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Preface

Diabetic nephropathy is a leading cause of end-stage renal disease in many developed countries where type 2 diabetes mellitus has already reached an epidemic tsunami by the beginning of this millennium. In these countries, diabetic nephropathy is the primary renal diagnosis in 25-50% of people starting chronic renal replacement therapy. This global and growing threat of diabetic nephropathy due mainly to type 2 diabetes has long caught the attention of nephrologists and diabetologists. Yet, over the past decade, the magnitude of the problem has continued to grow without any sign of reaching its plateau. There are a number of astounding reasons. First, there is the relentless increase in the prevalence of type 2 diabetes as a result of the metabolic syndrome. Despite an ongoing emphasis on the need for lifestyle changes, such as weight loss, diet control, and increased physical exercise, the obesity and diabetes epidemic continues to escalate and the number of people with type 2 diabetes, currently estimated at 150 million, is predicted to double by 2025. This problem is compounded by the fact that the risk of diabetes increases with age and that there is an aging trend in the global population.

Surely, the risk factors and pathophysiology of diabetic nephropathy are not entirely understood, which implies that there is clearly a long way to go before effective renoprotective or preventive strategies for diabetic nephropathy can be implemented for our patients. On the other hand, significant progress has been made in recent years in understanding the pathologic, genetic, pathogenetic, and epigenetic mechanisms of this condition. Furthermore, many large-scale randomized controlled trials have emerged to attest some of these hypotheses. It will therefore be timely for the publication of a textbook to provide an updated overview of all the available clinical and basic scientific data for clinicians and researchers in the field. It is with such intention in mind that we gathered leading world experts actively engaged in diabetic nephropathy research from bench to bedside to compile this exciting monograph on diabetes and the kidney that covers every aspect of transcriptional and translational research in diabetic nephropathy. We wish to thank all the 54 contributors in making this comprehensive volume a success. We hope that while it will provide an update to everyone, this book will also serve as a reference to stimulate further novel investigations to advance our knowledge about all the unknowns in diabetic nephropathy.

Kar Neng Lai, Hong Kong

Sydney C. W. Tang, Hong Kong


Clinicopathological Features of Diabetic Nephropathy

Lai KN, Tang SCW (eds): Diabetes and the Kidney.
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______________________

Epidemiology of Diabetic Nephropathy

 Anne T.Reutens · Robert C. Atkins

School of Public Health and Preventive Medicine, Monash University, and Baker IDI Heart and Diabetes Institute, Melbourne, Vic., Australia

______________________

Abstract

Diabetic nephropathy affects approximately one third of people with type 1 or type 2 diabetes mellitus. Risk factors affecting progression of kidney disease include baseline albumin excretion, age, glycemic control, blood pressure, serum cholesterol and use of renin-angiotensin system blockers. As the total number of people with diabetes is projected to increase substantially to 2050, the prevalence of diabetic nephropathy will rise dramatically, with concomitant increase in associated cardiovascular mortality and end-stage renal disease. This will produce significant social and economic ramifications, particularly in the developing world.

Copyright © 2011 S. Karger AG, Basel

Definition of Diabetic Nephropathy

Early diabetic nephropathy (DN) may be identified by persistent microalbuminuria [1, 2], defined as an albumin excretion rate of 20-200 µg/min or 30-300 mg/24 h, or a spot urine albumin to creatinine ratio of 30-300 mg/g (3.5-35 mg/mmol) in males and 20-200 mg/g (2.5-25 mg/mmol) in females. Overt DN is marked by proteinuria >500 mg/24 h or albuminuria >300 mg/24 h. Decreased estimated glomerular filtration rate (eGFR) <60 ml/min/1.73 m2 may be another manifestation of overt DN.

Prevalence of Diabetic Nephropathy

The global prevalence of diabetes in adults is estimated to rise from 6.4% (285 million) in 2010 to 7.7% (439 million) in 2030 [3]. The increase will be sharpest in developing countries (69%) compared to developed countries (20%). Over 90% of these people with diabetes will have type 2 diabetes [4]. 36% of the extra 154 million people with diabetes will come from India and China. Such a large worldwide rise in prevalence predominantly of type 2 diabetes over the next 20 years will greatly increase the prevalence of diabetic kidney disease, which develops in about one third of people with type 2 diabetes. The global prevalence of microalbuminuria in diabetes is 39% [5]. Data from AusDiab, The Australian Diabetes, Obesity and Lifestyle Study, a population-based study of Australian adults, showed that incidence of albuminuria in the general population was 0.83% per year. People with diabetes had an incidence of albuminuria of 3.1% per year [6]. DN is already the major cause of end-stage renal disease (ESRD) worldwide, accounting for approximately one third of cases. This is illustrated by the experience in Australia, where people with type 2 diabetes starting dialysis increased 5-fold from 1993 to 2007 [7].

