. Multiple environmental and genetic factors are thought to influence the manifestation of abdominal obesity. Intrabdominal fat
increases with age in both overweight and normal weight individuals. Men have twice as much abdominal fat as women, due to hormonal
effect. Two groups of patients with abdominal obesity are at high risk for premature CAD , one with Type 2 diabetes and second, familial
combined hyperlipidemia. Familial combined hyperlipidemia is characterized by metabolic syndrome in addition to disproportionate
elevation of apolipoprotien B. Individuals wit metabolic syndrome may have normal LDL levels but their LDL particles are small and
dense, so current lipid lowering guidelines may underestimate their risk. Studies have shown prevalence of metabolic syndrome to be in the
range of 20-30% in developed countries. The presence of metabolic syndrome is estimated to increase the risk of CAD by 1.6 to 3.0 fold.
Individuals with combination of metabolic syndrome and diabetes have a higher prevalence of CAD (19.2%) as compared to diabetics
without metabolic syndrome (13.2%). Metabolic syndrome patients with elevated Apo B levels (> 90th percentile for age) have Familial
combined hperlipidemia and should be targeted for aggressive lipid lowering therapy. Apo B levels increase with age therefore age
appropriate apo B levels must be used in diagnosis. Apo B level is a better predictor for future cardiovascular events than LDL cholesterol.
Apo B is better predictor for CAD risk in individuals with low LDL level. In addition of Apo B measurement of non HDL cholesterol is
recommended as it quantifies the atherogenic Apo B containing lipo proteins. So there is increasing requirement of aggressive lipid
lowering in patterns of metabolic syndrome. Therapy targeting LDL and Apo B are recommended.  But rising of HDL is also an important
target to be achieved. So the combination of lipid lowering therapy in form of statins and fibrates or niacin is recommended, only if lifestyle
modifications are not sufficient. A word of caution is needed in administering niacin therapy in diabetes, though recent studies have found
it to be safe.
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As the prevalence of the metabolic syndrome rises with
increasing obesity and sedentary lifestyle, so does the disease
burden of increased type 2 diabetes mellitus and cardiovascular
disease.

METABOLIC SYNDROME
Many prospective studies have shown that increased abdominal
(visceral) fat accumulation is an independent risk factor for
CAD, hypertension, stroke, and type 2 diabetes (DM2)12,13. The
strong link between increased abdominal (visceral) fat and
hyperinsulinism, insulin resistance, elevated plasma free fatty
acid (FFA) levels, hypertension, predisposition to thrombosis,
hypertriglyceridemia, small, dense LDL particles, and reduced
HDL has been recognized for decades. This has been given
many names such as syndrome X or metabolic syndrome;
criteria proposed to diagnose are: National Cholesterol
Education Programme/Adult Treatment Panel III (NCEP/
ATP III) diagnostic criteria for the metabolic syndrome —
Diagnosis is made when 3 or more of the following are present:
•  Waist circumference : Men > 102 cm , women > 88

cm.
( For Indians – Men - 90 cm, women - 80 cm)

• Fasting triglycerides > 150 mg/dl
• Blood pressure > 130/85 mmHg
• HDL cholesterol < 50 mg/dl for women; < 40 mg/dl

for men
• Fasting glucose > 110 mg/dl
WHO criteria for the metabolic syndrome, as identified by
one of the following:
• Type 2 diabetes
• Impaired fasting glucose (101-125 mg/dl)
• Impaired glucose tolerance (140-199 mg/dl 2 hours

after 75g of glucose)
• If normal fasting glucose, glucose uptake below the

lowest quartile for background population under
hyperinsulinaemic, euglycaemic conditions Plus 2
of the following :

• Antihypertensive medication and/or blood pressure
> 140 mmHg systolic or > 90mmHg diastolic

• Triglycerides > 150 mg/dl
• HDL < 35 mg/dl for men or < 39 mg/dl for women
• BMI > 30 kg/m2 and/or waist-hip ratio > 0.9 men, >

0.85 women
• Urinary albumin excretion > 20 µg/minute or

albumin-creatinine ratio > 30 µg/mg
AACE clinical criteria for diagnosis— Risk factors are as
follows :
Overweight/obesity : BMI > 25 kg/m2
Elevated triglycerides : > 150 mg/dl
HDL cholesterol : Men < 40 mg/dl, women < 50 mg/dl
Blood pressure : > 130/85 mmHg
2-hour post 75 g glucose challenge : > 140 mg/dl
Fasting glucose : Between 110 and 126 mg/dl
Additional risk factors :

• Family history of type 2 diabetes
• Hypertension
• Coronary heart disease (CHD)
• Polycystic ovary syndrome
• Sedentary lifestyle
• Advanced age
• Ethnic groups at high risk for type 2 diabetes or CHD
Of all these criteria, ATP III criteria to diagnose IRS seems to
be more practical during an office visit. This also has some
shortcomings such as inadequate measure of glucose tolerence,
and inability to detect prothombotic (PAI), pro-inflammatory
C-reactive protein (CRP) and adipocytokines (adiponectins).

PREVALENCE AND RISK OF
METABOLIC SYNDROME
Many studies have shown significantly increased CAD risk
with the features of the metabolic syndrome, described under
different names, but until recently limited information was
available about the prevalence of the syndrome in the general
population14,15. It is now clear that the metabolic syndrome is
very common in westernized countries and varies with age,
ethnicity, and body mass index16,17. Ford et al.18 studied 8814
men and women (>20 yr old) and found a 24% prevalence of
the NCEP-defined metabolic syndrome (in individuals with
and without diabetes) using National Health and Nutrition
Examination Survey III (NHANES III) data. The prevalence
increased with age, and 33–45% of subjects over 50 yr met
the criteria for the metabolic syndrome. Alexander et al.19

studied a subset of NHANES III participants (>50 yr old) and
confirmed a 43.5% prevalence of the metabolic syndrome (in
subjects with and without diabetes) using NCEP criteria. As
expected, the concordance of the metabolic syndrome with
diabetes was high, as the majority of individuals with diabetes
(86%) or impaired fasting glucose [6.1 mmol/liter (110 mg/
dl); 71%] met the criteria for the metabolic syndrome. In
contrast, diabetes without the metabolic syndrome was
uncommon (13% of individuals with diabetes), and the
prevalence of the metabolic syndrome in normoglycemic
individuals was 26%.
The presence of the metabolic syndrome is estimated to
increase the risk of coronary heart disease by 1.6- to 3.0-fold.
Although individuals with the combination of the metabolic
syndrome and diabetes have a high overall age-adjusted
prevalence of CAD (19.2%), the presence of the metabolic
syndrome in subjects without diabetes appears to convey a
moderate risk of CAD (13.9%) compared with those with
neither (8.7%). Several groups have recently shown that
individuals with the metabolic syndrome (without diabetes)
had a 12–14% risk of CAD compared with a 6–9% risk in
individuals without the metabolic syndrome20. Recently
published American Heart Association guidelines describe the
presence of the metabolic syndrome, without diabetes, as a
moderate CAD risk factor21. No study to date has established
the contribution of familial combined hyperlipidemia to CAD
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risk in nondiabetic individuals with the metabolic syndrome

SCREENING OF METABOLIC
SYNDROME PATIENTS
The metabolic syndrome is a common population trait
comprised of a heterogeneous group of oligogenic disorders,
such as DM2 and familial combined hyperlipidemia. The
identification of these metabolic syndrome subtypes by
measuring fasting glucose and apo B can help target these high
risk patients for lipid-lowering therapy. Patients with the
metabolic syndrome should be screened for DM2, as
individuals with DM2 and the metabolic syndrome are at high
risk for CAD. Current guidelines recommend that patients with
DM2 should be aggressively treated for dyslipidemia with the
goal to maintain LDL below 2.6 mmol/liter (100 mg/dl),
triglyceride below 1.7 mmol/liter (150 mg/dl), and HDL above
1.02 mmol/liter (40 mg/dl)22.
Metabolic syndrome patients with elevated apo B levels (>90th
percentile for age) have FCHL and should be targeted for
aggressive lipid-lowering therapy. Apo B levels increase with
age; therefore, age-appropriate apo B levels must be used in
diagnosis Several large prospective studies have shown that
the apo B level is a better predictor of future cardiovascular
events than the LDL cholesterol level23. Recently, the
Apolipoprotein-Related Mortality Risk Study published
prospective data in 175,553 men and women and found that
the total apo B level was a better predictor of future CAD risk
than LDL cholesterol . Importantly, they also found that apo
B was a better predictor of CAD risk in individuals with low
LDL levels, supporting the idea that patients with low LDL
cholesterol levels and increased quantities of small, dense
atherogenic particles (VLDL, IDL, and LDL) are at risk for
CAD.
The presence of the metabolic syndrome is estimated to
increase the risk of coronary heart disease by 1.6- to 3.0-fold.
Although individuals with the combination of the metabolic
syndrome and diabetes have a high overall age-adjusted
prevalence of CAD (19.2%), the presence of the metabolic
syndrome in subjects without diabetes appears to convey a
moderate risk of CAD (13.9%) compared with those with
neither (8.7%). Several groups have recently shown that
individuals with the metabolic syndrome (without diabetes)
had a 12–14% risk of CAD compared with a 6–9% risk in
individuals without the metabolic syndrome19,20. Recently
published American Heart Association guidelines describe the
presence of the metabolic syndrome, without diabetes, as a
moderate CAD risk factor. No study to date has established
the contribution of familial combined hyperlipidemia to CAD
risk in nondiabetic individuals with the metabolic syndrome.

METABOLIC SYNDROME:
TARGETING HIGH RISK PATIENTS
The recent emphasis on treatment of the dyslipidemia of the
metabolic syndrome has compelled practitioners to consider

lipid-lowering therapy in a greater number of their patients,
as epidemiological studies have shown that one in two
individuals over 50 yr of age has the metabolic syndrome. It
is not yet clear whether all of these patients should be treated
with lipid-lowering medications, and the economic impact of
such a decision is enormous.
Although the primary focus on CAD prevention remains on
LDL lowering, LDL cholesterol levels may underestimate CAD
risk in the metabolic syndrome. Studies investigating the lipid
profiles of men with premature CAD have shown that
approximately 50% had normal LDL cholesterol levels, but
these men had low HDL and elevated triglyceride levels and
may have had the metabolic syndrome24. Recent post hoc
analyses of the placebo-treated groups in the 4S and AFCAPS/
TexCAPS trials showed that nondiabetic individuals with the
metabolic syndrome (21% of 4S and 46% of AFCAPS/
TexCAPS) had an increased risk of major coronary events
during follow-up compared with those without the metabolic
syndrome. Importantly, the increased event rate with the
metabolic syndrome remained significant after adjustment for
the Framingham 10-yr risk score, implying independent
contributions of the metabolic syndrome and the Framingham
score in predicting future CAD risk 25.
The metabolic syndrome is a common population trait
comprised of a heterogeneous group of oligogenic disorders,
such as DM2 and familial combined. The identification of these
metabolic syndrome subtypes by measuring fasting glucose
and apo B can help target these high risk patients for lipid-
lowering therapy. Patients with the metabolic syndrome should
be screened for DM2, as individuals with DM2 and the
metabolic syndrome are at high risk for CAD.
Current guidelines recommend that patients with DM2 should
be aggressively treated for dyslipidemia with the goal to
maintain (i) LDL < 2.6 mmol/liter (100 mg/dl); (ii)  triglyceride
< 1.7 mmol/liter (150 mg/dl); and (iii) HDL > 1.02 mmol/liter
(40 mg/dl) (50).
Metabolic syndrome patients with elevated apo B levels (>90th
percentile for age) have FCHL and should be targeted for
aggressive lipid-lowering therapy. Apo B levels increase with
age; therefore, age-appropriate apo B levels must be used in
diagnosis (26). Several large prospective studies have shown
that the apo B level is a better predictor of future cardiovascular
events than the LDL cholesterol level. Recently, the
Apolipoprotein-Related Mortality Risk Study published
prospective data in 175,553 men and women and found that
the total apo B level was a better predictor of future CAD risk
than LDL cholesterol27. Importantly, they also found that apo
B was a better predictor of CAD risk in individuals with low
LDL levels, supporting the idea that patients with low LDL
cholesterol levels and increased quantities of small, dense
atherogenic particles (VLDL, IDL, and LDL) are at risk for
CAD. In addition to apo B, the measurement of non-HDL
cholesterol (total cholesterol minus HDL cholesterol) can be
used to assess the quantity of atherogenic apo B-containing
lipoproteins (VLDL, IDL, and LDL). Some investigators have
proposed that non-HDL cholesterol could replace the LDL
measure in patients with hypertriglyceridemia (dyslipidemia
with DM2 or FCHL), because these patients have more
cholesterol in VLDL particles, and LDL cholesterol alone can
underestimate their CAD risk.
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The current NCEP guidelines  recommend a non-HDL
cholesterol goal of less than 3.4 mmol/liter (<130 mg/dl) in
hypertriglyceridemic patients >2.3 mmol/liter (>200 mg/dl)]
(5). Total apo B and non-HDL cholesterol levels are generally
highly correlated, but less so at higher triglyceride levels.

TREATMENT OF DYSLIPIDEMIA
Comprehensive treatment of patients with the metabolic
syndrome has recently been described in detail (28). The
treatment of the dyslipidemia of the metabolic syndrome should
be focused on lowering LDL and apo B and increasing HDL.
Statin treatment has been shown to reduce cardiovascular
events in persons with low LDL cholesterol levels at baseline.
The percent reduction in LDL cholesterol and apo B by statin
medications is similar, but apo B may be a better marker of
treatment efficacy in metabolic syndrome patients with normal
LDL cholesterol (29).

Although LDL cholesterol has remained the primary target of
lipid-lowering therapy, raising HDL levels is now an important
secondary target to reduce CAD risk. Combination lipid-
lowering therapy is frequently needed to treat the dyslipidemia
of the metabolic syndrome (increased triglyceride, reduced
HDL, and small, dense LDL particles), if lifestyle changes
(weight loss and exercise) are inadequate.
Nicotinic acid and fibric acid derivatives both act to reduce
triglyceride and increase HDL cholesterol. They are frequently
used with statin medications. Although fibrate monotherapy
lowers plasma triglyceride levels, it can lead to increases in
LDL levels. Bile acid resin binders lower LDL cholesterol
levels, but can increase triglyceride levels in individuals
susceptible to hypertriglyceridemia. Although niacin is an
inexpensive monotherapeutic agent that corrects the
dyslipidemia of the metabolic syndrome, it may increase
glucose levels in some patients (30). Several groups have recently
shown that niacin use in diabetic individuals was safe and
effective, resulting in only a transient worsening of glycemic
control31,32.

CONCLUSION
The decision to initiate lipid-lowering therapy in nondiabetic
individuals with the metabolic syndrome can be difficult using
current guidelines, as LDL levels may underestimate CAD risk
in this population. The large population of individuals with
the metabolic syndrome appears to be comprised of a
heterogeneous group of disorders, and the identification of
disease subtypes at high risk for CAD can help identify
individuals as candidates for aggressive lipid-lowering
interventions. Two subgroups of patients with the metabolic
syndrome, those with DM2 or FCHL, are at particularly high
risk for premature CAD. FCHL is characterized by the
metabolic syndrome in addition to a disproportionate elevation
of apo B levels. The measurement of fasting glucose and apo
B in addition to the fasting lipid profile can help to estimate
CAD risk and guide treatment decisions in patients with the
metabolic syndrome.
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INTRODUCTION
Obesity has detrimental effect on all most all the organ systems
of the body1,2. It involves respiratory system by altering
respiratory mechanics, airflow resistance, breathing pattern,
respiratory drive and causing impaired gas exchange. Obesity
can be divided into simple obesity (SO) & obesity
hypoventilation syndrome (OHS) depending on the absence
or presence of day time hypercapnoea The obesity-
hypoventilation syndrome (OHS) was originally described
in 1955 in subjects with obesity, chronic daytime hypercapnia
and hypoxemia, polycythemia, hypersomnolence, and right
ventricular failure. In 1956, Burwell et al coined the term
Pickwickian syndrome for these patients.3 The majority of
people with OHS have OSA.
The criteria of OHS  include4  : 1) BMI >30 kg/ m2 ; 2) Daytime
PaCO2 > 45 mm Hg ; 3) Excessive daytime sleepiness; 4) Severe
OSA (AHI >30) or sleep hypoventilation or both; 5) Absence of
other known causes of hypoventilation
Various respiratory alterations and complications in an obese
person can be broadly classified in to three main headings.
1)  Alteration in respiratory system mechanics
2) Sleep related respiratory complications in obese
3) Respiratory complication in obese during critical illness
4) Other respiratory problems
Other diversified effects in each of the broad categories are
shown in table 1.

CHANGES IN RESPIRATORY MECHANICS
IN OBESITY
Obesity causes various changes in the respiratory mechanics
of a person leading to impaired respiratory compliance and
increased respiratory resistance. Reductions in lung, chest wall
and total respiratory system compliance is seen in especially
in  OHS.5-7 group. Lung compliance is reduced due to increased
pulmonary blood volume and closure of dependent airways8.

