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The rule of 3 ! 



Famous Threesomes… 



CKD, Diabetes and CVD 

DIABETES 

CVD 

CKD 



 





Evolution … ? 



Diabetes: a Worldwide Epidemic 



Globesity ! 

 



The global burden of diabetes  
(2000–2030) 
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Chronic Kidney Disease   
- Its More Common Than You Think 

Lancet 2010;375.1296 
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GLOMERULAR BASEMENT MEMBRANE 

NORMAL TYPE 1 DIABETES 



GLOBAL GLOMERULOSCLEROSIS 



Age related prevalence of CKD 
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CKD – still prevalent? 
Data from USRDS registry  

 
Distribution of NHANES 2005–2010 participants  with diabetes, cardiovascular 
disease, & single-sample markers of CKD 



The prevalence is increased in several risk cohorts 

 

NHANES 1988–1994 & 2005–2010 participants age 20 & older; single sample estimates of eGFR & ACR. eGFR 
calculated using the CKD-EPI equation. 



Lancet May 21 2010 



ACR: <30 [black], 30-299 [green], and ≥300 [red]  

 
Matsushita et al. Chronic Kidney Disease Prognosis Consortium Lancet 2010 

  

Multiplicative impact of eGFR and Proteinuria  
on mortality in general population 



eGFR and proteinuria associated with mortality  
in diabetes 

Mahmoodi , Chronic Kidney Disease Prognosis Consortium. Lancet 2012 

N - 1 024 977 participants (128 505 with diabetes) from 30 general population and high-risk CV cohorts and 13 CKD cohorts.  



CKD - classification and prognosis  (KDIGO) 

Kidney International Supplements (2013) 3, 5–14; doi:10.1038/kisup.2012.77 

 



CKD and complications 



Smith D H et al. Circ Cardiovasc Qual Outcomes. 2013;6:333-342 

24 331 adults with heart failure and preserved or reduced left ventricular ejection fraction stratified by 
levels of renal function.  

eGFR and Outcomes in Heart Failure 

The Cardiovascular Research Network PRESERVE Study 



Comparison of risk prediction using the CKD-EPI equation and the  
MDRD Study equation for eGFR 

 

CKD-EPI equation  - more accurately categorized the risk for mortality and ESRD than did 
the MDRD Study equation across a broad range of populations. 

Mahmoodi , Chronic Kidney Disease Prognosis Consortium. JAMA 2012 



CKD Stage 3 outcomes 
CARDIO-NEPHROPROTECTION 

Adapted from Keith et al Arch Intern Med 2004 

27,998 CKD patients followed for 5 years 

Stage 3 diagnosis 

RRT 1.3% 

Death 24.3% 

Alive 
CKD 
74.6% 
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Background 

Pathophysiology 

Management 

Conclusions 

Cardio-Renal Syndrome 





Cardio-renal Syndrome : 

Subtypes 
• Type I, acute CRS 

• Type II, chronic CRS 

• Type III, acute reno-cardiac syndrome 

• Type IV, chronic reno-cardiac syndrome 

• Type V, secondary CRS -- sepsis, amyloidosis 



Copyright ©2008 American College of Cardiology Foundation. Restrictions may apply. 

Ronco, C. et al. J Am Coll Cardiol 2008;52:1527-1539 

“Cardio-Renal Nexus” 
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Pathophysiology 

• Neurohormonal Factors: 

• SNS, RAAS, AVP System 

• Hemodynamics: 

• Loss of Cardiac Output  

• Transrenal perfusion pressure 

• Intrarenal hemodynamics  



Neurohormonal Axis 

Adenosine 



Cardio-Renal Syndromes 

CHF patients at increased risk for CRS: 

• Hypertension 

• Diabetes 

• Severe Vascular Disease 

• Elderly 



CVD, CKD, Diabetes 

 

 (1) What is the nature of the relationship  between CKD, CVD, 
diabetes ? 

 (2) What are the drivers for the relationship ? 

 (3) What interventions or measures can be taken to break the 
relationship ? 

 



A Marriage made in Hell ! 