Diabetic kidney disease will impose heavy economic burdens, not only for treatment of ESRD but also because of the associated macrovascular complications of DN [8]. Already, the annual cost of treatment of ESRD in patients with type 2 diabetes in the US is estimated to be USD 39.35 billion in 2010, increased from USD 16.74 billion in 1998 [9]. Within developed countries, certain ethnic groups including Native Americans, African-Americans and indigenous Australians have a higher prevalence of ESRD due to diabetes [10]. The concern is that those countries and minorities that will be most affected by the epidemic of DN will be the least able to afford the costs.

Classic Albuminuric Pathway

This pathway refers to progression to nephropathy from the stage of normoal-buminuria, through microalbuminuria, to macroalbuminuria/proteinuria and reduced GFR. In patients with type 1 diabetes, the 25-year cumulative incidence of DN in cohorts diagnosed prior to 1960 was reported by the Steno Memorial Hospital as 41% [11], and 35% after 40 years of disease from Joslin Clinic cohorts [12]. Some latest studies show a lower incidence of kidney disease. In the DCCT-EDIC study of type 1 diabetes, which followed 1,439 newly diagnosed people for a mean duration of 19 years, 11.4% developed an eGFR <60 ml/min/1.73m2 [13]. Of these, 16% had developed microalbuminuria and 61% developed macroalbuminuria before reaching this stage. eGFR declined at a greater rate in those with macroalbuminuria (5.7% per year and 5.1% per year with current or past history of macroalbuminuria respectively) compared to those with current or previous microalbuminuria (1.8 and 1.4% per year, respectively) or those with a normal albumin excretion rate (1.2% per year). However, in the Pittsburgh Epidemiology of Childhood-Onset Diabetes Complications Study, a prospective observational study which stratified participants into cohorts according to year of diagnosis from 1950 to 1980, there was no significant difference in incidence of overt nephropathy at 25 years between cohorts, and the pooled incidence was 32% [14].

A 2006 Austrian report of the Lainz cohort which followed 648 people with type 1 diabetes for 20 years showed that 13.0% had died and 5.6% required renal replacement therapy (RRT) [15]. Long-term follow up of 1,075 people with type 1 diabetes from the Allegheny county, Pennsylvania, gave a cumulative incidence of RRT after 25 years of diabetes of 11.3% [16]. The incidence of ESRD in type 1 diabetes is declining; cumulative incidence rates at 20 years of ESRD for patients diagnosed between 1965 and 1969, 1970 and 1974, and 1975 and 1979 were 9.1, 4.7, and 3.6%. The same trend was seen in a Finnish cohort of 20,005 people with type 1 diabetes diagnosed between 1965 and 1999 [17]. The 20-year incidence of ESRD was 2.2% at 20 years and 7.8% at 30 years after diagnosis, with those diagnosed between 1965 and 1969 having the worst prognosis. Similar improvement was seen in the Pittsburgh study, in which 20-year rate of ESRD was 16% in those diagnosed in the 1950s, compared with 4% in those diagnosed after 1964 [14]. In people aged <45 years, the incidence of diabetes-related ESRD decreased by 4.3% per year from 1990 to 2006 according to analysis of US data done by the US Renal Data System (USRDS) [18]. This age group would be mainly those with type 1 diabetes.

For type 2 diabetes, the United Kingdom Prospective Diabetes Study (UKPDS) followed 5,097 people who were newly diagnosed with type 2 diabetes from 1977 to 1997 to determine the rates of progression of kidney disease. 2.0% per year progressed from normo- to microalbuminuria, 2.8% per year from micro- to macroalbuminuria, and 2.3% per year from macroalbuminuria to elevated plasma creatinine or RRT [19]. By 10 years after diagnosis, 27% of patients had some evidence of renal disease (24.9% with microalbuminuria, 5.3% macroalbuminuria. 0.8% with high creatinine level or needing RRT). In the Casale Monferrato study, in which 1,103 patients with type 2 diabetes were followed for a median of 5.33 years, 3.7% of patients per year progressed to overt nephropathy, and those with baseline microalbuminuria had a 42% increased risk of progression compared to those with normoalbuminuria [20]. In a prospective follow-up of 191 outpatients with type 2 diabetes, the 5-year cumulative incidence of DN was 23%. The risk factors for progression were increased baseline albumin excretion, HbA1c, age, increased serum cholesterol, male gender and presence of retinopathy [21]. Certain ethnic groups have particular susceptibility to DN. For example, Pima Indians (from Arizona) with type 2 diabetes had a higher incidence of ESRD 15 years after onset of proteinuria (61%) compared to US Caucasians (17%) [22].