Abstract: Obesity has detrimental effect on almost all organ systems of the body. It involves respiratory system by altering
respiratory mechanics; airflow resistance, breathing pattern, respiratory drive and causing impaired gas exchange. The
obesity hyperventilation syndrome (OHS) was originally described in 1955 in subjects with obesity, chronic daytime hyper-
capnia, hypoxemia, polycythemia, hyper somnolence and right ventricular failure. Obesity causes various changes in
respiratory mechanics Reductions in lung chest wall and total respiratory system compliance is seen in especially OHS
group. Respiratory system resistance is elevated in obese subjects i.e. around 30% increase in Simple Obesity and 100%
increase in OHS. Respiratory resistance increases further in supine position as compared to upright body position. In OHS
there is there is a decrease in respiratory drive even though there is extreme increase in respiratory work. The impairment
in gas exchange depends on severity of the obesity. Impaired respiratory drive and increased work of breathing leading to
hypoventilation contributes to hypercapnia and hypoxemia in OHS. Sleep related respiratory complications have been
categorized under reading of obstructive sleep disorder breathing syndrome, which includes entire spectrum ranging from
primary snoring to obstructive sleep apnea syndrome (OSA). In OSA syndrome, there is a complete cessation of airflow for
at least 10 seconds and is associated with 4%fall in oxyhemoglobin saturation while in primary snoring there is no apnea,
no sleep arousal and no reduction in oxygen saturation. Sleeplessness, fatigue, irritability and personality change has been
observed in all forms. The diagnosis is made by focused history taking and physical examination of obese patients’ who
report of sleep difficulties and increased daytime sleepiness. The diagnosis can be confirmed by polysomnography. The
therapeutic strategies for patients with sleep apnea involve conservative management, which includes avoidance of factors
that increase severity of upper airway obstruction. Of the medical intervention that is done mainly includes the role of
positive pressure ventilation in the form of CPAP, drugs like Protriptylene, Fluoxetine, Medroxyprogestrone, Acetazolomide
have been tried with varying benefits. In resistant cases, tracheostomy and airway reconstruction in form of
uvelopalatopharyngoplasty have been advised. Obese patients are also prone to other respiratory ailments such as pulmo-
nary embolism, increased risk of gastric aspiration and difficulties during surgical and anesthetic procedures.

Table 1 :  Effects of obesity on respiratory system
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Chest wall compliance is reduced because of excess weight
on the thorax and abdomen. Thus a more negative pleural
pressure must be generated by the respiratory muscles to
initiate airflow.5-8

Respiratory system resistance is elevated in obese subjects i.e.
around 30% increase in SO and 100% increase in OHS. This
increase is mainly due to increase in the chest wall
resistance.6,7 Respiratory resistance increases further in the
supine position as compared to upright body position possibly
due to compression of the supralaryngeal airway by fat and
increased intrapulmonary blood flow leading to further airway
narrowing.7,8

In OHS there is a decrease in respiratory drive even though
there is extreme increase in respiratory work. Hypoventilation
and tolerance of a higher PaCO

2 
thus occurs & the set point of

the CNS chemoreceptors is adjusted to a higher PaCO
2
 with

further decrease in respiratory drive. There is 25% greater
respiratory rate and 25% lower VT.9 The impairement in the
ventilatory responses to hypoxia10 & CO

2  
is more as compare

to those  with SO.
The impairments in gas exchange depends on the severity of
the obesity. Mildly reduced PaO

2
 and widened alveolar-arterial

oxygen difference (PAO
2
-PaO

2
)8,11 is much more severe in people

with OHS than with SO. Impaired respiratory drive and
increased work of breathing leading to hypoventilation
contributes to the hypercapnia & hypoxemia in OHS.
The abnormality in pulmonary function test depend on both
the magnitude of the obesity, as well as the distribution of
body fat (central/truncal vs peripheral predominance). People
with central fat distribution have greater reductions in FVC,
FEV1, and TLC13. It is because of the mechanical effect of the
additional fat in the chest, abdominal wall and within the
abdomen which compresses the thoracic cage and the
diaphragm thus decreasing the lung volumes. In OHS FEV

1
 /

FVC ratio remains normal while in SO TLC remains normal.12

Diffusing capacity also decreases slightly in proportion to the
degree of obesity.13 Reduction in the expiratory reserve volume
(ERV) is the most common abnormality in PFT. ERV
diminishes in proportion to the severity of obesity and is
particularly abnormal in supine position.13 with reductions
found more in OHS patients.

SLEEP RELATED RESPIRATORY
COMPLICATIONS
The term obstructive sleep disordered breathing syndrome
(OSDB) better describes this entire spectrum. With increasing
order of severity they are:

1) Primary Snoring
2) Upper Airway Resistance Syndrome (UARS)
3) Sleep Hypopnea Syndrome
4) Obstructive Sleep Apnea Syndrome (OSA)

The basic pathogenic mechanism of OSDB is the upper airway
narrowing. In obese patients, increased adipose tissue in the
neck predispose the airway to narrowing which is confirmed

by MRI scans in patients with sleep apnea.14 .Also there is
increased collapsibility of the pharynx due to impaired function
of upper-airway dilator muscles. These events are generally
most prominent during rapid-eye-movement (REM) sleep
because of the hypotonia of the upper-airway muscles
characteristic of this stage of sleep.
Obstructive sleep apnea
1) Complete Cessation of airflow for atleast 10 seconds

despite continuing ventilatory effort (apnea).
2) 5 or more episodes per hour of sleep.
3) Usually associated with a decrease of 4% in

oxyhemoglobin saturation.
Obstructive sleep hypopnea
1) Decrease of 30– 50% in airflow for 10 seconds (hypopnea).
2) 15 or more episodes per hour of sleep.
3) May be associated with a decrease of 4% in oxyhemoglobin

saturation.
Upper-airway resistance syndrome
1) No significant decrease in airflow- i.e. no apnea /

hypopnea.
2) 15 or more episodes of arousal per hour of sleep.
3) No significant decrease in oxyhemoglobin saturation.
Primary snoring
1) No apnea / hypopnea.
2) No arousal during sleep.
3) No significant decrease in oxyhemoglobin saturation.
Clinical features of OSDB are attributed to arousal from sleep
and/ or oxyhemoglobin desaturation and hypercarbia. Most
commonly reported symptoms are loud habitual snoring,
nocturnal choking episodes, morning headaches, and excessive
daytime sleepiness (EDS). Sleepiness, fatigue, irritability, and
personality change have been attributed to both nocturnal
desaturation and the chronic sleep deprivation caused by sleep
fragmentation
Diagnosis is made by a focused history taking and physical
examination of every obese patients who report of symptoms
of sleep disorders. This further helps in  identifying the people
at risk. The presence of certain physical characteristics like
retrognathia and discrete upper-airway abnormalities, such as
an enlarged soft palate or tonsillar hypertrophy, are clinical
clues. An increased body-mass index, hypertension, and
increased upper-body obesity, which is reflected by the neck
circumference are good predictor of sleep apnea. The
characteristics which are strongly associated with OSDB
include, male sex, age > 40 years, BMI >25 kg/m2; or neck
circumference >= 17 inches in men and >=16 inches in women,
habitual snoring, nocturnal gasping, choking, or resuscitative
snorting, observed apnea, history of systemic hypertension
Sleep disordered breathing can be diagnosed in-laboratory by
polysomnography (PSG). This involves recording of multiple
variables during sleep, including the neurological variables
like electroencephalogram (EEG), electro-oclugram (EOG)
and electromyogram (EMG) and cardiorespiratory variables
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like airflow, respiratory effort, oxygen saturation, snoring and
ECG.
The differential diagnosis of increased day time sleepiness
that need to be considered are insufficient sleep, circadian
rhythm disorder(eg jet lag, shift work) insomnia, drugs(eg
sedatives), depression, CNS abnormalities, post traumatic
hypersomnia, sleep fragmentation, periodic limb movement
disorder & narcolepsy.
Therapeutic strategies for patients with sleep apnea may be
grouped into three general categories: conservative, medical,
and surgical. The goals of treatment are to establish normal
nocturnal oxygenation and ventilation, abolish snoring, and
eliminate disruption of sleep due to upper-airway closure.
Conservative treatment includes avoidance of factors that
increase the severity of upper-airway obstruction — such as
sleep deprivation15 the use of alcohol, sedatives, and hypnotic
agents; and increased weight. Positive airway pressure
delivered through a mask is the initial medical treatment of
choice in patients moderate to severe sleep apnea. Continuous
positive airway pressure (CPAP) is applied to the upper airway
with a nasal mask, nasal prongs, or a mask that covers both
the nose and mouth. The level of positive pressure required to
sustain patency of the upper airway during sleep is determined
in a sleep laboratory. Patients treated with nasal CPAP have
repeatedly demonstrated improvement in neuropsychiatric
function and a lessening of daytime sleepiness. Nocturnal
desaturation, ventilatory-related arousals, nocturnal
dysrhythmias, pulmonary hypertension, and right-sided heart
failure have also been effectively treated.
Drugs like protriptyline and fluoxetine decrease the amount
of REM sleep and increase tone of upper airway muscles, and
may be useful in mild OSA intolerant to CPAP.16

Medroxyprogesterone in a dose of 60 mg /day may be useful
for treatment of hypoventilation in patients with OHS by
increasing the ventilatory response to hypercapnea.
Acetazolamide in a dose of 250 mg/ day may be used to reduce
the serum bicarbonate level and the resulting metabolic
acidosis increases the minute ventilation and reduces the
PaCO

2
.

Tracheostomy and upper airway reconstruction are also
required in some patients. The most commonly performed
procedure, uvulopalatopharyngoplasty, is curative in less than
50 percent of patients.17

OTHER RESPIRATORY PROBLEMS
Obese adults are at in increased risk for many chronic medical
conditions, and this increases the likelihood of admission to
an ICU & presents with many problems. They are:
1) Obesity is a major independent risk factor for pulmonary

embolism and venous thromboembolism (VTE).18 The risk
of pulmonary embolism rises as BMI increases.

2) Risk of aspiration  is higher among obese patients, as
compared with non-obese patients.18 Higher volumes,
lower pH of gastric fluid, delayed gastric emptying, and
increased intraabdominal pressure leading to a high
incidence of gastroesophageal reflux account for the
increased risk of aspiration.

3) Obesity poses an increased risk of complications and
difficulties during anesthesia and perioperative period.

First, gas exchange disturbances such as hypoxia and
hypercarbia, may be exaggerated during anesthesia18

Second, the incidence of postoperative pulmonary
complications such as VTE, aspiration pneumonia,
atelectasis, worsened gas exchange and respiratory failure
is greater among obese patients.

4) Endotracheal intubation and mechanical ventilation is also
difficult in obese patient. Factors associated with difficult
intubations include large neck circumference, limited neck
mobility, small oropharyngeal opening and difficulty in
mouth opening.

CONCLUSION
Disturbances of respiratory function, including reduced
respiratory system compliance, increased small airways
resistance, impaired respiratory muscle function, increased
work of breathing, impaired gas exchange, exercise
intolerance, sleep-disordered breathing, and increased risks
of venous thromboembolism and aspiration are common,
particularly among severely obese patients. These changes are
independent of any underlying parenchymal lung disease.
Weight loss can significantly decrease the risk and severity of
obesity-related respiratory disturbances & should be
considered for inclusion in a structured rehabilitation program
with dietary, behavioral, and exercise components in an effort
to improve functional capacity and quality of life.
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INTRODUCTION
Obesity is now being recognised as a public health problem
worldwide. More than two-thirds of American adults are
overweight or obese1. Changes in diet coupled with an
increasingly sedentary lifestyle have sparked off an epidemic
of obesity in several Asian countries including India2. There
is a paucity of nation wide data regarding the magnitude of
this problem in India, however several published studies have
reported a prevalence ranging from 10-50%3. Obesity is a link
between insulin resistance and the other components of
metabolic syndrome i.e. diabetes, hypertension and
dyslipidemia. It is a well-recognized risk factor for diabetes
and hypertension, the two most common etiologies of chronic
kidney disease (CKD).  Obesity was shown to strongly correlate
with the prevalence of hypertension in both males and females
in the Framingham study4. The landmark INTERSALT study
also showed an association between body mass index (BMI)
and blood pressure5. Prevalence rates of type 2 diabetes
increase steeply across BMI categories, especially among
women6.
Over the years, both experimental and clinical studies have
brought forth evidence to suggest that obesity has a direct
deleterious effect on renal function, increasing the risk of renal
injury and CKD. Recognizing obesity as a risk factor for CKD
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is important, as it would suggest a definite intervention to
reduce the risk of development and progression of CKD.

OBESITY RELATED
GLOMERULAROPATHY (ORG)
The renal effects of obesity in experimental animals and
humans include both structural and functional adaptations,
such as increased GFR, increased renal blood flow, and renal
hypertrophy7,8. In 1974, an association between massive obesity
and nephrotic-range proteinuria was first reported9. Since that
time, the development of glomerulomegaly and focal segmental
glomerulosclerosis (FSGS) has been linked to ‘massive
obesity’. Experimental studies on the obese Zucker rat has
shown the development of nephrotic range proteinuria,
glomerulosclerosis, and progressive renal failure10.
A review of 6818 native kidney biopsies11 identified 103 cases
of ORG and showed that it is distinct from idiopathic FSGS.
ORG when compared to idiopathic FSGS, presents with
proteinuria, but has a lower incidence of nephrotic range
proteinuria and nephrotic syndrome and a more benign course
with slower progression to renal failure. Morphologically it
shows consistent presence of glomerulomegaly, milder foot
process fusion, lower percentage of glomeruli affected by
segmental sclerosis and a predilection for perihilar sclerosis.
It was also reported to manifest with glomerulomegaly alone.
45% ORG biopsies showed focal glomerular basement
membrane thickening and focal mesangial sclerosis as seen in

Abstract: Obesity is now major public health problems even in developing nations like India, with prevalence ranging from 10-50% been
reported in various studies. Obese patients are well known to be at high risk of hypertension and diabetes, both are an independent risk
factors for Chronic Kidney disease (CKD) Studies in recent years have highlighted that obesity has direct effect on renal functions. Morbid
obesity causing FSGS leading to nephrotic syndrome has been described. Recently, obesity related Glomerulopathy have been described
which presents with proteinuria mainly non-nephrotic range, it has a more benign course and slowly progresses to renal failure. It is a
morphological distinct entity with subtle glomerular change unlike FSGS. It is still unclear whether increase in BMI has direct relationship
with CKD or it causes development of renal failure due to increase prevalence of hypertension and diabetes in obese patients. Studies have
sown that increasing BMI increases the risk of CKD especially in younger males. Also studies have highlighted that increasing compo-
nents of metabolic syndromes makes a person more likely to develop CKD. Although several studies have shown glomerular changes in
obese patients but its exact pathogenic link is still under investigation, various mechanisms have been highlighted foremost being hemo-
dynamic factors. Obesity has been proposed to cause increased Glomerular filtration rate (GFR) by causing hypoalbuminemia, by effect
of RAS on glomerular capillaries and arterioles, though some studies have shown that obese patients with predominantly central obesity
have less GFR as opposed to obese patients with more uniform fat distribution. Various mechanisms have been described for this although
more data support hyperfilteration. Cardiopulmonary dysfunction in obese patients leading to decreased renal blood flow and causing
RAS activation have also been suggested to have a pathogenic role in causing renal dysfunction. Recently role of various hormones and
cytokines have been described in obese and metabolic syndrome patients leading to renal dysfunction. Leptins has been shown to be
responsible for causing endothelial cell proliferation and elaborating mesangial matrix. Role of other inflammatory mediator such as IL-
6, TNF-alpha, adiponectin have been described in causing glomerular injury. Insulin resistance has also been shown to have a role in
causing efferent arteriolar construction and promoting glomerular hypertrophy. Direct effects of lipids in causing renal epithelial and
mesangial cell injury have also been described. Paradoxically, obese patients have shown better outcome during dialysis and renal
transplantations due to better nutritional status but morbid obesity makes the prognosis poor. So weight loss is the cornerstone of prevent-
ing renal dysfunction in obesity Though various medications in the form of thiazolidinediones and RAS inhibitors have been used, but
treatment needs to be individualized. HMG COA reductase inhibitors have been sown to have reno-protective effect on some studies.
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early diabetic nephropathy.
The first line of therapy in ORG should be weight reduction,
which alone can reduce proteinuria. Lipid lowering agents,
especially HMG-CoA reductase inhibitors, are effective in
reducing mesangial sclerosis and proteinuria in obese Zucker
rats10, however their role in humans remains to be defined.
ACE-I has been shown to be effective in reducing proteinuria
in obese populations11. Longer follow-up will be required to
determine the potential benefits of prolonged ACE inhibition
in allaying progression to end-stage renal disease (ESRD) and
preventing the possible evolution of ORG to FSGS.

OBESITY AND PROTEINURIA
Proteinuria has been identified as a significant predictor of
end-stage renal disease (ESRD)20. Microalbuminuria is a
predictor of nephropathy in diabetic patients and is associated
with renal functional abnormalities in non-diabetic subjects21,22.
Signs of early endothelial dysfunction manifested as
microalbuminuria was independently associated with central
obesity23. In a study involving more than 5000 subjects in
Okinawa24, hypertension and diabetes mellitus were superior
to obesity in predicting the development of proteinuria in all
subjects but when stratified with men and women, obesity was
a significant risk factor for the development of proteinuria
independent of both hypertension and diabetes mellitus in men.

OBESITY AND CKD
It is still unclear whether increased BMI itself and renal failure
actually have a cause-effect relationship or just the association
as obesity leads to the two major causes of CKD, i.e. diabetes
and hypertension.

