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INTRODUCTION

This study is motivated by the current concerns over the extent to which obesity contributes to ill health. These concerns have been the focus of substantial work done by the National Institute for Health and Clinical Excellence (NICE). The Institute’s Guidance Issued in 2006 has set the reasoning, standards and recommendations for tackling the issue at NHS Trust level. This study aims to assess how far the Pennine Acute (NHS) Hospitals’ Trust (PANHT) has gone towards implementing this Guidance in the workplace at North Manchester General Hospital, one of 4 of Hospitals in the PANHT.  

HISTORY OF OBESITY

Throughout most of human history, weight gain and fat storage have been viewed as signs of health and prosperity implying an adequate energy intake to meet energy requirements in times of food shortages.  Obesity is now one of the most significant preventable causes ill health. Obesity is a complex, serious, largely preventable and incompletely understood disease, reflecting various social, economic and cultural issues. The health risks of excessive body fat are associated with relatively small increases in body weight. It is not just an individual problem, but a global one, a chronic disease, one of a defined cluster of non-communicable diseases now observed in both developed and developing countries, affecting all age groups.

Clinical evidence of obesity dates as far back as Greco-Roman times, but little scientific progress in understanding the condition was made until the 19th century.  Lavoisier indicated that both obese and lean humans obey the Laws of Thermodynamics. It was then discovered that fat was stored in cells, and the first diet book was released in “Letter on corpulence addressed to the public” by a Mr W. Banting. (date?)

In the 20th-century, analysis of life insurance data indicated that obesity was associated with increased death rates.  A familial basis for obesity was suggested in the 1920s when Cushing's Disease and Hypothalamic Obesity were also described.  Modern advances include pharmacological and surgical treatment together with improved understanding of the genetic and metabolic defects.

DEFINITION AND MEASUREMENT OF OBESITY

1. Definition

1.1. Obesity and overweight are conditions in which weight gain has reached the point where it poses a significant risk to health.
 The word obesity is derived from the Latin root “obesus” meaning “wasted away” but has come to refer to excess body fat usually relating to excess weight for height.

1.2. The International Code of Diseases lists obesity as a disease (ICD E65-E69
) and a risk factor for other diseases.

2. Measurement - Obesity is measured as:

2.1. Body Mass Index ( BMI) - weight in kilograms/height in metres.²

2.1.1. In 1993 a WHO expert committee proposed BMI cut-off points on 25.0-29.9 kg/m² as overweight and 30 kg/ m² as obese with > 40 kg/m² as morbidly obese.

2.1.2. NICE recommends that as BMI should not be seen as a direct measure of adiposity, but interpreted with caution. Limitations include: 

2.1.2.1. It fails to account for muscularity.

2.1.2.2. It does not reveal the location of fat in the body.

2.1.2.3. It may be an unsuitable measurement for certain ethnic

groups.  Asian populations are predisposed to visceral and abdominal obesity and the health risks associated with obesity occur at a lower BMI than in European populations.

2.2. Waist Circumference (WC) - measured either at the narrowest circumference of the torso or at the midpoint between lower ribs and iliac crest.

2.2.1. Waist circumference:

2.2.1.1. Measures abdominal adiposity. 

2.2.1.2. Correlates strongly with BMI. 

2.2.1.3. Gives a better prediction of visceral and total fat and of disease risk than waist/height ratio.
 

2.2.1.4. Is easier to measure.

2.2.1.5. Increased waist circumference is linked to insulin resistance, hypertension, type 2 diabetes and coronary heart disease.

2.2.2. The WHO have recommended sex-specific waist circumference classification for different populations, and suggest that increased risk is present when waist circumference exceeds 37 inches for men and 31.5 for women. (3) 
2.3. Measurement of both BMI and WC is recommended for comprehensive assessment of risk of both death and disease particularly among persons of normal weights.  Association of BMI and risk of death is ‘J’ shaped with higher risk of death observed in the lower and upper categories. There is a positive association between abdominal adiposity as measured by waist circumference and risk of death even among persons of normal weight.
  Association between abdominal adiposity and risk of death was stronger among those with lower BMI.

