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Diabe@c	
  Triopathy:	
  Unholy	
  Trinity	
  



Diabetic Retinopathy 
Blindness 
25 patients/week. 

Diabetic Nephropathy 
Leading cause of  
end-stage renal disease 

Diabetic Neuropathy  
107 amputations/week 

Diabetic eye screening 
2,587,000 patients 

 (81%) 

Microalbuminuria & eGFR 
~95% 

Holman N et al. Diabetologia 2012; 55:1919-1925   

Lucentis 
Ozudrex 

ACEi 
ARB’s 

????? 

Diagnosis	
  



Conversa@on	
  in	
  2001	
  
With	
  Prof	
  Nathan	
  Efron	
  about	
  a	
  	
  
Corneal	
  confocal	
  microscope!	
  



Corneal	
  Confocal	
  Microscopy	
  

•  Rapid	
  (2	
  min)	
  
•  Non-­‐invasive	
  (in	
  vivo)	
  
•  ReiteraGve	
  	
  
	
  
•  Images	
  Corneal	
  
Structure.	
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Depth: 

Corneal	
  tomography	
  





Asghar,	
  Petropoulos	
  	
  et	
  al.	
  Diabetes	
  Care	
  2014;	
  	
  37:	
  2643-­‐46	
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Controls	
  (mean±	
  SD)	
   T1DM	
  (mean±	
  SD)	
   P	
  value	
  	
  

Number	
  	
   52	
   84	
   -­‐	
  

Age	
  (years)	
   13.3±2.99	
   14.64±2.39	
   NS	
  

Dura@on	
  of	
  Diabetes	
  (years)	
   NA	
   8.74±2.62	
   -­‐	
  

HbA1C	
  (%)	
   NA	
   8.92±1.75	
   -­‐	
  

Corneal	
  nerve	
  fibre	
  Density	
  	
  
(no./mm2)	
   31.79±7.79	
   31.07±7.51	
   0.7	
  

Corneal	
  nerve	
  branch	
  Density	
  
(no./mm2)	
   87.83±39.09	
   69.65±30	
   0.005	
  

Corneal	
  nerve	
  fibre	
  length	
  
	
  (mm/mm2)	
   25.04±6.12	
   22.66±4.75	
   0.01	
  

Demographic and corneal nerve 
morphological parameters  

T1DM-­‐	
  Children	
  

Ferdousi  et al. 2015  



T1DM-­‐	
  Children	
  

Ferdousi  et al. 2015  
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Diabe@c	
  Neuropathy:	
  Risk	
  Factors	
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Malik RA et al. Lancet 1998; 352: 1978-81. 

ACEi	
  Neuropathy	
  



•  380 hypertensive type 2 diabetic patients without 
nephropathy over ~4 yrs. 

 Manidipine (10 mg/day) plus Delapril (30 mg/day) 
 Delapril (30 mg/day) 
 Placebo  

 

Ruggenenti P et al. Hypertension 2011; 58: 776-783 

DEMAND	
  study	
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Manidipine + Delapril Delapril Placebo 

HR 0.45, P=0.017 

Neuropathy	
  ⇓40%	
  

Ruggenenti P et al. Hypertension 2011; 58: 776-783 

HR 0.52, P=0.048 
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Triglycerides	
  



Type 2 DM: 4895 v 4900; Fenofibrate 200mg 5yrs 

Rajamani K et al. Lancet. 2009; 373:1780-8.  

FIELD	
  study	
  



LIPID independent 
Anti- inflammatory,  

Anti-fibrotic 
Anti-oxidant 

ARI’s 



Painful	
  Neuropathy	
  



Is pain due to DSPN confirmed? 

Yes 
Assess comorbidities, potential for AEs, 
drug interactions, costs to select initial 

therapy from the 3 choices below 

No/Not sure 

Refer to Neurology/
Pain Clinic 

Voltage gated α2-δ ligand 
(pregabalin, gabapentin) 

 Serotonin-norepinephrine 
reuptake inhibitor 

(duloxetine, venlafaxine) 

Tricyclic Antidepressant  
(Nortriptiline/Desipramine) 

 

No clinically meaningful effect  

a. Switch to another agent 
from above  

b. Try combining agents 
from above  

c. May add Tapentadol or  
Tramadol if a and b fail  

No clinically meaningful effect/ 
Not tolerated  

Refer to Pain Clinic 

2016 ADA DPN consensus 



“Some@mes	
  obvious	
  
condi@ons	
  and	
  treatments	
  are	
  
the	
  most	
  difficult	
  to	
  grasp”	
  



12#

14#

16#

18#

20#

22#

24#

26#

28#

30#

C# PN# PN+#

25(OH)D(

OR for Painful Diabetic Neuropathy: 
Vit D deficiency (<20ng/ml): 9.8 (95% CI 2.2-76.4), P<0.003 

