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ERBP DM ”P”: 
Patients with CKD 3-5 and Diabetes Mellitus

PICO Studies



ERBP DM Outcomes



1. Which questions shall we ask? On-line
questionnaire to all ERA-EDTA members

2. Definition of program
3. Abstract review of all relevant articles
4. Selection of all articles with PICO structure
5. Detailed review of these articles
6. Statistical analysis
7. ”GOBRAT”
8. Repeat 3-7

ERBP Process
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ERBP DM Questions

• Treatment modality: Should patients with CKD stage 5 and diabetes mellitus start with peritoneal dialysis or hemodialysis as a first 
modality?

• Treatment modality: should diabetics start dialysis earlier, i.e. before becoming symptomatic, than non-diabetics?

• Vascular access: In patients with CKD stage 5 and diabetes mellitus, should a native fistula, a graft or a tunnelled catheter be 
preferred as initial access?

• Access to transplantation: What is the current access to the waiting list for dialysis patients with diabetes mellitus compared to 
patients without diabetes?

• Access to transplantation: : What is the benefit of renal transplantation for dialysis patients with diabetes mellitus?

• In patients with renal failure(eGFR <45 mL/min/1.73m²) or on dialysis, and diabetes mellitus should we aim to lower HbA1C by more 
tight glycaemic control

• In patients with renal failure (eGFR <45 mL/min/1.73m²) or on dialysis and with diabetes mellitus, are there better alternatives than 
HbA1c to estimate glycemic control?

• Is an aggressive treatment strategy (in number of injections and controls and follow up) superior to a more relaxed treatment
strategy in patients using insulin?

• In patients with renal failure (eGFR < 45mL/min/1.73m²), is maximal oral therapy better than starting/adding insulin in an earlier 
stage?

• Is any oral drug superior to another in terms of mortality/complications/glycemic control in diabetic patients with renal failure 
(eGFR <45 mL/min/1.73m²) or on dialysis?

• Access to transplantation: : What is the benefit of renal transplantation for dialysis patients with diabetes mellitus?

• In patients with renal failure (eGFR <45 mL/min/1.73m²) and diabetes and coronary artery disease, is PCI or CABG or conservative
treatment to be preferred?

• In patients with renal failure (eGFR <45 mL/min/1.73m² or on dialysis) and diabetes  should we prescribe Beta Blockers to prevent 
sudden cardiac death

• In patients with renal failure (eGFR <45 mL/min/1.73m² or on dialysis) and diabetes, should we prescribe lipid lowering therapy in 
primary prevention? IIIQ4a Should we recommend interventions aimed at increasing energy expenditure and physical activity in 
patients with renal failure (eGFR <45 mL/min/1.73m² or on dialysis) and diabetes?

• Should we recommend interventions aimed at reducing energy intake in patients with renal failure (eGFR <45 mL/min/1.73m² or on 
dialysis) and diabetes?

• Should antiplatelet therapy be recommended  in patients with renal failure (eGFR <45 mL/min/1.73m² or on dialysis) and diabetes, 
regardless of their cardiovascular risk?



Recommendations 

• In view of the absence of evidence of superiority of one 
modality over the other in CKD5 patients with diabetes, we 
recommend to give priority to patient preference (1C).

• Providing patients with unbiased information about the 
different available treatment options is therefore  
indispensable.

Q1 Treatment modality: Should patients with CKD stage 5 and 
diabetes mellitus start with peritoneal dialysis or hemodialysis 
as a first modality?



HD vs. PD: Status 2013
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Subgroups: Where is PD best?