NATIONAL DATA OF OVERWEIGHT AND OBESITY IN ENGLAND 2010

1.  Scale of the problem nationally 

1.1. In 2008, 24% of men and 25% of women aged 16 or over in England were classified as obese; 0.9% and 2.6% respectively were morbidly obese.  42% of men and 32% of women were classified as over-weight.

1.2. 39% of adults had a ‘raised waist circumference’ (over 88cm for women and 102 cm for men) in 2008 compared with 23% in 1993.  Women were more likely than men to have raised waist circumference (44% and 34% respectively).

1.3. Social deprivation correlates positively with obesity; for example, women with a raised waist circumference tend to be in the lowest income groups.

2. Scale of the problem in the North-West Region

2.1. Results from a Family Food Report in 2005-06
 indicated that compared to other regions, households in the North West were characterised by poorer diet correlating with a higher incidence of obesity and lower regard for National healthy-eating advice. For example, the Region showed:

2.1.1. Second lowest purchase of vegetables

2.1.2. Highest expenditure on alcoholic drinks.

2.2. The Region has a relatively high level of social deprivation. 

2.3. The North-West Strategic Health Authority (SHA) in 2008 had the largest number of admissions with either a primary or secondary diagnosis of obesity (19,184) and the highest admission rate (279/100,000 population.)

2.4. The North-West SHA in 2008 also had the greatest number of prescription items for obesity in total (227,000) and per head of population. (11) 

3. Trends (11)
3.1. In England the proportion of adults with a normal BMI decreased between 1993 and 2008 from 41% to 33% among men and from 50 to 41% among women. 

3.2. There has been a marked increase in the proportion that are obese.  In 1980 6% of men and 8% of women were obese.  In 1993 13% of men and 24% of women were obese and in 2008 16% of men and 25% of women.

3.3. Between 1993 and 2008 the proportion of adults with a raised waist circumference had increased from 23% to 39%.

3.4.  According to self-reported measures, physical activity has increased in 2008 with 39% of men and 29% of women meeting the recommended levels of 30 minutes of moderate intensity exercise at least five times per week compared with 32% in 21% in 1997.

4. Estimation of risk to health

4.1. Using BMI and WC, and information from the National Audit Office
 and the House of Commons Select Committee
 to assess risk of health problems, 14% of men were estimated to be at risk, 20% at risk high risk and 21% at very high risk.  Equivalent figures for women were 15% increased risk, 17% high risk, 24% very high risk.

5.  Reported Health outcomes 

5.1. High blood pressure was recorded in 47% of obese men and 44% of obese women compared with 16% of those of normal weight. (9)
5.2. The number of finished hospital admissions (FAEs) in NHS hospitals in 1998/99 with a primary diagnosis of obesity was 954, and by 2008/09 had risen eightfold to 7988 in 2008/09.
 

5.3. The number of finished consultant episodes (FCEs) with a primary diagnosis of obesity and a main or secondary procedure of bariatric surgery has more than doubled from 19 51 in 2006/07 to 4221 in 2008/09.  

5.4. Since 1999, prescription items dispensed for treatment of obesity have increased tenfold to 1.28 million by 2008.
 

5.5. There is a significant association between obesity and fatal and non-fatal cardiovascular events.  Increased risk for developing these and other disorders is shown in the table below. (11)
5.6. National Audit Office 2006 relative risk factors for development of disease in people with obesity in England