Vitamin D insufficiency (<30ng/ml):  4.4 (95% CI 1.1-19.8), P=0.03 

Alam et al. Pain 2015 Under review 

P<0.01 

Vit	
  D	
  and	
  DPN	
  



Lee	
  et	
  al.	
  Arch	
  Int	
  Med	
  2008;	
  168:	
  771-­‐772	
  

Oral	
  Vit	
  D	
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25 OHD VAS/100 

+67.4% 
P=0.001 

-48.5% 
P=0.001 

D3 2000U daily for 3 months 



Basit	
  et	
  al.	
  2015	
  BMJ	
  Open	
  In	
  Press	
  

IM	
  Vitamin	
  D	
  
D3 600,000 IU IM: FU 20 weeks 



Vitamin	
  D	
  protocol	
  
Target	
  to	
  minimize	
  symptoms,	
  metabolic,	
  cardiovascular	
  and	
  cancer	
  risk:	
  60-­‐100ng/ml.	
  

25 OHD 
<20ng/ml: Severely Vit D deficient  

20-40 ng/ml:  Moderately Vit D deficient 
40-60 ng/ml: Vit D deficient 

Loading dose 
Colecalciferol (vitamin D3): 40,000 IU daily for 14 days (560,000 IU). 

Maintenance 
Colecalciferol (vitamin D3): 20-40,000 IU once weekly. 

Repeat vitamin D & calcium after 3 months 

If <50ng/ml      If 60-100 ng/ml  

Note:	
  Threshold	
  for	
  Vit	
  D	
  toxicity	
  40000-­‐100000U	
  daily	
  for	
  ~8	
  weeks	
  (2.5-­‐4	
  M	
  IU)	
  



Diabe@c	
  Re@nopathy	
  



Chaturvedi et al Lancet 2008; 372: 1394-402 

1421 T1DM Candesartan 16mg v placebo over 5 years 



Keech et al Lancet 2007; 370: 1687-97  

9795 T2DM Fenofibrate 200mg v placebo over 5 years 



<6% 
7-7.9% 

<120 
<140 

N=2856, 4 years 

3-step progression on ETDRS or  
Laser photocoagulation or Vitrectomy 



ACEi 

Central 

Loop-D 

Thiazide-D 

α-blocker B-blockers 

Spironolactone 

ARB CCB 

Diabe@c	
  Nephropathy	
  



Super	
  doses-­‐SMART	
  trial	
  

•  269 patients (53.9% diabetic nephropathy) with persistent 
proteinuria (1 g/d) despite 7 wk of treatment with 
Candesartan (16 mg/d). 

•  Randomized to: 16, 64, or 128 mg/d Candesartan for 30 wk.  
•  Median urinary protein excretion 2.66 g/d. 
•  Proteinuria: 16 mg/d (-17.1%), 64mg (-33.1%)  P < 0.0001).  
•  128 mg (-45.7%). 
•  BP no different across 3 treatment groups. 
•  Elevated serum potassium levels (K+ > 5.5 mEq/L) led to 

withdrawal of 11 patients.  

Burgess E et al. J Am Soc Nephrol. 2009; 20: 893–900.  



What	
  Next	
  

•  Despite	
  adequate	
  BP	
  control.	
  

	
  
•  Proteinuria	
  conGnues	
  



Esnault, V. L.M. et al. Nephrol. Dial. Transplant. 2010, 25: 2218-24 

Frusemide	
  80mg	
  	
  



What	
  Next	
  

•  Despite	
  adequate	
  BP	
  control.	
  

	
  
•  Proteinuria	
  conGnues	
  



Spironolactone 
	
  

Schjoedt	
  et	
  al.	
  Kidney	
  Int	
  2005;	
  68:	
  2829-­‐2836	
  
Type	
  2-­‐Rossing	
  et	
  al.Diabetes	
  Care.	
  2005;28:2106-­‐12	
  

Type	
  1	
  +	
  Type	
  2	
  	
  Schjoedt	
  et	
  al.	
  Kidney	
  Int	
  June	
  2006;	
  1-­‐7	
  

 
  

Type 1 Type 2 

Overall	
  further	
  reduc@on	
  UAER	
  30%.	
  
	
  



Ando et al. Lancet Diabetes Endocrinol 2014;2: 944-53  



What	
  Next	
  

•  Despite	
  adequate	
  BP	
  control.	
  

	
  
•  Proteinuria	
  conGnues	
  



Zeeuw, D et al., Lancet 2010;376:543–51 

VITAL study 
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Novel	
  Therapies	
  
	
  



Endogenous Nrf2 activator which upregulates multiple 
Antioxidant/Antiinflammtory genes 

Pergola et al. 2011; 365: 327-36 



Pergola et al. 2011; 365: 327-36 
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