No. Studies

Young better than Old 12/12

Male better than Female 6/7

Non-DM better than DM 16/18

No comorbidity better than Comorbidity 9/9

25 studies 1995-2011,

11 geographical populations



DM vs. Non-DM: Canada

Quinn JASN  22:1534   2011



HD vs. PD: Subgroups
ERA-EDTA Registry

Luijtgaarden NDT 26:2940 2011PD better       HD better



PD & Diabetes: Denmark
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Day 90                                        

Analysis

Weinhandl JASA 21:499  2010PD Better          HD Better



Insulin Sensitivity: PD vs. HD

• 7 incident HD, 7 PD and 7 
controls

• 3 months Rx

• No difference in dialysis dose
(PD 2.1/week, HD 1.2/HD)

• No difference in GFR, nutrition

• Initial higher fasting glucose
(98 vs. 88 mg%), but normal 
insulin levels

• Hyperglycaemic clamp before
and after

• PD 80% rise in insulin 
sensitivity. HD 38% (p<0.01)

P<0.01

Mak Ped Res 40:304   1996



PD and Diabetic Retinopathy

• 79 HD, 27 PD patients

• Follow-up 1 year

• 23% with retinopathy 

progression in HD vs. 0% 

in PD patients
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The Perfect Diabetic ESRD Clinician

Mahnensmith Semin Dial 23:206  2010

Dialysis: The first  90 days



Diabetes Care & Education: 

Does it help?

• 83 dialysis DM 

patients (T1DM 87%, 

PD 16%)

• RCT: Intensive Care 

vs. Standard Care

• 12 months

Standar

d

Intensiv

e

Foot risk score 3.3 2.0*

Amputations 5 0*

Vascular

Hospitalisations

10 1**

Hb A1C% 7.2 6.3**

QOL 76 86***

McMurray AJKD 40:566 2002

A program of intensive diabetes education and care management 

in a dialysis unit is effective in providing significant improvements 

in patient outcomes, glycemic control, and better quality of life in 

patients with diabetes mellitus.



Treatment modality: should diabetics start dialysis earlier, i.e. 
before becoming symptomatic, than non-diabetics?

• Recommendations 

• We recommend initiation of dialysis in diabetic patients is 
started on the same criteria as in non diabetic patients (1A)

• We suggest to timely create vascular access in patients 
considering HD as RRT as maturation of AV fistula might be 
delayed (2D)



IDEAL Study: Design

Cooper NEJM 363:609  2010

Early Start Late Start

No. Patients 404 424

Target start (ml/min/1.73 m2)
(CG Creatinine Clearance)

10-15 5-7

Time to dialysis start (months) 1.8 7.4

Achieved Start (CG Cr Cl) 12.0 9.8

Achieved start (MDRD eGFR) 9 7.2

Start > 7 ml/min (CG Cr Cl) 76%

Acute dialysis access 3.7% 8.3%

CG = Cockcroft-Gault Creatinine Clearance



IDEAL Study: Results

Cooper NEJM 363:609  2010



IDEAL Study: Subanalysis

Cooper NEJM 363:609  2010



IIIQ2b: In patients with renal failure (eGFR <45 mL/min/1.73m² 
or on dialysis) and diabetes  should we prescribe Beta Blockers 
to prevent sudden cardiac death 

• Recommendations 

• In patients with diabetes and advanced CKD 
we suggest to at least try to install a selective 
B-blocking agent unless there is clear 
intolerance. 



IIIQ3a: In patients with renal failure (eGFR <45 mL/min/1.73m² 
or on dialysis) and diabetes, should we prescribe lipid lowering 
therapy in primary prevention?

Recommendations 

• We recommend to start lipid lowering therapy in 
diabetic patients with advanced CKD stage 3b and 4

• We suggest lipid lowering therapy can be considered in 
diabetic patients with advanced CKD stage 5

• We recommend lipid lowering therapy be stopped in 
diabetic patients on renal replacement therapy

• There is insufficient evidence to support one lipid 
lowering strategy over the other



IIIQ4a Should we recommend interventions aimed at increasing 
energy expenditure and physical activity in patients with renal 
failure (eGFR <45 mL/min/1.73m² or on dialysis) and diabetes?

IIIQ4b Should we recommend interventions aimed at reducing 
energy intake in patients with renal failure (eGFR <45 
mL/min/1.73m² or on dialysis) and diabetes?

