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    Diabetic kidney disease is by far the most common cause of kidney failure requiring renal replacement therapy in the Western world. It is also rapidly becoming the number one cause of kidney failure in many developing nations. There have been many innovations over the past three decades involving both blood pressure and glucose control. These have translated into markedly slowing progression of kidney disease from a loss of 10-12 ml/min/year to 2-3 ml/min/year, thus, delaying the time to dialysis. Additionally, new classes of medication for managing glycemic control have resulted in marked cardiovascular event reduction as well as further slowing of kidney disease associated with diabetes.




    This book summarizes the latest literature over the spectrum of diabetic kidney disease and provides practical applications of this knowledge for the student, resident and practitioner. It serves as a good resource for anyone interested in gaining insight from the results of trials and their application to patient management. It is highly recommended for all.
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    The rapidly growing pandemic of obesity is closely associated with other major public health problems of epidemic proportions including diabetes, hypertension, and attendant cardiovascular disease (CVD). While the major cause of chronic kidney disease (CKD) is diabetes followed by hypertension and accounting for nearly 70% of CKD and end stage renal disease (ESRD); obesity which is a significant risk factor for both diabetes and hypertension appears to be an independent risk factor for CKD as well. With the growing world crisis of obesity and diabetes, CKD continues to soar as another public health concern leading to increased morbidity and mortality among affected populations. Increased mortality in CKD is largely attributed to CVD. In fact CKD is currently considered a coronary artery disease risk equivalent and several manifestations of CVD are evident prior to initiation of dialysis where only 15% of patients would have “normal” left ventricular structure and function.




    Given the magnitude of this epidemic of Obesity, Diabetes and CKD and its monumental effects on public health as well as its huge economic burden, together with its complex pathophysiologic mechanisms, we aim to provide the readers of this volume with imminently relevant information on the various aspects of CKD in diabetes. This information will put current knowledge and recent diagnostic and therapeutic strategies at the fingertips of the health care providers, students and researchers as well. We have assembled a group of well-renowned scholars in their fields addressing this highly topical subject with chapters ranging from explanations of the underlying epidemiology to deciphering the interrelated underlying pathophysiologic mechanisms of Obesity, diabetes and CKD. We also discuss the implications of these diseases in high risk populations such as ethnic minorities, women, and elderly as well as transplant recipients. Highlighted also are the therapeutic strategies for these high- risk groups. Finally we discuss the major developments and future directions in the field providing the reader with a handy, easy-to-read cutting edge in formation that will help the evaluation and management strategies in diabetic kidney disease as well as its attendant cardiovascular risk.
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      Abstract




      Chronic Kidney Disease or CKD is defined as a persistent reduction in renal function over 3 months period along with biochemical or structural abnormalities or an absolute estimated glomerular filtration (eGFR) rate < 60 ml/min/1.73 m2 over 3 months with or without abnormalities. In practice, precise knowledge of the GFR is not required and CKD can be adequately monitored by eGFR using estimating equations. CKD is an important confounder in the outcomes of several diseases, particularly Diabetes Mellitus (DM), Cardiovascular Diseases (CVD) and Obesity. There is paucity of data using CKD as a primary outcome variable in randomized clinical trials, as a result most guidelines in this area are based on secondary analysis, observational studies or have inadequate sample sizes. The prevalence of CKD is important not only at an individual level to guide clinicians for proper management of their other illnesses but also at a population level for the purposes of all-inclusiveness in the design of clinical trials. The inclusion of individuals with CKD in emerging studies will allow us to address whether or not CKD plays a vital confounding role on many disease outcomes.




      In order to get a good grasp on the epidemiology of CKD, an epidemiology collaborative equation called CKD-EPI equation is most widely utilized. This equation has its strength in being validated in several populations and estimates glomerular filtration rate (GFR) based on several demographic factors and serum creatinine. The National Health and Nutrition Examination Survey (NHANES) conducted by the National Center for Health Statistics (NCHS) collects health data on non-institutionalized individuals in the United States via interviews, laboratory tests and examinations [1] has given us the needed information on the Epidemiology of CKD in the US. These surveys utilize CKD-EPI equation to quantify the statistical data on CKD trends.
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      EPIDEMIOLOGY




      NHANES was initially conducted for the period of 1988-1994, and every 2 years after 1999, with the survey population increasing from 8 million to 14 million from 1988-2012. In an analysis conducted by Murphy et al., the crude prevalence of CKD stages 3 (eGFR 30 -59 ml/min) and 4 (eGFR 15 -30 ml/min) had steadily increased in the period 1988 to 2004 from 4.8% to 8.3% [1]. Thereafter, the prevalence of CKD stages 3 and 4 has plateaued at approximately 7%, with prevalence higher in older adults in non-Hispanic Blacks compared to other races, as illustrated in Fig. (1).
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Fig. (1))


      Prevalence of Stage 3-4 CKD calculated by the CKD EPI equation; NHANES 1988-1994, 2011-2012).