	
	Male
	Female

	Type 2 diabetes
	5.2
	12.7

	Myocardial infarction
	1.5
	3.2

	Angina
	3.0
	2.7

	Hypertension
	2.6
	4.2

	Stroke
	1.3
	1.3

	Gallbladder diseases
	1.8
	1.8

	Ovarian cancer
	-
	1.7

	Osteoarthritis
	1.9
	1.4


6. Estimation of risk of death from obesity

6.1. The National Audit Office estimated that in 1998 over 30,000 deaths in England were attributable to obesity, approximately 6% of all deaths in that year. Around 9000 were premature deaths. In 2004 research by the House of Commons Select Committee estimated that 34,100 deaths were attributable to obesity i.e. 6.8% of all deaths in England. (13)
6.2. Severely obese people are likely to die on average 11 years earlier than those of healthy weight. This risk is comparable to, and in some cases worse than, reduction in life expectancy due to smoking.
 An increase of 2 in BMI in an overweight population reduces the lifespan in men by about one year.
 Obesity has a profound effect on lifespan.  A 20 year old white male with the BMI greater than 45 is estimated to have 13 years of life lost due to obesity. Assuming a life expectancy of 78 years, this translates into a 17% reduction in total life expectancy. The pattern among the black population is different. A consistent reduction in life expectancy was not observed until BMI of 37-38 for women and 32-33 for men.

7. Financial cost of obesity

7.1. Obesity imposes a considerable economic burden. The Health Select Committee reported the cost of obesity in England as £3.3 -3.7 bn per year. (13) They estimated £49m for treating obesity, £1.1bn for treating the consequences of obesity and indirect costs of £1.1bn for premature death and £1.45bn for sickness absence. The cost of obesity plus overweight is estimated between £6.6 and £7.4bn per year. From a broader perspective, it is important to note that the burden of obesity also falls outside the healthcare sector.  National Audit Office figures suggest that the burden to society is approximately £2bn(12), significantly higher than the £479.4 million that is spent on treating obesity per se and all obesity related conditions.

SOCIO-ECONOMIC CAUSES OF OBESITY

1. Obesity occurs when energy intake is greater than energy expenditure over a prolonged period.  Small, virtually unnoticeable  changes in lifestyle can result in significant weight gain-just 50-60 cal/day in excess can result in 2.4 kg increase in weight by the end of the year.
 The Foresight Report referred to “a complex web of societal and biological factors that have, in recent decades exposed our inherent human vulnerability to weight gain.”

2. GENETICS

2.1. Body weight is determined by an interaction between genetic, environmental and psychosocial factors acting through the physiological regulation of energy intake and expenditure. A recent twin study found that genes accounted for 60% of BMI
. The genetic influences appear to operate through susceptibility genes which may be expressed more frequently in certain ethnic groups
. Implicit to the susceptible gene hypothesis is the role of environmental factors that unmask latent tendencies to develop obesity. Currently the primary indicator that a child will become obese is that both parents are overweight or obese.

3. REDUCTION IN ENERGY EXPENDITURE

3.1. It is argued that technological change and the gradual decline in manual labour are responsible for the obesity epidemic because of reduction of energy expenditure in the workplace.
 There has also been an introduction of labour saving devices to the home. Yet there is evidence that leisure time activity is becoming more active. Time spent in active sports and outdoor recreation rose per individual from 7 to 24 minutes daily between 1965 and 1995. The fraction of adults who engage in no leisure time physical activity declined from 31% in 1988 to 25% in 2002.
 Neither theory explains the rapid rise of obesity rates among children and adolescents who are less affected by labour-saving technology.

4. INCREASE IN ENERGY INTAKE

4.1. Studies examining trends in energy intake suggest calorie consumption has risen markedly during the same time period as the obesity increase.  Putman
 shows that after remaining constant from 1910 to 1985, calorie intake rose by roughly 12% from 1985 to 2000. Reasons include:
4.1.1. High calorie food - Much of the rise in energy intake is related to increase in carbohydrates. High calorie beverages particularly soft drinks and snacks have become prevalent.
 Cutler and colleagues found that higher snack calories were responsible for the entire rise in energy intake among females and for 90% of the increase among males.(29)
4.1.2. Price of food - The Economist's first law of demand implies that a decrease in the price of food will cause  consumption to increase. Reduction in the relative price of energy dense food and increased prevalence of “super sizing” have resulted not only in  an increase in food consumption between meals but also an increase in the amount of food consumed at each meal.