Recommendations 
• We suggest diabetic patients with advanced CKD to perform 

physical exercise to reduce fat mass and improve QoL.
• There is no evidence of harm when promoting increased physical 

exercise
• When promoting weight loss in diabetic patients with weight loss, 

we recommend to supervise this process by a dietician and make 
sure that only fat mass is lost and malnutrition is avoided



IIIQ6:  Should antiplatelet therapy be recommended  in 
patients with renal failure (eGFR <45 mL/min/1.73m² or on 
dialysis) and diabetes, regardless of their cardiovascular risk?

Recommendations 

• We do not recommend/recommend against adding 
Glycoprotein IIb/IIIa inhibitors or clopidogrel to standard 
care to reduce death, myocardial infarction, or need for 
coronary revascularization in persons with CKD and acute 
coronary syndromes or high-risk coronary artery 
intervention. 

• We suggest starting aspirin in secondary prevention, 
unless there is a contra-indication or side-effects



IVQ1: Is there a contra-indication for systemic 
anticoagulative/platelet inhibiting strategies in patients with 
diabetic retinopathy and on hemodialysis?

• Recommendations 

• We recommend to have an ophtalmologic
evaluation, and if needed laser therapy, in 
diabetic patients with advanced CKD before 
starting anticoagulation

• We recommend regular ophtalmological follow 
up, and if needed laser therapy, in diabetics with 
advanced CKD who need anticoagulation



IQ6: Access to transplantation: What is the current access to 
the waiting list for dialysis patients with diabetes mellitus 
compared to patients without diabetes?

• Under review
• Why this question? 

The GDG wants to provide a recommendation on whether kidney 
transplantation is a viable option in diabetics, and whether some 
subgroups or some types of transplantation might be preferred. The 
answer to this question is however hampered by the fact that only 
observational data are available. However, selection bias might 
potentially blur the interpretation of what we find in the literature. 
As such, having an idea in how the take-on is of diabetics on 
transplantation might be important in the later interpretation of the 
observational data. This analysis, together with the analysis of the 
outcome of transplantation, can help us to formulate an advise 
whether we should stimulate transplantation in diabetics more, or 
rather refrain from doing so.   



IIIQ1: In patients with renal failure (eGFR <45 mL/min/1.73m²) 
and diabetes and coronary artery disease, is PCI or CABG or 
conservative treatment to be preferred?

• Under review
• Why this question? 

Chronic kidney disease and diabetes are two of the most 
important risk factors for poor outcomes in patients with 
coronary artery disease (CAD), but it is unknown whether 
CKD influences the efficacy of alternative CAD treatment 
strategies. PCI or CABG therapy may improve the major 
outcomes and survival but it increases the risk of specific 
complications, such as bleeding or infections. The question 
investigates whether maintaining conservative medical 
therapy or promoting potentially aggressive interventions 
(either PCI or CABG) would help to improve survival.  



IIIQ2a: In patients with renal failure (eGFR <45 mL/min/1.73m² 
or on dialysis) and diabetes and with a cardial indication (heart 
failure, ischemic heart disease, hypertension) should we 
prescribe inhibitors of the RAAS system or aldosteron-
antagonists as cardiovascular prevention? 

• Under review
• Why this question? 
• CKD patients III to V die more frequently than survive with progression to 

ESRD. Diabetes is a multiplier of CDV risk. Therefore in this particular 
population drugs that would slow progression and at the same time would 
be cardioprotective appear as a theoretical “first-line” therapy. Blockers of 
the RAA system are both renoprotective and cardioprotective in the 
general population. However in diabetics with advanced CKD, this 
potential benefit may be counterbalanced by the need to start dialysis or 
hyperkalaemia. As many patients will already be on these drugs before 
they develop advanced CKD, the question should also be asked whether 
withdrawing this drugs is justified. 



IVQ1: What is the best way to treat polyneuropathy in patients 
with diabetes and renal failure (eGFR <45 mL/min/1.73m²) or 
on dialysis?

• Under review
• Why this question? 
• In diabetic CKD population the risk of neuropathy is 

increased. Diabetic peripheral neuropathy is associated 
with high morbidity, poor quality of life, and high risk 
of lower-extremity amputation. However, medication 
for patients with stages 4-5 CKD or on dialysis therapy, 
often needs to be adjusted, and side-effect profiles can 
be distinct and severe. This question addresses 
potentially therapeutically options for polyneuropathy
and investigates benefits and risks associated with 
different medications.