EPIDEMIOLOGY OF OBESITY AND CKD
Over the years, several epidemiological studies have reported
an association between obesity and CKD. The Framingham
study initially reported an increased risk of new onset CKD
with the increase in BMI in both males and females4. Looking
at metabolic syndrome as a whole, Chen et al, in a population
based study25 of more than 6000 adults in the Third National
Health And Nutrition Examination Survey (NHANES III)
showed that the risk of CKD and microalbuminuria
progressively increased with increase in the number of
components of the metabolic syndrome and it was an
independent risk factor for CKD. In a Swedish study26, Ejerblad
et al analysed the anthropometric data in a nationwide case-
control study of incident moderate CKD. Overweight (BMI ³
25 kg/m2) at age 20 was associated with a significant three-
fold excess risk for CKD, relative to BMI < 25. Obesity (BMI
³ 30) among  men and morbid obesity (BMI ³35) among women
anytime during lifetime was linked to three- to four-fold
increases in risk. The strongest association was with diabetic
nephropathy, but two- to three-fold risk elevations were
observed for all major subtypes of CKD. A study27 of a large
cohort of 320252 adults who volunteered for health check up
in Northern California also showed that a higher baseline BMI

was an independent predictor of ESRD even after adjusting
for confounding factors including baseline blood pressure level
and the presence or absence of diabetes mellitus. Thus,
although hypertension and type-2 diabetes are important
mediators, additional pathways also may exist. Iseki et al28

examined the relationship between obesity (i.e., BMI) and
CKD or ESRD using a community based screening registry in
Okinawa, Japan and found that incidence of ESRD increased
when BMI increased, particularly in men. In the hospital-based
screening study28, the number of components of metabolic
syndrome was significantly related with the prevalence of
CKD. Thus the Asian experience also supports the obesity-
CKD hypothesis.

PATHOPHYSIOLOGY OF RENAL
FAILURE IN OBESITY
Several studies have reported an association between obesity
and CKD and experimental and clinical studies have delved
on the glomerular changes in obese subjects. But the exact
mechanistic link is complex, though we have gained some
valuable insights from recent studies.
1. Hemodynamic Factors
Haemodynamic factors play a significant role in obesity-
induced renal dysfunction. This includes hypertension and
other plausible phenomena, which need to be explored
· Obesity, Hypertension and Renal Dysfunction:

Epidemiological studies have demonstrated a direct
relationship between obesity and hypertension4,5. Although
the complex mechanisms causing obesity related
hypertension have not been completely elucidated,
hypertension and renal injury are mutually related in
obesity. Several studies have shown a hypertensive shift
in pressure natriuresis in obese subjects7,29,30. This is mainly
due to increased tubular reabsorption of sodium, secondary
to increased glomerular filtration rate (GFR) and renal
plasma flow30,31. Increased sodium reabsorption associated
with weight gain has also been attributed to: (1) increased
renal sympathetic activity, (2) activation of the renin-
angiotensin system, and (3) altered intrarenal physical
forces (increased intra-renal pressure due to fat surrounding
the kidney and obesity induced histologic changes within
renal medulla)31. Although hyperinsulinemia was
postulated to cause elevated arterial pressure in obese
subjects, subsequent evidence have failed to link chronic
hyperinsulinemia and hypertension33. Recent studies have
also highlighted the importance of leptin and
angiotensinogen in pathogenesis of obesity associated
hypertension37. Ribstein et al also showed that obesity
magnifies the effect of hypertension on albuminuria, with
a steeper regression line between albumin excretion rate
and arterial pressure in overweight compared to lean
hypertensive subjects, suggesting that obese hypertensive
patients are susceptible to the development of renal damage
which further perpetuates and worsens the hypertension14.
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· Hyperfiltration: Studies in animals and in humans have
shown that obesity is associated with elevated GFR and
increased renal blood flow7,13,30 leading to increased
filtration fraction. Elevation in GFR may be mediated in
part by increased protein consumption. Afferent arteriolar
dilation  coupled with efferent renal arteriolar
vasoconstriction as a result of elevated Angiotensin II
causes increased transcapillary hydraulic pressure
gradient.This leads to hyperfiltration, glomerulomegaly,
and later focal glomerulosclerosis11. Obesity precipitates
renal failure in those with reduced renal mass by
hyperfiltration injury. In 54 patients with unilateral renal
agenesis or remnant kidney, obesity was the only clinical
variable statistically associated with the development of
proteinuria and progression of renal failure12. Bagby et al16

suggested that intrauterine growth restriction may lead to
decreased nephron number and impaired kidney
development, which if coupled with an excessive infant
“catch-up” growth after birth may result in a mismatch
between body size and nephron number. This would
predispose to nephron hyperfiltration and hypertension
later in life. A significant role of obesity in the progression
of IgA nephropathy has been reported18. However, sub
analysis of the MDRD study did not find any significant
influence of baseline BMI on the progression of chronic
renal insufficiency19.

· Hypofiltration: Paradoxically not all studies have shown
an increase in GFR and renal blood flow in obese
individuals. The pattern of obesity has been found to affect
renal homodynamics. An elevated BMI with central obesity
results in reduced GFR, increased renal vascular resistance,
and reduced effective renal blood flow as opposed to
obesity with peripheral fat distribution37,38. So
hyperfiltration may not be the norm in obese subjects, and
values need to be interpreted in light of body fat distribution
and method of GFR adjustment. Raised intra-abdominal
pressure also causes increased intrathoracic pressure,
impaired right ventricular filling, pulmonary hypertension,
and diminished cardiac output, all of which may impair
renal perfusion. Also, increased fat in the renal hilum may
compress renal vessels and renal parenchyma, causing
elevated renal interstitial fluid hydrostatic fluid and slower
renal blood flow and renal tubular flow rates, as shown in
obese dogs30.  Though more data support hyperfiltration as
the main contributor to renal dysfunction in obesity,
hypofiltration is plausible, and more studies are needed to
dwell on this hypothesis.

2. Cardiopulmonary factors:
Morbidly obese patients commonly have pulmonary
hypertension, obstructive sleep apnoea, and cor-pulmonale39,
which increase right ventricular overload and again cause
increased venous pressures, including increased inferior vena
caval and renal vein pressures. In addition, cardiac dysfunction,
particularly impaired right ventricular function41 and, to a lesser

extent, left ventricular function, has been described in patients
with obesity. This has been attributed to impaired cardiac
homodynamics and direct myocardial lipotoxicity. Impaired
cardiac output decreases renal perfusion. Together, these
hemodynamic effects may contribute to activation of the RAS,
renal sodium retention, and possibly hypertension and renal
dysfunction
3. Obesity-metabolic syndrome-inflammation
Visceral adipose tissue is an endocrine organ and a site for
elaboration and secretion of hormones and cytokines43. It is
associated with a chronic, low-grade inflammatory state,
suggesting that inflammation may be a potential mechanism
whereby obesity leads to insulin resistance37,43. Since insulin
is an anti-inflammatory hormone, insulin resistance per se
promotes inflammation leading to a vicious cycle. In the
NHANES III cohort44, the presence of metabolic syndrome
was associated with greater odds for inflammation for various
levels of creatinine clearance. In a gene expression study of 6
patients with obesity, proteinuria and biopsy proven ORG, Wu.
et.al.45 found increased expression of genes that are related to
lipid metabolism, inflammatory cytokines, and insulin
resistance in their glomeruli compared to the glomeruli of age
and gender matched control donor kidneys. These findings
strongly suggest that inflammatory cytokines and lipid by-
products affect renal function in obese patients, but this is yet
to be proven definitively. Here we briefly review the cytokines
playing a role in obesity induced renal injury:
Leptin: It is derived from adipocytes and is structurally similar
to IL-2. Increased adiposity results in increased leptin levels
35,36,43. Leptin crosses the blood-brain barrier, where it decreases
neuropeptide Y in the hypothalamus to suppress appetite and
increase energy expenditure. In addition, it increases insulin
sensitivity in various tissues. Patients with obesity and the
metabolic syndrome are resistant to the hypothalamic effects
of leptin and have elevated leptin levels. Leptin has direct as
well as indirect effects on the kidney:
Direct effect: Because the short form of leptin receptor (Ob-
Ra) is abundantly expressed in the kidney36, leptin is being
postulated to be responsible for renal injury in obesity.
Recombinant leptin stimulates the proliferation of cultured
glomerular endothelial cells (but not mesangial cells) and
increases TGF-ß1 mRNA expression and production35,47 and
when infused in rats produces significantly increased type IV
collagen protein, glomerulosclerosis, and proteinuria without
increasing BP. So leptin may play a role in the
glomerulosclerosis that is observed in obese patients with
proteinuria and/or CKD, independent of hypertension.
Indirect effects: Leptin increases sympathetic nerve trafficking
and renal sodium retention, which may cause hypertension36.
Furthermore, it stimulates oxidative stress in endothelial cells
and induces a proinflammatory state as a result of stimulation
of Th1 cells36,49. Such effects may promote atherosclerosis.
· IL-6 and CRP: Plasma IL-6 levels positively correlate with

obesity and insulin resistance and predict the development
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of type 2 diabetes43. It mediates insulin resistance, increases
platelet activity and atherogenicity, increases the expression
of adhesion molecules on endothelial and vascular smooth
muscle cells43, and activates the local renin-angiotensin
system (RAS)48, thus promoting cellular injury. IL-6 also
increases TGF-ß1 signalling via modulation of TGF-ß1
receptor trafficking, an effect that may enhance renal
fibrosis49. It also increases CRP production and new data
suggest that CRP may not be just a marker of inflammation
and cardiovascular risk but also a contributor to vascular
damage and cardiovascular events37.

· TNF- α : TNF-α is produced by macrophages within
adipose tissue, and its levels are elevated in the metabolic
syndrome43. TNF-µ is one of the mediators of insulin
resistance in adipose tissue. It has been shown to mediate
inflammation51,53 in several models of renal injury,
including glomerulonephritis50, acute renal failure51, and
tubulointerstitial injury52. These cytokines may be toxic to
renal epithelial, mesangial, and endothelial cells. However,
the specific role of TNF-α in metabolic syndrome–induced
renal injury has not been studied.

· Adiponectin: Adiponectin is an adipokine with insulin-
sensitising, anti-inflammatory and anti-atherogenic
properties54,55. Its levels correlate negatively with fat mass,
body weight, BP, insulin resistance, inflammatory markers
of the metabolic syndrome, and high triglyceride (TG) and
LDL cholesterol levels and positively with HDL cholesterol
and weight loss55. Hypoadiponectinemia is associated with
vascular dysfunction and with cardiovascular events in
patients without CKD 56. It may thus protect various organs
from the harmful effects of chronic inflammation. But
studies have reported contradictory findings about the role
of adiponectin in CKD. Becker et al.57 found that low
adiponectin levels in patients with mild or moderate renal
failure were correlated with cardiovascular events, whereas
Menon et al.58 found that in patients with stage 3 or 4 CKD,
all-cause and cardiovascular mortality were paradoxically
higher in those with high adiponectin levels. The exact
significance of adiponectin in the pathogenesis of CKD is
still unclear.

4. Insulin resistance
Obesity is characterised by an insulin resistance state which
forms the basis of the metabolic syndrome. This has multi-
faceted direct and indirect effects on the kidney. As insulin
reduces norepinephrine-induced efferent arteriolar
constriction, insulin resistance  may increase the transcapillary
pressure gradient by increasing efferent arteriolar resistance.
Hyperinsulinemia also stimulates the synthesis of growth
factors such as insulin-like growth factor (IGF)-1 and IGF-2,
which may promote glomerular hypertrophy 33,34. Also, as we
discussed earlier, insulin being an anti-inflammatory hormone,
its resistance further promotes the milieu of inflammation thus
promoting renal injury.

5. RAS
Activation of the RAS and increased circulating levels of renin,
angiotensinogen, angiotensin-converting enzyme, aldosterone,
and, to some extent, angiotensin II (Ang-II) are common in
obese individuals despite sodium retention and an apparently
increased extra cellular fluid volume59. Several mechanisms
have been implicated including sympathetic stimulation,
hemodynamic alterations30,31 as discussed earlier and synthesis
of several proteins of the RAS by visceral fat60. Giacchetti et
al.61 recently found a significantly higher expression of
angiotensinogen and Ang-II type 1 receptor mRNA in visceral
adipose tissue than subcutaneous fat of both obese and lean
individuals. Also 5% weight loss in obese individuals resulted
in significant reductions of circulating levels and adipose tissue
expression of RAS hormones59. The larger adipose tissue mass
in obese individuals may be partly responsible for the increased
circulating levels of RAS hormones. Ang-II is widely known
to affect adversely progression of renal disease in several
models of renal injury and in patients with CKD by causing
hypertension, raised intraglomerular pressure, exacerbation of
proteinuria, induction of intrarenal inflammatory cytokines and
growth factors, and apoptosis62. It also increases insulin
resistance and suppresses adiponectin levels in obesity60. So
Ang-II has a dual effect of promoting the various components
of metabolic syndrome and directly injuring the kidney. But
most of these observations are from animal studies and need
validation in humans.
6. Renal Lipotoxicity
Studies suggest that lipids may cause renal mesangial and
epithelial cell injury and may promote renal disease
progression63,64. HMG-CoA reductase inhibitors have been
found to improve proteinuria and preserve renal function65,
suggesting a role for lipids per se in promoting renal injury.
The mechanisms of renal lipotoxicity are not fully elucidated,
but a number of experiments suggested a role for TG-rich
lipoproteins, FFA and their metabolites, and albumin-loaded
FFA in renal cell injury.

OBESITY AND DIALYSIS
In contrast to the general population, a high BMI is associated
with better outcome in dialysis patients66,67. This is known as
a ‘risk factor paradox’ or ‘reverse epidemiology’ for
cardiovascular disease in uremic patients68. However some
studies have shown that high BMI dialysis patients with
inferred high body fat actually had increased prevalence of
atherosclerosis and increased mortality69. Thus there is
conflicting data on effect of obesity on dialysis patients. It is
hypothesized that nutrition exerts a much stronger influence
on survival than atherosclerosis in CKD70. Malnutrition
strongly increases the risk of death, while better nutrition gives
survival benefit. So risk of death is highest in malnourished
patients (low muscle and low fat mass) and lowest in well-
nourished patients (high BMI, high muscle mass). Though
obesity (high BMI, high fat mass) increases the risk of
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atherosclerosis-related death, but the risk is not as high as
malnutrition related death. So CKD patients with high body
fat have intermediate survival.

OBESITY AND RENAL TRANSPLANTATION
The impact of obesity on kidney transplant outcomes continues
to be controversial. Some studies71 suggest that extremes of
very high and very low BMI before renal transplantation are
important risk factors for patient and graft survival and in this
particular study elevated BMI was significantly associated with
worse graft survival independent of patient survival. While in
other studies there are no significant adverse effect of obesity
on renal transplant outcomes except an increase in wound
complications, which were generally of minor consequence.
Obesity seems to influence delayed graft failure, graft survival,
and patient survival. A body mass index of 35 kg/m2 or more
is significant for greater post transplant complications,
especially new-onset transplant diabetes mellitus, wound
complications, and post transplant weight gain. It is suggested
that any association of obesity with reduced patient survival
in renal transplant recipients is mediated in part by its clustering
with traditional cardiovascular risk factors such as
hypertension, dyslipidemia, insulin resistance and post
transplant diabetes mellitus, but what is not understood is what
mediates the association of obesity with graft failure. Whether
it is the higher incidence of cardiovascular co morbidities
jeopardising the graft or factors specific to obesity, such as
hyperfiltration and glomerulopathy, that might be implicated,
currently remains unknown. It can be concluded, however, that
pre- and post transplant obesity should be targeted as
aggressively as the more well-established cardiovascular risk
factors in order to optimise long-term renal transplant
outcomes.

POTENTIAL INTERVENTIONS TO
PREVENT OBESITY INDUCED RENAL
DYSFUNCTION
Weight loss and increased activity are the cornerstones of the
treatment of obesity and the metabolic syndrome. Many other
targeted interventions may be adopted. Bariatric surgery and
surgical resection of abdominal adipose tissue improve the
metabolic profile and reduce inflammatory cytokine levels both
in the short term and up to 10 yr later37. However, the long-
term safety of these procedures has not been established. PPAR-
µ (the fibrates)  and PPAR-l (the thiazolidinediones) agonists
improve insulin sensitivity, but they are not without risks in
the setting of renal disease and are known to cause myopathy
and salt and fluid retention myopathy and sodium and fluid
retention respectively. Blockade of the RAS is likely to be
beneficial, but treatment will need to be individualized
depending on the degree of renal dysfunction and the presence
of other co morbidities. HMG-CoA reductase inhibitors have
been renoprotective in some studies65. Large, randomised,
controlled trials to examine the effects of each of these

interventions on renal function in patients with the metabolic
syndrome are needed before any firm recommendations can
be made.

CONCLUSION
Obesity and metabolic syndrome are independent risk factors
for CKD. Large-scale experimental and clinical trials are
needed to understand the various mechanisms causing obesity
induced renal dysfunction to propose definite targeted
interventions for its prevention and treatment. As of now all
obese patients should be advised weight reduction along with
blood pressure and blood glucose control to prevent and treat
all forms of kidney disease
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ATTITUDE OF HEALTH CARE PROFESSIONALS TO BRAIN DEATH: INFLUENCE ON THE ORGAN DONATION
PROCESS. Jonathan Cohen, Sharona Ben Ami, Tamar Ashkenazi  and Pierre Singer  Clin Transplant 2008: 22: 211–215.