From the USRDS analysis, the incidence of ESRD due to diabetes started to decline from 1996 onwards for people aged ≥65 years, by 3.9% per year in the 45-64 year age group, 3.4% per year for those aged 65-74 years and by 2.1% in those ≥75 years [18]. The ethnic groups with the highest rates of diabetes-related ESRD were African-Americans, Native Americans and Hispanics (425, 333 and 310 per million population, respectively, compared to 117.8 in white people) [23].

The pathway from microalbuminuria to ESRD can be reversed. Studies of the earliest stage of diabetic kidney disease show that a high proportion of people with microalbuminuria remit to normoalbuminuria. The Joslin Study of the Natural History of Microalbuminuria followed 386 people with type 1 diabetes and persistent microalbuminuria [24]. Regression of microalbuminuria was defined as a 50% reduction in urinary albumin excretion. Over 6 years, the cumulative incidence of regression was 58%. Similar results were obtained in a study of 216 Japanese patients with microalbuminuria and type 2 diabetes, in which the 6-year cumulative incidence of regression was 54% and remission (to normoalbuminuria) was 51% [25]. 28% progressed to overt nephropathy. Factors that predicted regression/remission were lower systolic blood pressure, lower HbA1c, use of renin-angiotensin system blockers and short duration of microalbuminuria. Factors predicting progression of DN were higher HbA1c and baseline albumin excretion rate, current smoking, retinopathy, higher waist-hip ratio and body mass index [26, 27].

The Nonalbuminuric Pathway

People who develop renal impairment associated with diabetes may proceed via a nonproteinuric pathway, particularly in older age groups. The Joslin study of 79 patients with type 1 diabetes who were initially normoalbuminuric and then developed microalbuminuria gave a 12-year cumulative incidence of stage 3-5 chronic kidney disease of 29% [28]. Of these, about half did not have proteinuria but had persistent microalbuminuria or regressed to normoalbu-minuria. The occurrence of an isolated reduction in GFR without antecedent microalbuminuria in patients with biopsy-proven diabetic kidney disease was first documented in 8 females with type 1 diabetes [29]. A similar finding of diminished creatinine clearance with normoalbuminuria was confirmed in type 2 diabetes, with both males and females involved (with a female preponderance) [30-32]. 30% of people with type 2 diabetes and eGFR <60 ml/min/1.73m2 had no albuminuria and no diabetic retinopathy in the nationally representative US NHANES study [32], and 55% of people with eGFR <60 ml/min/1.73 m2 had a persistently normal urinary albumin excretion in a nationally representative Australian cohort of people with type 2 diabetes [33]. The mechanisms for this alternate pathway of kidney disease in diabetes are under investigation.

Association of Diabetic Nephropathy with Cardiovascular Mortality

A recent collaborative meta-analysis of 105,872 participants in studies of participants derived from the general population showed that albuminuria ≥1.1 mg/mmol (10 mg/g) and low eGFR <60 ml/min/1.73 m2 were independently predictive of all-cause and cardiovascular mortality [34]. The HOPE study demonstrated that microalbuminuria at baseline predicted cardiovascular events (myocardial infarction, stroke, cardiovascular death), all cause mortality and hospitalization for congestive cardiac failure in people with or without diabetes [35]. In the UKPDS, there was a trend towards increased cardiovascular mortality with worse renal function [19]. The annual cardiovascular death rate was 0.7% in those with no kidney disease, 2.0% with microalbuminuria, 3.5% with macroalbuminuria and 12.1% in those with an elevated plasma creatinine or on RRT. People with macroalbuminuria were more likely to die than to progress to elevated plasma creatinine or RRT (4.6% annual rate of death from any cause compared to 2.3% annual rate of progression).

Conclusion

DN affects approximately one third of those with diabetes. Improved management has led to reduction in incidence of progression to ESRD in this group. However, cardiovascular mortality is greatly increased in people with overt DN. The number of people affected by chronic kidney disease due to diabetes will escalate in the coming decades, and this will impose great strains on health delivery and costs, particularly in developing countries.
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Abstract


