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Hyperglycemia/Microangiopathy: 
fatality, or consequence? 

•  Siperstein MD, Unger RH, Madison LL: 
Studies of muscle capillary basement 
membrane in normal subjects, diabetic, and 
prediabetic patients. J Clin Invest, 1968 

•  …Finally, the discovery of thickened capillary 
basement membranes in prediabetic patients 
suggests that basement membrane hypertrophy 
is a relatively early lesion of the diabetic 
syndrome and provides further support for the 
conclusion that this vascular defect is 
independent of carbohydrate derangements 
of diabetes mellitus  
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Levels of Evidence 
(Sir Austin Doyle, 1923) 

•  Case- Control Studies 
•  Prospective Follow-Up Studies 
•  Experimental Medicine 
•  Clinical Trials KDIGO



Comptes rendus des séances de la Société de 
Biologie et de ses filiales, 1850, tome 1, p. 80-81 
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Comptes rendus des séances de la Société de 
Biologie et de ses filiales, 1850, tome 1, p. 80-81 

KDIGO



Diabète et complications dégénératives 
Présentation d’une étude prospective  

portant sur 4400 cas observés entre 1947 et 1973 
(Première partie*) 

J. Pirart – Diabète & Métabolisme, 1977 Jun;3(2):97-107  
L’incidence et la prévalence de la 
neuropathie et de la microangiopathie 
(rétinienne et rénale) et, à un moindre 
degré, celles de la macroangiopathie 
(coronaire et périphérique) sont fonction 
de la durée connue du diabète. Pour cette 
raison, toutes les corrélations étudiées 
ultérieurement ont tenu compte du facteur 
durée. 

L’âge en soi n’a pas d’influence sur les 
éléments de la triopathie alors qu’il 
augmente fortement le risque 
d’athérosclérose (prévalence et 
incidence). 
L’obésité actuelle (en soi) n’influence 
aucune des cinq complications étudiées 
dans cette vaste série de diabétiques. 
L’incidence annuelle de neuropathie, 
rétinopathie et néphropathie est 
nettement liée au degré de contrôle de 
chaque année, quel que soit le passé 
glycémique du patient. 
La prévalence et l’incidence des deux 
manifestations d’athérosclérose semblent 
sans relation avec le degré de contrôle 
glycémique. 

KDIGO



Experimental Medicine 

•  SM Mauer, MW Steffes, AF Michael, DM 
Brown: Studies of Diabetic Nephropathy in 
Animals and Man, Diabetes, 1976, 
35(suppl 2): 850-857 
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Reversal of Lesions of Diabetic Nephropathy after Pancreas Transplantation 
Paola Fioretto, M.D., Ph.D., Michael W. Steffes, M.D., Ph.D., David E.R. Sutherland, M.D., Ph.D., Frederick 

C. Goetz, M.D., and Michael Mauer, M.D., NEJM, 1998 

A B C 
A = Baseline 
B = 5 years after Tx 
C = 10 years after Tx 

Photomicrographs of Renal-Biopsy 
Specimens Obtained before and after 
Pancreas Transplantation from a 33-
Year-Old Woman with Type 1 Diabetes 
of 17 Years' Duration at the Time of 
Transplantation (Periodic Acid–Schiff, 
x120).  

 

Photomicrographs of Renal-Biopsy 
Specimens Obtained before and after 
Pancreas Transplantation from a 31-
Year-Old Woman with Type 1 Diabetes 
of 27 Years' Duration at the Time of 
Transplantation (Periodic Acid–Schiff, 
x120).  
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DCCT, 1993, primary vs 
secondary interventions 
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UKPDS : Microalbuminuria onset 

Urine albumin >50 mg/L 
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Strict	
  glycemic	
  control:	
  

•  Strict	
  glycemic	
  control	
  beneficial	
  for	
  
microcircula)on,	
  and/or	
  large	
  circula)on?	
  

•  Which	
  level	
  of	
  glycemic	
  control?	
  
•  From	
  which	
  stages	
  of	
  diabetes/kidney	
  disease?	
  
•  Differences	
  between	
  T1DM	
  and	
  T2DM?	
  
•  Interac)on/addi)ve	
  effects	
  with	
  other	
  
interven)ons	
  (e.g,	
  BP	
  control)?	
  