The acceptance and application of the concept that brain death is a valid determination of death is the central issue in organ
donation. However, whether attitude to brain death of health care professionals influences the organ procurement process has not
been systematically studied. Questionnaires were distributed to health care professionals involved in the organ procurement
process (intensive care, internal medicine, emergency room, anesthesia) in all hospitals in Israel. Attitude to brain death (defined
as positive if the respondent accepted brain death as a valid determination of death, negative or do not know) and level of
comfort in performing key donor-related tasks were analyzed. A total of 2366 completed questionnaires were returned (629
doctors and 1737 nurses; response rate 60.3%). Overall, 78.9% of respondents had a positive attitude to brain death. This was
significantly associated with increasing age, higher professional status and was most prevalent amongst intensive care unit staff
(p < 0.001 for all variables). These respondents felt significantly more comfortable informing the transplant coordinator of a
potential donor, explaining brain death to the family, raising the subject of organ donation, approaching the family about donation
and providing support to the grieving family. In addition, they believed the transplant coordinator should be involved early in the
donation process. The understanding and acceptance of brain death as a valid determination of death was associated with a
positive effect on the level of comfort of health care professionals in performing key donor-related tasks. Reinforcing a positive
attitude to brain death among health care professionals may facilitate the procurement process.
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INTRODUCTION
Initially called the Stein–Leventhal syndrome after its
researchers in the 1930s, PCOS is now recognized to be a
variant of metabolic syndrome which may include
hyperinsulinemia, hyper-lipidemia, diabetes mellitus, and
possibly cardiac disease, as well as the more conventionally
recognized hirsutism, ovarian follicular atresia with
anovulation, infertility, elevated androgen levels, endometrial
cancer and obesity1. This clustering of metabolic characteristics
is almost similar to earlier described metabolic malady referred
to as “Syndrome X” or metabolic syndrome by Gerald Reaven.
Thus PCOS now should be viewed not just as a gynecological
or dermatological disorder, but a sex limited manifestation of
metabolic syndrome that involves multiple body systems and
probably stems from a key pathogenic element called
hyperinsulinemia.

PREVALENCE
PCOS is generally under diagnosed given the general concept
about the condition among the practitioners. Clinicians should
remember that menstrual abnormalities, such as cycles shorter
than 21 days or longer than 35 days, are often associated with
the condition. Many young women with these abnormalities
are prescribed the oral contraceptive pill, which masks the
condition until they try to achieve pregnancy. Several studies
have suggested a prevalence of PCOS of 5%–10% in women

of reproductive age2,3. Polycystic ovaries alone were found in
20%–25% of women in surveys in the United Kingdom and
New Zealand4. There are no systematic prevalence studies from
our country however the condition seems to be very common
than west and it seems to be on rise in our population.

PATHOGENESIS
The pathogenesis of PCOS is poorly understood, but plethora
of evidence is favoring the insulin resistance with consequent
hyperinsulinemia as the primary defect5. The theca cells, which
envelop the follicle and produce androgens for conversion in
the ovary to estrogen, are over-responsive to stimulation by
circulating concentrations of insulin and leutenising hormone
(LH) which are generally raised. The rise in LH levels itself is
thought to be caused by the relatively high and unchanging
concentrations of estrogens that may alter the control of this
hormone by the hypothalamic–pituitary axis. This combination
of raised levels of androgens, estrogen, insulin and LH explains
the classic PCOS presentation of hirsutism, anovulation or
dysfunctional bleeding, and disorder of glucose metabolism.
Paradoxically, although the insulin regulatory molecules on
the theca cells are responsive to insulin, those in the muscle
and liver are resistant6.

DIAGNOSTIC CRITERIA
The diagnostic criteria for PCOS are generally based on peri-
pubertal onset of menstrual problems with clinical or
biochemical hyperandrogenism. The evolution of diagnostic
criteria from NIH/NICHHD 19907  through Rotterdam 2003
conference8  to  current consensus by Androgen Excess Society

Abstract: PCOS is now recognized as a variant of metabolic syndrome, which may include hyperinsulinemia, hyperlipidemia, diabetes
mellitus, and possibly cardiac disease along with its conventionally recognized gynecological and dermatological manifestations. Several
studies have suggested a high prevalence of PCOS of about 5-10% in women of reproductive age and its significance is increased even
more in present context of rising incidence of obesity and metabolic syndrome as a important contributory factor. So in this article we
reviewed the current guidelines for diagnosis of PCOS, its metabolic complication and current practice of treatment, our experience with
metformin comparing to aldosteron, with better understanding its pathogenesis and management.
 It is diagnosed on the basis of peripubertal onset of menstrual problems with clinical or biochemical hyper androgenism with radiological
inputs on the basis of AES 2006 criteria. Obesity tend to be central in its distribution, insulin resistance is independently present in patients
of pcos, showing a high degree of hyperinsulinemia and impaired glucose tolerance, on conducting our study on 168 north Indian
adolescent girls with PCOS having a mean age of 22.6 years and that concluded that impaired fasting glucose (IFG) was noted in 6/
168(3.57%), IGT in 49/168(29.16%) and diabetes in 15/168(8.92%) making the total prevalence of glucose intolerance as 41.60%.
ideally the management should be aimed at addressing the basic defect of the whole metabolic constellation. Current management
comprises treatment of the presenting symptoms, as well as any other abnormality discovered on investigation. We compared spironolac-
tone and metformin in the management of various components of PCOS and observed that spironolactone (50 mg/day) appears to be
better than metformin in the treatment of hirsutism and hormonal derangements of PCOS and has better patient tolerance at lower doses.
The fact that superior positive effects of metformin on insulin sensitivity did not translate into proportionate clinical benefits in these PCOS
subjects raises doubts about insulin resistance as a sole pathogenetic mechanism. Although metformin is classed as category ‘B’ drug but
has been used widely for induction of ovulation with good efficacy either as a sole agent or in combination with clomiphene citrate with
no specific neonatal complications, but there is inadequate evidence at present to suggests it use to prevent gestational diabetes or
recurrent miscarriage and more studies are required.
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2006 (AES)9 has however continued to put major thrust on
hyperandrogenemia and anovulation(Table 1). The polycystic
ovaries characterized by peripheral cysts (10 or more), less
than 10 mm in size in an enlarged ovary with significant
increase in the central stroma on ultrasound examination is
particularly controversial as a criterion4.  Most of the available
literature on PCOS does not include the presence of polycystic
ovaries as a diagnostic criterion. Moreover polycystic ovaries
are also found in women with no evidence of menstrual
dysfunction or hyperandrogenism10 and can  also occur in early
to mid-adolescence, in women with bulimia, recovery from
anorexia nervosa, conditions of increased adrenal androgen
production and hyperprolactinemia11. In view of the multitude
of components the index of suspicion should be high.

non-obese and 66.08% in one study14. Obesity tends to be
central (abdominal) in its distribution and even lean women
with PCOS may have a fat distribution favouring central
omental and visceral fat. Insulin resistance is independently
related to PCOS, with women of normal weight with PCOS
showing a degree of hyperinsulinaemia and impaired glucose
disposal after meals and during glucose tolerance tests (oral
or intravenous). It is uncertain whether this insulin resistance
results from a specific genetic post-receptor defect, such as a
defect in serine phosphorylation5 or whether it is comparable
to the problem seen in type 2 diabetes. We compared
spironolactone and metformin in the management of various
components of PCOS and observed that spironolactone appears
to be better than metformin in the treatment of hirsutism and
hormonal derangements of PCOS and has a better patient
tolerance at lower doses. The fact that superior positive effects
of metformin on insulin sensitivity did not translate into the
proportionate clinical benefit in these PCOS subjects raises
doubts about insulin resistance as the sole pathogenetic factor
4. Certainly, hyperinsulinemia is common but is difficult to
interpret clinically, given the fact that it also results from
obesity. There is some data which may be suggesting
hyperinsulinemia as an epiphenomenon as our earlier
observation14, 15. Glucose tolerance abnormalities and type
2 diabetes are major complications in overweight women with
PCOS. While fasting glucose level is usually normal
postprandial glucose is abnormal as glucose disposal is
impaired. We studied 168 north Indian adolescent girls with
PCOS having a mean age of 22.6 years and concluded that
impaired fasting plasma glucose (IFG) was noted in 6/168
(3.57%), IGT in 49/168  (29.16%) and diabetes in 15/168
(8.92%) making the total prevalence of glucose intolerance as
41.60 %14. An excellent epidemiological study in the UK that
followed up women with a histological diagnosis of PCOS

Table 1. Androgen Excess Society suggested criteria for the
diagnosis of PCOS $.

$ Possibly excluding 21-hydroxylase-deficient non-classic
adrenal hyperplasia, androgen-secreting neoplasms,
androgenic/anabolic drug use or abuse, Cushing’s syndrome,
the syndromes of severe insulin resistance, thyroid dysfunction,
and hyperprolactinemia.

PRESENTATIONS OF PCOS
PCOS is a life long condition which may have effects at all
ages, not just in the reproductive years (Table 2). The condition
may have its origins in fetal life as researchers have claimed
that the children with either intrauterine growth retardation or
post-term birth are more prone to hyperinsulinism, premature
pubarche and signs of PCOS early in reproductive life12.
Teenagers often have oligo- or amenorrhea, hirsutism, acne
and weight disorders. Women seeking to become pregnant
will have difficulties because of anovulation and menorrhagia
is more common because of lack of ovulation and unopposed
estrogen action. The absence of regular menstruation induced
by progesterone withdrawal may lead to endometrial
hyperplasia and uncontrolled bleeding.   There is a theoretical
risk of endometrial cancer and has been alleged to be four
times more common and may even appear even in teenagers.
However, recent studies have raised doubts about the validity
of this dogma13. It is controversial whether miscarriage is
increased in PCOS, or whether pregnancy loss is a result of
excess body weight.
The incidence of obesity in women with PCOS varies between
countries and ethnic groups. In the United States, about 50%
of women with PCOS are overweight or obese, but this
prevalence differs little from that in the general community.
In our population with a cut-off of 25 Kg/m2, 33.92% were

Table 2. Common Symptoms, signs and metabolic
abnormalities of PCOS
Not all women with PCOS share the same symptoms:
1. Infrequent menstrual periods, no menstrual periods, and/or

irregular bleeding
2. Hirsutism involving  face, chest, stomach, back, thumbs, or

toes
3. Acne vulgaris -moderate to severe
4. Male-pattern baldness or thinning hair
5. Acanthosis nigricans (patches of thickened and dark brown

or black skin) on the neck, arms, breasts, or thighs
6. Skin tags  in the armpits or neck area
7. Anxiety or depression
8. Sleep apnea syndrome
9.  Overweight  or obesity, usually central
10. Insulin resistance, glucose intolerance and  type 2 diabetes
11. Hyperlipidemia
12. High blood pressure
13. Anovulation and infertility
14. High risk of coronary artery disease
15. Prothrombotic  state
16. Elevated inflammatory markers like CRP,interleukins etc

1. Hyperandrogenism: Hirsutism and/or Hyperandrogenemia
and

2. Ovarian Dysfunction: Oligo- anovalation and/or polycystic
          Ovaries

and
3. Exclusion of other androgen excess or related disorders
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after wedge resection of the ovaries found clear evidence of
an increase in the rate of diabetes16 and  confirmed the results
of many other studies from the US and Europe.
Hypertriglyceridaemia, increased concentrations of LDL and
decreased concentrations of HDL cholesterol are common in
women with PCOS, particularly if obese. Levels of
plasminogen activator inhibitor-1 may also be raised,
suggesting a chronic underlying sub inflammatory process.
The association of PCOS and cardiovascular dysfunction is
still under investigation and data has been conflicting.  A higher
than expected prevalence of PCOS has been reported among
young women with angiographically proven narrowing of the
coronary vessels; women with PCOS were also more likely to
have sonographic evidence of premature obstruction of other
large vessels17,18.  However, a UK study of medical records
and death certificates of women with a histological diagnosis
of PCOS revealed no evidence for an increase in myocardial
infarction or other types of heart disease (Table 3).

dysfunction (thyroid-stimulating hormone),
hyperprolactinemia (prolactin), Cushing’s syndrome (basal
cortisol or overnight dexamethasone suppression) and
androgen secreting tumors (androgen levels), however these
tests can be omitted if the clinical features are not suggestive.
Measurement of testosterone (total or adjusted for sex-
hormone-binding globulin) is helpful to show
hyperandrogenemia and to rule out an androgen-secreting
tumor15. The serum progesterone may actually demonstrate
the anovulation which is one of the major criterion. It is
essential to exclude glucose intolerance with GTT using fasting
and 2 hour post 75 gram value.  It is not clear if insulin
measurement is indicated, as the measurement is cumbersome
and interpretation is difficult.  GTT primed insulin levels can
be used for calculating indices of insulin resistance such as
the homeostasis model assessment [HOMA], AUCi, CIGMA
or quantitative insulin sensitivity check index [QUICKI]) but
for research purposes most investigators still use clamp
technique (20,21).
Other investigations: Assessment of lipid status (total and
HDL cholesterol and triglyceride levels), liver functions, uric
acid etc to quantitate metabolic risk.  Laparoscopy of the pelvis,
computed tomography and magnetic resonance imaging for
fat content estimation, ovarian and adrenal anatomy are needed
as research tools and under special clinical circumstances.
Endometrial biopsy and hysteroscopy may be used to
investigate unexplained vaginal bleeding.

MANAGEMENT OF PCOS
Ideally the management should be aimed at addressing the
basic defect of the whole metabolic constellation. Current
management comprises treatment of the presenting symptoms,
as well as any other abnormalities discovered on investigation.
Lifestyle modification: Several studies have shown that weight
loss can lead to resumption of ovulation within weeks22,23.
Clark and colleagues demonstrated that even a 5% reduction
in body mass restores ovulation and fertility24,25 and devised a
program of exercise and sensible eating that has become a
model across the world for treating PCOS. Rapid changes in
body composition and fat mass can be shown during lifestyle
change. High-protein diets seem to be as effective as high-
carbohydrate diets, provided that fat and total calories are
comparable).  While lifestyle changes are difficult to maintain,
women seeking pregnancy are highly motivated, making this
a first-line intervention in overweight women with PCOS22,25.
Longer-term changes in weight are more difficult to maintain.
Lifestyle changes are a first-line intervention in women with
PCOS who are overweight, have glucose intolerance and are
hyperlipidemic.
Pharmacotherapy
This includes many agents which may be beneficial in
addressing the individual components, however the most
popular therapy nowadays is insulin sensitizers as this is
supposed to break the root cause of syndrome, the insulin

LABORATORY EVALUATION
History and general examination: These are required to elicit
evidence of peripubertal menstrual dysfunction (age of
menarche, duration of cycles, regularity, number of cycles in
a year or cycle interval and flow ) and hirsutism severity ( as
assessed qualitatively or semi quantitatively using the
Ferriman–Gallwey score)19. Acne vulgaris, acanthosis
nigricans, anthropometry especially waist circumference etc
is to be noted.  Mild clitoromegaly is not uncommon, but
significant enlargement raises the possibility of virilisation.
Gynecological examination is needed only to exclude other
causes of bleeding and miscarriage.
Pelvic ultrasound examination: Transvaginal ultrasound is
the best imaging mode. Transabdominal ultrasound
examination requires more expertise to get a good view,
particularly in obese women. Ovarian morphology (total
volume, thecal  hyperechogenecity and 2-10 peripheral
follicles) should be assessed in addition to  measuring
endometrial thickness4. Also it gives a clue about possible
adrenal or ovarian lesion.
Hormone assays: There is no uniform opinion regarding the
endocrine and metabolic workup for the routine clinics. Since
the universally employed criteria (NIH/NICHHD) demand the
exclusion of late-onset congenital adrenal hyperplasia
(measurement of 17-hydroxyprogesterone), thyroid

#  Adapted from Ganie  M A et al (Ref 14)
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resistance.
Metformin: Use of the insulin-sensitising drug metformin at
doses of 500–2500 mg daily is controversial, but appears
valuable in increasing menstrual cyclicity and pregnancy rate.26-

29. Recent systematic reviews suggest that the drug has efficacy
for ovulation induction, either as a sole agent or in combination
with clomiphene citrate28. It has been widely used for this
purpose, and no specific neonatal complications have been
described, despite it being classed as “category B” drug. There
is inadequate evidence at present to suggest its use in pregnancy
to prevent gestational diabetes or recurrent miscarriage, but
there are some studies underway to address the issue (Fig 1).
Fig 1.  Metanalysis of studies investigating benefit of
metformin in  ovulation of induction in PCOS *

The new insulin-sensitising agents, the “glitazones”-
troglitazone (now discontinued), rosiglitazone and
pioglitazone- have been shown to be very effective for
ovulation induction.  There is greater concern about the effects
on the fetus of these drugs compared with metformin, and
they should not be used by women trying to become pregnant
29.
Clomiphene citrate: This is an oral oestrogen antagonist that
raises circulating concentrations of FSH and induces follicular
growth in most women with PCOS and anovulation. The initial
regimen is 25–50 mg per day for 5 days. Therapy can be
monitored by estrogen levels, follicular ultrasound examination
and luteal progesterone level (> 20 nmol/L). Failure of
response is associated with high body mass index and high
androgen levels. Doses up to 200 mg per day can be used
before failure of response is established. In the rare situation
in which side effects limit treatment, tamoxifen can be used.
Both treatments increase the risk of multiple pregnancies.
Combination of clomiphene citrate and metformin has been
used successfully in a subset for ovulation induction27.
Gonadotrophin treatment: Ovulation induction with
gonadotrophins such as FSH has proved successful for at least
three decades, but demands skill and experience to avoid
multiple pregnancies and ovarian hyper stimulation syndrome.
Patients start on low-dose recombinant FSH administered
subcutaneously. Monitoring of ovarian response involves
ultrasound examination, often with oestradiol measurement.
Human chorionic gonadotrophin is given when one follicle

Adopted from Lord J M (Ref  28)

reaches 16–20 mm in size. Any more than two follicles of an
appropriate size gives the risk of multiple pregnancies.
Multiple gonadotrophin cycles may be required to achieve
pregnancy, but this approach is preferable before more invasive
procedures, such as in-vitro fertilization.
In-vitro fertilization: Provided there is no problem other than
anovulation, this has little place in the management of
infertility resulting from PCOS. Ovulation induction by a
skilled reproductive endocrinologist is preferable to in-vitro
fertilisation because of the risks of hyperstimulation and
multiple pregnancy with the latter procedure.
Surgical Treatment
Wedge resection of the ovaries has been abandoned because
of concerns about pelvic adhesions, another cause of
subfertility, and loss of valuable ovarian tissue. Ovarian
diathermy or laser drilling has been used in recent years with
apparently good results; a recent systematic review comparing
drilling with clomiphene citrate and gonadotrophins proved
equivalence in the studies examined.  However, like wedge
resection, this surgery may produce pelvic adhesions.
Destructive surgery to the ovary should be used only after
extensive discussion with the patient and not because the
ovaries are found to be polycystic incidentally during routine
laparoscopy.
Reversing the basic defects in PCOS by metformin is
currently considered to address the all components but some
additional modalities are needed for the symptomatic
treatment of the disturbing problems. Hirsutism treatment
classically has been by: the oral contraceptive pill (e.g.,
ethinyloestradiol 35 µg plus cyproterone acetate 2 mg daily
for 21 of 28 days); cosmetic measures (e.g., laser electrolysis,
bleaching, waxing or shaving); oral estrogen and cyproterone
acetate (oestradiol valerate 2 mg daily and cyproterone acetate
50 mg for 14 days a month);spironolactone (75–200 mg daily);
or other drugs, such as the antiandrogen flutamide or the
antifungal agent ketoconazole. We found low dose
spironolactone (50 mg /day) as better tolerated agent with
excellent efficacy almost comparable to metformin by 6
months.  These drugs either reduce androgen production or
inhibit androgen-binding to the receptor. Response times for
drugs can be from 3 -6 months. Obesity can be managed by
drugs like sibutramin, orlistat or rimonabant. Menstrual
dysfunction, including irregular periods, can be managed by
administration of progestins (e.g., medroxyprogesterone
acetate or norethisterone ) or the oral contraceptive pill.
Endometrial hyperplasia should be assessed by ultrasound
examination, endometrial biopsy or hysteroscopy, and can be
treated by hormonal therapy, such as the oral contraceptive
pill or progestins.