4.1.3. Serving sizes and increased availability - Young and Nestle
 provided evidence that serving sizes of virtually all food eaten away from home has increased over time. Classic cookbooks now specify fewer servings from the same recipes than did older editions. Chou and co-workers(27) linked the rise in body weight to the increase in availability of fast food restaurants.

4.1.4. 3.4 Television and media - Television has received a great deal of attention for its role in promoting a sedentary lifestyle. However there is some evidence that the largest growth in viewing hours occurred in the 1960s when colour TV became available at relatively low prices.
 Total screen time, including time spent in front of computers, video games and other media devices , use of which have increased dramatically since the 1980s, might better explain the rise in obesity rates than TV alone.  However only TV viewing has been associated with increased snacking rates.
4.1.5. Self-control problems - Given the changes in our environment that have occurred over the past 30 years, it has become increasingly more difficult for individuals to maintain a healthy weight. Even with full information about the benefits of physical activity, the nutrient content of food, the health consequences of obesity some still choose to engage in a lifestyle that leads to weight gain. An emerging  economic model emphasises how was sub-optimal outcomes will be obtained by individuals with self control problems, either because of genetics or other factors. This notion receives support from the existence of the £40 billion per year diet industry.
  Googling ‘obesity’ results in more than 35 million hits. There are few health topics where there is greater media interest, misinformation and unsubstantiated celebrity endorsement.  

PATHOPHYSIOLOGY OF OBESITY

1. Obesity per se is less predictive of the development of diseases than is the presence of a constellation of obesity related abnormalities which can be summarised into two pathological disorders:

1.1. Systemic insulin resistance (the Metabolic Syndrome)

1.2. Systemic inflammation (the Inflammatory Syndrome)

2. THE METABOLIC SYNDROME

2.1. Definition - According to international consensus
 the metabolic syndrome is a cluster of risk factors or metabolic traits occurring in the same individual:

2.1.1. Hypertension with BP >130/85

2.1.2. Raised fasting plasma glucose> 100 mg/dl (5.6 mmol /l) or previously diagnosed diabetes mellitus

2.1.3. Raised triglyceride level> 150 mg/dl (1.7 mmol /l) or specific treatment for this lipid abnormality

2.1.4. Reduced HDL concentration <40 mg/dl (1.03 mmol/l) in males or<50 mg/dl (1.29 mmol/l) in females or specific treatment for this lipid abnormality

2.2. Prevalence - 25% of middle-aged people in developing countries have features of metabolic syndrome

2.3. Risk of disease -When visceral obesity is accompanied by metabolic syndrome, the predicted cardiovascular risk is increased significantly
 and risk of Type- 2 diabetes is increased five times.

2.4. Metabolic abnormalities 
2.4.1. Insulin resistance - There is a positive correlation between increasing central obesity and measures of insulin resistance in the factors listed below.
 All these factors contribute to the exaggerated release of free fatty acids (FFA s) from abdominal adipocytes into the portal system. FFAs have a deleterious effect on insulin uptake by the liver and contribute to the increased hepatic gluconeogenesis and hepatic glucose release  observed in central obesity.

2.4.1.1. Elevated fasting plasma insulin

2.4.1.2. Exaggerated insulin response to an oral glucose load

2.4.1.3. Increase production of resistin, a fat cells specific cytokine associated with decreased cellular insulin sensitivity.

2.4.1.4. Reduced levels of adiponectin, an adipocyte specific secretory protein, similar in structure to tumour necrosis factor- alpha (TNF α) 

2.4.1.5. Increase in pro- inflammatory cytokines (interleukin-6, C-reactive protein, TNF -α, resistin etc) also resulting in lowering of cellular insulin sensitivity.
  

