Abdominal Adiposity and Cardiometabolic Risk

The increased risk associated with abdominal adiposity can be largely attributed to the accumulation of intra-abdominal adipose tissue, particularly in visceral adipose depots (Figure 1)Increased abdominal adiposity has now been linked to impaired glucose metabolism, Pouliot et al demonstrated that obese individuals with increased visceral fat have more frequently impaired glucose tolerance compared to obese individuals with less visceral fat, who were, in fact, comparable to non-obese controls. The impaired glucose tolerance was associated with a marked rise in insulin response during an 75 g oral glucose tolerance test.

Reeder et al, among others, have also linked abdominal adiposity to lipid abnormalities, particularly high triglycerides and low HDL-C. This results in high total-cholesterol-to-HDL-C ratios and marks these patients as being dyslipidemic despite normal concentrations of LDL-C. 

These observations underscore the importance of looking beyond LDL-C, particularly in patients with large waist circumferences.

Patients with abdominal adiposity are also at increased risk of developing hypertension. Examining a population of 2,377 normotensive, nondiabetic patients, Chuang et al determined that both baseline waist circumference and change in waist circumference were significantly independent predictors of follow-up systolic blood pressure.

These individuals also have impaired fibrinolysis, markers of inflammation and microalbuminuria. Thus, individuals with abdominal adiposity have multiple cardiometabolic risk factors, which have been referred to as the metabolic syndrome or Syndrome X.

Figure 1. Visceral vs. Subcutaneous Adipose Tissue

Sophisticated imaging techniques such as magnetic resonance imaging and computed tomography, can distinguish intra-abdominal or visceral fat depot from subcutaneous abdominal fat (Figure 1).

However, it is not necessary to use such costly imaging techniques to identify patients with visceral fat. Waist circumference has been found to correlate well with the amount of visceral fat (Figure 2).

Figure 2. Waist Circumference Correlates with Visceral Adipose Tissue
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Waist-to-hip ratio has been proposed as another measure of abdominal adiposity. However, in a seven year longitudinal study conducted in women, the change in waist circumference better reflected the change in visceral adipose tissue than the change in the waist:hip ratio. The potential reasons for this are illustrated in Figure 3.

Figure 3. Limitations of Waist-to-Hip Ratio
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Després J-P, et al: BMJ 2001; 322:716-720.
Table 1. Classification of Overweight and Obesity by Body Mass Index and Associated Disease Risk 

	Category
	BMI
(kg/m2)
	Obesity
Class
	Disease Risk*
(relative to normal weight and waist circumference)

	
	
	
	Men WC ≤ 102cm†
Women WC ≤ 88 cm
	Men WC > 102 cm†
Women WC > 88 cm

	Underweight
	< 18.5
	--
	--
	--

	Normal‡
	18.5 - 24.9
	--
	--
	--

	Overweight
	25.0 - 29.9
	--
	Increased
	High

	Obese
	

	Mild
	30.0 - 34.9
	I
	High
	Very high

	Moderate
	35.0 - 39.9
	II
	Very high
	Very high

	Severe /
extreme
	≥ 40.0
	III
	Extremely high
	Extremely high


	*for type 2 diabetes, hypertension and cardiovascular disease
†Waist circumference cutoff points may be lower in some populations (e.g., older individuals, Asian populations), especially in the presence of features of the metabolic syndrome (e.g., hypertriglyceridemia)
‡Increased waist circumference can be a marker for increased risk even in individuals of normal weight. 


Despres JP, et al: CMAJ 2007; 176(8): Online21-26. 

The INTERHEART Study was a case-control study examining the impact of various cardio-metabolic risk factors on the risk of a first acute myocardial infarction (MI). The study, which involved 29,972 participants, quantified the relationships between risk factors and MI through calculation of the population-attributable risk (PAR).

Although waist-to-hip ratio is not considered to be the best independent predictor of risk, because the study was done with multiple ethnic groups, abdominal obesity was based on a waist-to-hip ratio.

The investigators found that smoking and raised ApoB/ApoA1 ratio were associated with the highest PAR. Abdominal obesity was found to confer greater risk than either diabetes or hypertension .