LONG-TERM MANAGEMENT
Some investigators have suggested prophylactic use of
metformin in young teenagers and older women to avoid the
problems of the metabolic syndrome. This approach is
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probably premature at present and may not be recommended.
Advice about improved exercise and diet is more rational, given
the abundant data on the role of lifestyle change in preventing
and treating problems of glucose metabolism, hyperlipidemia,
future fertility etc. Adult and young women with PCOS require
ongoing surveillance to detect impaired glucose tolerance,
hyperlipidemia, endometrial hyperplasia and consequent
complications. Obese women, in particular, require regular
(possibly annual) glucose tolerance testing because of the
potential for rapid progression from normal to impaired glucose
tolerance and diabetes. Thus key in reducing the mortality and
morbidity because of many disorders stemming from this
condition is to early recognition of the syndrome.
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IMPACT OF OBESITY AS A MORTALITY PREDICTOR IN HIGH-RISK PATIENTS WITH MYOCARDIAL
INFARCTION OR CHRONIC HEART FAILURE: A POOLED ANALYSIS OF FIVE REGISTRIES
Jawdat Abdulla, Lars Køber, Steen Z. Abildstrøm, et.al European Heart Journal 2008: 29: 594-601.

The objective of the study was to explore the influence of obesity on prognosis in high-risk patients with myocardial infarction (MI)
or heart failure (HF).  Individual data of 21 570 consecutively hospitalized patients from five Danish registries were pooled together.
After a follow-up of 10.4 years, all-cause mortality using multivariate model and adjusted hazard ratios (HR) with 95% confidence
intervals were calculated. Compared with normal weight [body mass index (BMI) 18.5–24.9 kg/m2], obesity class II (BMI >35 kg/m2)
was associated with increased risk of death in patients with MI but not HF [HR = 1.23 (1.06–1.44), P = 0.006 and HR = 1.13 (0.95–
1.36), P = 0.95] (P-value for interaction = 0.004). Obesity class I (BMI 30–34.9 kg/m2) was not associated with increased risk of death
in MI or HF [HR = 0.99 (0.92–1.08) and 1.00 (0.90–1.11), P > 0.1]. Pre-obesity (BMI 25–29.9 kg/m2) was associated with decreased
death risk in MI but not HF [HR = 0.91 (0.87–0.96), P = 0.0006 and 1.04 (0.97–1.12), P = 0.34] (P-value for interaction = 0.007).
Underweight (BMI < 18.5 kg/m2) patients were in increased death risk regardless of MI or HF [HR = 1.54 (1.35–1.75) and 1.37 (1.18–
1.59), P < 0.001]. In patients with MI but not HF, the relationship between BMI and mortality is U-shaped with highest mortality in
underweight and obese class II, but lowest in the other BMI classes.
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INTRODUCTION
Obesity is rapidly increasing in prevalence in childhood and
adolescence in almost all parts of the world, mainly due to
lifestyle factors. It is gaining more medical attention, because
obesity and its consequent hypertension1, dyslipidemia,
diabetes, polycystic ovarian syndrome (PCOS) and sleep apnea
frequently persist into adulthood. The obese child is twice as
likely to become an obese adolescent2, who in turn is 6-7 times
as likely to become an obese adult. Obesity can impair mobility,
interfere with daily living activities, reduce academic
performance and self esteem. It also increases the risk in later
life of osteoarthritis, coronary heart disease, gall bladder
disease, gout, certain malignancies, and possible worsening
of asthma and renal disease. Therefore the pediatrician must
be alert not only to current but also future morbidity in the
obese child. Because recurrence of weight gain is so common,
the pediatrician needs to try strenuously to prevent obesity by
identifying children at risk (small for dates, obese parent/s,
urban, single or older parent families, poor lifestyle,
predisposing condition e.g. steroid therapy, etc) and advocating
a healthy lifestyle in them. This is especially crucial for us in
South Asia, as we tend to have a higher percentage of body fat
and greater tendency for hyperinsulinemia for the same weight,
with more adverse body fat patterning including abdominal
adiposity3. Children with low birth weight are most at risk for
diabetes if they become obese later in life4. Fat children also
tend to be teased and/ or dismissed as clumsy, lazy, stupid, or
worthless. Fortunately, even a modest weight loss of 10-20%
results in significant metabolic improvement.

CLINICAL PRESENTATION
Ideally each child should have height and weight monitored
regularly and the pediatrician should alert parents if the weight
starts crossing percentile lines upwards. Parents may bring
the child if they (or the school) are concerned about rapid
weight gain, awkward appearance, lethargy and drop in school

performance, breathlessness on exertion, snoring or poor sleep,
darkening of skin folds (acanthosis nigricans: AN), “small
genital size” or prominent breasts (in boys) or “early breast
development” (in girls), intertriginous infections or slipped
capital femoral epiphyses.

DEFINING OBESITY
Usually just a look at the child is enough to diagnose obesity!
However, careful auxology is needed to decide how to proceed
further. The child’s height, weight, abdominal and hip
circumferences are measured, and the weight-for-height, waist-
hip ratio (WHR), and BMI [weight in kg/ (height in m) 2]
calculated5. If facilities are available, body fat and skinfold
thickness can be measured6. Mid-parental height (MPH) is
calculated and plotted on the growth curve. The child is
overweight if she is up to 20% more than ideal body weight
(IBW), and obese if > 20% above IBW. The Center for Disease
Control (CDC) 2000 charts can be downloaded, and have age
wise values and percentiles for BMI. In older adolescents,
adult definitions apply: overweight if BMI > 25 kg/m2, obesity
if BMI > 27 kg/m2, morbid obesity if BMI > 40, and super-
obesity if BMI > 60. Care must be taken not to over-rely on
simple weight measurements or BMI, as they do not distinguish
muscle mass from fat mass. In case of doubt, actual
measurement of fat mass using the impedance method may
be needed. CT, MRI, ultrasound and DXA do quantitate fat
tissue accurately, but are too cumbersome and expensive for
routine clinical practice. WHR, an independent predictor of
insulin resistance, is useful for follow-up.

CAUSES
Body weight is controlled by the balance of energy intake and
expenditure, which respond to several inter-linked signals from
the gastrointestinal, endocrine, and nervous systems. The
rapidly increasing incidence of obesity points to environmental
causation. Several factors contribute. For example, TV
watching correlates with weight gain, by promoting both
inactivity and increased calorie intake (directly, and indirectly
through advertisements of food products). Predominant breast
feeding for the first 6 months of life and high levels of physical
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activity reduce obesity7. Even a small sustained excess in
energy intake leads to significant weight gain, e.g. a single
order of French fries (450 calories) daily would result in a
weight gain of 1.5 kg per month! The fetus exposed to
overnutrition in utero (e.g. the infant of the diabetic mother)
and born large for date is predisposed to obesity later, while
babies born small for date have the highest risk of obesity and
metabolic syndrome if they become obese4. Over 98% of obese
children presenting to a pediatrician are likely to have
exogenous or “simple” obesity, i.e. that caused by an imbalance
of energy intake and expendine. The exact mechanisms are
unclear, but both genetic influences (shown by several studies
on adopted children and twins) and environmental factors
(differences in food choices, levels of physical activity,
attitudes to food, activity, body image, etc) are equally
important. Therefore obesity runs in families, who share both
genes and environment, and parental obesity is a strong risk
factor. Health care personnel, by encouraging a healthy
lifestyle, especially in those at high risk, can reduce the
incidence and extent of obesity and its comorbidities.
Less than 2% children will have a pathologic basis for the
weight gain, the most frequent being hypothyroidism and
Cushing syndrome. Rare single gene disorders result in obesity
and dysmorphia: Prader-Willi (15q11-q12), Lawrence Moon
Beidl (16q21, 15q22-q23), Carpenter (unknown), Cohen
(8q22-q23), Beckwith Weidmann (11p15.5), Alstrom (2p14-
p13), nesidioblastosis (11p15.1), pseudohypoparathyroidism
type IA (20q13.2), leptin deficiency (7p31.1) and leptin
receptor abnormalities (1p31-p32). Other disorders include
growth hormone deficiency (GHD), hypothalamic disorders
(some syndromes mentioned, tumors like craniopharyngioma,
infections; trauma), and actual hypogonadism (e.g. Turner or
Klinefelter syndrome).

ENDOCRINE CHANGES IN OBESITY
While endocrine causes of obesity are rare, it has several
endocrine consequences. These include higher levels of growth
hormone, with faster height gain; somewhat raised basal
cortisol (which is easily suppressible); lower serum levels of
T3 and T4 with normal levels of TSH; early onset of puberty
or pubarche, especially in girls, and PCOS; and
hyperinsulinemia with increasing incidence of type 2 diabetes
(T2DM), more so in those with positive family history. The
incidence of T2DM peaks around puberty, which is known to
be an insulin resistant state. T2DM is particularly worrying
because the chronic complications are the same as in adults,
but appear earlier with pediatric onset8, this increasing societal
disease burden many-fold.

CLINICAL EVALUATION
The most important clinical feature which distinguishes
pathological or endogenous from exogenous obesity is the
height. Children with pathological states are short, while those
with endogenous obesity tend to be taller than expected for
age and genetic background. See what percentile the child’s
height falls on, vis-à-vis age and MPH: if the child is tall, the
problem is likely to be exogenous. If the child is inappropriately
short, pathological causes should be looked for.
History should include details of diet (including total fat intake
in cooking, fat content in milk, frequency of snacks and of

eating out), activity patterns and duration of TV viewing,
mental development and school performance. As mentioned
above, examination includes accurate auxology (including
parents’ heights and weights), BP, fat distribution, skin changes
(striae, acanthosis nigricans, hirsutism), dysmorphic features,
pubertal staging, fundus exam and mental assessment. In boys,
measure stretched penile length (SPL), since the penis is
usually buried in abdominal fat. Psychologic assessment,
including assessing self esteem, and attitude towards food,
exercise, and relationships, of the child and significant family
members, is important.
The hypothyroid child is always significantly short (with
delayed bone age). Cushing syndrome is characterized by short
height, moderate obesity (truncal in adults and older children,
generalized in infants), severe hypertension, red striae, and
occasional glucose intolerance. In contrast, exogenous obesity
is characterized by tall stature, mild hypertension, acanthosis,
and white striae (occasionally, with rapid weight gain, striae
may be reddish initially). Micropenis may be seen in
panhypopituitrism and some syndromes. Far commoner is the
buried penis of exogenous obesity: parents are concerned about
“small” genitalia, but the actual SPL is normal. In hypothalamic
syndromes, obesity is variable, ranging from very marked and
difficult to control, to mild; other clinical features would help
with the diagnosis. In craniopharyngioma, obesity is multi-
factorial, and tends to worsen after surgery.

INVESTIGATIONS
Investigations are guided by the clinical presentation, but the
initial assessment could include bone age, serum T4, TSH,
lipids, blood glucose and insulin (fasting and post-glucose).
Children with exogenous obesity may have frank type 2
diabetes, impaired glucose tolerance, or just hyperinsulinemia
with normal blood glucose levels. The levels of serum cortisol
and urinary metabolites of cortisol may be somewhat raised,
but are easily suppressible; urinary free cortisol levels are
normal. Several authorities recommend the overnight
dexamethsone suppression test straightaway rather than a basal
serum cortisol: 1 mg dexa is given orally at 11pm, cortisol is
tested the next morning at 8 am. In hypopituitrism, low T4
would accompany normal/ low TSH; GH would not cross 10
ng/ ml on a stimulation test; gonadotrophins would be
inappropriately low for age (e.g. low levels at age 8 are normal,
but at age 16 are not). Androgen levels, karyotyping, or imaging
studies (e.g. of the pituitary) will depend on the clinical picture.

MANAGEMENT
Management of obesity depends on age, severity, underlying
cause and level of motivation. In infants less than 2 years of
age, urgent thyroid evaluation is needed, because of the
devastating mental retardation which occurs if replacement is
delayed. Severe calorie restriction at this age is avoided even
in syndromal obesity, because of the risk of treatment-
associated brain growth and reduced height gain. In pathologic
obesity, e.g. due to Cushing/ hypothyroidism/ GHD,
appropriate management/ replacement is needed.
Before planning control of exogenous obesity, the level of
motivation of the family should be assessed. There is no quick
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remedy, the only way to keep off excess weight being lifelong
control of diet with exercise. If the family is not concerned,
therapy is likely to be unsuccessful, and may impair the child’s
self-esteem and the success of future attempts at weight loss.
In this situation, the gravity should be explained, and advice
deferred to a later visit. On the other hand, clinicians should
not ignore obesity altogether, because even modest weight loss,
which is attainable, is enough to significantly improve the
metabolic profile. Therefore the aim of therapy should be
achieving and maintaining a 5-20% weight loss. Trying for
ideal body weight is usually unrealistic, and therefore
frustrating. Even small, long term changes may have greater
health benefits rather than a drastic weight loss followed by
regaining the weight. Rapid weight loss is necessary only if
there is a life-threatening situation like extreme obesity, severe
sleep apnea, or other severe cardiopulmonary manifestations,
as in the Pickwickian syndrome.
Management consists of dietary measures and exercise,
supported by behavioral modification techniques. Close
supervision and family involvement are very important for
success. Drug therapy and surgery are infrequently advised in
childhood. However, once established, obesity management
is very frustrating, as weight gain recurs rapidly. The challenge
for pediatricians is to prevent obesity and reduce the health
impact in those who are already obese.

DIET THERAPY
Diet changes are critical, but drastic changes and a punitive
attitude must be avoided. A balanced, healthy diet for the entire
family is recommended (fat intake ~20-25% of total calories,
protein 15%, remaining as carbohydrates, mostly complex
carbohydrates, adequate fiber and micro-nutrients, and plenty
of liquids). In most children, weight loss begins with just
reduction of calorie-dense foods: chips, other fried foods, rich
desserts, full fat milk and its products, and sweetened drinks.
In their place the child is encouraged to take foods with low
glycemic index (fruits, salads, whole wheat products, unsalted
popcorn, roast gram or corn, whole daals etc.), low fat milk
products and water9. The child should not remain hungry. Even
in severe obesity, calorie restriction should be moderate. Very
low calorie diets (400-800 calories per day) give rapid weight
loss, with improvements in BP, blood glucose, insulin, leptin,
and lipids, but losses are regained; long term losses are similar
to those with low calorie diets. Moreover, they can be
dangerous if not closely supervised, prolonged beyond 2-6
weeks, or not supplemented with adequate minerals and
vitamins, and can also result in eating disorders, sagging
breasts, and cholelithiasis. Unbalanced diets (very low fat/ very
low carbohydrate, etc.) can cause cardiac arrhythmias, severe
electrolyte disturbances, or other morbidities. Stringent dieting,
a favorite technique of adolescents, must therefore be strongly
discouraged, as it can slow height gain and pubertal
development, cause weight loss plateau (due to slower
metabolic rate), osteopenia, weakness, dizziness, poor
academic performance, irritability, depression, and other
behavioral problems.

EXERCISE
All forms of physical activity increase energy expenditure
(during and after the exercise), muscle mass, and insulin

sensitivity10. Regular exercise also helps regulate increased
appetite. Though the quantum of loss with exercise is modest,
it is essential for prevention of obesity, healthy weight loss,
and maintenance of the loss. However, it cannot compensate
for high calorie intakes, so it must accompany a careful diet.
Exercise should be both aerobic and anaerobic. Compliance
is better if activity is enjoyable and fun: walking with friends,
swimming, dancing, sports. Initially low impact, moderate-
intensity exercise (e.g. walking 30 min 4-5 days/ week) is
started to avoid injuries. For those easily tired, even this can
be broken up into multiple short bouts. As fitness improves,
time and intensity are built up to 50-60 min 5-7 days/ week
for long-term loss and maintenance. Gymnasiums and
supervised programs may be useful for adolescents as they
encounter other obese persons and see that weight loss is
possible. Formal exercise should be supplemented with
increased activity (e.g. stairs instead of lifts, walking for
errands, etc.).
Clinicians must push strongly for facilities for increased
activity in schools and the community.