2.4.2. Hypertension - The relationship between obesity, insulin resistance and hypertension is well established and underpinned by several different mechanisms including   intracellular inflammatory processes resulting in arterial damage. (35)  Ethnic differences in CRP may explain some of the variation observed in insulin resistance across populations.  Other mechanisms include:

2.4.2.1. Insulin is a vasodilator and has secondary effects on sodium reabsorption by the kidney. With insulin resistance, the vasodilatory effect of insulin can be lost but sodium re-absorption appears to be preserved. 

2.4.2.2. Insulin increases sympathetic nervous system activation.
2.4.2.3. The surge in lipids associated with obesity promotes proliferation of the vasa vasorum of the arterial media and apoptosis of the medial macrophages. There is further release of cytokines in an already complex pro-inflammatory state. A rise in blood viscosity is induced by release of profibrinogen and plasminogen activator from adipocytes.  
2.4.3. Hyperlipidaemia - Hyperinsulinaemia and insulin resistance are significant  correlates of the dyslipoproteinaemic state and contribute to the characteristic alteration of plasma lipid profile associated with obesity.
 Dyslipidaemia progressively develops with increasing abdominal fatness and BMI.  It is first noted at a BMI of 21 when a rise of pro-atheromatous dense small particles low-density lipoprotein LDL is seen. With elevated LDL concentration as well as high concentration of triglycerides, coronary heart disease risk rises. The combined effect of saturated and trans-fatty acids on plasma lipids is amplified by the lack of long chain fatty acids.
3. THE INFLAMMATORY SYNDROME
3.1. Characteristics 
3.1.1. Adipose tissue consists of a variety of cell types. Bone marrow derived macrophages invade fat in response to as yet unknown signals and in obese animals aggregate and form giant cells characteristic of chronic inflammatory disorders suggestive that adipose tissue is the site of active inflammation. Total body weight is a strong predictor of the number of mature macrophages. These inflammatory changes are most marked within visceral fat, the fat depot with the greatest metabolic risk. 

3.1.2. Adipose tissue is now recognized as an immune organ that secretes numerous immunomodulatory and hormonal factors including tumour necrosis factor -alpha (TNF- α) Interleukin 6 (IL-6) and Interleukin1-β (IL1-β) adiponectin, resistin etc. Many of these inflammatory markers are highly predictive of vascular disease.
 

3.1.3. In 1994 adipose tissue was identified as the source of the hormone leptin and the door was opened for a new era of research focusing  on adipocyte endocrinology. A new paradigm has been exposed whereby adipose tissue derived cytokines, such as I. L.-6 and leptin, which may participate directly in inflammation of the vascular bed, also modulate local immune response and adipocyte differentiation.

3.2. Role of adipocyte cytokines
3.2.1. Leptin
3.2.1.1. The adipocyte derived hormone leptin is a classic peptide similar in structure to cytokines such as IL-2 with which it shares receptor homology.  In many ways leptin is identified as a cytokine.

3.2.1.2. It is a critical mediator of energy balance and relays information regarding depletion or accumulation of fat stores to the brain.

3.2.1.3. Levels rise in proportion to body adiposity but obese individuals seem resistant to its hypothalamic effects.  The catabolic pathways designed to reduce appetite and increase energy expenditure are not activated and excess body weight is maintained in the obese.

3.2.1.4. Importantly the mechanism thought to contribute to hypothalamic leptin resistance has not been observed in peripheral tissues, therefore increased leptin effect in obese people may serve to activate the innate immune system and shift the cognate immune system towards a predominance of TH1 T-cell population.  Chronically this pro-inflammatory shift may be deleterious and contribute to the low-grade inflammation associated with the metabolic syndrome.
3.2.2. Tumour Necrosis Factor Alpha (TNF- α)
3.2.2.1. This is a macrophage derived inflammatory factor.  Circulating levels rise with increasing obesity.  It causes insulin resistance through serine phosphorylation inactivation.

3.2.3. Interleukin 6(IL-6)
3.2.3.1. IL-6 is a cytokine  secreted by both adipocytes and macrophages.  Fat accounts for 30% of circulating IL-6 concentration in humans.