      Across all age groups, there has been a decline and subsequent plateau of rates of CKD 3 and 4, with the greatest prevalence in the > 80 age group. The prevalence trend amongst men and women followed the same pattern as age; however, the overall prevalence is greater in females than males. A variation in this pattern is seen when evaluating the trends amongst different ethnic groups, namely non-Hispanic Blacks. The data shows that adjusted prevalence of stage 3 and 4 CKD continues to increase in non-Hispanic blacks through 2012 contrary to the decline in other populations.




      This NHANES analysis also utilized the expanded definition of CKD, which includes a onetime urine albumin to creatinine ratio of greater than or equal to 30 mg/g indicative of the presence of kidney disease. When evaluating trends using this definition, it was found that all of the above stated trends were still the same, including the increasing prevalence of CKD 3 and 4 in non-Hispanic Black individuals. The overall decline in CKD prevalence may be related to better awareness and management and the use of specific CKD retarding medications such as angiotensin converting enzyme inhibitors and angiotensin receptor blockers but racial disparity in CKD remains an issue which needs to be addressed.


    




    

      Limitations of EPI-CKD Equation




      The CKD EPI equation is widely used equation to estimate the eGFR of patients in clinical studies [2]. Silverio et al., studied the true accuracy of this equation, particularly in patients with Type II Diabetes. GFR was measured by Cr-EDTA method, serum creatinine by the Jaffe method, and GFR was estimated by both the CKD-EPI equation, as well as the MDRD (Modification of Diet in Renal Disease) equation, (another method of estimating GFR based on demographics and serum creatinine) [3]. It was found that both estimation equations markedly underestimated the true GFR of the study patients. Accuracy (95% CI) was 67% for CKD-EPI equation and 64% for the MDRD equation. It is postulated that underestimation of eGFR by both equations occurs in diabetics as a result of hyperglycemia. Firstly, elevated glucose levels may affect the Jaffe reaction in measuring serum creatinine. Second, hyper filtration induced by hyperglycemia is a phenomenon not detected by creatinine. Regardless of the cause of underestimation, it is crucial to understand the limitations of the CKD-EPI equation, and its effect on the true prevalence of CKD [3].


    




    

      Diabetic Kidney Disease




      In 2040, the prevalence of diabetes world-wide is expected to reach 642 million adults, 40% of whom will develop CKD, and many of whom might progress to End Stage Renal Disease (ESRD) needing renal replacement therapies (RRT). In the United States, 44% of all new cases of CKD are due to HTN and approximately 29.1 million Americans have diabetes.




      The underlying mechanism of DKD is a result of long term metabolic aberrations caused by hyperglycemia, as evidenced by studies which show that the progression of DKD can be reduced by control of blood glucose levels [4]. In addition, hemodynamic factors such as increased systemic blood pressure and lack of normal nocturnal blood pressure dipping have been implicated in the progression of DKD. The histological kidney lesions appear to be secondary to the augmentation of the extracellular matrix (ECM). Early in the disease, we can see ECM accumulation in the glomerular and tubular basement membrane, causing mesangial expansion. There have been a few mechanisms proposed to link the ECM accumulation with hyperglycemia including increased levels of TGF Beta, ECM production through the cAMP pathway, increased glycation end products and increased activation of the sorbitol pathway. In addition, reactive oxygen species have been shown to increased nephropathy through altered nitric oxide production.




      Recommendations for management of this world-wide epidemic of diabetes were proposed by the Kidney Disease Improving Global Outcomes (KDIGO) Conference held in 2015 to assess the current state of CKD in DM, interventions for diabetic nephropathy, knowledge regarding optimal glycemic control, current and new anti-diabetic therapies and cardiovascular disease outcomes in the diabetic population [5].




      

        Lifestyle Modifications




        Lifestyle modification, including exercise and diet is an integral part of the management of patients with diabetes. American Diabetes Association recommends 30 minutes of moderate to vigorous aerobic intensity exercise 5 days a week or total of 150 minutes per week. Resistance training exercises help increase insulin sensitivity, reduce osteoporosis and decrease fracture risk as well. NIH NIDDK recommends no more than 45% of caloric intake come from carbohydrates (average 2000 calories, with some liberalization in individuals who are more active than others and some restriction in woman due to their smaller frame). A caloric restricted diet usually prescribed in diabetics of 1800 calories equate to 202.5 grams of carbohydrates per day (4 calories per gram of carbohydrate), which should be spread out throughout the day. National Kidney Foundation K/DOQI guidelines for Nutrition, advice that in patients with non-dialyzed CKD (eGFR <25 ml/min) and dialyzed patients increase their caloric intake so as to supplement the calories from restricted protein diet usually advised in CKD. Thus one should consume 35 kcal/Kg/day below the age of 60 and 30 kcal/Kg/day for individuals above the age of 60. The Look AHEAD (Action for Health in Diabetes) study assessed the effects of exercise and dietary control also known as Life style modification on the progression of CKD in overweight or obese diabetic individuals. This study found that those who underwent intense lifestyle intervention (ILI) versus those who underwent the usual Diabetic Support and Education (DSE) had lower incidence of CKD (Hazard ratio 0.69, 95% CI 0.55-0.87, p= 0.0016) [6]. However, the trial was halted after 9.6 years as weight loss and exercises did not result in a reduction in cardiovascular (CV) disease outcomes in the intervention group, which was their primary aim for analysis. There were limitations to this trial including the lower rate of statin use in the intensive therapy group, medical care differences between the two groups and insufficient weight loss in the intensive therapy group.