BEHAVIOR MODIFICATION AND
SOCIAL SUPPORT
These are very important in all attempts to lose weight and
sustain the loss, as long term changes in eating and activity
patterns are necessary. Attempts are most successful if the
entire family is convinced of the need for weight loss, and
keen to participate whole-heartedly. To assess behavior patterns
which need to change and track progress in changing them
requires monitoring, usually by self report. Thus, the child
and/ or parent maintain a food, activity and TV viewing diary
daily for the first 6 months, one week per month later. A simple
log can be downloaded from the website of the American Heart
Association
http://www.deliciousdecisions.org/ff/eee_habits_eat.html.
This helps track progress and identify problem areas. The
second component is to avoid environmental cues which can
trigger hunger, so parents are advised to keep undesirable foods
out of the home, and reduce the frequency of eating out. The
third component is reinforcement for better behaviors. Thus
small low or zero calorie rewards (eg a hug/ praise/ sticker/
fancy pen/ red points…) and other motivational techniques
ensure better compliance for a longer time. TV viewing and
excessive tuitions should be discouraged in favor of healthier
options like play. Occasional high calorie treats are a must to
prevent frustration, which can lead to stealing food/ money
and other dysfunctional behavior patterns. Group therapy,
conducted by co-therapists (psychologist/ nutritionist/ exercise
physiologist) with weekly treatment meetings over a 6 month
period, and less intensive follow up contact, have been found
to be successful. Recently, televised or internet based therapy
has also been tried.

MEDICATION
Pharmacotherapy is not recommended for use in children,
though several anorectic agents (amphetamines, other appetite
suppressants, antidepressants) are available. Insulin sensitizers
(primarily metformin, also glitazones) have been shown to
safely and effectively achieve weight loss, decrease body fat,
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plasma leptin, insulin and lipids, in obese diabetic and non-
diabetic adolescents, especially those with PCOS. The only
two drugs approved for obesity in adults in Europe and the
US are sibutramine and orlistat. Sibutramine, a selective
serotonin and noradrenaline re-uptake inhibitor which
suppresses appetite, can reduce weight by 5-15% 11. Orlistat,
an inhibitor of gastrointestinal lipases, decreases fat absorption
by 30%, and causes significant weight loss, with improved
lipid and glycemic profile. It may lead to flatulence, frequent
stools, and deficiency of fat soluble vitamins like A and D12.
Rimonabant is contraindicated below age 18 years, and can
cause depression.

SURGERY
Surgery is contraindicated in patients less than 18 years of
age. Very rarely, e.g. in extreme obesity with severe sleep apnea
or other complications, not responding to non-surgical
treatment, gastroplasty may be considered13.

MAINTAINING WEIGHT LOSS
A questionnaire based study of persons who lost and
maintained significant loss found that the common features
were consumption of a diet low in calories (1380/day) fat and
low in fat (24% calories from fat); and daily consumption of
breakfast. Less than 1% had low carbohydrate diets.14

Continued self-monitoring of food intake and regular exercise
of up to an hour daily were very strong predictors of weight
maintenance. Decreased screen time (TV, computer, video
games) has been shown to contribute significantly.

PREVENTION
Given the difficulty in achieving and maintaining weight loss,
all attempts should be made to prevent obesity (Table).
Pediatricians must educate parents and significant others from
the beginning to adopt healthy attitudes. Several schools serve/
sell food which promotes obesity, and pay little attention to
physical activity. Clinicians must also work with school
authorities to alter these malpractices, at the same time
identifying and paying attention to high risk children (obesity/
diabetes/ hypertension/ dyslipidemia in parent(s)/ sibling (s),
maternal age over 35 years at birth, single child, single parent,
rapid weight gain). All children should have growth charted
through childhood, and rapid weight gain picked up early.
Children with rapid weight gain and their parents should be
helped make lifestyle changes. This is one area where a
clinician’s timely inputs can help prevent much morbidity and
unhappiness.
STRATEGIES FOR PREVENTION OF OBESITY
1. Physicians should recommend a healthy lifestyle rather than

thinness.
2. Physicians should encourage families to adopt sensible eating habits:

a. Avoid force feeding
b. Do not keep calorie dense foods and sweetened drinks at home
c. Do not use food as reward or punishment
d. Express affection and approval through ways other than food
e. Keep fat intake moderate
f. Encourage intake of unprocessed foods: fruits, salads, sprouts,
etc.

3. Physicians and families should encourage physical activity, and
minimize TV/ computer time.

4. Clinicians should identify high risk families and situations and
emphasize prevention for the beginning.

5. Clinicians and families should emphasize that children need support
not criticizm, and that obesity is not only due to greed and sloth.

6. Clinicians and families must aim for gradual, permanent changes
rather than drastic changes which are not sustainable.

7. Schools should influence attitudes by
a. Serving/ selling healthy food choices
b. Not allowing sweetened drinks and fried foods on campus
c. Increase time for physical activity
d. Allow premises to be used for sports after school hours
e. Identify high risk children and support weight loss attempts by
them.

8. The community encourages physical activity, e.g. lobby for sports to
be allowed in open spaces like parks (a major problem in cities).
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EPIDEMIOLOGY
Obesity has now become a world-wide health problem at all
ages of the human lifespan. Obesity once considered a health
problem of the West has also encroached upon the developing
countries of the world.1 India is also observing a gradual
phenomenon of graying of her population.  Elderly subjects
comprise 6.7% of the Indian population. Elderly individuals
particularly in high and middle income groups are vulnerable
to over nutrition and obesity .A community based study
conducted amongst elderly subjects in urban slums of Delhi
reported a lower prevalence of overweight and obesity.2 In an
another study conducted in Chandigarh overweight was present
in 60% of the elderly subjects whose daily caloric intake was
more than 2000 Kcals.3 In this study obesity and overweight
were noticed to be maximum (39.8%)  in 65 to 74 age group
and comes down to nearly half (20.9%) as age increase beyond
85 years3.  The prevalence of overweight and obesity was found
to be higher (42.1%) in females as compared to the males
(20.9%)
In children and adults, obesity is easily defined as an excess
of body weight and adipose tissue, but there is no consensus
on the definitions for obesity among the elderly for any race
or ethnic group nor are there genetic determinants of these
definitions. The World Health Organization has laid down
values of BMI for the classification of overweight and obesity,
as well as “at risk” values for waist circumference and waist-
to-hip ratio., whether these values are appropriate targets for
the elderly population are yet to be validated. Methods of
assessing obesity among the elderly need to be reviewed so as
to improve our understanding of the changes occurring at this
stage of life and their relationships with concurrent metabolic
changes and subsequent health problems.
Changes in body composition occur during the aging process.
Obesity is accompanied by an increase in fat-free mass, but in
the elderly, the wasting of fat-free mass can produce obesity
characterized by a stable or low body weight but a high
percentage of body fat.
The prevalence of this sarcopenic-obesity increases with age
in each sex. Cross-sectional as well as longitudinal studies
indicate that subjects classified as sarcopenic-obese show

significantly higher prevalence of physical impairment and
disability, as well as higher prevalence of metabolic syndrome.

PATHO-PHYSIOLOGY
Fat redistribution, absolute or relative sarcopenia, limited
physical activity and fitness, chronic inflammation and
endocrine changes that occur with aging are the factors that
contributes to obesity.7,8 These factors  may be important in
determining the onset, duration and consequences of obesity.
The physiological modifications of physical and motor skills
that inevitably accompany advancing age are even more
emphasized by sedentary life style, which are cause and or
effect of increased fat in the elderly individuals. The lack of
sufficient exercise leads to loss of muscle tone and loss of
mineral contents of the bone and as a result predisposes these
individuals to fractures and immobilization. The mobility of
the lower limbs is extremely reduced due to degenerative
changes in knee and other joints of lower limbs.
Obese elderly patients often have impaired respiratory
functions that involve the whole respiratory parameters.
Incidence of sleep apnoea syndrome increases in elderly obese
individuals that leads to hypoxia during sleep and leads to
hallucinatory and cognitive disorders.
 There is high prevalence of cardiovascular risk factors like
high blood pressure and diabetes in these individuals.
Prevalence of Type -2 Diabetes rises sharply among the elderly
population which may the end result of the interplay of genetic
and environmental factors5. The most important environmental
factor is the physical inactivity and obesity6. Current hypothesis
suggest that type -2 diabetes is an inflammatory disease and
the inflammation is the primary cause of obesity –linked
insulin resistance and hyperglycemia. Obesity in insulin
resistance individuals is associated with low grade chronic
systemic inflammation as revealed by increased level of
CRP,IL-6 and TNF.In addition to this, these people have low
HDL and high fasting plasma sugars, which  may be related
to a high level of visceral fat accumulation during the aging
process. This metabolic syndrome  is associated with increased
risk of cardiovascular disease independently of the traditional
cardiovascular risk factors.
A large number of studies points that obesity in middle age
increases the risk of future dementia independently of co-
morbid conditions. There is also a close association obesity
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Abstract: Obesity has become a worldwide health problem even in elderly population. In India its prevalence is reported as 20.9% to
39.8% in this group of population. Changes in body composition occur during the ageing process. There is wasting of fat free mass,
which is replaced by the fatty tissue. High prevalence of cardiovascular risk factors in this age group like hypertension and diabetes
mellitus also play an important role in obesity. The physiological modifications of physical and motor skills that accompany the advanc-
ing age leads to restriction of physical activities. Limited physical activity, chronic inflammation and endocrine changes that occur with
ageing contribute to obesity. Regular aerobic exercises along with caloric restriction remains the most successful method of weight
reduction. Drug therapy should be individualized and must take into account of the other drugs that patient may be taking, to avoid any
adverse drug interaction. Surgical treatment like bariatric surgery is hardly ever tried in this group because of the associated surgical
risks. A clinical psychologist or a psychiatrist may also be involved to care for the emotional aspects of these patients.
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and depression. Obese women negative emotional state seems
to predict poor treatment outcome. Overweight and obese
subjects have greater decrease in sexual desire as compared
to normal weight subjects.

MANGEMENT
There is overall deterioration in quality of life in elderly obese
subjects, hence this subject needs to be seriously addressed
by the health care providers. Weight maintenance along with
leading a healthy life style in terms of diet and physical activity
are the key component of preventive aspect. Measures to
reduce weight should take into account the other obesity related
co-morbid conditions. Sudden change in lifestyle may not be
achievable so easily because of financial, social and other
health constraints.
Medical nutritional therapy must take into account dietary
habits, economic factors and patient preferences. Each elderly
individual has unique need ,so diet should be prepared
accordingly. A special care should be taken to provide enough
fluids, fiber , calcium, iron , folic acid and vitamins A,D,B12
and C without adding extra calories. Initially aim should be
for modest weight reduction and once a person is compliant
more stricter goals can be given.
Exercise along with caloric restriction is by far the most
successful method of weight reduction. Aerobic exercise and
progressive resistance and endurance program not only will
help in decreasing body weight but will also improve the
functional ability of a person. The purpose of physical activity
programmes should be aimed at improving the quality of life
and functional capabilities.
Drug therapy for obesity may be useful in elderly, but while
prescribing these drugs one must take into account the other
drugs the patient may be taking to avoid any kind of adverse

drug interactions.  Though literature is quite scarce in this field
but bariatric surgery may prove useful in cases of morbid
obesity which is not being controlled by other conventional
methods. Along with weight reduction attention may also be
given toward psychophysical health of the elderly people. It
is necessary to give emotional support to the intense request
for care, to the feeling of inadequacy, to the constant
catastrophic thoughts that lead to anxiety and depression.
Hence help of a psychologist or a psychiatrist may be required
to deal with this problem.
As we are observing a world wide phenomenon of obesity
even among our elderly population and  obesity in elderly
affects adversely  their quality of life, hence this issue must
be addressed adequately by the health care providers
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INTRODUCTION
The International Obesity Task Force estimates that more than
300 million individuals worldwide are obese and an additional
800 million are overweight. For the first time, the number of
overweight individuals in the world is equivalent to the number
underweight. Unless these trends are reversed, the health-related
consequences will be serious. The current methods for lifestyle
modification alone, as a treatment for obesity are widely regarded
as ineffective.
Anti-obesity pharmaco-therapy is a  important  adjunctive
treatment to lifestyle modification. The ideal   anti-obesity drug
has three important characteristics.  First, it should cause sustained
clinically significant  reductions in bodyweight and reduce obesity-
related  morbidity and mortality. Second, the benefit-risk ratio of
the drug must be favourable. The track record for safety  of anti-
obesity drugs has been particularly poor, whereas  their potential
for abuse by non-obese individuals striving  to lose weight is
high. Third, affordability.
The indications for drug therapy are:
i) Patients with a body-mass index  (BMI) of 30 kg/mn2 or

greater or
ii) A BMI of 27·0-29·9 kg/m2  with a other comorbid conditions

(eg. Diabetes, hypertension,  obstructive sleep apnoea) are
currently deemed  eligible for antiobesity drug treatment.

Weight loss   between 5-10% of initial bodyweight is associated
with  improvement  in cardiovascular risk profile and reduced
incidence of type 2 diabetes. Therefore, as a general  guideline
for weight reduction,  i.e. 10% weight-loss is recommended.
Three major drug options for the long-term treatment of obesity
are currently approved. These drugs are: orlistat and  sibutramine
and rimonabandt.

ORLISTAT
Orlistat, was approved in 1998. It is a gastric and pancreatic  lipase
inhibitor that reduces dietary fat absorption by  around 30%. The
compound is a partly hydrated derivative of an endogenous
lipstatin produced by Streptomyces  toxytricini. Typically, 120
mg three times daily is prescribed  with meals;  60 mg orlistat is
also currently available.  Because of low systemic  absorption
and first-pass metabolism, the bioavailability of  orlistat is less
than 1%. Most of the drug is excreted  unchanged in faeces .
Efficacy :  In a 4-year double-blind placebo-controlled randomised
study of 3305 obese patients, orlistat reduced  weight by 2·7 kg
on average and decreased the  incidence of type 2 diabetes from
9·0% to 6·2% . Only 43% of patients  completed this study and
the beneficial   effects were  almost all in patients with impaired
glucose tolerance  at baseline. In a meta-analysis of 11 placebo-
controlled  trials of 1 year in 6021 overweight or obese patients,
orlistat reduced weight by 2·9% .  The number of patients reaching
5% and 10% placebo- subtracted weight-loss thresholds was 21%
(19-24%)  and 12% (8-16%) greater with orlistat than with
placebo. Orlistat also reduced blood pressure by  1·8 mm Hg
systolic    (0·9-2·6 mm Hg) and  1·6 mm Hg diastolic (0·7-2·4
mm Hg), LDL cholesterol  by 0·27 mmol/L (0·22-0·31 mmol/L),
and fasting  glucose in patients with diabetes by 0·8 mmol/L  (0·3-
1·3 mmol/L). No clinically signifi cant effects on  triglycerides or
HDL cholesterol were seen.       Drop out rates were high, averaging
33%. Other than diabetes  incidence, there are no long-term
outcome data showing that orlistat reduces major obesity-related
morbidity and mortality.
Adverse effects  : The major adverse effects with orlistat are
gastrointestinal. Fatty and oily stool, faecal urgency, and oily
spotting occurred in 15-30% of orlistat-treated patients  (2–7%
with placebo).Faecal incontinence was observed  in 7% of orlistat-
treated patients compared with 1% of  those on placebo. To
prevent possible deficiencies of  fat-soluble vitamins, co-
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Abstract: Medical management includes lifestyle modifications and pharmacotherapy. Methods of lifestyle modification alone, as a
treatment for obesity are widely regarded as ineffective. Anti- obesity pharmacotherapy is an important adjunct to these measures. The
ideal anti-obesity drug should cause significant reduction in body weight; it should have a favorable benefit-risk ratio; and it should be
affordable. The accepted indications for drug therapy include a BMI of > or equal to 30kg/m2 or >27kg/m2 with co morbidities. As a
general guideline 10% weight loss is recommended. Three major drug options are currently approved. These include: Orlistat, Sibutramine
and Rimonabant. Orlistat is a gastric and pancreatic lipase inhibitor and reduces dietary fat absorption by 30 %. The major side effects
are due to fat malabsorption.  Sibutramine is a centrally acting mono- amine- reuptake inhibitor that mainly acts by increasing satiety. It
also stimulates thermo genesis. Side effects include insomnia, nausea, dry mouth and constipation. It has potential cardiovascular side
effects as well. Rimonabant is a CB-1 blocker and increases satiety. The most common side effects are nausea, dizziness, diarrhea and
insomnia.  There is no definitive data showing benefit of one anti-obesity drug over another and all three drugs are limited by modest
efficacy and low rates of compliance. Therefore the choice of agent is based on patient preference, associated cardiovascular risk factors,
adverse effects and affordability. There is a lack of head to head trials to guide their clinical use. Irrespective of which drug is initially
selected, treatment should be discontinued if 5-10% weight loss does not occur in the first 3-6 months. Combination therapy has not been
well researched. The optimum duration of therapy is unclear. The longest duration of therapy in clinical trials is 4 years for Orlistat and
2 years for Sibutramine and Rimonabant. It has been seen that drug discontinuation invariably leads to weight gain. In conclusion,
treatment targeted at the individual is important but equally essential is to elicit changes in the society addressing all the factors
considered to be obesogenic. The search for novel anti-obesity drugs is on.
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prescription of a daily multivitamin is recommended. Orlistat can
reduce the  absorption of amiodarone and ciclosporin and can
potentiate the effect of warfarin. Systemic adverse  effects are
minimal because of the lack of systemic  absorption.