3.2.3.2. Like leptin, production increases with increasing adiposity and circulating concentrations are highly correlated with percentage of body fat and insulin resistance.

3.2.3.3. It is likely that IL-6 contributes significantly to the chronic inflammatory disorder associated with the metabolic syndrome.

3.2.3.4. Circulating IL-6 is the single most important factor controlling of the hepatic acute phase response.
 CRP production in the liver is governed by circulating IL-6. CRP is connected to coronary events, atherosclerotic disease, type 2 diabetes and is one of the strongest markers of metabolic risk.
 

3.2.3.5. IL-6 also mediates increasing fibrinogen and platelet activation contributing to clot formation.
 It targets endothelial cells and vascular smooth muscle cells resulting in activation of local renin/angiotensin pathways.

� National Audit Office (2001) Tackling Obesity in England:TSO


� International Classification of Diseases. 10th revision (ICD-10) World Health Organisation.


� World Health Authority. Obesity: preventing and managing the global epidemic. Geneva. WHO 2006


� World Health Authority expert consultation.  Appropriate body mass index for Asian populations and its implications for policy and intervention strategy. Lancet 2004. 363: 157-63


� Thang SH Naveed S and Lean M. Assessment of obesity and its clinical implication. BMJ 2006. 333: 695-698


� Haslam D Sattar N and Lean M. Obesity-Time to wake up. British Medical Journal 2006. 333: 640-642


� Pischon T Boeing H and Hoffman K. General and abdominal adiposity and risk of death in Europe. N Eng J Med  Nov 2008.  359; 20: 2105-2120


� Health Survey for England 2008. Trend tables. The NHS information Centre 2009. Available at


http://www.ic..nhs.uk/pubs/hse08 trends.


� North West Public Health Observatory. Synthesis November 2008.  Issue 7: 2-36


� DEFRA (2007) Family Food in 2005-06.  London TSO


� Statistics on obesity, physical activity and diet in England February 2010. NHS. The Information Centre www.Ic.nhs.uk


� Tackling Obesity in England.  National Audit Office 2001 available at www.nao.org.uk/publications/0001/tacklingobesityinengland.aspx


� Obesity.  House of Commons Health Committee, third report of session 2003-04 the Stationery office London.  2004 available at www.publications.parliament.uk/pa/cm200304/cmselect/cmhealth/23/23.pdf


� Hospital Episodes Statistics (HES).  And the NHS information Centre 2010.  Available on request


www.hes online.org.uk


� Prescribing Unit.  The NHS Information Centre 2010.  Available on request at  http://www.ic.nhs.uk/statistics-and-data-collections/primary-care/prescriptions


� Healthy weight healthy lives


� Effects of obesity and smoking on US life expectancy. N Eng J Med March 4 2010. 362: 855-857


� Fontaine KR Redden DT and Wong C. Years of life lost due to obesity. JAMA.  2003; 289: 187-193


� House of Commons Health Select Committee. Obesity: third report of session 2003-04. London: TSO. 2004


� Government Office for Science; Department of Innovation, Universities and Skills 2007. Foresight.  Tackling obesities: future choices. Project report: second edition (or online) www.foresight.gov.uk/Obesity/obesitys_final/17.pdf


�Wardle J Carnell S and Howarth CMA. Evidence for a strong genetic influence on childhood adiposity despite the forces of the obesogenic environment. Am J Clin Nutr 2008; 87(2): 398-404


� Meyer JM and Stunkard AJ. Genetics and human obesity. Obesity: Theory and Therapy (second edition) 1993


� Department of Health. Health challenge England: Fact Sheet on Obesity. London. TSO 2006.  