Progression of nephropathy- Irbesartan 
in type 2 diabetes (IDNT) 

 Lewis et al; N Engl J Med 2001 
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Risk reduction 

33% vs placebo, P=0.003 

37%vs amlodipine p=0.001 

 

~ 140 / 80 mm Hg 



One approach …. 

 



Treatment –  
Multifactorial Intervention - Steno 2 Study 

• 160 T2DM patients with microalbuminuria 

• Randomised to intensive v conventional 

• Intensive treatment for 7.8 yrs 
• Glycaemia 

• Blood pressure 

• Lipids 

• ACEI 

• Aspirin 

• Antioxidants 

• Lifestyle – smoking & exercise 

Gaede et al NEJM 2003 and 2009 
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DCCT / EDIC 
N Engl J Med 2011; 365:2366-237 



DCCT / EDIC 

 



Diabetes control and outcomes – 
dialysis CKD stage 5 



??? 



Novel Approaches urgently needed 

Novel targets to tackle the problem 

• Oxidative stress and inflammation 

  Studies determining the effects of new therapeutic agents 
 and where they are in development - Nrf-2 inhibitors, 
 Pyridoximine, Pentoxifylline, MCP-1 antagonists 

• Antifibrotics 

  Studies determining new therapeutic agents targeting 
 fibrosis – Endothelin 1 antagonists, Pirfenodine, Vitamin D 
 and VEGF antagonists 



New therapies for DN 

[(http://www.clinicaltrials.gov/show/NCT01858532 
Agent 

Target Studies Effect 

Nrf-2 activator (triterpenoid RTA dh404) Nrf-2 Animal Restores Nrf-2 
activity decreases 
oxidative stress 

Pyridoxamine dihydrochloride (Vitamin B6) Advanced 
glycation end 
product 
(AGE) 
inhibitor 

Human Decreases AGE 
levels, ACR and 
improves 
Creatinine 

Endothelin 1A antagonist (Atrasentan) Endothelin 
1A receptor 

Animal and 
human 

Reduction in ACR 
in DN and non-
diabetic CKD 

Pentoxifylline TNF-α 
blockade 

PREDIAN – 
human 
phase 3 trial 

Reduction of 
proteinuria in 
addition to 
ACEi/ARB 

Pirfenodine TGF-β Small RCT 
Animal 
studies 

Improved GFR at 
1 year – 
gastrointestinal 
side effects 

Anti-CTGF monoclonal Antibody (FG-3019) CTGF Animal and 
human 

Reduction in ACR 
in 
microalbuminurics 

Paracalcitriol 
(Vitamin D) 

Vitamin D Small RCT 
–VITAL 
study 

Reduction in ACR 
in DN. No effect on 
overall mortality 

RS102895 Chemokine 
receptor 
CCR2 
antagonist 

Animal 
Human – 
phase 2 
(CCX140-B) 

Animal – reduction 
in ACR, improved 
histological 
features, decrease 
oxidative stress 
with improved 
glucose tolerance 

VEGF antibody antagonist Vascular 
Endothelial 
Growth 
Factor 
(VEGF) 

Animal Decrease 
glomerular 
hypertrophy, 
hyperfiltration and 
albuminuria 

 



LVH / LVF 

• Diabetes 

 

• CKD 

 

• Obesity 

 

• Hypertension 



LVH - Imaging 



LVH  



Atherosclerosis 

• Inflammation 

• Lipid 

• Intimal calcification 

Atherosclerosis vs. uraemic arteriopathy 

Uraemic arteriopathy 

• No inflammation 

• No lipid 

• Medial calcification 



Coronary artery calcification on EBCT 



Sudden death culprits 

CKD 
Hypo K+ 

Hypo Ca ++ 
Hypo Mg ++ 

    LV Function 

    LVH, LVEDD 

    Diabetes 







“The editors and the various authors should 

be congratulated for delivering an integrated 

body of work which is highly relevant to a 

broad medical audience and which aims to 

improve patient care.”  
Professor John Deanfield, UCL, London 
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