SIBUTRAMINE
Sibutramine  is a centrally acting mono-amine-reuptake inhibitor that
mainly acts to increase satiety. Sibutramine also  stimulates
thermogenesis; however, this secondary action  plays a minor part in
weight reduction. The drug was  approved in USA in 1997 and in the
European Union  in 1999. Sibutramine undergoes extensive first-
pass  metabolism, mainly by hepatic cytochrome p450 3A4  enzymes,
to active primary (M1) and secondary (M2)  amine metabolites, which
are more potent than the  parent compound. Most of the drug and its
active  metabolites are renally excreted.
Efficacy :  In three randomised double-blind, placebo-controlled
weight-loss trials of 1 year, in 929 overweight or obese  patients,
sibutramine reduced weight by 4·6% (95% CI  3·8-5·4%). Drop out
rates in these three trials averaged  48%. The number of patients
reaching 5% and 10%  placebo-subtracted weight-loss thresholds
was 34%  (28-40%) and 15% (4-27%) greater with sibutramine  than
with placebo. In long-term studies, sibutramine has  had little effect
on concentrations of LDL cholesterol and  on glycaemic control, and
has had conflicting effects (no  change to mild improvement) on
concentrations of  triglyceride and HDL cholesterol.
Efficacy of sibutramine is greatly enhanced when  used with intensive
lifestyle modification and regular  frequent follow-up visits. In a 1
year randomised trial,  224 obese adults received sibutramine alone,
sibutramine plus brief individualised lifestyle modification , group
lifestyle  modification alone (30 sessions), or sibutramine plus  30
sessions of group lifestyle modifi cation. Those in the lifestyle
modification plus sibutramine group lost  the most weight, an average
12·1 kg compared with  5·0 kg with sibutramine alone (mean difference
7·1 kg,  estimated 95% CI 3·9-10·2 kg).   As with orlistat, long-term
data on the effect of  sibutramine on major obesity-related morbidity
and  mortality are lacking. However, the ongoing Sibutramine
Cardiovascular Outcomes (SCOUT) trial is assessing the  efficacy of
sibutramine in reducing myocardial infarction,  stroke, and
cardiovascular mortality in 9000 obese and  overweight patients. This
study should finish in 2008.
Adverse effects :  Common side-effects include insomnia, nausea,
dry  mouth, and constipation. By contrast with fenfluramine  and
dexfenfluramine, sibutramine does not increase  release of serotonin
and has not been associated with  valvular heart disease or pulmonary
hypertension. Concomitant treatment with monamine-oxidase
inhibitors or serotoninergic drugs is also not recommended  because
of the potential risk of serotonin syndrome.   Furthermore, sibutramine
has been associated with  small increases in blood pressure and pulse
rate, leading  to concerns about potential cardiovascular toxic effects.
An independent  review concluded that sibutramine had a  favourable
risk-benefit ratio. However, the drug is not recommended in patients
with  uncontrolled hypertension, pre-existing cardiovascular  disease,
or tachycardia.

RIMONABANT
The ability of recreational marijuana to  reliably stimulate appetite

generated  interest in the use of endogenous cannabinoid agonists
and antagonists for weight-related disorders.   The endocannabinoid
system includes two major  receptors, the CB1 and CB2 receptors,
and two major  ligands, anandamide and 2-arachidonoyl-glycerol (2-
AG). Endocannabinoids are polyunsaturated phospholipid-derived
eicosanoids produced on demand from arachidonic  acid that elicit
many biological responses, including  counteracting stressful stimuli
such as food deprivation,  aversive memories, and pain. In the brain,
endocannabinoids act in a retrograde manner and  are rapidly cleared.
The CB1 receptor is a G-protein coupled receptor that is extensively
expressed in the  CNS, including in areas vital to the control of food
intake. Endocannabinoids interact with several  anorexic and
orexigenic pathways within the CNS,  including the central
melanocortin and mesolimbic  path ways, increasing motivation to
eat and stimulating  food intake.
 Rimonabant, the first CB1-receptor blocker, was  initially intended
as an antiobesity and smoking-cessation  dual-purpose drug; however,
the latter development  programme has been discontinued..
Rimonabant is a potent CB1-selective ligand, with  1000-fold greater
affinity for the CB1 receptor than the  CB2 receptor The drug is
hepatically metabolised  and excreted in bile. Because of a larger
peripheral  volume of distribution, obese individuals have a drug  half-
life that is twice as long (16 days) as non-obese people . Rimonabant
produces a dose-dependent  reduction in food intake in various rodent
models, effects that seem to be both centrally and peripherally
mediated. Potential peripheral mechanisms  include enhanced
thermogenesis via increased oxygen  consumption in skeletal muscle,
diminished hepatic  and adipocyte lipogenesis, augmentation of
adiponectin concentrations, promotion of vagally mediated
cholecystokin-induced satiety, inhibition of preadipocyte proliferation,
and increased adipocyte maturation  without lipid accumulation
Efficacy :  Four double-blind trials, comprising the Rimonabant In
Obesity (RIO) Program, compared rimonabant 5 mg or  20 mg daily
with placebo in more than 6600 individuals.  RIO-Europe, RIO-Lipids,
RIO-North America, and  RIO-Diabetes have published 1 year results.
RIO-North  America also included a second year of follow-up in
which rimonabant-treated patients were re-randomised  to continue
active drug treatment or switch to placebo.  The RIO Program enrolled
patients with BMIs of  30 kg/m2 or greater or BMIs of higher than 27
kg/m2 with  dyslipidaemia (predominantly high triglyceride or low
HDL cholesterol concentrations), type-2 diabetes, or  hypertension.
Middle-aged women were most commonly  included and enrolment
was restricted to highly selected  and adherent patients without major
comorbidity.  Dropout rates at 1 year averaged 40-50%, similar to
studies of orlistat and sibutramine.   Compared with placebo,
rimonabant  significantly  reduced weight by 4·6 kg (95% CI 4·3–
5·0), reduced  waist circumference, and improved triglyceride and
HDL  cholesterol profiles The proportion of patients  achieving 5%
and 10% placebo-subtracted weight loss  was 29-39% and 17-25%
higher with rimonabant  treatment than with placebo (p<0·001 in all
cases). In  RIO-North America, rimonabant-treated patients
rerandomised to placebo in year 2 regained weight, whereas  those
who continued to receive the 20 mg dose maintained  their weight
loss. Compared with placebo, rimonabant  also significantly reduced
the placebo-subtracted  incidence of metabolic syndrome in all four
trials  and the placebo-subtracted HbA1c by 0·7% (p<0·001) in  RIO-
Diabetes. Concentrations of LDL cholesterol did  not improve and
blood pressure was either unchanged  or slightly reduced. No data on
cardiovascular morbidity  or mortality have been reported, but several
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rimonabant  studies examining clinical endpoints and surrogate
measurements of atherosclerotic burden (eg, intravascular  ultrasound)
are underway. The largest is the  Comprehensive Rimonabant
Evaluation Study of  Cardiovascular Endpoints and Outcomes
(CRESCENDO)  trial, which is investigating the effect of rimonabant
on  myocardial infarction, stroke, and cardiovascular death in  17 000
obese participants.
Adverse effects :  The most frequent adverse events are nausea,
dizziness,  diarrhoea, and insomnia, each occurring 1-9% more
frequently than with placebo. Side-effects leading to drug
discontinuation occurred in 13-16% of patients taking  the 20 mg
dose. In RIO-Europe, RIO-North America,  and RIO-Lipids, drug
discontinuation due to psychiatric  disorders (mainly depression)
occurred in 6-7% of  rimonabant-treated individuals, an absolute
increase of  2-5% over placebo.

HOW TO CHOOSE AN ANTI OBESITY
DRUG ?
There are no definitive data showing benefit of one  antiobesity drug
over another and all three drugs are  limited by modest efficacy and
low rates of persistence  with treatment. Therefore, if drug treatment
is to be  started, the initial choice is largely based on patients’  preference,
associated cardiovascular risk factors, and  adverse effects. Individual
drug-plan and  costs are also important. Without definitive  head-to-
head trials, we suggest the following approach to  initial
pharmacotherapy on the basis of our review of the  evidence and
clinical experience.
Orlistat reduces LDL  concentrations and diabetes incidence, is
associated with  slight reductions of blood pressure, and is not
associated  with major systemic toxic effects. Thus this drug might be
especially useful in patients at high risk for developing  type 2 diabetes,
with high LDL cholesterol concentrations,  or with pre-existing
cardiovascular disease. Orlistat should  be avoided in patients with
chronic diarrhoea.
Sibutramine,  because of its satiety-enhancing effects, might be
beneficial  in cases where a lack of satiety or frequent snacking is a
major barrier to weight reduction. Until further efficacy  and safety
data are available, sibutramine should be  avoided in patients with
poorly controlled hypertension,  pre-existing cardiovascular disease,
or tachycardia.
Rimonabant may be considered in patients with  dyslipidaemia
associated with the metabolic syndrome  (low HDL cholesterol and
high triglyceride concentrations)  and in patients who are concurrently
attempting to stop  smoking. The drug should be used with caution in
patients  with pre-existing psychiatric illness, particularly depression
or anxiety, and in those with liver impairment.
Irrespective of which drug is initially selected, treatment  should be
discontinued if clinically significant weight  loss (ie, at least 5-10% of
initial bodyweight or improvement in major obesity-related
comorbidity) does not  occur within the first 3-6 months. Combination
treatment has not been well researched and the existing  evidence
does not suggest significantly greater weight  loss than with single-
drug treatment. Furthermore,  the optimum duration of treatment is
unclear. The  longest duration of treatment in clinical trials is 4 years
for orlistat and 2 years for sibutramine and rimonabant.   Because
drug discontinuation invariably leads to weight  regain, if clinically
significant weight loss is achieved,  longer courses of treatment are
reasonable to consider.

CONCLUSION
Orlistat and sibutramine produce average placebo- subtracted weight
losses of less than 5%. Orlistat  improves cardiovascular risk factors
and reduces diabetes  incidence in high-risk individuals. The risk-
benefit of  sibutramine, which can increase blood pressure, is being
assessed in a large study of cardiovascular outcomes.  Rimonabant is
the first of the endocannabinoid receptor  antagonists. The weight
loss induced by rimonabant  appears similar to that of sibutramine,
and improvements  in HDL cholesterol and triglyceride concentrations
have  been reported. An increase in the incidence of psychiatric
disorders was observed in rimonabant-treated patients. The lack of
cardiovascular morbidity and mortality  endpoints in obesity drug
trials represents a major gap in  knowledge. Other endpoints, such as
osteoarthritis,  gastro-oesophageal reflux disease, sleep apnoea, and
quality of life, have also been neglected
Many other novel potential antiobesity drugs and targets have been
identified, including those acting on the central  melanocortin pathway,
a group of neurons centred in the  arcuate nucleus and hypothalamus
that control appetite  and energy expenditure. Examples include ciliary
neurotrophic factor and other melanocortin-4 receptor  agonists,
ghrelin, neuropeptide Y antagonists, melanin- concentrating hormone
antagonists, and peptide YY3–36.  . Although newer drugs are years
away from clinical use, the hope for research investments  made to
date is translation into safe and effective antiobesity  drugs in the
future. The neurobiology of obesity is  extremely complex, with many
overlapping and  redundant pathways. This complexity decreases the
probability that targeting any single pathway will result in  dramatic
weight loss and suggests that multiple drugs with  different
mechanisms will be needed to produce significant  and persistent
weight loss.
Other than bariatric surgery, which is neither a feasible  nor a desirable
population-based treatment for obesity, no  intervention has remitted
in consistent effective long-term  weight loss. Treatments targeted at
the individual are  important, but equally essential is the need to elicit
changes  in society that address all aspects of the environment  thought
to be obesogenic. To be successful, such initiatives  should involve
the concerted efforts of all,  from policymakers to the food and drug
industries, and  from educators to patients and physicians. Even if
lifestyle  and population-based strategies are creatively and
successfully implemented, the large burden of prevalent  obesity
dictates that many will remain at risk for  obesity-related comorbidity
and premature death. The  search for novel drug treatments for obesity
is,  necessary. However, in our efforts to  fill the therapeutic void that
characterises contemporary  obesity management, the benefits of
obesity pharmacotherapy must outweigh the risks and costs.
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INTRODUCTION
The treatment strategies available for obesity and overweight include
increased physical activity, low caloric and low fat diet, increased
intake of dietary fibers, and other life style modification,
pharmacological as well as surgical treatment.
 There is no doubt that weight control and weight reduction can reduce
the risk of developing diabetes in subjects with impaired glucose
tolerance, as shown both by lifestyle interventions 1,2,3 and by use of
drugs such as orlistat 4,5acarbose6, and rosiglitazone7 . However, the
feasibility and benefits by weight reduction in established type 2
diabetes is less well documented and also sometimes hard to achieve
if most antidiabetic drugs act by increasing weight, with metformin
being the only exception.
The pharmacological intervention comes very late in the management
of obesity. It is used in those patients where lifestyle modification and
dietary modification have  failed to achieve desired reduction in weight.
Most of the time this mode of therapy is adjunctive to dietary and
regular exercise regimens. Currently three drugs are being used in the
management of obesity; these are Sibutramine, Orlistat and
Rimonabant

THE ENDOCANANNABINOID SYSTEM
Traditionally in India, there is usage of cannabis in various forms like
‘BHANG’,’GANJA’ on occasions like ‘Holi’ festival. It has been
observed that after having cannabis there is marked increase in the
appetite and thirst along with euphoria and altered behavior. Moreover
in ancient India there are references to saints (SADHU) to using
marijuana in various forms.
Cannabis sativa is a shrub that abundantly grows in India, being used
as source of marijuana. The use of cannabis or hashish as a psychoactive
substance reached Europe and the Americas through the Arab world
in the 19th century. During the same period, cannabis extracts had
gained widespread use for medicinal purposes until 1937, when
concern about the dangers of abuse led to the banning of marijuana
for further medicinal use in the United States. It has also been noted
that cannabis abuse was associated with weight gain.

The active component of marijuana is tetrahydrocannabinol. The
endocannabinoid system have several locally produced agonists which
act through these receptors, these are anandamide, monoacyl glycerol,
2-arachidonylglycerol and other fatty acid ethanolamides. All these
compounds are produced post-synaptically and act on pre-synaptic
regions by realizing the neurotransmitters.
Rimonabant is the first in a new class of agents that act by selectively
blocking the cannabinoid-1 receptors with resultant central and
metabolic peripheral effects, thereby decreasing food intake. Evidence
currently exists for two types of cannabinoid receptors: CB1 and CB2.
CB1 receptors are present both in the CNS as well as in certain
peripheral tissues. The areas in which CB1 receptors are most dense
are thought to deal with cognition, motor function and movement.
Rimonabant is reported to possess a 1000-fold higher affinity for the
CB1 receptor than CB2 receptor. It shows high affinity for the centrally
located cannabinoid receptor, while displaying low affinity for the
peripherally located receptor. Additionally, it has little or no affinity
for non-cannabinoid receptors.

CHEMICAL STRUCTURE
Rimonabant (SR141716) is a neurokinin-3 antagonist and selective
cannabinoid (CB1) receptor antagonist. The chemical name is N-
piperino-5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-
methylpyrazole-3-carboxamide8.
Pharmacokinetics: Rimonabant has demonstrated a long duration
of action (8 hours) and good oral bioavailability9.

Functional in vitro and in vivo studies have shown that Rimonabant
is able to antagonize the pharmacologic effects induced by cannabinoid
receptor agonists10. It powerfully reduces food intake and increases
energy expenditure. It modulates the rewarding properties of food by
inhibiting the action of endogenous cannabinoids at specific
mesolimbic areas. It alters the variety of signals of peripheral origin
(leptin, ghrelin and adiponectin) which modulate the neurochemical
activation of hypothalamic neurons and the state of relative energy
balance. Rimonabant also inhibits the enzymes involved in
lipogenesis11. Many rodent model studies have demonstrated a memory
enhancing effect due to Rimonabant use12.

ADVERSE EFFECTS
The results of early human trials with rimonabant treatment showed
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side effects are nausea, dizziness and upper respiratory infections. The drug has a favorable effect on lipid profile by increasing HDL-
C and decreasing LDL-C. In addition to weight loss, Rimonabant has seen to improve HbA1c levels and therefore may be helpful in
diabetes. It also prevents weight gain in persons who are quitting smoking and some but not all studies show an increased rate of
smoking cessation. Future research and results of ongoing trials are required to establish its long-term therapeutic implications and
safety profile.
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an excellent tolerance among patients, except for some mild
gastrointestinal adverse effects at the highest dose administered. Some
adverse effects on mental function have been noticed in some patients,
and that is why this drug should not be prescribed to patients with a
medical history of depression or pronounced mental symptoms. Safety
data from the preliminary results of the RIO-Lipids, RIO-Europe,
RIO-North America and STRATUS-US trials revealed that
Rimonabant is well tolerated among patients13,14,15. The most frequently
reported adverse effects are nausea, dizziness and upper respiratory
infections. Diarrhea was seen most commonly in the RIO-Europe
trial (2.3%, 5.8% and 7% for placebo, Rimonabant 5 mg/day and 20
mg/day, respectively).