Genetic susceptibility is considered an important factor for the development and progression to diabetic nephropathy (DN), and for more than 20 years researchers have tried to unravel the genetic determinants of the disease. It is now clear that the pathogenesis of DN is most likely multifactorial and attributed to several genetic and environmental risk factors. Several candidate genes have been shown to be associated with the disease, but the results have not been consistent and most of the genes conferring risk to DN remain to be identified. In addition, studies have suggested that there might be differences in susceptibility loci and/or alleles between diverse populations. Recent developments in genotyping technology and increased information on the human genome have facilitated genome-wide association scans (GWAS) for investigating novel disease susceptibility across the entire human genome. The few GWAS performed for DN so far in combination with improved understanding of the human genome have identified novel risk loci and emphasized the importance of performing detailed genetic studies across diverse ethnic populations to fully unravel the genetic susceptibility to DN.
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Diabetic nephropathy (DN) is a complex phenotype likely caused by the interaction between susceptibility alleles and environmental factors. There is evidence for a genetic susceptibility to diabetic kidney disease, but despite intensive research efforts through primarily candidate gene searches, it has proved difficult to identify the causative genes.

The first evidence for genetic factors underlying DN was gathered in epidemiological studies that displayed familial aggregation of DN in both type 1 and type 2 diabetes. Studies in type 1 diabetes mellitus (T1DM) demonstrated that siblings of diabetic subjects with kidney disease had a 3-fold increase in the risk of DN compared to siblings of diabetic subjects without nephropathy [1-3]. Familial clustering of nephropathy was also observed in type 2 diabetes mellitus (T2DM) [4, 5] and the risk was found to differ between different ethnic groups [6, 7]. These early studies were the starting point for the search for the genetic determinants of DN. However, despite large efforts aimed at identifying the susceptibility genes, the studies have not provided conclusive evidence for a causative role of any specific candidate gene. A plausible reason for the lack of replication among the reports includes limited sample sizes of the individual studies rendering them largely underpowered to detect genetic variants with small individual effects on disease risk. In the last few years, genome-wide association scans (GWAS) have produced an unprecedented number of robustly associated genetic risk factors for common complex diseases such as T1DM and T2DM [8-11]. With the completion of the first GWAS in DN in T1DM published and more on their way, we can now begin to unravel the genes and molecular pathways that underlie the development of DN that hopefully in the near future will lead to the development of new treatment strategies.

Approaches to Study the Genetic Causes of Diabetic Nephropathy

The two main approaches to study the molecular genetics of common disease are linkage and association studies, both of which have been extensively used in DN. Linkage scans are family based and evaluate polymorphic genetic markers that are uniformly distributed across the genome for cosegregation with a trait in affected families. Classical linkage scans were performed using microsatellite markers, which are highly polymorphic tandem repeats of DNA sequence; however, more recent studies use the more common single nucleotide polymorphisms (SNPs), which are mostly biallelic and more informative of the surrounding region. Genetic association studies commonly investigate SNPs for differences in allele frequency between unrelated diseased (case) and healthy (control) subjects as well as in family trios using family-based association tests, e.g. the transmission disequilibrium test. Association studies are generally more powerful for the identification of genetic variants with modest effect on the risk of disease compared to linkage studies. However, linkage scans are hypothesis free, whereas association studies of candidate genes require prior biological knowledge of the candidate gene as well as the disease pathogenesis. In recent years, GWAS have contributed immensely to the understanding of the genetic basis of a wide range of common diseases. GWAS studies are conducted using a dense set of SNPs, usually in the range of a hundred thousand to a million, which are distributed across the genome. A common feature of the GWAS published to date is that they still have relatively low power to detect variants with small effect sizes, and the main limitation to detect these is the need for very large sample sizes in order to gain statistical power. This problem is very relevant to the field of DN, in which it has proven difficult to gain access to large, well-characterized sample cohorts for large-scale genetic studies. As for other complex traits, we expect the contribution of individual DN risk genes to have odds ratios in the range of 1.05-1.5. One emerging solution to this problem is to combine sample sets from multiple GWAS studies of similar traits into a meta-analysis, which has successfully been done for T1DM and T2DM [9-11]. It should be stressed that exact phenotyping in studies of DN is crucial, since it is not straightforward to combine data derived from studies focusing on albuminuria, overt proteinuria or end-stage renal disease (ESRD). Furthermore, it is currently not clear whether DN in type 1 and type 2 diabetes has a shared genetic component. Phenotypic definition of DN has proven simpler in patients with type 1 diabetes; this is why efforts to discover genetic risk variants of DN might be more successful in these patients.