        The PREDIMED (Prevención con Dieta Mediterránea) trial evaluated the effects of Mediterranean diet enriched with extra virgin olive oil or nuts on cardiovascular outcomes in high risk patients [7]. The study was a randomized trial comparing the efficacy of three different diets on a population without known cardiovascular disease, and with either DM or three or more high risk factors for CV disease. Results indicated that a diet enriched in mono and poly unsaturated fats in the Mediterranean diet group led to a decreased amount of cardiovascular outcomes, specifically stroke. The PREDIMED trial was followed by a trial conducted by Espositio in 2014, which focused on newly diagnosed diabetic patients. Participants were assigned to a Mediterranean diet, and it was found that those on the diet had a longer duration to the time of initiation of a hypoglycemic medication [8]. Once again both trials did not look at CKD outcomes as their primary end point in analysis so, no conclusion can be reached whether or not CKD incidence or progression is altered by these dietary interventions.


      




      

        Glucose Lowering Agents




        Glucose lowering agents are indicated when life style modification fails or is insufficient to maintain euglycemia, defined as fasting plasma glucose less than 100mg/dl or hemoglobin A1c of <6.5%. The fundamental pathophysiology in DM involves abnormal glucose metabolism and effects of hyperglycemia [5]. However, the relationship between intensive glycemic control and rates of kidney disease has not been fully elucidated. The DCCT/EDIC (Diabetes Control and Complications trial and the follow up trial called EDIC or Epidemiology of Diabetes Interventions and Complications) was a very rigorous closely monitored longitudinal trial in type I diabetics and included 1441 participants followed for on an average for 15 years [9]. It sought to explore whether tight glucose control (HgbA1C <6%) delayed the onset of diabetic related end organ diseases such as diabetic retinopathy, neuropathy and nephropathy. The trial showed for the very first time that tight glucose control was a very important factor for delaying the onset of complications from diabetes and most importantly delayed the onset of diabetic nephropathy and CKD. The EDIC trial further showed that even in patients who had good glucose control during the trial but lost control after the trial continued to benefit suggesting the concept of ‘glycemic memory’ in which the benefits of any glucose control has long-term benefits. The trial’s outcomes cannot be generalized to patients with the most common type of diabetes we see today, type II. The DCCT trial did show remarkable reductions in diabetic retinopathy and thus loss of vision, less amputations in those with intensive control of blood sugar and a 50% reduction in diabetic nephropathy [9]. Another study targeting intensive sugar control, this time in Type II Diabetics, was the UKPDS study (UK Prospective Diabetes Study). This study was done amongst newly diagnosed Type II Diabetics where intensive glycemic control (HbA1c reduction of 11% over 10 years or median HbA1c <7.0%) with sulfonylurea or intensive Insulin regimen was compared to usual glucose control with diet alone. This study showed that intensive glucose control was associated with 25% reduction in microvascular complications particularly diabetic retinopathy but no effects on macrovascular complications, End Stage Renal Disease and mortality [10]. It was implied from this study that if microvascular complications declined then diabetic nephropathy would also decline, but once again this was not substantiated and not the studies primary aim.




        The ADVANCE (Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation) trial, a more robust all-inclusive well powered, factor randomized control trial sought to identify the vascular effects of intensive therapy in type 2 diabetics [11]. The sulfonylurea-based intensive glycemic therapy targeting a HbA1c ≤6.5% along with an intensive Blood Pressure control regimen with and Angiotensin converting Enzyme inhibitor (Perindopril) and an diuretic Indapamide, was associated with a 10% reduction in combined micro- and macrovascular events compared with standard therapy, and a 21% reduction in the risk of microvascular events, principally nephropathy [11]. Unlike UKPDS trial which had not shown a reduction in Nephropathy or CKD and its progression, ADVANCE trial was pivotal amongst all trials and the first one to show that CKD and Proteinuria in Type II Diabetics can be reduced with intensive glycemic and Blood Pressure control.