QIV: Vascular access: In patients with CKD stage 5 and diabetes 
mellitus, should a native fistula, a graft or a tunnelled catheter 
be preferred as initial access?

• We recommend reasonable effort is done to avoid tunneled 
catheters as access in diabetic patients starting dialysis as 
renal replacement therapy (1C)

(Very little PICO evidence)



Dialysis Access and Survival

Perl J et al. JASN 2011;22:1113-1121

Unadjusted

Adjusted

PD
HD Fistula
HD Catheter



IQVII  Access to transplantation: : What is the benefit of renal 
transplantation for dialysis patients with diabetes mellitus?

• Under review
• Why this question? 

Diabetic CKD patients mostly have complex 
comorbidity; Posttransplantation medication can 
deteriorate their glycemic control and worsen their 
already compromised vascular bed. Therefore, we 
need to ascertain whether diabetic patients may take 
advantage of kidney transplantation, in terms of major 
outcomes. To this end, it is also important to elucidate 
whether a specific type of transplantation (e.g. kidney-
pancreas vs kidney alone; living donor vs cadaveric..) 
should be preferred.



Transplantation Survival vs. Waiting List

Wolfe NEJM 341:1725  1999



Insulin & the Kidney

• Endogenous insulin primarily degraded by liver, exogenous by 
kidney

• Freely filtered by glomerulus
• Reabsorbed in proximal tubule and degraded
• Uptake & degradation in peritubular endothelium  Clearance

>GFR
• Peritubular degradation  in CKD, maintains insulin cleareance
• GFR<20 ml/min  Insulin requirements
After Dialysis Initiation:
• Insulin resistance 
• Food intake 
• Glucose administration  (PD)



CKD and Glycaemic Control

Kovesdy AJKD 52:766   2008



CKD and Glycaemic Control

Kovesdy AJKD 52:766   2008



CKD and Glycaemic Control

Kovesdy AJKD 52:766   2008



HD reduces Insulin Requirements
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• 10 T2DM HD pts.

• Euglycaemic clamp 0.3 
IU/hr + 3 IU bolus
before every meal

• Bolus: no difference

• Basal insulin 0.4 IU/hr
pre-HD vs. 0.3 post-HD
(p=0.01)

Sobngwi Diab Care 33:1409  2010



High-Flux HD good for Malnourished Diabetic
Patients?

Locatelli JASN 20:645  2009

The MPO Study

738 incident HD patients
RCT High-flux vs. Low-flux

157 DM pts. (T1DM 12%)

Adjusted Hazard Rate 0.62



Insulin resistance associated with
PEW in non-diabetic HD patients

• 18 Non-diabetic HD patients

• HOMA correlated to BMI  
(r=0.54, p=0.02)

• After adjusting for CRP only
breakdown significantly
correlated (p<0.01)

Siew KI 71:146  2007



The incretin effect

Nauck Diabetologia 29,46 1986

: Oral glucose load
: Isoglycaemic

IV glucose infusion



The Incretins

• Hormones
– Glucagon-like peptide-1 (GLP-1)
– Glucose-dependent insulinotropic peptide (GIP)

• Stimulate insulin release
• Inhibit glucagon release
• Gastrointestinal-mediated glucose disposal. Oral vs. 

Isoglycaemic IV glucose infusion) (GIGD)
• Secreted from intestinal endocrine mucosal cells in 

response to food intake
• Normals: 70% of insulin response after food intake

T2DM: 0-30%



Incretins



Incretins in NonDM ESRD

Idorn KI 2013; 83:915

Isoglycaemic
IV glucose infusion

Filled: Oral
Open: IV

Controls ESRD Normal Glucose
Tolerance

ESRD Impaired Glucose
Intolerance

No. Patients 11 10 10

HOMA-IR 1.33 1.11 1.47

Glucose Rx IIGT (g) 31 46* 52*



GLP-1 and GIP

Idorn KI 2013; 83:915

Normal           ESRD Normal      ESRD Impaired
OGT                        OGT

Basal GLP-1 and GIP higher in both ESRD groups (p<0.01)