 Figure 5. Relative Odds of CAD: Triglycerides and Waist Circumference 
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Lemieux I, et al: Circulation 2000; 102(2):179-84 

Treating the Individual Risk Factors:

The goal of managing a patient with abdominal adiposity is to reduce the overall risk of cardiovascular events, as well as other obesity-related deleterious health outcomes. While most of our current approach focuses on treating the individual risk factors that tend to cluster in such patients (e.g., hypertension, hyperglycemia, dyslipidemia, etc.), it may be of increased benefit to directly address abdominal adiposity itself (Figure 6). This is particularly true for individuals with abdominal adiposity who are at the threshold for other cardiometabolic risk factors.

Figure 6. Approaches to Risk Reduction in Patients with Abdominal Adiposity
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Treating individual risk factors may be problematic; individually, they may not be at or above thresholds as specified in clinical practice guidelines. As well, successful treatment may require one or more pharmacologic agents for each risk factor.
Hypertension Hypertension  as defined by the American Diabetes Prevention Program enrolled 3,234 obese men and women (mean BMI = 34 kg/m2) with a high risk of diabetes, as assessed by glucose intolerance and an altered fasting blood glucose level (5.3-6.9 mmol/L). The patients were randomized to placebo, metformin or aggressive lifestyle interventions and followed for an average of 2.8 years. The study demonstrated that while intensive lifestyle reduced the incidence of diabetes by 58% metformin reduced it by 31% (Figure 7).2007 Canadian Hypertension Education Program (CHEP) The threshold above which hypertension is diagnosed is 140/90 mmHg. The guidelines recommend initiating lifestyle changes to normalize BP. Specific antihypertensive pharmacotherapy could therefore be used to bring BP to goal levels (<140/<90 mmHg or <130/80 in diabetes). The guidelines recommend choosing the initial monotherapy from among one of five classes (ACE inhibitors, angiotensin II receptor blockers [ARBs], beta-blockers, long-acting calcium channel blockers [CCBs] or thiazide diuretics). In diabetes we start with ACE for reduction of cardiovascular risk.

Mild hypertension would likely be controllable with monotherapy. If, however, it was not, a combination of antihypertensive agents would be indicated. 

Dyslipidemia . In the2006 Canadian Guidelines for the Management of Dyslipidemia, there are two reasons for which lipid-modifying therapy is indicated: reaching or exceeding the threshold for LDL-C (<2 mmol/L in diabetes or5.0 mmol/L for low-risk individuals) or for the TC:HDL-C ratio (<4 in diabetes or 6.0 for low-risk individuals).

There is no specific recommendation for a patient, who is within normal ranges on both of these key parameters. A clinician who wishes to aggressively treat all risk factors might prescribe an agent that specifically targets high Triglycerides and low HDL (e.g., niacin, fibrate).

Glycemic abnormalities . Experts do not currently advocate initiating pharmacotherapy for patients with IFG, (FPG: 6.8 mmol/L). However, there is evidence that such an intervention can help prevent the development of diabetes.

The 
Figure 7. Reduction in Development of Type 2 Diabetes in Obese Patients with IGT 
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DiabeteMPrevention Program Research Group: N Engl J Med 2002; 346(6):393-403

Target the Abdominal Adiposity 

For a patient with multiple risk factors, treating the individual risk factors has several potential drawbacks associated with polypharmacy: cost, inconvenience and potential for poor adherence.

Another option for management would be to target the underlying problem: abdominal adiposity.

Lifestyle modification . Successful implementation of lifestyle modifications has been shown to be extremely effective not only in weight reduction, but in the prevention of the development of type 2 diabetes. In the American Diabetes Prevention program, aggressive lifestyle changes were associated with a 58% reduction in new-onset diabetes compared to controls (Figure 7).
However, this was a rigorously controlled clinical study, with intensive, directed lifestyle intervention. The goals in that group were to achieve and maintain a weight reduction of at least 7% of initial body weight through a low-calorie, low-fat diet and to engage in physical activity of moderate intensity for at least 150 minutes per week. A 16-lesson curriculum covering diet, exercise, and behaviour modification was also included to help the participants achieve these goals. 