        There are a number of glucose lowering agents available to manage type 2 DM. Metformin is often used as the initial treatment, but is often underused due to the risk of lactic acidosis in patients with CKD. It has been shown that metformin can still be used in individuals with impaired renal function by reducing the dose (<1 g/day), and can be used if GFR is above 30 ml/min/1.73m2 with careful monitoring by the subspecialists in the area [5]. Recently a meta-analysis on the use of Metformin in patients with CKD, Congestive Heart Failure (CHF) and Chronic Liver Disease showed that use of Metformin in these populations contrary to belief was safe and associated with reduced mortality, reduced CHF readmissions and lower hypoglycemic events in patients with CKD [12].




        Other glycemic control agents, such as DPP4 (Dipeptidyl peptidase 4) inhibitors have been studied to evaluate for reno-protective properties. DPP4 inhibitors increase incretin levels by inhibiting its breakdown, which inhibits glucagon secretion, thus increasing Insulin secretion. Higher Incretin levels also decreases gastric emptying thus giving the patients a sense of satiety. Groop et al., studied the effects of Linagliptin on renal function and discovered that when combined with a renin-angiotensin-aldosterone- system (RAAS) inhibitor, study participants showed a reduction in albuminuria [13]. The SAVOR TIMI 53 trial, conducted by Udell et al., studied the effects of saxagliptin on cardiovascular outcomes in patients with type 2 DM and moderate to severe renal impartment [14]. It was shown that the treatment group with saxagliptin showed a decrease in their albumin creatinine ratio (ACR), but there was a higher incidence of hospitalizations for heart failure. Additionally, it was not clear if the decrease in ACR was secondary to more intensive glycemic control. More research is underway for the effects of DDP4 inhibitors on their role in diabetic kidney (DKD) disease. Several combinations of drugs such as Metformin with Linagliptin are now available to treat Type II Diabetics, and hold promise to reduce microvascular complications due to tighter blood sugar control, but no trials have been designed to show that DPP-4 inhibitors independent of reducing blood sugar can also reduce CKD.




        Recently, SGLT2 inhibitors are in the limelight due to new and coming research. The EMPA-REG-OUTCOME trial sought to evaluate CV outcomes in type 2 diabetics at high risk for CV events [15]. The study results indicated that CV outcomes were decreased in those treated with empagliflozin. However, the results were not statistically significant across all stratified groups, but were of significance in those greater than 65 years and those who had an A1C <8.5%. The CREDENCE trial, currently recruiting participants, is looking to assess in type 2 diabetic individuals with stage 2 or 3 CKD and macroalbuminuria, whether canagliflozin has a renal and vascular protective effect in reducing the progression of renal disease.


      




      

        New Drug Therapies




        In addition to glucose lowering agents, other therapies have been indicated for reno-protection in diabetic patients. The first pivotal trial that established the role of blocking the RAAS was the Captopril Trial in Type 1 Diabetics by Lewis et al. [16]. This trial showed that Angiotensin Converting Enzyme (ACE) inhibition by Captopril reduces creatinine doubling time, independent of lowering the blood pressure, intuitively implying fewer patients would move onto ESRD needing dialysis.




        Another trial with ACE inhibitors, conducted in type II diabetics called the REIN (Ramipril Efficacy in Nephropathy) trial, studied the effects of Ramipril on patients with established type II DM. This study showed that in patients with chronic nephropathy and high risk of rapid progression to ESRD, Ramipril reversed the tendency of GFR to decline with time independent of blood pressure control [17]. Implying that intra renal mechanisms which come into play with CKD progression and associated hyper filtration of the remnant nephrons can be slowed by reducing intra renal angiotensin production.




        The IDNT (Irbasartan in Diabetic Nephropathy Trial) was conducted using Angiotensin II receptor blockade (ARB’s) in Type II Diabetics to avoid the side effects from excess kinin generation from ACE inhibitors. Study of ARB’s helped decipher and establish the significant role Angiotensin plays in the genesis and progression of CKD in Diabetics. This trial found that in patients with type 2 diabetes and nephropathy, irbesartan can also slow the progression of diabetic nephropathy [16]. The RENAAL (Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan) trial conducted from 2001-2005, demonstrated similarly that in those individuals with diabetic nephropathy, losartan another ARB, reduced progression to ESRD, but did not provide any mortality benefit [18]. These two trials led to ARB inhibitors as the mainstay of CKD in patients with Type II diabetes.




        Recent studies have emerged to evaluate dual RAAS blockage (Use of ACE inhibitors and ARBs) in slowing kidney disease The ONTARGET (Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial) studied whether Telmisartan was non-inferior to Ramipril, and if the combination of both drugs was superior to Ramipril alone [16]. The study found that Telmisartan was just as effective in terms of cardiovascular complications, but the combination therapy proved to have increased adverse outcomes including but not limited to myocardial infarctions, heart failure and hospitalizations but also with worsening Nephropathy, Acute Kidney Injury needing dialysis and hyperkalemia. The reasons for such were not clear until the VA-NEPHRON Veterans Affairs Nephropathy in Diabetes) trial studied if the combination of an ACE and ARB would slow the progression of ESRD, eGFR reduction and death in type 2 diabetics with stage 2-3 CKD [19]. The outcomes demonstrated that kidney disease progression was not affected, but the combination therapy was associated with increased rates of hyperkalemia and AKI. This could have explained the increased rates of heart failure and hospitalizations observed in the ONTARGET study. Currently, the use of dual RAAS blocking agents is not the mainstay of therapy in CKD anymore.