ADVANTAGES
Rimonabant is reported to increase HDL-C and decrease atherogenic
LDL-C levels. The unique property of this drug may, in turn, improve
cardiovascular risk factors and metabolic syndrome.
In addition to weight loss, rimonabant is reported to produce
improvement in HbA1C levels and may be helpful in diabetes.
It also prevents weight gain in persons who are quitting smoking.
Evidence: Clinical studies in obese subjects have documented weight
loss, improved glucose metabolism, and lipid control, as well as reduced
blood pressure in patients with type 2 diabetes 16, 17, 18. Other effects
seen in some but not all studies include increased rates of smoking
cessation. It is important that Rimonabant is currently being evaluated
for effects on cardiovascular morbidity and mortality end points versus
placebo in a randomized controlled study, the Comprehensive
Rimonabant Evaluation Study of Cardiovascular End Points and
Outcomes (CRESCENDO) study, with expected results in 2011)19.
This trial is recruiting patients with inclusion criteria: waist
circumference >102 cm (40 inches) in males, >88 cm (35 inches) in
females, with one coronary heart disease equivalent or two major risk
factors for CVD.

CONCLUSION
Rimonabant, the selective blocker of CB1 receptors, may normalize
the activity of the endocannabinoid system, resulting in weight loss,
reduced waist circumference, improvement in lipid and glucose
metabolism in obese people and may prevent weight gain associated
with smoking cessation along with medical nutritional therapy and
increased physical activity. The positive effects may, in turn, improve
cardiovascular and metabolic risk factors. Future research and the

results of ongoing clinical trials of this exciting drug are required to
establish its long-term therapeutic implications and safety profile.
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Three European scinecitists who discovered virus that causes cervical cancer and AIDS share this year’s Noble prize in Medicine. A german
virologist, Harald zur Huasen, will receive half the award for discovery of HPV, the human papilloma virus, according to the announcement
made on Monday by the Karolinska Institute in Stockholm. The discovery led to the development of a vaccine against cervical cancer, the second
most common cancer in women. The institute said the other half of the award will be shared equally by two French virologists, Francoise
BarreSinoussi and Luc Montagnier, for their discovery of virus of AIDS. Since its discovery in 1981, AIDS has rivaled the worst epidemics in
the history.
An estimated 25 million more areliving with HIV. Dr. Zur Husan of the University of Heidelberg was cited for discovering the first HPV, Type
16, in 1983 from biopsies of woman who had cervical cancer. A year later, Dr. Zur Husan cloned HPV 16 and another type, 18. the two HPV types
are consistently found in about 70% of cervical cancer biopsies throughout the world, the institute said. Of the more than 100 human papilloma
viruses now known, about 40 infect the genital tract, and 15 of them put women at the high risk for cervical cancer. Papilloma viruses account for
more than 5% of all cancers worldwide. Discovery of HIV led to Blood tests to detect the infection and the infection and to anti-retroviral drugs
that are effective in prolonging the lives of the patients. The discovery has also led to an understanding of the natural history of HIV infection,
which ultimately lead to AIDS unless treated. “ Never before has the science and medicine been so quick to discover, identify the origin and
provide treatment for a viral infections,” the Karolinska Institute said.

 NOBLE PRIZE IN MEDICINE
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INTRODUCTION
Obesity has become a health problem worldwide encompassing
1.7 billion people. According to World Watch Institute, the
number of overweight people is approximately equal to the
number of under weight people in the world. Prevalence of
obesity is particularly high in many ethnic minority women,
such as African, Mexican and Pacific Islander American
women.
Obese patients are at increased risk of illness from coronary
artery disease, hypertension, type II diabetes, respiratory
insufficiency, venous stasis or thromboembolic disease,
debilitating arthritis of weight bearing joints, depression, as
well as from uterine, ovarian, colon, breast, and prostate
carcinoma. Obesity, in particular morbid obesity, is also a social
and economic problem. Practical social implications of morbid
obesity are manifold, e.g., inability to ambulate, limited
selection in clothing, stress incontinence, difficulty in personal
hygiene and depression.
The impact of obesity on longevity has been well documented.
In the world, over 2.5 million deaths annually can be attributed
to obesity.  There is direct relationship between increasing BMI
and relative risk of dying prematurely as evidenced in the
Nurses Health Study with a > 100% increase in relative risk as
BMI increased form < 19 Kg/m² to > 32 kg /m². In the morbidly
obese populations, average life expectancy is reduced by 9
years in women and 12 years in men. The financial burden of
obesity is more the $117 billion annually in the United States.
Bariatric surgery is the most effective therapy available for
the morbidly obese population. It markedly lowers body
weight, reverses or ameliorates the myriad of obesity co
morbidities, and improved quality of life.

DEFINITIONS AND RISK FACTORS
In 1998, the NIH established federal guidelines for
identification, evaluation and treatment of overweight obese
adults. Whereas being overweight is having a body mass index

BARIATRIC SURGERY: CURE FOR MORBID OBESITY
Yogesh Agarwal, Sudhir Sharma, Manish K. Gupta
Department of  Surgery, Fortis Hospitals, New Delhi, India

(BMI) greater than 25 kg/m² Obesity is having a BMI greater
than 35 kg/m². Severe obesity is having a BMI greater than 30
kg/m², and morbid obesity is having a BMI greater than 40
kg/m², or a BMI greater than 35 kg/m² with concomitant
obesity related morbidity. (Figure)

BMI is only one measurement technique of obesity and has
limitation. Other techniques such as waist-to-hip ratio of 1.0
or higher in males and 0.8 or higher in females defines upper
body obesity and in an independent predictor of disease risk.
Obese patients have an increased risk of coronary artery
disease. Complications related to obstructive sleep apnea are
12 to 30 fold higher in the morbidly obese than in the general
population. Morbidly obese patients may experience 12-fold
reduction in life expectancy in comparison with age-matched
controlled subjects.

ETIOLOGY OF OBESITY
Once considered simply a condition of caloric intake exceeding
energy expenditure, obesity has come to be known as a
complex disease influenced by the interaction of genetic,
endocrine, metabolic, and environmental factors. Mutations
in human obesity gene and leptin receptor gene have been
identified in obese family members.Correspondence: Yogesh Agarwal, Department of  Surgery,

Fortis Hospitals, New Delhi

Fig.1 : Obesity evaluation

Abstract: Once considered simply a condition of caloric intake exceeding energy expenditure, obesity has come to be known as a
complex disease influenced by the interaction of genetic, endocrine, metabolic, and environmental factors. Management of obesity
includes life style changes with calorie restriction and vigorous exercise. All patients with morbid obesity do not respond to life style
modifications and medical therapy. There is group of patients especially with morbid obesity who in addition to medical management
need surgical intervention and bariatric surgery is the answer. Bariatric surgery is the most effective therapy available for the morbidly
obese population. It markedly lowers body weight, reverses or ameliorates the myriad of obesity co morbidities, and improved quality of
life. Four operative procedures are currently in general use worldwide. These surgical procedures can be divided in to Restrictive
(Laparoscopic adjustable gastric banding: vertical banded gastroplasty), Malabsorptive (Biliopancreatic diversion and duodenal switch)
and combined restrictive and malabsorptive (Roux en Y Gastric bypass). There is an ever-increasing effort to match a particular patient
to a particular operation. In this review we will discuss various surgical procedures available for morbid obesity and their success rates.
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CONSEQUENCES OF MORBID OBESITY
Hypertension is the most common co-morbidity of obesity.
The risk of coronary artery disease is higher in obese
population. Obesity itself increases metabolic and mechanical
load on the heart, predisposing the heart to left ventricular
hypertrophy and congestive failure. Venous stasis disease cause
significant chronic morbidity in obese patients.  Obese patients
have an increased incidence of IDDM. Obesity with NIDDM
is susceptible to coronary artery disease, renal insufficiency,
and cerebral vascular disease.
Adipose tissue acts as endocrine organ, converting 17- beta-
hydroxysteroid to androstenedione and estradiol. The
hormones lead to feminization in men and masculinization,
polycystic ovarian disease, amenorrhoea and infertility in
women.  The incidence of obstructive sleep apnea is 12-30
folds higher in morbidly obese patients. Obese patients are
also at higher risk for hypoventilation syndrome and restrictive
lung disease.
A relative hyperandrogenism and elevated estrogen blood
levels are hypothesized to be the reason for an increased risk
towards the development of hormonally sensitive tumor (e.g.,
breast, ovary, endometrial, and prostate cancer) in obese
patient.

NONOPERATIVE TREATMENT OF
MORBID OBESITY
Nonoperative treatment includes caloric restriction, exercise,
behaviour modification, and drug therapy.  Weight lost on
low caloric diets of approximately 800 calories per day is
typically regained within 18 months to 4 years after initiation
if weight loss program. Exercise programs without some type
of caloric restrictions are generally ineffective beyond the loss
of 6 to 10 pounds.  Long-term success with behavior
modification program is also lacking.  Pharmacologic programs
use appetite-suppressing medications, inhibition of lipase, and
metabolic enhancers, though popular but are equally
ineffective as a treatment for morbid obesity.

OPERATIVE TREATMENT FOR MORBID
OBESITY
Bariatirc surgery is the most effective therapy available for
the morbidily obese population. It markedly lowers body
weight, reverses or ameliorates the myriad of obesity co
morbidities, and improves quality of life.
Patient selection
The 1991 NIH Consensus Conference weight criteria for
bariatric surgery of a BMI > 40 kg/m2 or a BMI of 35.0 kg/m2
to 39.9 kg/m2 in the presence of severe comorbidities are still
reasonable today. High-risk comorbid conditions that can
justify reducing the BMI to 35 kg/m2 include type 2 diabetes,
life-threatening cardiopulmonary problems (e.g. severe sleep
apnea, Pickwickian syndrome, obesity-related
cardiomyopathy), obesity-induced physical problems

interfering with a normal lifestyle (eg, joint disease treatable
but for the obesity), and body size problems precluding or
severely interfering with employment, family
function, and ambulation. Certain data demonstrate that
bariatric surgery can ameliorate obesity co-morbidities (e.g.
type 2 diabetes) in patients with a BMI > 35 kg/m2.
Four operative procedures are currently in general use
worldwide. These surgical procedures can be divided in to
Restrictive (Laparoscopic adjustable gastric banding: vertical
banded gastroplasty) Malabsorptive (Biliopancreatic diversion
and duodenal switch) and combined restrictive and
malabsorptive (Roux en Y Gastric bypass). There is an ever-
increasing effort to match a particular patient to a particular
operation.

LAPAROSCOPIC ADJUSTABLE GASTRIC
BANDING
Gastric banding is the least invasive of the purely restrictive
bariatric surgery procedures. It consists of a small pouch and
a small stoma created by a band high on the stomach.
Laparoscopic adjustable gastric banding was first introduced
in the early 1990s. Today, there are six adjustable bands
available worldwide and one approved by the FDA (June 2001)
for use in the United States. Laparoscopic adjustable gastric
banding is the most common procedure performed outside of
the United States, primarily in continental Europe, Australia,
and South America. It is the second most commonly performed
procedure worldwide.
Current techniques: (Fig.2) The upper gastric pouch is made
very small (the “virtual pouch”), approximately 15 mL in
volume, and placed primarily anteriorly. The dissection on
the lesser curvature of the stomach includes the neurovascular
bundle of the lesser omentum—the pars flaccada approach.
Suture fixation of the anterior wall of the stomach, with at
least four gastrogastric sutures, completely imbeds the anterior
band. The system is assembled and the port for inflation and
deflation of the band is secured onto the rectus fascia of the
anterior abdominal wall. Adjustment of the band through the
access port is an essential part of laparoscopic adjustable
gastric banding therapy.

Figure 2: Gastric Banding
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Weight loss:  Weight loss after laparoscopic adjustable gastric
banding is about 50% of the EBW and about 25% of the BMI
at 2 years.
Operative mortality and morbidity:  Operative (30-day)
mortality for laparoscopic adjustable gastric banding when
performed by skilled surgeons is about 0.1%. Operative
morbidity is about 5%.
Longterm complications: There are unique longterm
complications of laparoscopic adjustable gastric banding,
which include gastric prolapse, stomal obstruction, esophageal
and gastric pouch dilation, gastric erosion and necrosis, and
access port problems. Experience has markedly reduced the
incidence of these complications.
Reversal and revision: Laparoscopic adjustable gastric
banding can be completely reversed with removal of the band,
tubing, and port. For failed weight loss, revision procedures
include removal of the device and performance of a restrictive-
malabsorptive procedure (eg, gastric bypass) or a primarily
malabsorptive procedure (eg, biliopancreatic diversion and
duodenal switch).

GASTRIC BYPASS
It is a combined restrictive and malabsorptive procedure and
is currently the most popular procedure performed in the
United States and worldwide. The restrictive element of
operation consists of the creation of a small gastric pouch
with a small outlet. The intestine tract bypassed consists of
the distal stomach, entire duodenum and 40 cm proximal
jejunum. The Roux limbs vary from 75 cm – 150 cm.
Current Techniques: (Fig.3) RYGB can be performed by
either open or laparoscopic techniques. The upper pouch (15-
25 ml) is constructed horizontally with distal stomach
separated from this pouch by four rows of staples of totally
divided from the upper gastric pouch. Gastrojejnostomy can
be performed with the end-to-end circular stapler, linear stapler
or hand sewn.

Weight loss: Weight loss after a standard 75 cm Roux gastric
bypass usually exceeds 100 lb, or about 65% to 70% of the
excess body weight (EBW) and about 35% of the BMI.
Operative mortality and morbidity: Operative (30-day)
mortality for gastric bypass when performed by skilled
surgeons is about 0.5%. Operative morbidity (eg, pulmonary
emboli, anastomotic leak, bleeding, wound infection) is about
5%.
Longterm complications: Gastric bypass can be associated
with the dumping syndrome, stomal stenosis, marginal ulcers,
staple line disruption, and internal hernias. Life-long oral or
IM vitamin B12 supplementation, and iron, vitamin B, folate,
and calcium supplementation is recommended to avoid specific
nutrient deficiency conditions, such as anemia.

BILIOPANCREATIC DIVERSION AND
DUODENAL SWITCH
Biliopancreatic diversion and duodenal switch are primarily
malabsorptive procedures. The biliopancreatic diversion
originated in Genoa, Italy and is widely used in Europe and
sparingly in the United States. Both procedures involve a
partial gastrectomy leaving a gastric pouch of 100 to 150 mL,
which is considerably larger than that of gastric bypass or the
restrictive procedures and, thereby, allows larger meals in
comparison with those of the other bariatric operations. Both
procedures avoid leaving a nonfunctioning intestinal segment
by dividing the intestine into a long enteric limb joining a
long biliopancreatic limb to form a common channel 50 to
150 cm from the ileocecal valve. This modification avoids
the toxic problems seen with the old jejunoileal bypass
procedure

WEIGHT LOSS
Weight loss after biliopancreatic diversion and duodenal
switch is about 70% of the EBW and about 35% of the BMI.
Weight loss with these procedures is at the upper end of theFigure 3: Gastric Bypass
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efficacy range. Weight loss may be sustained without a rise
from the weight nadir.

OPERATIVE MORTALITY AND
MORBIDITY
Operative mortality for biliopancreatic diversion and duodenal
switch when performed by skilled surgeons is about 1%.
Operative morbidity is about 5%.

LONGTERM COMPLICATIONS
On occasion, these procedures are associated with diarrhea.
Some patients report malodorous stools and flatus. Long-range
complications can consist of vitamin, mineral, and nutrient
deficiencies, in particular, protein deficiency. These
contingencies need to be anticipated and properly managed
by dietary supplements with about 75 to 80 g of dietary protein
and B vitamins, calcium, and iron. Biliopancreatic diversion
may be associated with postoperative dumping; the duodenal
switch is not.

PREOPERATIVE CARE
The bariatric surgery patient needs to be well-informed,
motivated, willing to participate in longterm care, change
dietary patterns, and embrace a revised lifestyle. The bariatric
patient is best evaluated and subsequently cared for by a team
approach involving the surgeon, a nurse practitioner or nurse,
a dedicated dietician, office personnel (scheduling and triage),
and other specialists when needed. Availability of a support
group is recommended, as is distribution of literature
describing procedures, postoperative diets, exercise, and so
forth. Availability of a full spectrum of expert consultants (eg,
cardiologists, pulmonologists, psychiatrists and psychologists)
is mandatory.

PERIOPERATIVE CARE
Expert anesthesiology support, knowledgeable in the specific
problems of the bariatric patient, is necessary. The
anesthesiology support includes an understanding of patient
positioning, blood volume and cardiac output changes, airway
maintenance, and drug pharmacokinetics in the morbidly
obese. It is advisable to have preoperative, intraoperative, and

postoperative written protocols.The bariatric surgeon must be
able to manage, and have coverage to manage, the
postoperative patient and any problems and complications that
may occur. A facility that practices bariatric surgery must be
equipped with appropriate operating room equipment,
including operating tables that can handle large patients;
bariatric instruments, including large retractors, special
staplers, long laparoscopic instruments; special equipment to
transfer the patient; extra-large beds, commodes, chairs, and
wheelchairs; and diagnostic facilities and equipment that can
accommodate the morbidly obese patient.

POSTOPERATIVE CARE
Care of the postoperative bariatric surgery patient is
recommended for the lifetime of the patient with at least three
followup visits with the bariatric surgery team within the first
year. Laparoscopic adjustable gastric banding will require more
frequent visits for band adjustment. Postoperative dietary
(including vitamin, mineral, and possibly liquid protein
supplementation), exercise, and lifestyle changes should be
reinforced by counseling, support groups, and working with
the family physician. Favorable outcomes of bariatric surgery
can lead to socioeconomic advancement, which may require
patient guidance. Postoperative care may include planning for
reconstructive operations after weight stabilization for certain
patients.

CONCLUSION
Bariatric surgery, involving either open or laparoscopic
techniques, is the most effective weight loss therapy available
for patients with morbid obesity. Bariatric surgery results in
marked and long-lasting weight loss and elimination or
improvement of most obesity-related medical complications.
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