•  Which	
  side	
  effects	
  (hypoglycemias,	
  weight	
  gain)?	
  
•  Which	
  drugs?	
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Strict	
  glycemic	
  control	
  beneficial	
  for	
  
microcircula:on,	
  and/or	
  large	
  circula:on?	
  

	
  

• Associa'on	
  vs	
  causa'on	
  
KDIGO



G & CV Events: Meta-
Regression 

RR RR 

NB:  2 h G=140: RR=1.58 (1.19-2.10)   Fasting G=110: RR=1.33  (1.06-1.67) 

After remove any DM:  P = 0.0006 for 2 h G 
 P = 0.06 for FPG  

Coutinho M, Gerstein HC et al. Diabetes Care. 1999;22:233-240. 

72        108        144        180      198 72       90      108    126    144     163 

2 h Glucose Fasting Glucose 
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Basal Insulin and Cardiovascular and Other 
Outcomes in Dysglycemia 
The ORIGIN Trial Investigators 
N Engl J Med 2012; 367:319-328 
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In total : CONTROL  
(Diabetologia, 2009) 

•  UKPDS+ACCORD+ADVANCE+VADT 
over 4 years = 

•  major CV events HR 0.91 (95%CI 
0.84-0.99) 

•  Non-fatal MI HR 0.85 (95%CI 0.76-0.94) 
•  All-cause mortality HR 1.04 (95%CI 

0.90-1.20) 
•  CV death HR 1.10 (95%CI 0.84-1.42)  
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Which	
  Level	
  of	
  Glycemic	
  
Control?	
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Diabetologia (2014) 57:1325-1331 
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... Within the range of HbA1c studied (5.5 – 10.5%), 
there was evidence or « thresholds », such that 
below HbA1c levels of 7.0% for macrovascular 
events and death, and 6.5% for microvascular 
events, there was no significant change in risks 
(all p>0.8) ...  

  Association of HbA1c levels with vascular 
complications and death in patients with type 

2 diabetes: evidence of glycaemic 
thresholds. S Zoungas et al (ADVANCE 

collaborative Group), Diabetologia, 2012, 
55:636-43 
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Which	
  level	
  of	
  glycemic	
  control?	
  

•  May	
  be	
  different	
  or	
  micro-­‐	
  and	
  for	
  large	
  
circulaVon	
  

•  Unexpected	
  results…	
  
•  But	
  microcirculaVon	
  status	
  condiVons	
  target	
  
organs	
  of	
  CV	
  diseases	
  KDIGO



From	
  which	
  stages	
  of	
  diabe'c	
  kidney	
  
disease?	
  

	
  
•  Diabetes	
  DuraVon	
  and	
  ComplicaVons	
  
•  Which	
  renal	
  outcome?	
  Increased	
  UAE	
  vs	
  
reduced	
  GFR	
  

•  Interest	
  for	
  reVnal	
  disease	
  KDIGO



DCCT, 1993, primary vs 
secondary interventions 
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Figure 1. Cumulative incidence of persistent microalbuminuria 
in the Diabetes Control and Complications Trial/Epidemiology 
of Diabetes Interventions and Complications study by duration 
of type 1 diabetes and by Diabetes Control and Complications 
Trial treatment assignment. I de Boer et al, Arch Int Med, 2011 
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Figure 4. Cumulative incidence of long-term renal outcomes after the development of 
persistent microalbuminuria (time 0) among 325 participants in the Diabetes Control 
and Complications Trial/Epidemiology of Diabetes Interventions and Complications 
study by Diabetes Control and Complications Trial treatment assignment. A, 
Regression to normoalbuminuria. B, Progression to macroalbuminuria. C, Impaired 
glomerular filtration rate (GFR). D, End-stage renal disease (ESRD). I de Boer et al, 
Arch Int Med, 2011, 171: 412-420 
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Memory	
  effects	
  during	
  DCCT/EDIC:	
  
impaired	
  GFR	
  

•  N	
  Engl	
  J	
  Med	
  2011;365:2366-­‐76.	
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Memory	
  effects	
  during	
  DCCT/EDIC:	
  
CV	
  events	
  

• N	
  Engl	
  J	
  Med	
  2005;353:2643-­‐53.	
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Which	
  marker	
  for	
  kidney	
  involvement?	
  