        In addition to agents affecting RAAS, other drugs are being evaluated for diabetic kidney disease. Atrasentan, an endothelin receptor antagonist, a drug initially studied for the treatment of cancer, is being investigated for Diabetic Kidney Disease (DKD). The SONAR (Study of Diabetic Nephropathy with Atrasentan) trial is currently being conducted to see the effects of Atrasentan on renal outcomes (for example reduction in eGFR, onset of ESRD) in type 2 diabetic individuals.


      




      

        Next Steps in DKD




        The KDIGO conference concluded that alternative strategies which should be undertaken to complement the already established approaches in clinical trials for CKD in diabetic patients. First off, numerous failed trials in establishing medications that may be potentially useful in diabetic kidney disease allude to the fact that individuals may differ in the molecular pathways that guide disease progression [5]. As such, study participants should have more inclusion criteria, and should be evaluated for baseline susceptibility to treatment prior to the start of a clinical trial. In this way, we can better identify groups that may benefit from certain medication regimens that were overlooked when study participants were taken from across the population. Furthermore, many of the studies evaluating CKD use albuminuria and GFR to determine progression and endpoints. Although these values are significant in moderate to severe CKD, they may not be as valuable in the early stages. Many times, albuminuria may regress, and spot urine protein testing may not be accurate as there are a number of confounding factors that can lead to protein in the urine. Additionally a systems approach, “combining morphometric evaluations of serial kidney biopsies with “-omic” studies (i.e., genomic, transcriptomic, epigenomic, proteomic, and metabolomic) in well-characterized cohorts of high-risk persons with diabetes may allow definition of mechanisms of progression and simultaneously identify markers of early structural lesions, which can be used to stratify risk of progression, and as endpoints for clinical trials” [5]. Particularly in type 2 diabetics this may be useful, as disease progression is varied in different age groups, especially with a higher morbidity in young adults. From the KDIGO conference, the attendees felt that a novel approach to trial conduction should be explored, namely that people with DKD should be randomized to concurrent studies. Rather than individual participant randomization, most often used today, cluster randomization may be more useful and may maximize efficiency.




        The impact of DKD on individual health and public health is vast, and novel treatment strategies are of the utmost importance. New therapies are being evaluated every day, but at the same time, treatments that are effective in the general population need to be further studied to weigh the long term risks and benefits.


      


    




    

      Obesity and CKD




      Obesity, as is diabetes, is a worldwide epidemic. In the United States, the 2013-2014 NHANES data showed that 37.9% of adults age 20 years and older are obese, and 70.7% are overweight. Between 1999–2002 and 2011–2014, the prevalence of obesity among men and women (Grade 3 only) increased, while the grade of obesity prevalence of overweight but not obese declined among men and remained stable among women aged 20 and over. [Grade 1:BMI 25-29.9; Grade 2 BMI 30-39.9; Grade 3 BMI >40). Prevalence amongst children and adolescents ages 12-19 are also rising (28%), but amongst children 2-11 have shown a slight decrease over the past 6 years (Fig. 2).
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Fig. (2))


      Obesity Prevalence Amongst Adults (2011-2014).



      

        Obesity as an Independent Risk Factor




        Obesity has been shown to be associated with a number of medical diseases and comorbidities including type 2 Diabetes, hypertension, hyperlipidemia, cardiovascular disease and chronic kidney disease. Hsu et al., conducted an epidemiological study to determine whether obesity was an independent risk factor for ESRD. Adjusted for sex, age, race, history of CAD, proteinuria, hematuria and creatinine level, it was found that a higher BMI was a risk factor for CKD [20]. The relative risk for ESRD compared with persons who had a normal weight was 1.87 for overweight individuals, 3.57 for those with class 1 Obesity, 6.12 for class 2 obesity, and 7.07 for class 3 obesity. Higher baseline BMI remained an independent risk factor for ESRD when the cohort was adjusted for baseline blood pressure and presence of diabetes mellitus. This review found that the relationship between kidney disease and obesity was stronger in women than in men (RR 1.92 vs 1.49). Additionally, it was postulated that in industrialized countries, kidney disease can be related to obesity in 24.9% of women and 13.8% of men [20]. Another review was conducted by Silwerwood et al., found that being overweight earlier in life increased the risk of CKD. Those that were overweight at the ages of 20-26 yrs. doubled the risk for CKD development by age 60-64 [21]. Limitations of these studies should be noted in that BMI may not be the most ideal metric of obesity. Most statistics are based on BMI, however, there is now stronger evidence that waist circumference and waist to hip ratio are more predictive metrics of adverse health outcomes including CKD and the risk of progression to ESRD.