Genome-Wide Linkage Scans in Diabetic Nephropathy

Several genome-wide linkage scans have been conducted for DN in different populations [12-19]. Most of the analyses have been limited to small numbers of families from different ethnic groups. Nevertheless, a few consistent results have emerged. One of the most promising findings in type 1 diabetes nephropathy (T1DN) is a linkage peak near the gene encoding angiotensin II receptor type 1 (AGTR1) located on chromosome 3q25 first identified in Caucasian subjects [13]. An association study evaluating 14 candidate genes in the 3q region in three independent European populations demonstrated that the susceptibility variant might be located in the promoter region of the adiponectin gene (ADIPOQ), rather than AGTR1 [20]; however, the results have been inconclusive. In type 2 diabetes nephropathy (T2DN) a linkage peak in a region on chromosome 18q22-23 has consistently been identified in Turkish and Pima Indian [14], African-American [15], Caucasian and American Indian [18] family cohorts. A fine-mapping effort of this region identified the carnosinase 1 gene (CNDP1) as the most likely candidate gene for DN [21]. Further support for the CNDP1 gene was reported in a larger study of T2D ESRD in a European-American study population [22]. Although many linkage scans have been published for DN, few of the findings have been replicated, probably due to the relatively small sample sizes and the limited power of linkage scans to identify risk variants with minor effects on the disease susceptibility.

Candidate Genes Associated with Diabetic Nephropathy

A large number of genetic association studies have been conducted for DN generating several candidate genes. However, similar to the linkage scans, replication of the findings in independent cohorts has proven difficult, and none of the genes has so far been robustly replicated (table 1).

Table 1. Genetic association of candidate genes in different subgroups
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Among the candidate genes for DN, the genes involved in the reninangiotensin system have been studied most extensively [see chapter by Lai et al., this vol., pp. 135-144]. In addition to AGTR1, an association between DN and variation in the angiotensin 1-converting enzyme gene (ACE) on chromosome 17q23 was first reported in T1DM subjects [23, 24]. A 287-bp insertion/deletion polymorphism in intron 16 of ACE (ACE I/D) was originally found to be predisposing to DN for carriers of the deletion allele, which was also associated with a higher expression of ACE in plasma/serum in nondiabetic and diabetic subjects [23, 25]. The association between polymorphisms in ACE and various traits of DN has since been extensively investigated by a number of studies in both T1DN and T2DN; however, with conflicting results [26].

Genetic variation in the gene encoding apolipoprotein E (APOE) on chromosome 19q has been associated with DN. ApoE consists of the three major isoforms E2, E3 and E4 encoded by the common alleles ε2, ε3, ε4, of which the ε2 allele has been associated with an increased risk of mainly T1DN in Caucasians [27-29] but also in Japanese subjects with T2DN [30]. The E2 isoform has also been associated with a reduced affinity for its receptor [31]. The ε4 allele on the other hand has been associated with protection from T2DN in Japanese individuals [32] and the E4 isoform with an increased affinity for its receptor [31]. Although conflicting results have been found in other studies, a recent meta-analysis of 23 published studies reported that the ε2 allele was significantly associated with DN [33]. However, no association was demonstrated for the ε4 allele, and significant heterogeneity was detected between the studies which most likely contributed to the conflicting results.

The gene engulfment and cell motility 1 (ELMO1) located on chromosome 7p14 was first found to be associated with DN in a gene-focused GWAS of Japanese subjects with T2DN [34]. The association has subsequently been replicated in African-American [35] and Caucasian populations [36]. Interestingly, the genetic variants in ELMO1 predisposing to DN were different in the three studies indicating that the diverse ancestral background gives rise to genetic heterogeneity between different ethnic populations.

Genome-Wide Association Scans in Different Ethnic Groups/Diverse Populations

The last few years have witnessed the feasibility and rapid expansion of GWAS, also for DN. GWAS data are available from two studies (The Genetics of Kidneys in Diabetes, GoKinD, study and The Diabetes Control and Complications Trial and Epidemiology of Diabetes Interventions and Complications Study, DCCT and EDIC), but larger sample sizes and samples from diverse populations would increase the chances for gene discovery. Importantly, new data are being generated in both US, UK and Finland [37, 38].

GWAS have, with few exceptions, been focused on populations of European descent. However, the degree to which observation gained from these studies is transferable to other populations has not been extensively explored. Nevertheless, a number of population-genetic factors have facilitated the success of GWAS in European populations. These include a less pronounced variation of allele frequency across groups and a more moderate linkage disequilibrium (LD) compared with other populations [39-41]. It has also facilitated the use of shared controls in large studies of multiple phenotypes [8].

GWAS in non-European populations pose several challenges. Will the same results be detected in different populations? Will causal variants have comparable allele frequencies and disease risk in diverse populations? What factors will be the sources of different results across groups?

We argue that it is crucial to carry out genetic studies in diverse populations not only for the ultimate goal of bringing medical advances from genetic studies to populations worldwide but also for the considerable scientific benefits in characterizing risk variants beyond what can be achieved with populations of European descent alone.