� Phillipson T. The worldwide growth in obesity: an economic research agenda. Health Econ 10(1):1-7


� Van Sluijs EMF Griffin SJ Van Poppel MNM and While A. Cross-sectional study of awareness of physical activity: association with personal behaviour and psychosocial factors. Int J of Behavioural Nutritional and Physical Activity 2007; 53(4): 82-86


� Putman JJ and Allshouse JE. Food consumption, prices and expenditure 1970-97 Econ Res Serv USDA Stat Bull. No 965. Washington PC 1999


� Chou SY Grossman M and Saffer H. An economic analysis  of adult obesity; results from the Behavioural Risk Factors Surveillance System. J. Health Econ 2004. 23(3): 365-87


� Young R and Nestle M. The contribution of expanding portion size to the U. S. obesity epidemic.


Am J. Public Health 2002. 97(2): 246-49


� Cutler DM Glaeser EL and Shapiro JM. Why have Americans become more obese? J. Econ Perspect. 2007; 17(3): 93-118


� Goodstein E. 10 secrets of the weight loss industry. 2004 www.bankrate.com/brm/news/advice/20040113al.asp


� The International Diabetes Federation consensus worldwide definition of the metabolic syndrome.  


International Diabetes Federation 2006 � HYPERLINK "http://www.been.org/web data/docs/MetS-def-update 2006.pdf" ��http://www.been.org/web data/docs/MetS-def-update 2006.pdf�


� Ford ES Giles WH and Dietz WH. Prevalence of the metabolic syndrome among US adults. Findings from the third National Health and Nutrition examination survey. JAMA 2002; 287:356-359.  


� Lakka HM Laakonen DE Lakka TA Niskanen LK Kumpusalo E Tuomiletito J et al. The metabolic syndrome and total cardiovascular disease mortality in middle-aged men. JAMA 2002; 288:2709-2716.  


� Grundy SM Cleeman JI Daniels SR et al. Diagnosis and management of the metabolic syndrome: An American Heart Association/National Heart, Lung and Blood Institute Scientific Statement. Circulation. October 2005;1129(17): 2735-2752


�Kopelman P. Health risk associated with overweight and obesity. Obesity Review 2007. 8; (suppl 1) 13-17





� Frolich M Imhof A Berg G Hutchinson WG Pepys MB Boeing et al. Association between C-reactive protein and features of the metabolic syndrome: a population based study. Diabetes Care 2006; 23: 1835-1839





� Rader GM. Inflammatory markers of coronary risk. N Eng J  Med 2000;  343: 1179-1182


� Wisse BE. The inflammatory syndrome: the role of adipose tissue cytokines in metabolic disorders linked to obesity. J. Am Soc Nephrol 2004; 15:2792-2800


� Lord G. Role of leptin in immunology. Nutr Rev 60 2002 (suppl) S35; discussion S38-S84, S85-87





� Schwartz MW Woods SC Porte D Jr Seeley R and  Baskin DG. Central nervous system control of food intake. Nature 2000. 404: 661-671 


� Tsigos C Kyrou I Chala E Tsapagos P Stavridis JC Raptis SA et al. Circulating TNF alpha concentrations are higher in abdominal versus peripheral obesity. Metabolism 1999. 48:1332-1335, 


� Mohammed Ali V Goodrick S Rawesh A Katz DR Miles JM Yudkin JS et al. Subcutaneous adipose tissue releases interleukin-6 but not tumour necrosis factor alpha in vivo. J. Clin Edocrinol Metab 1997. 82: 4196-4200


�Heinrich PC Castell JV and Andus T. Interleukin-6 and the acute phase response. Biochem J 1990. 265: 621-636, 


� Ridker PM Hennekens CH Buring JE and Rifai N. C-reactive protein and other markers of information in the prediction of cardiovascular disease in women. New Eng J Med 2006. 342: 836-843


� Burnstein SA Peng J Friese P Wolf RF Harrison P Downs T et al. Cytokine induced alteration of platelet and homoeostatic function. Stem cells 1996. 14(suppl 1): 154-62





Dr Bernadette Dalton
Page 7
10/29/2010
H:\mfom chapters\CHAPTER 1.doc

