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Obesity-Related Pathways to Chronic Kidney Disease
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Abstract: Obesity is a major public health problem and an important risk factor for the development of
chronic kidney disease (CKD). Several factors have been pointed to explain this association, but the exact
mechanisms are not fully understood. In this work we focused on possible direct and indirect mechanisms
underlying CKD development in obese patients. The need of potential interventions to lower CKD development
in these patients is also highlighted.
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Obesity and chronic kidney disease (CKD) are well recognized public health problems increasing
worldwide. Cohort studies demonstrated that obesity is associated with higher risk of CKD [1, 2], and
its progression may lead to end-stage renal disease (ESRD). This association appears to be
particularly enhanced in case of clustering of risk factors (e.g. metabolic syndrome) [3, 4]. The
pathogenesis of CKD in obesity is not fully understood, but excessive body fat can lead to kidney
disease via several (direct or indirect) mechanisms.

In Portugal, as in many other countries, the main causes of CKD include diabetes, arterial
hypertension, chronic glomerulonephritis and polycystic kidney disease [5]. Other causes include:
reflux nephropathy, obstructive uropathy, hereditary nephropathy, nephrolithiasis, chronic interstitial
nephritis, autoimmune diseases (e.g. systemic lupus erythematosus), repeated urinary infections and
cancer. Interestingly, some of the etiologies leading to CKD are also considered obesity-related
comorbidities (Fig 1), in particular diabetes and hypertension. Actually, it is well recognized that
obesity is a major risk factor for diabetes and hypertension, the two most common etiologies for CKD
[5]. Obesity is also associated with focal and segmental glomerulosclerosis, urolithiasis and cancer.

An altered adipokine profile is observed in obesity, mainly increased pro-inflammatory substances
(including tumor necrosis factor-alpha and interleukin (IL)-6) and decreased adiponectin (an
adipokine with important protective properties, namely anti-inflammatory and antidiabetic) that may
underlie many of the associating comorbidities, including diabetes, hypertension and CKD itself.
Furthermore, excess of body fat may trigger the production of growth factors, such as transforming
growth factor (TGF)-B, and hormones, such as aldosterone, that induce kidney damage [6, 7]. Indeed,
TGF-p is a known pro-fibrotic factor that may contribute to renal fibrosis and to increase the renal
expression of inflammatory cytokines, such as IL-6, further aggravating renal damage [8]. Obesity
associates with structural and hemodynamic modifications in the kidney (e.g. mesangial expansion of
the glomerulus, glomerular hyperfiltration and hypertension), that may ultimately lead to
glomerulosclerosis and CKD (Fig.1). Actually, obesity is a recognized cause of focal segmental
glomerulosclerosis [9].

Obesity increases the risk of urate and calcium oxalate urolithiasis [10, 11], mainly due to increased
nutritional intake that raises lithogenic substances, such as uric acid and oxalate. Although this type of
urolithiasis represents a benign condition, it can (rarely) lead to CKD, particularly in severe or
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recurrent cases. In addition, it seems that subjects with a history of nephrolithiasis present a decrease
in renal function compared to those without [12].
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Figurel. Mechanisms underlying the association between obesity and chronic kidney disease. TNF, tumour
necrosis factor; IL, interleukin.

Obesity also increases the risk of some types of cancer, namely renal cell carcinoma (RCC) [13]. It is
unknown how obesity increases RCC incidence, but it may involve an abnormal adipokine secretion
[14]. It is important to emphasize that cancer and CKD are tightly interconnected, as cancer can cause
CKD (via direct or indirect ways, namely through the adverse effects of therapeutic interventions), but
CKD may work as a risk factor for cancer [15]. Furthermore, both cancer and CKD share common
risk factors, namely obesity (as previously referred) and toxins.

The association of obesity with development of CKD and the increasing prevalence of both diseases
all over the world [16] raises the importance of intervention studies on weight reduction and,
consequently, on obese-related comorbidities, including CKD and later ESRD. Previous work from
our group showed that ESRD patients present several modifications in classical and non-classical
cardiovascular risk factors — including inflammatory markers (e.g. increase in IL-6 and C-reactive
protein levels) and lipid profile (e.g. increased proportion of oxidized low-density lipoprotein
particles) [17] — and that weight reduction can improve insulin sensitivity, lipid profile and blood
pressure in obese patients [18, 19]. Recent data also suggest that weight-loss may retard or even
reverse the progression of CKD, mainly at early stages of the disease [20, 21].

It is particularly important to highlight the progressively increasing prevalence of obesity at pediatric
ages, when healthy habits should be stablished. Actually, a high birth weight increases the risk of both
obesity and type 2diabetes later in life [22], and an increment in diabetes prevalence has been
observed in the past decades all over the world [23]. Thus, to combat this public health problem,
preventive measures should be drawn and put into practice as early in life as possible. This is even
more relevant if we consider that in the context of obesity, loss of kidney function seems to be
exacerbated with aging [24].

In synthesis, obesity is an epidemic disease that has potential to evoke CKD (another emerging
epidemic) through a variety of mechanisms, either direct or indirect. Increased physician awareness of
obesity-related comorbidities is needed to screen, early diagnose and prevent the progression of
kidney disease in obese patients.
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