Several observations suggest that no single population is sufficient for fully uncovering the variants underlying disease in all populations. These various reasons: differences in disease allele frequency and LD patterns, phenotypic prevalence differences, differences in effect size and differences in rare variants provide the motivation for genetic studies in diverse populations.

The case for using diverse populations in genetic studies is emphasized by the observation that the proportion of phenotypic variation explained by gene variants identified through GWAS is typically small [42]. GWAS have focused on common variants (minor allele frequency, MAF: >5%), and rare variants (MAF: 1-5%) have not been examined to the same extent. Rare variants are one possible genetic source for the unexplained phenotypic variation of DN. Rare variants are usually more recent in origin, and therefore more likely to be geographically confined. Hence, separate populations are more likely to differ in rare alleles than in common alleles.

Genome-Wide Association Scan in Type 1 Diabetes Nephropathy

The first GWAS in DN was completed under the auspices of GoKinD, which has collected a large cohort of T1DM patients with or without DN. The initial study included 1,700 subjects genotyped for over 360,000 SNPs on the Affymetrix 5.0 500K array [43]. Although none of the SNPs achieved genome-wide significance after correcting for the number of tests conducted, 11 SNPs in four chromosomal regions achieved p values <1 × 10-5 and were considered for replication in the DCCT/EDIC study. The association signals were located on chromosome 9q near the gene ezrin, radixin, moesin (FERM) domain-containing 3 (FRMD3), on chromosome 7p near the genes β-chimerin (CHN2) and serine carboxypeptidase vitellogenic-like (CPVL), on chromosome 11p in an intron of the gene cysteinyl-tRNA synthetase (CARS) and in an intergenic region on chromosome 13q. The association signals on chromosome 9q and 11p were nominally significant in the replication study. The association on chromosome 13q has since been replicated in a study of T2DN in Japanese subjects [44], while the other regions are still awaiting confirmation in independent cohorts. Genetic heterogeneity between populations could be one contributing factor for the lack of replication in the Japanese population. Figure 1 illustrates the diverse pattern of LD across the associated region on chromosome 11p for the three HapMap populations.

Conclusions

Genetic susceptibility plays an important role in the pathogenesis of DN. Candidate gene and genome-wide linkage studies have suggested several susceptibility genes across diverse ethnic groups, but most of these remain to be robustly replicated. Most recently, GWAS have been performed in DN cohorts, and a better understanding of the genetic architecture of DN risk is emerging. Several observations suggest that no single population is sufficient for fully uncovering the risk genes underlying DN, and studies in diverse human populations should improve the potential of GWAS.
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Fig. 1. LD plot of the chromosome 11p region associated with DN in the GWAS by Pezzolesi et al. [43]. The differences in LD patterns between the three HapMap populations are clearly visible in the genomic region surrounding the candidate gene CARS. The location of the two risk variants rs739401 and rs451041 is indicated by arrows. Plots of LD scores were produced in the UCSC genome browser (). CEU = European ancestry; JPT + CHB = Asian ancestry (Japan and China); YRI = African ancestry (Yoruba).
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Abstract

The prevalence of diabetes, predominantly of type 2, and the incidence of diabetic nephropathy have dramatically increased worldwide. Diabetic patients constitute the largest proportion of patients with end-stage renal disease (ESRD) requiring dialysis or transplantation; in developed countries, this accounts for up to 50% of ESRD patients, but this proportion has stabilized and possibly somewhat decreased in recent years. Chronic kidney disease in diabetic patients is more heterogeneous than previously thought. The largest proportion suffers from proteinuric diabetic nephropathy with Kimmelstiel-Wilson lesions as the underlying pathology, but reduced glomerular filtration rate in the absence of albuminuria/proteinuria is recognized in an increasing proportion of type 2 diabetic patients. Of particular interest is the recent recognition of vascular lesions in the brain and retina as predictors of nonproteinuric nephropathy with reduced GFR; although currently unproven, such lesions may also be of potential relevance for target blood pressure. Because of the high prevalence of type 2 diabetes in the population, coexisting primary kidney disease and diabetic nephropathy occur in a sizable proportion of type 2 diabetic patients with ESRD. The optimal point to start treatment differs according to target organs. There is no doubt that in proteinuric diabetic patients the earlier the treatment (blood pressure lowering, renin-angiotensin system blockade) is started, the greater is the benefit - at least in patients with proteinuric disease and no major cardiovascular damage. In our opinion, there is no one target blood pressure that fits all patients. Survival of patients with diabetic nephropathy is to a large extent determined by cardiovascular comorbidity. It is currently a matter of debate whether the current definition of type 2 diabetes is appropriate. Some recent findings suggest that minor renal hemodynamic and morphological changes are seen even in (prediabetic) patients who fail to meet the current definition of type 2 diabetes.

