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Over-nutrition and the development of obesity contribute to a group of interactive
maladaptive cardiovascular and kidney disease risk factors that include insulin resistance,
hypertension, and dyslipidemia that constitute the CardioRenal Metabolic Syndrome (CRS).
The emerging pandemic of obesity is thought to be triggered by sociologic/environmental
factors that include increasing sedentary lifestyle with physical inactivity and excess
compact caloric consumption. Childhood obesity is an increasingly common cause of insulin
resistance and attending associated long-term cardiovascular disease (CVD), metabolic and
renal complications including hypertension, pre-diabetes (e.g. impaired glucose tolerance),
fatty liver disease overt type 2 diabetes mellitus and chronic kidney disease (CKD). While
obesity is the central driver in this constellation of risk factors for heart and kidney disease,
it is increasingly recognized both CVD and CKD risk factors occur in aggregate in a
significant portion of the population. There is currently a vigorous discussion on whether the
risk is cumulative, additive, or synergistic but most experts agree the risk compounds with
increasing number of risk factors for both CVD and CKD.

In this context, identifying populations in the earlier stages of disease progression as a tool
for CVD and CKD risk prediction as become increasingly important. Heart disease and the
presence of heart failure are present in more than five million persons in the United States,
accounting for nearly $40 billion in annual health care costs. The most common form of
heart failure is that with preserved ejection fraction (e.g. diastolic dysfunction), and is
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increasing in Westernized cultures. Both overweight/obesity and insulin resistance are
prominent risk factors for this form of heart failure and occur before the onset of contractile
dysfunction. In this metabolic form of heart disease, diastolic dysfunction is characterized
by relaxation abnormalities with a diminution in the ability of the left ventricle to fill with
blood during early diastolic filling.

The presence of insulin resistance appears to play an important role in obesity-related heart
failure. Impaired insulin metabolic signaling, reduced bioavailable nitric oxide (NO), and
increased oxidant stress and inflammation all play a role in maladaptive myocardial tissue
remodeling and interstitial fibrosis that contribute to impairments in diastolic relaxation.
Patients with diastolic dysfunction are increasingly recognized as an important population to
target for prevention of future loss of systolic function with lifestyle changes (weight
reduction and exercise) in conjunction with strategies to treat hypertension and insulin
resistance especially in the presence of associated kidney disease.

Recent work has highlighted a strong association between obesity and the presence of
proteinuria and/or reduced kidney function with or without the presence of insulin
resistance. To this point, there exists a strong relationship between increases in body mass
index and risk for progression of kidney disease with requirement for renal replacement
therapy (e.g. dialysis or transplantation). The interaction between obesity and other CKD
risk factors has been partly elucidated by several observational and mechanistic studies. One
potential mechanism by which obesity promotes kidney disease is through glomerular
hyper-filtration. Evidence support this early functional abnormality exists not only in those
with diabetes but importantly in those with insulin resistance (e.g. pre-diabetes) and recent
data suggest a very strong relationship between glomerular hyper-filtration and adiposity
and hypertension. In this context, recent work further support this relationship is
strengthened in composite with three or more risk factors for the CRS. Preclinical work
support this relationship with hyper-filtration is dependent on increases in visceral adiposity
(elevated leptin levels) and visceral fat production of inflammatory adipokines and possibly
factors that stimulate adrenal glomerulosa aldosterone production. While other factors may
influence disease progression such as systemic and kidney tissue inflammation and oxidative
stresswhich, in turn, may determine to what extent this hyper-filtration translates into future
glomerular and tubulointerstitial fibrosis and progressive kidney disease.

The obesity epidemic in the United States and exponential growth of heart and kidney
disease, have paralleled the substantial increase consumption of high-fructose corn syrup
which has increased substantially in the past three decades. Indeed, high-fructose corn syrup
now also represents 40% of the non-calorie free sweeteners in foods. Recent evidence
supports the notion that high-fructose corn syrup sweetened soda consumption is associated
with increased proteinuria/ kidney disease as well as heart disease and diabetes. One
potential mechanisms by which increased consumption of a high-fructose corn syrup diet
causes heart and kidney disease is through increases in uric acid production. The metabolism
of fructose increases the degradation of nucleotides and the associated synthesis of uric acid.
In rodent models, fructose associated hyperuricemia produces CRS with associated
glomerular hyper-filtration, endothelial dysfunction, and myocardial tissue remodeling (Fig
1).
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The relationship between obesity, kidney disease and heart failure with preserved systolic
function is an increasingly recognized epidemic in industrialized countries. We refer to this
constellation of metabolic risk factors as the CardioRenal Metabolic Syndrome which is an
extension of the prior use of this terminology to refer to coexistent heart and kidney disease.
The current use of this terminology considers obesity, especially central obesity as a pivotal
factor in the development of insulin resistance, metabolic dyslipedemia, and associated
kidney and heart disease.
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Fig 1.

Tr?e inter-relationship between adiposity and maladaptive changes in the heart and kidneys
in the CardioRenal Metabolic Syndrome (CRS). GFR, glomerular filtration rate; Na*,
sodium; NO, nitric oxide; RAAS, renin-angiotensin-aldosterone system. Adapted with
permission from Sowers et al. Cardiorenal Med. 2011;1:5-12.
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Table 1

Components of the CardioRenal Metabolic Syndrome (11)

Central Obesity

Insulin resistance

Hypertension

Metabolic dyslipidemia (Low HDL, high triglycerides and increased small dense LDL particles)

o~ w N oE

Proteinuria and/or reduced glomerular filtration rate (GFR< 60 ml/min)
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