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Abstract
Obesity and Diabetes are leading causes of cardiovascular disease and mortality. They are
closely linked because of insulin resistance. Hypertension and dyslipidaemia together with
poor exercise drive atherosclerosis. Early treatment of blood sugar, dyslipidaemia and
hypertension reverse the atherosclerosis process. Bariatric surgery and low calorie diets have
in recent years been shown to reverse or improve blood sugars lipids and blood pressure. The
risk of premature myocardial infarction and death should no longer be the desired outcome.
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1. Summary
Obesity and diabetes are leading causes of cardiovascular disease and mortality. They are closely
linked because of insulin resistance. Hypertension and dyslipidaemia together with poor exercise,
drive atherosclerosis. Early treatment of blood sugar, dyslipidaemia and hypertension reverse the
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atherosclerosis process. Bariatric surgery and low calorie diets have, in recent years, been shown to
reverse or improve blood sugars, lipids and blood pressure. The risk of premature myocardial
infarction and death should no longer be the acceptable outcome.
The trajectory for incidence of diabetes has been upwards in the last 50 years. The trajectory for
obesity has followed the diabetes pattern or is it the other way round and the rising incidence of
obesity has spawned the rise in diabetes. Diabetes is a very damaging disease and is associated with
early mortality. A surprise therefore that the trajectory for increase in age of the population mirrors
both obesity and diabetes [1]. Ninety percent of patients who have diabetes have insulin
independent diabetes (type 2) but it is strange that type 1 diabetes (insulin dependent) is also
increasing and type 1 diabetes is not associated with obesity.
Diabetes, whether it is type 1 or type 2, is a disease of insulin deficiency. Insulin is secreted by
the B cells situated in the islets of Langerhans in the pancreas. In type 1 diabetes the deficiency is
so great that insulin is the only treatment that will stop the death of the patient. The B cells have
completely or almost completely failed. In type 2 diabetes, to begin with there is excess insulin but
there is resistance to the actions of insulin, hence the high blood sugars. In fact, hyperinsulinaemia
is found before the blood sugar rises into the diabetes range. There is a continuum from normality,
going through the phase of pre-diabetes, to diabetes. This is the result of blood sugar being used to
define diabetes and the definition is an arbitrary one and the committees change the goal posts
from time to time. Thus, it is not surprising that the burden of atherosclerosis rises from high normal
blood sugars to blood sugars in the diabetes range. Similarly, as serum insulin rises in obesity
denoting insulin resistance, cardiovascular risk also increases. Therefore, prediabetes is a good time
to start intervention to reduce risk of atherosclerosis. As time goes by the insulin drops and the
blood sugars rise further in spite of increasing tablets to stimulate insulin secretion and tablets to
improve insulin function. Finally, the type 2 diabetic patient will need insulin. That is if the patient
survives long enough.
100 years ago, insulin was discovered [2] and many lives were saved. But then it became
apparent that there were complications of diabetes due to high blood sugars. The small arteries
were damaged and resulted in blindness, renal failure and neuropathy, leading to ulceration,
infection and amputation. The large vessels also were damaged, leading to myocardial infarction,
stroke and large vessel peripheral disease, leading to amputation.
Diabetes is very often associated with dyslipidaemia which also influences atherosclerosis
development. Shafir and Raz [3] many years ago, showed that abnormality in lipid metabolism
preceded hyperglycaemia. It therefore is probable that the start of atherosclerosis is already present
when hyperglycaemia emerges. Hypertension is common in diabetic patients, another
atherosclerotic risk factor. Finally, obese patients tend to exercise less, and exercise plays a huge
role in keeping arteries healthy [4, 5].
The only treatment for type 1 diabetes before the discovery of insulin was starvation. What must
it have been like to see your child starved to death as even with starvation death was eventually the
outcome?
Type 2 diabetes arrives slowly. The phases are first hyperinsulinaemia, then a rise in free fatty
acids, followed by a slow rise in blood sugar which frequently is not recognised by the patient and,
when diagnosis is made the patient already has complications of the disease. Hence the drive for
early diagnosis and treatment, for it is the high blood sugar, high cholesterol and high blood
pressure that so damage the arteries.