Glucagon

Idorn KI 2013; 83:915

Normal           ESRD Normal      ESRD Impaired
OGT                        OGT



G-I mediated Glucose Disposal and 
Incretin Effect

Idorn KI 2013; 83:915

Incretin effect = 100 x AUCOGTT-AUCIIGI

AUCOGTT
P=
0.054



Glucose Metabolism & ESRD

• Reduced Incretin Effect

• Normal Incretin Production

• Ergo, Reduced β-cell reponse to incretin

• Elevated glucagon, cannot be suppressed by 
glucose (as in T2DM)

• Peripheral insulin resistance

• Fasting hyperinsulinaemia



HgbA1C



IIQ1 In patients with renal failure(eGFR <45 mL/min/1.73m²) or 
on dialysis, and diabetes mellitus should we aim to lower 
HbA1C by more tight glycaemic control 

• We recommend against more tight glycaemic control 
if this results in or increases the risk for hypoglycemic 
episodes (1A)

• We recommend cautious tightening of the glycaemic
control to lower HbA1C when values are >8.5% (70 
nnol/mol)(1C)

• We suggest cautious tightening of glycaemic control 
when HbA1C values are >7% (53 mmol/mol) but 
<8.5% (70 mmol/mol) only when the projected 
benefits (microvascular complications, retinopathy) 
clearly outweigh the risk for hypoglycaemia, taking 
into account general condition of the patient (2D)

ERBP Guidelines: in preparation



IFCC HbA1c Units

• IFCC (mmol/mol) = [HbA1c (%) -2.15] x 10.93

• HbA1c (%) = [IFCC +23.5]/10.93

• IFCCHbA1c(%): add 24 and divide by 11

• HbA1c(%)IFCC: multiply by 11 and subtract 24

DCCT HbA1c (%) IFCC HbA1c 
(mmol/l)

Average blood
glucose

6 42 7.0

7 53 8.6

8 64 10.1

9 75 11.7



Genetic variation

Haemoglobinopathy

Erytropoietin deficiency

Iron deficiency

Acidosis?

Uraemic toxins?

Alcoholism

Erytropoietin deficiency

Haemolyses/Blood loss

Inflamation/infections

Medical treatment

Haemoglobinopathy

Carbamylation,

Salicylation (ASA), 

Hypertriglyceridemia

Modified from Gallagher et al. J Diabetes 2009

Several Sources of Error

• HbA1c is ‘falsely’ too low with reduced erythrocyte survival

(younger erythrocyte cohort – shorter exposure)

With thanks to Rikke Borg



Significant correlation
between RBC lifespan og eGFR

• 86 diabetic pts. with renal dysfunction not on dialysis

• Mean RBC lifespan [eGFR <30 ml/min] 95 ± 30 days
[eGFR >60 ml/min] 127 ± 30 days

K. Shima; Ann Clin Biochem; 2012, vol. 49, 68-74 With thanks to Rikke Borg



HbA1c is significantly correlated to 
eGFR

K. Shima; Ann Clin Biochem; 2012, vol. 49, 68-74

• Mean HbA1c [eGFR <30 ml/min] 6.3% ±0.5%  B-Glucose 9.1 mmol/l

• Mean HbA1c [eGFR >60 ml/min] 7.4% ±0.8% B-Glucose 9.3 mmol/l

With thanks to Rikke Borg



HbA1c in HD patients

Inaba JASN 18:896  2007

DM HD

DM Normal
Renal function

538 DM HD pts.
365 DM normal renal function



Glycated Albumin vs. Hb A1C

Inaba JASN 18:896  2007

DM HD

DM Normal
Renal function

538 DM HD pts.
828 NonDM HD pts.
365 DM normal renal function



Hb, EPO & Hb A1C

538 DM HD pts.
828 NonDM HD pts.
365 DM normal renal function

Inaba JASN 18:896  2007



Post-prandial Glucose: The Truth?

