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OBESITY AND CARDIOVASCULAR DISEASE

1. Degree of risk 

1.1. Obesity is linked to the pathogenesis and progression of cardiovascular disease by overwhelming evidence with overall survival duration decreased in the obese patient.

1.2. Each unit change in BMI increases risk of coronary artery to disease by 3.6.

1.3. The National Audit Office estimated relative risk for obese people developing myocardial infarction was 1.5 in men and 3.2 in women.

1.4. Chapter 7 of “Statistics on obesity, physical activity and diets: England 2010” states that men in England with a raised waist circumference were more than twice as likely to have high blood pressure as those with a waist circumference of 102 cm or less (50% compared with 22%). The pattern was similar for women (43% compared with 19%).

2. Cardiovascular pathophysiology associated with obesity 

2.1. An expansion in metabolically active adipose tissue is accompanied by an increase in total blood volume, cardiac output, left ventricular pre-load and structural changes in the heart with eccentric hypertrophy. Left ventricular mass increases directly in proportion to body mass index. 
 

2.2. In those subjects whose systemic resistance is increased, the combination of hypertension and obesity results in concentric hypertrophy of the left ventricular wall. (5) 70% of obese women with hypertension have left ventricular hypertrophy. (5)
2.3. Marked systolic dysfunction occurs when the ventricle can no longer adapt to the volume overload. A combination of systolic and diastolic dysfunction progresses to heart failure
. Obesity is a contributory factor to heart failure in more than 10% of patients.(5)
2.4.  Endothelial dysfunction, increased systematic inflammation and pro-thrombotic states also occur with obesity.(1)
3. Benefits of workplace health promotion programmes
3.1. Avoiding becoming overweight and exercising regularly may protect against elements of the metabolic syndrome associated with type 2 diabetes, such as hypertension and hyperlipidaemia, which themselves may subsequently increase morbidity and mortality from cardiovascular disease.
,
 

3.2. Advocating healthy lifestyles in the workplace can reduce the risk of cardiovascular disease in staff and families. Favourable changes in body weight, waist circumference, BP, plasma glucose and lipid concentration among 5000 people in five workplaces in India were shown after three years of a health promotion programme.

4. Benefits of weight loss following bariatric surgery
4.1. The prospective controlled Swedish Obese Subjects Study involved 4047 subjects, who underwent bariatric surgery.  After 10 years, lower levels of hyper-triglyceridaemia and hypertension were noted in the treated group.

OBESITY EFFECTS ON FERTILITY AND PREGNANCY

1. Obesity is associated with:
 

1.1. Reduced fertility primarily as a result of oligo-ovulation and an-ovulation.

1.2. Increased risk for stillbirth by 2.1-4.3.

1.3. Increased risk of gestational diabetes, pre-eclampsia, caesarean section and infectious morbidity, but not pre-term delivery.

1.4. Need for early admission in labour and labour induction. 

1.5. Longer labour.

2. Bariatric surgery(11) is associated with:

2.1. Reduced risk for pulmonary embolus, hypertension, pre-gestational and gestational diabetes.

2.2. Increased risk of caesarean section (62%).

2.3. No increase in rate of congenital abnormalities and peri-natal death. 

2.4. A lower rate of large- for-gestational-age-infants.

2.5. Mal-absorption, which can affect nutritional status and absorption of medication including contraception. Pregnancy rates double after bariatric surgery.

OBESITY AND CANCER

1. The relationship between obesity and cancer - worldwide there are 6.5 million deaths from cancer each year and the relationship between obesity and cancer is well documented.

1.1.  In a recent meta-analysis the authors noted only three cancers that were not associated with obesity - oesophageal (in women), prostate and pancreatic.

1.2. In a 16-year cohort study of 900,600 US
 adults, relative risk of death for all cancers for people with BMI of 40 was 1.5 for men and 2.5 for women.  Increased risks were noted for pancreas and liver cancer in males and renal cancer in females. Relative risk for uterine cancer was 6.25.

1.3. Renehan and colleagues,
 performed a meta-analysis in 2008 across 20 cancer types quantifying association between BMI and cancer risk by gender.  Increased risks were observed not only in common cancers (e.g. post-menopausal breast) but also less common malignancies (e.g. non-Hodgkin's lymphoma, multiple myeloma). Significant differences between association strength by gender for the same cancer site was a further striking observation e.g. colon cancer, males > females, and renal cancer, females> males. The BMI/cancer risk association was non-linear, with a “take-off” effect above BMI of 27 kg/m².