        To further elucidate whether obesity is an independent risk factor for CKD, regardless of metabolic disease, a number of studies were conducted to analyze obese adults without metabolic syndrome. A large cohort study of metabolically healthy overweight (MHO) or obese Korean individuals was conducted (n=62,000) over the course of 7 years to determine the risk of developing chronic kidney disease [22]. These individuals were examined for signs of metabolic disease, including kidney disease with the parameters of albuminuria or decreased GFR, prior to enrolling in the study. After being followed for 7 years, it was determined that metabolically healthy overweight (MHO) or obese Korean adults had an increased risk of chronic kidney disease, as compared to metabolically healthy normal weight adults. This is an important finding for management of obese individuals, who otherwise show no signs of disease such as diabetes, coronary artery disease or fatty liver. When adjusted for LDL (Low Density Lipoprotein), HOMA-IR (Homeostatic Model Assessment Insulin Resistance) score, hsCRP (high-sensitivity C-reactive protein) and cholesterol level, it was still evident that there was an association between MHO and CKD. This study showed that the previously postulated idea that metabolically healthy obesity is a harmless condition, may indeed be false.




        A Japanese study done in 2015, demonstrated that there was no association between MHO and CKD [23]. However, the parameters of MHO were individuals with less than 2 metabolic abnormalities, whereas this study defined MHO as those without any abnormalities. Furthermore, the Japanese study included overweight participants in the reference group, while the MHO study included only normal weight healthy individuals [23].




        Obesity and CKD have also been observed in a clinical series in patients with IgA nephropathy [24]. Those individuals who were overweight or obese were found to have a more rapid progression to ESRD. Additionally, focal segmental glomerulosclerosis is often found in obese patients with CKD. In a study conducted by Eknoyan et al., it was noted that FSGS was a result of hyperfiltration secondary to obesity [25].


      




      

        Pathophysiological Implications




        Unlike diabetic kidney disease, there is still very little knowledge regarding pathophysiology of primary obesity driven CKD. However, several renal hemodynamic alterations occur in obese individuals, leading to hyperfiltration. It is suggested that obesity induced hyperfiltration is analogous to the 5/6th remnant kidney model [26], in which there is an increase in renal blood flow, and intraglomerular pressure. This mechanism is proposed to occur through efferent arteriolar vasoconstriction, induced by angiotensin II. Adipocytes produce angiotensinogen, the precursor to angiotensin II, and as such can affect the microcirculation of the kidney [24].




        In addition to hemodynamic alterations, hyperfiltration can occur through surface area hypertrophy, a phenomenon called nephromegaly which lead to an increase in single nephron GFR. This is an important finding as CKD can occur in obese individuals who are normotensive. It was shown by Lenihan et al., [27] that adaptive hyperfiltration after donor nephrectomy is attributable to hyper-perfusion and hypertrophy of the remaining glomeruli, without glomerular hypertension.




        Two primary inflammatory cytokines, IL-6 and TNF alpha, have been implicated in obesity driven CKD. As adipocytes are modified macrophages, they synthesize both IL6 and TNF alpha. Studies have shown that glomerular hyperfiltration is a result of the interplay between angiotensin II and inflammation. An animal model of obesity, induced by a high caloric (mainly fat) intake, showed that macrophages accumulated in the kidney [24], in patients with obesity. The combination of mesangial matrix accumulation with macrophage infiltration was inhibited by the angiotensin II blockade. Another indication of inflammation in obesity induced CKD is the production of procalcitonin (PCT) in adipocytes. Generally, PCT is used in the diagnosis of a bacterial infection, usually bacterial sepsis. However, there is evidence of increased levels of PCT as waist circumference increase in obese CKD patients. This indicates that inflammatory markers can serve as both a trigger as well as a means of compounding already established CKD in obese patients [24].




        Wang et al., studied the implications of G- protein coupled bile acid receptors on kidney disease in obesity and diabetes [28]. Previous studies have indicated that increased fatty acids and or glucose down regulate the TGR5 gene in human glomerular endothelial cells and podocytes. The study revealed that diabetic mice, when treated with TGR5 agonist INT-7777, showed decreased amounts of kidney injury markers such as decreased GFR, podocyte injury, fibrosis, CD68 macrophage infiltration and mesangial expansion. This study also demonstrated increased renal expression of mitochondrial regulators and decreased oxidative stress as evidenced by an increase in superoxide dismutase activity and decrease in mitochondrial H2O2 production [29].