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Obesity is a driver of diabetes, hypertension and dyslipidaemia. We know this because of the
effects of treatments to reduce obesity. Bariatric surgery, now renamed metabolic surgery as it
sounds less barbaric, has been devised to reduce weight and is very effective. Many studies have
shown that reducing the size of the stomach and bypassing the first part of the duodenum reduces
apatite and results in considerable weight loss in the majority of patients [6]. There are side effects
and complications, but many obese patients accept the risk as this is the only form of treatment
open to them. Now we know many of the mechanisms leading to the weight loss. The stomach and
duodenum produce hormones that affect hunger and satiety. For example, ghrelin in the stomach
responds to distension by supressing apatite but has other effects as well [7, 8]. The apatite centre
is found in the hypothalamus and it is well known that damage to the hypothalamus may cause
severe obesity. In the duodenum, hunger signals include oxyntomodulin, a gut hormone that
reduces food intake. There has been modest weight loss in early clinical studies [9]. Trials in
combination of oxyntomodulin, GLP-1 and peptide YY have recently also been reported but not
impressive as so many hormones are involved in weight maintenance [10, 11]. It should be
remembered that most people keep their early adult weight throughout their lives, thus the
regulation of weight is an amazingly intricate system. GLP1 analogies have been developed to
stimulate insulin secretion and lower blood sugars in diabetic patients. Semaglutide is perhaps the
most potent in weight reduction and can now be given by mouth [12]. GLP-1 has many effects. It
slows gastric emptying and therefore increases satiety but it also has central effects on apatite. It is
effective in stimulating insulin production in a glucose dependent manner so no risk of
hypoglycaemia. The L cells in the distal ilium that produce GLP-1 are stimulated by cholecystokinin
from the bile. Leptin is a major player in weight maintenance. Secreted by the adipocyte it has a
major effect on apatite. Leptin deficiency, which may be due to genetic abnormality in structure or
to receptor dysfunction, is associated with sever hunger and severe obesity. These patients are very
rare but can be treated by leptin injections. In most cases of obesity leptin is high not low and the
apatite centre is not responsive to leptin injections [13].
The bariatric surgery in most patients results in weight reduction. This often results in reversal of
diabetes, reduced cholesterol and reduced blood pressure. An amazing metabolic change. Then
came Taylor’s group who showed that severe calorie reduction replicated the results of bariatric
surgery, reduced liver fat, reduced insulin resistance and reduced fat in the pancreas [14]. The fat
in the pancreas is of special interest because fat is associated with increased cholesterol, increased
oxidation and free radical production, and damage to the B cell [15]. Weight reduction not only
reduces insulin resistance but enhances insulin production. Taylor's [16, 17] group went on to show
that patients with obesity and diabetes were able to adhere to a low calory diet for a year and in
many cases, loose a significant amount of weight, reverse diabetes and reduce hypertension and
dyslipidaemia. The new excitement is the finding that a GLP-1 agonist, in this case liraglutide, was
successful in maintaining significant weight loss after a short spell of severe calorie restriction [5,
18].
Obesity disturbs lipid homeostasis. Excess calories are converted to fat and stored in the
periphery through lipoprotein lipase. But there is a limit, and when that limit has been reached, the
triglycerides, the large lipid filled particles which also contain cholesterol, get stuck in the liver and
the fatty liver ensues. The fatty liver and the increased fat in the muscle all lead to insulin resistance
and drive blood sugars up. The inflammation of the fat in the liver leads to fibrosis and then cirrhosis.
The high triglycerides and high number of lipid particles lead to cholesterol deposits in the artery
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and stimulate inflammation, fatty streeks and the atheroma [17]. In diabetes and pre-diabetes the
results of blood pressure control are impressive in preventing myocardial events. Statins and
fibrates for the treatment of dyslipidaemia are equally impressive and now isopentanoic acid, a
vitamin E analogue, also significantly reduced atherosclerotic events [19].
2. Exercise
Exercise has many metabolic effects. Exercise improves insulin resistance and lowers blood sugar
but also cholesterol and blood pressure, so the treatment of diabetes and obesity is multifactorial.
The Steno hospital, some years ago, showed very major benefits of looking after diabetes in a
multidisciplinary way, ensuring that blood sugar, blood pressure, cholesterol, attention to exercise
and cigarette smoking, made a large difference in outcome in a very short period of time [4].