1.4. Analysis in 2010 of pooled data from prospective cohort studies involving more than 600,000 participants from Asian continents confirmed a significant increased risk of mortality from cancer in obese people compared with risk for individuals of normal weight.
 Obesity was associated with a hazard ratio of 1.21 (95% CI 1.09-1.36). Overall for each five units increase in BMI beyond 18.5 kg/m², the hazard ratio for all cancer mortality increased by 1.09 (95% CI 1.04-1.14). Specifically obesity was associated with higher risk for mortality for colorectal, ovarian, cervical and breast cancer.

1.5. Breast cancer is a common malignancy among women in the UK and therefore NHS employees.  Global trends towards energy excess may in part account for the marked increase worldwide
. Observational studies consistently link pre-menopausal weight gain to increased risk of breast cancer: weight gain of 20 kg is associated with doubling of risk compared to women who remain a stable weight.
 In the Iowa Women's Health Study women who lost 5% or more of their bodyweight reduced their risk of postmenopausal breast cancer by 40%.
 Pre-existing obesity and post-operative weight gain were related to poor prognosis in breast cancer. After the menopause many of the tumours are oestrogen receptor positive and the elevated oestrogen from fat cells and elevated insulin levels may drive growth.

2. Prevention of cancer by physical activity 
2.1. Primary prevention 

2.1.1. The evidence has been accumulating since the 1960s.  In 2007 an expert panel for the World Cancer Research Fund and American Institute of Cancer Research performed a systematic review of 20 types of cancer conducted by nine academic institutions across the USA and UK.
 The panel concluded the evidence is convincing for colorectal cancer, probable for postmenopausal breast and endometrial and suggestive for lung, pancreatic and premenopausal breast. For other cancer sites there is currently insufficient evidence for conclusion.

2.2. Secondary prevention 

2.2.1. Secondary prevention was addressed in the Nurses Health Study.
  Women who reported three to five hours brisk walking per week had 50% decreased risk of cancer specific mortality compared with women who reported one hour of brisk walking. Similar risk reduction was elicited for breast cancer recurrence and all cause mortality.  Furthermore it was post diagnosis physical activity that was related to survival and not activity performed before disease onset.

3. Prevention of cancer by weight loss 
3.1. Evidence that weight loss itself can reduce cancer risk comes from the Swedish Obese Subjects Study (SOS) which was the first prospective controlled intervention trial to study the effect of intentional weight loss on mortality and morbidity rates.
 A cancer protective effect of bariatric surgery was shown a in females but not in males.  

4. Mechanisms explaining the association between obesity and cancer 
4.1. Increased insulin resistance and change in the insulin like growth factor IGFs.

4.2. Leptin and adiponectin correlation. Adiponectin (an anti-inflammatory cytokine) levels are inversely correlated with BMI and in turn are inversely associated with cancer risk

4.3. Obesity related inflammatory markers- nuclear factor, kappa –β systems and oxidative stresses are additional candidate mechanisms.(14)
OBESITY AND IMMUNOLOGY

1. Interactions between adipose tissue and immune system are well described.

1.1. White adipose tissue and bone marrow share the same embryological origin, the mesoderm.

1.2. Pre-adipocytes are potent phagocytes that resemble macrophages in both morphology and pattern of gene expression.

1.3. Mature adipocytes share the ability to secrete cytokines and activate the complement cascade much like mononuclear immune cells.

2. Endocrine function of adipose tissue
2.1. Leptin is the adipocye-derived hormone that links nutritional status with neuro-endocrine and immune function. Its characteristics include:

2.1.1.  Regulation of food intake and basal metabolic rate. During starvation, when leptin levels fall, neural pathways in the hypothalamus cause appetite and energy expenditure to decrease whilst the reproductive axis is inhibited. Effects can be reversed by administration of leptin.

2.1.2.  Sexually dimorphism i.e. higher levels in females than males of the same body fat mass.

2.1.3. Cytokine effects on thymic homoeostasis and secretion of acute phase reactants such as interleukin-1(IL-1) and tumour necrosis factor alpha (TNFα).

2.1.4.  Promotion of T-helper (TH1 cells) differentiation modulating onset and progression of autoimmune response in animals. During active infection, adipose tissue production of leptin rises dramatically and may contribute to elevated circulating IL-6, TNF- α and I- 1β.

MUSCULOSKELETAL DISORDERS AND OBESITY

1. Obese people have been described as having various difficulties in everyday living such as shortness of breath walking upstairs, low back pain and other musculoskeletal disorders especially in the lower extremities.

2. Low back pain

2.1. Evidence regarding association between overweight and low back pain is conflicting.  Comprehensive reviews by Leboef-Yde
 and Mirtz and Greene
 reached no firm conclusions.