Copyright © 2011 S. Karger AG, Basel

History

The glycosuria of type 2 diabetes had been known for millennia [1], and proteinuria as well as glomerular lesions of type 2 diabetes for one and one half centuries, respectively; what has been new in the past 2-3 decades, however, is the dramatic increase in end-stage kidney disease in type 2 diabetes - ‘a medical catastrophe of worldwide dimension’ [2], presumably the result of higher prevalence of type 2 diabetes secondary to obesity, ageing, physical inactivity, etc. on the one hand and better survival because of treatment of diabetic complications, particularly cardiovascular ones [3].

Epidemiology of End-Stage Renal Disease in Diabetes

Currently, diabetic nephropathy has reached epidemic proportions in many parts of the world. It has become the primary diagnosis in almost 50% of people starting renal replacement therapy in certain Asian countries [4], in Europe and in the US. As one example, in Hong Kong the incidence of dialysis-dependent diabetics increased from 25% in 1996 to 46% in 2004 [4], and similar increases were seen in the US [5] Europe [6] and other parts of the world. Of particular concern is the observation that nephropathy of type 2 diabetes is no longer exclusively a disease of the elderly [7]. These considerations prompted the International Society Nephrology to introduce for the World Kidney Day 2010 the motto: ‘Diabetic Kidney Disease: Act Now or Pay Later’ [8].

More recently, the relentless increase has flattened out both in Europe [9] and the US; the 2009 data of USRDS () showed that today diabetes accounts for 44% of new admissions for renal replacement therapy. Since one decade, a decrease has been noted of type 2 diabetic patients developing end-stage renal disease (ESRD) as a proportion of all diagnosed diabetics (fig. 1) [10], potentially reflecting better management of type 2 diabetes and of chronic kidney disease (CKD), specifically blood pressure control and renin-angiotensin system (RAS) blockade [11]. The epidemiology is confronted, however, with uncertainties concerning numerator and denominator. Potential lead time bias has to be considered, i.e. a false decrease because of a greater denominator as a result of earlier diagnosis of type 2 diabetes. On the other hand, a high proportion of undiagnosed prediabetic and diabetic individuals is found in the general population [12]. As a further confounder, we observed that the diagnosis of diabetic nephropathy had not been made by the referring physician in 10-20% of diabetic patients admitted for ESRD because of the absence of hyperglycemia secondary to anorexia and weight loss in advanced uremia [13]; this may also explain the observation that ‘burnt-out’ diabetes is seen in ESRD [14] and apparent de novo diabetes in a substantial proportion of patients after starting dialysis.
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Fig. 1.Modeled age-specific incidence of diabetes-related ESRD in the population with diabetes (US, 1990-2006). Predicted values: ▲ = <45 years; ■ = 45-64 years; ● = 65-74 years; — = ≥75 years. Predicted values were modeled using joinpoint regression analysis [10].


There are interesting differences between ethnicities in the incidence of diabetes and diabetic nephropathy on the one hand and survival before and after renal replacement therapy on the other [15, 16]: ESRD as a consequence of type 2 diabetes is somewhat less common in European populations and is more prevalent in migrant ethnic minority populations. In contrast to the higher incidence of ESRD in diabetes, survival of diabetic patients on dialysis tends to be higher in Asia compared to Europe, as shown in the Taiwan registry [17]. Such interethnic differences of survival rates on dialysis have also been observed in Israel where ethnical groups have a higher incidence of ESRD, but higher rates of survival than Jewish Israelis [18].

Beyond Kimmelstiel-Wilson Nephropathy

While in the past the view prevailed that in type 2 diabetes nephropathy was due to Kimmelstiel-Wilson lesions of the glomerulus and characterized by progression from microalbuminuria to proteinuria and ESRD, it has recently been established beyond doubt that a nonproteinuric type of diabetic nephropathy is quite prevalent indeed [19, 20] (fig. 2), and this may be the result of microvascular disease as suggested by the observation that brain microinfarcts on MRI predict subsequent loss of renal function [21]. This novel form raises obvious issues of the safety of target blood pressures and the relevance (or its absence) of RAS blockade in this novel form.
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Fig. 2.Intrarenal arterial resistance index (RI) in 325 patients with type 2 diabetes stratified according to eGFR, i.e. < or ≥60 ml/min per 1.73 m2, and albuminuric status, i.e. normo- (AER <20), micro- (20-200), or macroalbuminuria (>200). ■ = GFR <60 ml/min per 1.73 m2 (n = 93); □ = eGFR ≥60 ml/min per 1.73 m2 (n = 232). * p < 0.05, ** p < 0.01, *** p < 0.001 [19].