Increased	
  UAE,	
  or	
  reduced	
  GFR?	
  	
  

	
  
	
  
	
  
	
  

•  Predic:ve	
  value	
  of	
  microalbuminuria:	
  
•  	
  	
  	
  -­‐IDDM	
  (type	
  1):	
  ViberV	
  et	
  al	
  (1982),	
  Mathiesen	
  
et	
  al	
  (1983),	
  Mogensen	
  et	
  al	
  (1984)	
  

•  	
  	
  	
  -­‐NIDDM	
  (type	
  2):	
  Mogensen	
  (1984),	
  ViberV	
  et	
  al	
  
(1985):	
  premature	
  (CV)	
  mortality	
  >>renal	
  death	
  

•  Dele:ng	
  µalb	
  from	
  our	
  catalogue:	
  analogy	
  with	
  
Cardiologists	
  deleVng	
  LVH	
  from	
  their	
  strategies	
  

•  µAlb,	
  a	
  modifiable	
  biomarker	
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*Adjusted for age, sex, HbA1c, serum lipids, 
BMI, smoking, alcohol use, and study drug 

Risks of ESRD or creatinine doubling >200 µmol/l 
by baseline albuminuria in ADVANCE 
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Interest	
  in	
  re:nal	
  disease:	
  a	
  
marker	
  for	
  microvacular	
  disease	
  

due	
  to	
  hyperglycemia	
  

Not	
  all	
  diabe'c	
  pa'ents	
  suscep'ble	
  
to	
  kidney	
  disease	
  KDIGO



Krolewski A.J. et al, N. Engl. J. Med., 1987, 22: 1391-1398 

Historical, prospective, follow-up of type1 
diabetic patients in specialized clinics 
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Differences	
  of	
  risks	
  for	
  kidney	
  disease	
  
between	
  T1DM	
  and	
  T2DM	
  

	
  

•  Uncertainty	
  regarding	
  causes	
  for	
  diabetes	
  
•  	
  T2DM	
  onset	
  at	
  earlier	
  age	
  	
  
•  T2DM	
  combine	
  CV	
  and	
  µvascular	
  risks	
  
•  Increased	
  life	
  expectancy	
  
•  =>	
  intensive	
  glucose	
  strategies	
  tested	
  in	
  T1DM	
  
applicable	
  to	
  «	
  intermediate	
  »	
  diabetes	
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Complications in the 2010s: 
(NEJM, 2014) 
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Interaction with other 
interventions (BP control) 

KDIGO



* in most patients * in most patients 
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Strict	
  glycemic	
  control:	
  side	
  
effects?	
  Hypoglycemias	
  

•  AssociaVons	
  between	
  severe	
  hypos	
  and	
  
adverse	
  outcomes?	
  

•  ACCORD,	
  ADVANCE:	
  no	
  associaVon	
  regarding	
  
temporality	
  and	
  no	
  specificity	
  for	
  outcomes	
  

•  Strong	
  argument	
  against	
  fear	
  for	
  hypos	
  (in	
  
term	
  of	
  clinical	
  outcomes):	
  the	
  DCCT/EDIC	
  trial	
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The	
  scenario	
  today;	
  what	
  else	
  
tomorrow?	
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Strict	
  glycemic	
  control:	
  side	
  
effects?	
  Weight	
  gain:	
  a	
  true	
  

concern	
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Belhatem et al. Diabetes Research & Clinical Practice (in press) 

Interaction T2DM / Obesity status on UAE 
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Look	
  Ahead:	
  4kg	
  Weight	
  Loss	
  and	
  31%	
  
RRR	
  for	
  very	
  high	
  risk	
  kidney	
  disease	
  

(Lancet	
  Diab	
  Endoc,	
  2014)	
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Strict	
  glycemic	
  control:	
  which	
  drugs?	
  	
  

•  Safety	
  concerns:	
  CV	
  rather	
  than	
  µvasc	
  
outcomes	
  

•  Strict	
  glycemic	
  control	
  beneficial	
  for	
  kidney	
  
funcVon:	
  specific	
  to	
  a	
  given	
  drug	
  class???	
  

•  Mandatory	
  knowledge	
  of	
  drug	
  
pharmacodynamics/pharmacokineVcs	
  KDIGO



Thank	
  you	
  for	
  your	
  aJen'on!	
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