2.2. The HUNT study reported in 2010 was a large cross-sectional study of 92, 936 participants in Norway.  In both sexes, high BMI was significantly associated with increased prevalence of low back pain.  In men the estimated odds ratio per 5 kg/m2 increase in BMI was 1.07 and in women 1.17.
 

2.3. Weight reduction both by dieting
 and bariatric surgery
 has been shown to result in significant improvement of low back pain.

3. Hip and knee osteoarthritis

3.1. Increasing BMI has consistently been associated with increased risk of knee osteoarthritis
 while the evidence has been less consistent for the relationship with hip Osteoarthritis,
 

4. Joint replacement

4.1. Two prospective cohort studies have shown that BMI predicts total hip replacement.
,

4.2. The Million Women UK Study clearly demonstrated that in middle-aged women higher BMI resulted in an increased likelihood of hip and knee replacement although the magnitude of risk is much greater for knee replacement.
 

4.3. In the year 2004/05 there were 43, 000 admissions for primary hip replacement and 47, 000 for primary knee replacement in the UK.
 Based on national survey data from 2003, 
  the authors concluded that 27% of hip replacements and 69% of knee replacements were attributable to overweight. The need for joint replacements is therefore likely to rise in line with obesity.

OBESITY AND TYPE 2 DIABETES

1. Obesity as a risk factor for diabetes

1.1. Obesity and type 2 diabetes mellitus (T2 DM) are major public health issues in the developed nations and their incidence is on the rise in developing countries attributed mainly to a considerable shift in dietary practices.
 World Health Organisation data confirm type 2 diabetes affects 7% of people worldwide.
 Of US adults 8.6% have diabetes.

1.2. Weight gain is a major risk factors for diabetes. Every 1 kg increase in weight is associated with a 9% relative increase in prevalence of diabetes.
  80-90% of persons with type 2 diabetes are obese, and obesity worsens the metabolic abnormalities of hyper-lipidaemia and cardiovascular disease associated with hyper glycaemia.
 Risk of developing type 2 diabetes is estimated to be 20 times greater with people who have a body mass index >35 compared to those with BMI 18- 25.

1.3. In the UK, information relating to diabetes and obesity is provided by the National Audit Office using data from the Health Survey of England 2006.  Chapter 7 of “Statistics on obesity, physical activity and diet: England 2010” confirmed the prevalence of diabetes was higher in people who are overweight or obese than in those with normal weight. The same was true of raised weight circumference. An obese woman was estimated as 13 times more likely to develop type 2 diabetes than a non-obese woman.

1.4.   A majority of individuals who will later develop the disease present with obesity which contributes to increased insulin resistance .

2. Benefits of weight loss for diabetics:

2.1. Effect of weight loss by lifestyle change 

2.1.1. Improved insulin sensitivity and glycaemic control.

2.1.2. Reduced risk of pre-diabetes progressing to clinically defined type 2 diabetes.

2.1.3. Improved lipid profiles and blood pressure.

2.1.4. Improved mental health and quality of life.

2.1.5. Increased longevity. 
 

2.1.6. Reduced risk of breast cancer. Obesity is now recognized as a subclinical inflammatory condition with increased  adipose infiltration of interleukin-6 (IL-6), C -reactive protein( CRP) and tumour necrosis factor alpha (TNF- α) all of which have been shown to positively impact on breast cancer aetiology.
 Obesity and type 2 diabetes , owing to increased leptin levels and decreased adiponectin levels, contribute to increased risk of breast cancer.
 Avoiding obesity and type 2 diabetes is now recommended to protect against breast cancer as well as cardiovascular disease.
2.2. Effect of weight loss by bariatric surgery

2.2.1. The prospective controlled Swedish Obese Subjects Study involved 4047 subjects who underwent bariatric surgery. Glucose and insulin levels decreased in the treated group and incidence rates of diabetes were markedly reduced in the treated group after 10 years.

OBSTRUCTIVE SLEEP APNOEA AND OBESITY

1. Prevalence studies estimate that 2% of women and 4% of men of middle age are affected by the syndrome.
 Importantly it has been estimated that OSA is present in up to 90% of obese subjects.
 About 70% of people with OSA are obese.

2. Obesity and OSA share multiple pathophysiological mechanisms such as endothelial dysfunction, insulin resistance, hyper- leptinaemia, systemic inflammation, impaired baroreflex or sympathetic overactivity.

3. OSA is associated with excess mortality from:

3.1. Accidents related to daytime sleepiness

3.2. Higher incidence of cardiovascular disorders.

4. Weight loss in OSA patients is associated with reduction in apnoea index.

DEPRESSION AND OBESITY

1. Studies of the association between depression and obesity:

1.1.  A potential association between depression and obesity has been presumed and repeatedly examined and confirmed at the cross-sectional level. De Wit and colleagues in a recent systematic review found an odds ratio of 1.18.