Renal artery stenosis may present as uncontrolled hypertension and progressive renal failure; it is definitely more frequent than in nondiabetic patients, but its frequency in diabetic patients with advanced renal failure is low [22].

Another addition to the spectrum of presentations is acute renal failure or acute kidney injury (AKI). It is known that episodes of AKI increase the risk of progression to ESRD [23]; even in nondiabetic individuals, glycemia is a predictor of AKI [24]. Preexisting renal damage, as obviously present in diabetes with CKD, predisposes strongly to AKI [25] and subsequently higher risk of progression to ESRD.

Special Issues of Nephropathy in Type 2 Diabetes

A brief comment on two accessory findings in nephropathy of type 2 diabetes is appropriate. In type 1 diabetes, diabetic nephropathy is almost always accompanied by extrarenal signs of diabetic microvascular disease, e.g. retinopathy and neuropathy, but this is much less consistent in type 2 diabetes. If retinopathy is absent in type 1 diabetes, other causes of CKD must be considered [26], but in type 2 diabetes absence of retinopathy does by no means exclude the diagnosis of diabetic nephropathy [27].

The frequent presence of microhematuria may pose a diagnostic problem. There had been suggestions that microhematuria pointed to the presence of nondiabetic glomerulopathy, e.g. thin basement membrane disease or IgA nephropathy [28]. However, the hallmark of glomerulonephritis, i.e. acanthocyturia (dysmorphic erythrocytes), is uncommon in diabetic nephropathy. Hematuria was found in 62% of patients with the clinical diagnosis of diabetic nephropathy, but acanthocyturia was found in only 4%, in contrast to the high prevalence of 40% in patients with glomerulonephritis [29].

The coexistence of diabetic nephropathy with primary kidney disease is not unanticipated given the frequencies of these two conditions, depending on ethnicity, geographic location, biopsy policy, etc. Renal biopsy studies in type 2 diabetes documented how misleading clinical data can be [30].

Prevention of Progression to ESRD in Diabetic Nephropathy with Impaired Renal Function

In both type 1 and type 2 diabetes, controlled trials documented that progression to CKD can be attenuated, specifically by interventions, glycemic control, blood pressure control, RAS blockade and possibly statins.

A crucially important point is early treatment. This is illustrated by comparing the degree to which progression was attenuated in early diabetic nephropathy (DETAIL study) [31] in contrast to the IDNT [32, 33] and RENAAL trials [33]. The argument of early intervention gains further momentum by the observation that albuminuria even within the normoalbuminuric range is a predictor of ESRD [34] and that in normoalbuminuric type 2 diabetic patients, ACE inhibitors [35] or ARB [Haller, in press] reduce progression. That not only blood pressure, but also proteinuria is an independent treatment target is illustrated by the analysis of Atkins et al. [36] of the data of the IDNT study. Because RAS blockade attenuates progression only in proteinuric not in nonproteinuric patients [37], the issue of treatment of nonproteinuric diabetic CKD patients is unresolved; data in nondiabetic individuals suggest no further benefit from aggressively lowering blood pressure below conventional targets [38].

A second issue is blood pressure control.
OEBPS/Images/cover.jpg
Contributions to Nephrology
Editor: C.Ronco
Vol170

Diabetes
and the Kidney

Editors






OEBPS/Images/Karger.jpg





OEBPS/Images/CNP2011170019_F01.jpg
g 8 8 8 g 8 <%

vonepdod 2n2qep 000001 3¢






OEBPS/Images/CNP2011170019_F02.jpg
R

080

075

o070

065

060

055

050

xx *
— -
Normo- Micro- Macro-
albuminuia  albuminuia  albuminuria






OEBPS/Images/CNP2011170008_F01.jpg
15739401 15451041
o 100Kk

el 295000] 3000000] 3050000] 3100000,






OEBPS/Images/CNP2011170008_T01.jpg
Gene (minor allele) Group Oddsratio(95%C) _ Significance
ACE (15179975 D) all 124(112-137) +
ACE (15179975 D) ESRD 139(1.21-16) +
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Genetic heterogeneity between populations and DN phenotypes is apparent for many of
the loci. The lack of association for the ELMOT gene can probably be explained by the lack of
meta-analysis for the genetic markers that were associated in the African-American and
Europezn populations, that difered compared to the Japanese population. Data were
collected from table 1, figure 2 and figure 3 of 2 recent meta-analysis by Mooyaart et al. 451,
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