      




      

        Impact on Young Adults




        Sarathy et al., conducted an analysis to determine whether abdominal obesity is associated with CKD in healthy young adults. This study utilized NHANES 1999- 2010. At baseline, it was found that non-Hispanic blacks had a higher prevalence of abdominal obesity than Mexican Americans or non-Hispanic whites (45.2%, 40.4% and 37.2% respectively) [30].




        Significant associations were found between abdominal obesity and CKD risk factors and early CKD markers even in this young population [30]. Additionally, non-Hispanic blacks had a stronger association between abdominal obesity and higher hemoglobin A1c and HOMA-IR levels, while non-Hispanic blacks and non-Hispanic whites showed stronger associations between abdominal obesity and lipid abnormalities compared to Mexican-Americans. Although CKD primarily affects an older age group (>40), early risk factors were found in young adults. Mexican Americans had a higher prevalence of CKD markers. Even after controlling for other CKD risk factors and markers of inflammation, Mexican Americans were found to have increased amounts of albuminuria as compared to other races. Interestingly, this phenomenon occurred in obese individuals who were otherwise healthy (without signs of insulin resistance or hypertension, indicating a role for obesity independent associated with CKD) [30].




        More clinical studies should be conducted to evaluate racial and ethnic variations in disease development and progression. Furthermore, early markers of CKD in obese young adults serve as tools for intervention. Early recognition of those at risk can lead to early intervention, improve progression of CKD and positively impact public health at large.


      




      

        Managing CKD in Obese Individuals with Hypertension




        Obesity is a high risk factor for hypertension and subsequent glomerular hypertension, and as such, focus has been given to using agents that block the renin-angiotensin-aldosterone system. The ALLHAT (Antihypertensive and Lipid Lowering Treatment to Prevent Heart Attack Trial), one of the largest clinical trials, was conducted to compare the effectiveness of certain classes of anti-hypertensives (diuretics, ACE inhibitors, calcium channel blockers and centrally acting alpha adrenergic agonist drugs) in preventing a heart attack. The primary outcome was an assessment of fatal coronary heart disease or non-fatal myocardial infarction in in individuals ages 55 and older with hypertension. Mean BMI was 29.7 [31]. There was no difference in the cohorts of patients assigned to the chlorthalidone, Lisinopril or amlodipine group, regardless of their baseline GFR. The trial showed that simple diuretic such as chlorthalidone is better than ACE inhibitors and calcium channel blockers as first line antihypertensive regimen, particularly in African Americans. The trial also warned against using centrally acting alpha agonists like Cardura which increased the rates of hospitalizations for Heart Failure. Surprisingly though and unpredicted, the Lisinopril group did have a higher relative risk for stroke and heart failure. Although CCBs were less likely to be associated with adverse outcomes, another study conducted by Griffin et al., indicated that CCB’s can accelerate kidney damage, via impairment of renal auto regulation, afferent arteriolar vasodilatation, increase renal blood flow and intra-glomerular hypertension [32].




        In addition to using antihypertensives, nutritional control is beneficial in obese patients. Salt restriction is the key in battling CKD in obesity. Obese individuals have a higher salt intake than their normal weight counterpart, leading to volume expansion and therefore higher blood pressure. Additionally, it may result in glomerular hypertrophy, leading to augmented kidney injury. Moreover, increased intake of salt can lead to enhanced oxidative stress. It can cause kidney injury through superoxide generation via NADH- and NADPH-, affecting the cortical kidney [26]. Krikken et al., studied influence of BMI on renal hemodynamics in response to different amounts of sodium intake (high vs low) in young healthy males (median age 23 years). The study revealed that there is an increase in GFR and filtration fraction response to a shift in sodium intake in men with a higher BMI (> 25 kg/m2) [33]. Another marker of renal risk that was measured was urinary albumin excretion (UAE). As the subjects were healthy men, most did not have any signs of proteinuria. However, of the subjects that did exhibit some level of UAE, they were more likely to have been in the high salt intake cohort. Due to the small sample of patients with detectable UAE, there were no differences found between the various obesity stratifications.




        Protein restriction is another key component of nutritional control, as increased amounts of animal protein lead to an increase in renal plasma filtration (RPF) and GFR. The recommended protein intake is 0.8 g/kg healthy body weight. In obese adults, mean protein intake is in excess of 100g [26]. In healthy weight adults (around 70 kg), total protein intake should be 56g. However, with an average of 100g, the average obese adults consume 1.45 g/ kg, and increase in 80% of the recommended intake. The hemodynamic alterations are limited to animal protein, as vegetable protein does not increase RPF. Protein may lead to afferent vasodilation secondary to amino acids triggering local and humoral mediators. In a meta-analysis conducted by Kasiske et al., it was shown that in patients with CKD (regardless of obesity), a protein restriction to 0.7g/kg is associated with a slower progression of decline in GFR (0.53ml/min/year lower than the control) [34].