This type of intensive lifestyle intervention may not be practical in clinical practice. Clinicians and patients typically rarely have the time required to engage in such intensive lifestyle training. Regular follow-up to the level used in clinical trials may also not be practical. If unsuccessful, treatment with medication or bariatric surgery may have to be considered. 

Pharmacotherapy for obesity is, however, still in its infancy. There are only two approved agents available in Canada (orlistat and sibutramine), while a third, rimonabant, is currently investigational and undergoing regulatory review. 

Orlistat . The mechanism of action of orlistat is blockade of digestion and subsequent absorption of triglycerides in the gastrointestinal tract. 

	Figure 8. Reduction in New-onset Diabetes: Orlistat vs. Placebo (XENDOS) 
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Torgerson JS, et al: Diabetes Care. 2004; 27(1):155-61. 
	
The XENical in the Prevention of Diabetes in Obese Subjects (XENDOS) study was a four-year, double-blind, prospective study involving 3,305 obese patients (BMI ≥ 30 kg/m2) and normal (79%) or impaired (21%) glucose tolerance. Patients received counseling on lifestyle changes and were randomized to receive either orlistat 120 mg or placebo, three times daily. Compared with lifestyle changes alone, orlistat resulted in a greater reduction in body mass as well as a reduction in the incidence of type 2 diabetes (Figure 8). 
	


In the ORLICARDIA Study, orlistat also improved other parameters of the metabolic syndrome (Table 3), including abdominal adiposity.

Table 3. Prevalence of Metabolic Syndrome and its Components: Diet Alone vs. Diet + Orlistat 
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(a=32) (n=94) )3
Diabetes (%) 100 100 10
Abdominal adipasity () 97 81 0.0001
Hypertension (%) 56 32 0.0001
High triglycerides (%) 41 46 02036
LowHDL-C (%) 66 52 0.0072
Metabolic syndrome (%) 91 65 < 0.0001

Metabolic syndrome 4-5 components 53 41 0.0173





Didangelos TP, et al: Curr Med Res Opin. 2004; 20(9):1393-401. 


Orlistat is associated with a high incidence of undesirable adverse effects: oily spotting, flatus with discharge, fecal urgency, fatty/oily stool, oily evacuation, increased defecation and fecal incontinence. These problems can largely be avoided if the patient follows the recommended low-fat diet. 

Sibutramine works through inhibition of the reuptake of serotonin and norepinephrine.The Sibutramine Trial of Obesity Reduction & Maintenance, provided evidence that sibutramine was effective for weight loss and maintenance of weight loss over two years (Figure 9). 

	Figure 9. Reduction in Body Weight with Sibutramine Over 2 Years (STORM) 
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James WP, et al: Lancet. 2000; 356(9248):2119-25. 


Sibutramine was also associated with reductions in triglycerides and VLDL-C and increases in HDL-C compared to placebo over two years. 

Sibutramine can increase heart rate and may increase blood pressure in selected patients. The role of sibutramine for obesity treatment in high-risk cardiovascular patients is currently under investigation (SCOUT study). 


Rimonabant . To date, the new compelling evidence for an anti-obesity pharmacotherapy is emerging with rimonabant. The Rimonabant in Obesity (RIO) clinical trial program has already produced four large, positive, compelling published studies: RIO-Europe, RIO-North America, RIO-Lipids andRIO-Diabetes, each of which has produced consistently positive results for rimonabant. 

Rimonabant, which is currently undergoing regulatory review in Canada, works through blockade of the endocannabinoid (EC) system (Figure 10). 

Figure 10. Mechanisms of Action of Rimonabant (CB1 blockade) 
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Van Gaal LF, et al: Lancet 2005; 365:1389-97. 


Activation of the EC system causes a desire to ingest food, modulates the rewarding properties of food, and affects metabolic functions by acting on peripheral tissues. In obese individuals, the EC may be chronically overactivated, leading to an abnormal desire to ingest food to activate the reward system. This may also be part of the mechanistic explanation for worsening metabolic parameters (e.g., elevated triglycerides, insulin resistance) in individuals with abdominal adiposity. 