1.2. A meta-analysis by Filipino and colleagues of the large volume of longitudinal studies on the subject was performed in 2010 to provide insight into the mechanism linking depression and obesity.
 The pooled odds ratios examining effects of depression on obesity over time was 1.58 (95% CI 1.33-1.87 p<0.001), i.e. depressed persons has a 58% increased risk of becoming obese.

1.3. The pooled odds ratios examining association between obesity and depression was 1.55 (95% CI 1.22-1.98 p<0.001), i.e. obese persons, whether male or female, had a 55% increased risk of developing depression over time.

2. Reasons for link between depression and obesity.

2.1.   Hypothalamic/pituitary axis dysregulation.
  

2.2. Depression shares with obesity the markers of an inflammatory state.
 Markers of inflammation are common to both depression and obesity. (64)
2.3.  Obesity furthermore involves increased insulin resistance, which could induce alterations to the brain.
 Depression and obesity both carry an increased risk for cardiovascular disease.
 

2.4. Being overweight increases psychological distress. In US and Europe, thinness is considered a beauty ideal and obesity may decrease self-esteem and lead to disturbed eating patterns also known to increase risk of depression.
 

2.5. Depression can also cause increase in weight over time because of unhealthy lifestyle with insufficient exercise and unhealthy eating.

2.6. Some antidepressants are known to increase weight.

OBESITY AND RESPIRATORY DISEASE

1. A link is recognized between chronic respiratory disease, magnitude of obesity and presence of abdominal fat.

2. Effects on tests of lung function

2.1. Increasing BMI is typically associated with a reduction in FEV¹, FVC, TLC, functional residual capacity and expiratory reserve volume.  The restriction is usually mild. A clinically significant restrictive pattern i.e. total lung capacity<85% predicted is usually seen only in morbid obesity.

2.2. A low FEV¹/FEC (<70%), the spirometric signature of airflow obstruction, is not a feature of respiratory disease associated with obesity.

2.3. For every 10% loss of weight, FVC improved by 92 ml and FEV¹ by 73 ml.

3. Effects on exercise capacity

3.1. Exercise capacity is often impaired with obesity because of the higher metabolic cost of carrying the extra body weight.

3.2. There is a clear association between dyspnoea and obesity. Obesity increases work of breathing because of reduction in both chest wall compliance and respiratory muscle strength.

4. Obesity and Chronic Obstructive Pulmonary Disease (COPD) 

4.1. Overweight is usually seen with chronic bronchitis rather than with emphysema.

4.2. There is evidence that patients with COPD lead a more sedentary lifestyle with increased risk for weight gain.

4.3. Exercise intolerance, the hallmark of COPD is likely to be worsened by fat accumulation.

4.4. In one large study obesity in patients with COPD was associated with reduced risk of death compared to normal weight: hazard ratio 0.9 (95% CI 0.7-1).
  This phenomenon known as “the obesity paradox” is also recognized in patients with heart failure.

4.5. COPD is now recognized as a risk factor for cardiovascular disease increasing the risk 2-3 fold.
 Given the current epidemic of obesity and COPD, this association will increase in the future.

5. Obesity and Asthma

5.1. Parallel increase in the prevalence of asthma and obesity has been reported and it is now recognized that a causal relationship may exist between them.

5.2. Obesity is a predictor of unremitting asthma after puberty and worse asthma control.

5.3. Fatty tissue produces a plethora of inflammatory mediators which suggests an immunological link between obesity and asthma:

5.3.1. Increased concentration of serum reactive protein, TNF alpha, IL-6 is present in serum of obese subjects.

5.3.2. Increased leptin secretion in obesity may modulate airway inflammation.

5.3.3. Adiponectin, an anti-inflammatory cytokine is reduced.

5.4. Interaction between BMI and asthma is stronger in women than in men and it has been suggested that enhanced aromatisation of testosterone to oestrogen by adipose tissue and decreased SHBG level may result in greater oestrogen tissue availability.  Oestrogen may modulate immune response and increase risk of asthma. (71)
5.5. Obesity genes may influence a patient's susceptibility to asthma in several ways.

5.5.1. Several candidate genes have been linked to both asthma and obesity.

5.5.2. Candidate obesity genes are clustered near the chromosomal region associated with asthma.

5.5.3. Candidate genes of asthma may encode proteins such as inflammatory mediators that could be directly involved in the pathogenesis of asthma. (79)
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