Shima Nephrology 15:632  2010

•245 incident DM HD pts.
•93% T2DM
•Followup 43 months (1-130)
•Mean postprandial blood glucose
•Adjusted RR for death 4.0p<0.002

Postprandial BG (mM) <10 >10

No. 131 114

Diet alone 31% 9%

Phosphate (mM) 1.72 1.58*

Creatinine (µM) 700 640*

BMI (kg/m2) 22.3 21.3

Hb A1C (%) 5.5 6.2



HbA1c in PD

• 850 PD pts. with DM

• 4566 measurements

BG (mg/dL) = 24.1 + 28.6 x HbA1c (%) – 12.2 x albumin (g/dL)

Hoshino AJN 37:413  2013



Alternatives to HbA1c?

• Other Markers: glycated proteins
– Glycoalbumin

– Fructosamine

• P-Glucose monitoring
– 7-point profiles x 2-3/week before consultation

• Download from blood sugar devices
– Most have software med statistical programs:                     

Average BS, medians, variation (SD),  25-75% 
intervals

With thanks to Rikke Borg



Conclusion - HbA1c in CKD

• Better than nothing?

– High HbA1c – disregulated hyperglycaemia 

– Low HbA1c – possible anæmia?

– Target HbA1c < 7% - probably not relevant

• Be aware of sources of error

– Investigate patient paraclinical situation

– Is haematology stable?

• Haemoglobin, iron, reticulocytes

• Is Epo-dosis stable?

• Estimation of blood loss

– Monitor glucose concentrations

– Do not use HbA1c to diagnose diabetes

With thanks to Rikke Borg



Predialysis Glycaemic Control and 
ESRD Survival

•150 incident DM HD pts.
•Hb A1C at inclusion:

Good <7.5%
Poor 7.5%

• Adjusted HR 1.133 
per 1% HbA1C increase

Morioka Diabetes Care 24:909  2001

P<0.01



Hgb A1C in Non-DM CKD

MDRD sudy
585 pts. eGFR 25-55
255 pts. eGFR 13-24
After exclusions (DM)
768 patients
Baseline Hgb A1C (%)

Q1 5.0
Q2 5.4
Q3 5.7
Q4 6.3

Menon CJASN 16:3411 2005

Adjusted Hazard Ratio (per % Hgb A1C)
Total mortality 1.73 p<0.001
CV Mortality 1.53 p=0.07



Glycaemic Control & 
T2DM HD Survival: The 4D Study

Drechsler Circulation 120:2421 2009

•1255 prevalent T2DM HD patients
• (RCT Simvastatin vs. Placebo)
•Baseline HbA1C

Adjusted Hazard Ratios 
per 1% increase in HbA1C

Sudden Death 1.21*
AMI 0.94
Stroke 1.11
CV Death 1.09*
Death 1.09*
Heart Failure Death1.30*
Other Death 1.04



Hgb A1C & HD Mortality
Fresenius Database

24,875 pts.
95% T2DM

Williams CJASN 2010; 5:1595

T2DM T1DM

Baseline

Average



Hgb A1C & HD Mortality
DaVita Database

Ricks Diabetes 2012; 61:708

96% T2DM

Hgb A1C

Random blood
Glucose

Baseline Average

(100 mg% = 5.5 mM)



Predialysis HbA1C predict survival on PD

Yu PDI 17:262-68 1997

60 patients

Yoo PlosOne 7:e30072  2012

PD HD

HbA1c<10%

HbA1c>10% HbA1c>7.5%

HbA1c<6.8-7.5%

HbA1c<6.8%



Hgb A1C & PD Mortality 

Duong CJASN 2011; 6:1041

Baseline Average

2798 PD pts.

HgbA1C

Random 
Blood
glucose



Diabetic Control reduces Incidence of 
Exit Site Infections

• 183 incident PD 
patients

• Hb A1C at initiation <> 
7.1%

• 0.23 vs. 0.12 
episodes/yr (p<0.01)

• Adjusted hazard ration 
2.65 (p<0.02)

• No effect on peritonitis 
incidence

Rodriguez-Carmona PDI 2013