        Caloric restriction is another modifiable risk factor for CKD in obese individuals. This means caloric restriction has been shown to decrease proteinuria and therefore slow the progression of kidney injury. It has been postulated that the Sirt1-Foxol1 pathway plays a role in decreasing proteinuria. Sirt1 is an NAD+ dependent deactylase, which activates the protein Foxol1. Foxol1 forms a transcriptional complex at the adiponectin promoter site and increases the expression of adiponectin. Receptors for adiponectin are stationed in the podocytes, and may play a role in podocyte morphology, and function [26]. In a study conducted by Morales et al., 30 overweight and obsess patients with proteinuria and/or CKD were placed on a diet which eliminated 500 kcal/day for a period of 5 months. The results demonstrated that they had a decrease in urinary protein excretion by 30%, even though the weight loss was only 4% lower than the baseline. The decline in urinary excretion was seen soon after the implementation of the 500kcal cut down, with decreased levels at 1 month.




        Navaneethan et al., conducted a meta-analysis of weight loss intervention in chronic kidney disease with a focus on obese patients with kidney disease. The analysis compared the pre- and post-intervention data in patients who had CKD and underwent weight reduction. The results showed no change in the GFR in the intervention group [35] a decline in the control group. In the obese population, in addition to the impact on GFR, the impact on glomerular hyperfiltration was noted. As mentioned earlier, glomerular hyperfiltration occurs in obesity related CKD is due to a number of effects on the microvasculature. This study used 125mL/min as the cut off for hyper filtration (as no definitive value exists). It was shown that bariatric surgery offered the most effective weight loss treatment in morbid obesity and subsequently decreased the comorbidities that come along with obesity. In the morbidly obese population weight loss attained through bariatric surgery led to a lower BMI in individuals, with normalization in glomerular hyper filtration. Although this short-term effect was noted, it is not known how this will affect long term CKD progression, and eventual progression to ESRD.




        In addition to the effects on GFR and hyperfiltration, serum creatinine is affected in patients undergoing weight loss. Patients can have a loss of muscle mass, which will then lead to a decrease in serum creatinine. This phenomenon has not been explored as the body composition changes in weight loss and its effect on disease progression have not been studied. This is important because the Modification of Diet in Renal Disease (MDRD) and Cockcroft-Gault formulas are unreliable to estimate GFR in obese patients, and some of the included studies used these formulas to report renal function [35].




        Although there are number of interventions that can be implemented to slow or prevent CKD, it is difficult from a clinician’s perspective to take the time necessary to sit down with the patient and discuss them. Fortunately, changes in the health care system in the United States have expanded reimbursement of preventative services for Medicare patients. This allows for patients, without any out of pocket expenditure, to consult a health care provider for national counseling service [26]. These include patients who have Medicare part B, and a diagnosis of diabetes, CKD or those that received a kidney transplant within 3 years of their first clinic visit. The downside is that younger patients with CKD are not covered by Medicare, and therefore do not have easy access to nutritional guidance.


      


    




    

      Worldwide CKD and ESRD




      The 2013 Global Burden of Disease study demonstrated that although there have been improvements in a number of communicable and non-communicable diseases, death rates secondary to CKD have increased [36]. Age standardized mortality increased from11.6 deaths/100,000 in 1990 to 15.8 deaths/100,000 in 2011, a 36.9% increase [1]. Although there are some countries, such as China, which have an increase in CKD due to improvement in detecting the disease, there are countries with disproportionate burden of CKD related mortality. Many African, Caribbean and Latin American countries are amongst the top few with the greatest numbers of years lost due to CKD [37].




      Several limitations need to be ascertained with regards to these findings. Firstly, there has been an improvement in recognition and coding in the healthcare systems within the decade, and therefore there is a greater likelihood of CKD coding, leading to a perceived increase in prevalence. At the same time, there is a lack of coding of individuals with CKD 1 and 2, and therefore those mortalities are not accounted for when looking at all-cause mortality. Furthermore, the epidemiological data does not differentiate between pre or post dialysis patients with CKD. It is known that the further stages of CKD are associated with higher mortality, and as such it is difficult to ascertain the degrees of CKD associated with mortality. Other factors include the lack of acute kidney injury (AKI) as a cause of death, as it is known that there is a bidirectional relationship with CKD and AKI.


    




    

      CONCLUSION




      Chronic Kidney Disease is an epidemic that plagues millions of Americans every year, with diabetes and obesity amongst the leading causes. It is promising to see that the prevalence of CKD has leveled off the in the past few years in the United States, reflecting the strides that have been made in the management and treatment of CKD. However, there needs to be an improvement in recognition of CKD and in data collection to obtain significant statistical population based evidence. Without the latter, it is not only difficult to determine the outcomes of the interventions that have already been implemented, but it is also challenging to recognize which areas need to be further researched. Underdeveloped nations, in particular, need focus to determine the limitations that are associated with mortality, including access to health care, awareness, and CKD education.
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