The value of exercise as part of the strategy to prevent both the metabolic syndrome and
diabetes has been well researched. A large population survey in Korea with almost 37,000 people
showed that Korean adults who do not engage in exercise had a 1 to 3 times the chance of having
Metabolic risks [20]. Resistance exercise, aerobic exercise or both in dieting obese older adults has
been examined by Villareal [21]. The physical performance test score increased more in the
combination group Body weight reduced in both groups by 9%. Brellenthin et al. [22] showed that
resistance exercise was associated with a significant reduced risk of obesity even after considering
aerobic exercise. However, both exercises together were associated with least risk of obesity
Interestingly physical activity is different from exercise. Physical activity refers to any bodily
movement produced by skeletal muscles that results in expenditure of energy (expressed in
kilocalories) and which includes a broad range of occupational, leisure and daily activities. Exercise
instead refers to planned or structured physical activity performed for a reason, which can be
aerobic exercise, resistance training or combined aerobic and resistance training [23]. In a meta
analysis 13 published investigations and 2 review articles Mann et al. [23] came to the conclusion
that physical activity and exercise can be utilised to improve cholesterol levels. More intensive
exercise is needed to lower LDL cholesterol and triglycerides as compared to raising HDL cholesterol.
The dose response relationship between the lipid profile and mode of exercise seems to transcend
the mode of exercise. Resistance training may be particularly useful for the elderly [24].
Weight reduction can only be achieved by reduction in calorie intake and/or increase in exercise.
Over the years there have been very many diets recommended for diabetes and for weight
reduction. Each one has failed, only to be replaced by another. Clinics to help patients to lose
weight, using the latest diet have flourished with no suggestion that one diet is any more effective
than another. It appears that calorie restriction is necessary! The quality of the calories seems to be
immaterial. The ketogenic diet had gained traction but has now gone out of fashion since recent
excellent studies have shown it to be no more effective than other forms of calorie restriction.
Fitzpatrick et al. [25] showed that at 1-year the ketogenic diet was no better than any other form of
calorie restriction. The NLA scientific statement [25] examined current evidence and clinical
recommendations on the effects of low and very low carbohydrate (including ketogenic) diets for
the management of body weight and other cardiometabolic risk factors. Their conclusion was that
there is no demonstrable benefit of these diet as compared to low calorie diets consisting of normal
macronutrients in the long term and they draw attention to the dangers of ketogenic diets.
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A systemic review by Chawla s et al. [26] on the effects of low-fat and low-carbohydrate diets on
weight loss and lipid levels found that low carbohydrate diets are effective in improving weight loss
HDL and Triglyceride profiles but must be balanced with potential consequences of raised LDL and
total cholesterol in the long term.
Atherosclerosis is an inflammatory condition. Damage to the artery is driven by the raised blood
sugar, blood pressure and raised cholesterol including triglycerides. The mechanism is through an
increase in free radicle production. The plaque becomes calcified and there is a lot of recent interest
in the part osteopontin might play [27].
Intermittent fasting has also been suggested as an improved way to lose weight with no evidence
that this is better than just calorie restriction [28, 29]. Dietary Supplements have no effect on weight
loss but are important in patients who are on long-term weight loss diets and those who have had
bariatric surgery. Taylor's group [19] for example, used the counterweight programmed delivery
diet which included a multivitamin, multinutrient, complete commercial supplement with no
suggestion that these supplements would have any effect on weight loss [16].
Exercise by itself has little impact on weight but with calorie restriction is more effective than
calorie restriction alone [30]. Although moderate exercise increases appetite, more intensive
exercise has many advantages. For example, the feeling of wellbeing, cardiovascular improvement,
improvement in insulin resistance, lowering of cholesterol and increase in HDL cholesterol which
are all seen as advantages. Exercise lowers blood pressure and improves blood sugar control.
Strenuous exercise for more than 4 hours a day certainly causes weight loss (there are few obese
marathon runners) but moderate exercise is not very effective in weight loss as it increases appetite.
3. The Microbiome
The microbiome is still being investigated as an important organ in disease. It is not surprising
therefore that many attempts have been made to link changes in the microbiome with obesity and
diet may change the microbiota and change function [31]. The evidence that the microbiome is the
cause of or even a factor in the disturbance of the apatite centre is very weak. In an excellent review
Aoun et al. [32] discuss the influence of the gut microbiome on obesity in adults. A good section on
probiotics and prebiotics makes it clear that changes found in the microbiota are still associations
and little sound evidence exists that changes found are any more than associations. The review ends
with the suggestion that further studies are needed to determine the ideal formulation of
supplements and to identify the population who might benefit from gut microbiome modulation.
In conclusion, cardiovascular damage in obesity/diabetes has been recognised as being the major
reason for early mortality in these patients. The understanding of the mechanisms involved have
been clearly defined. Treatment is available to halt progression. Prevention of disease in those who
are kept under surveillance makes early detection and early intervention treatment a possibility.
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