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Clinical type 2 diabetes

Functional changes*

Structural changes†

Rising blood pressure

Cardiovascular death

Proteinuria

End-stage 
renal disease

Rising serum 
creatinine levels

Microalbuminuria

Onset of diabetes 2 5 10 20 30
Years

* Renal hemodynamics altered, glomerular hyperfiltration.
† Glomerular basement membrane thickening -, mesangial expansion -, microvascular changes +/-.



CKD: an Independent Risk Factor for CVD and Death

NEJM 351:1296-1305, 2004 from NHANES data



Cardiovascular complications in CKD

• Traditional risk factor

age

hypertension

dyslipidemia

smoking

diabetesdiabetes

male gender

• Non-traditional risk factor

albuminuria

reduced GFR

anemia

inflammation

volume overload

abnormal Ca/P metabolism



• Clearance of insulin
• Insulin resistance
• Insulin secretion

Factors Affecting Glycemic Factors Affecting Glycemic 
Control in CRFControl in CRF

• Insulin secretion
• Metabolic and nutritional complications in CRF
• Mode of dialysis
• Dialysate glucose absorption
• GI complications affecting intake and absorption
• Specific problems in DM patients



• Renal clearance of insulin
Glomerular filtration
Peritubular uptake and degradation

• Little change until GFR < 40 ml/min

Clearance of InsulinClearance of Insulin

• Little change until GFR < 40 ml/min

• ↑Peritubular uptake until GFR < 15~20 ml/min

• Impaired degradation in liver and muscle

• Normalization of impaired insulin metabolism by 
dialysis



• Common in patients with CRF

• Primary site of insulin resistance: Muscle

• Molecular site (?)

Insulin ResistanceInsulin Resistance

• Molecular site (?)
Oxidative and nonoxidative pathway
Muscle pyruvate dehydrogenase

• Uremic toxin
“Middle molecule”
Pseudouridine



• Abnormalities in insulin secretion

• Pathogenesis: Calcium metabolism (?)
Hyperparathyroidism

Insulin SecretionInsulin Secretion

Hyperparathyroidism

Vitamin D deficiency

• Improvement by parathyroidectomy (medical or 
surgical) and by vitamin D3 replacement





Day-to-day management is guided by self-monitoring of capillary glucose 

concentrations (milligrams per deciliter or millimoles per liter). 

Translating the A1C assay into estimated average 

glucose values

(AG(mg/dl) = 28.7 x A1C - 46.7, R(2) = 0.84, P < 0.0001), allowing calculation of 

an estimated average glucose (eAG) for A1C values. 

A1C levels can be expressed as eAG for most patients with type 1 and type 2 

diabetes.

(Diabetes Care, 2008)





• Series of minor Hb formed by the adduction of 
various CHO molecules to Hb

• Minor Hb components
HbA1a (1.6%), HbA1b (0.8%), HbA1c (4.0%)

Glycated Hemoglobin (I)Glycated Hemoglobin (I)

HbA1a (1.6%), HbA1b (0.8%), HbA1c (4.0%)

• Glycation rate
Temperature

Hb concentration

Glucose concentration

Length of exposure to glucose



• HbA1c
Largest fraction

Formed by nonenzymatic posttranslation

glycation in two-step reaction

Glycated Hemoglobin (II)Glycated Hemoglobin (II)

glycation in two-step reaction

• Measurement of HbA1c
Depend on the charge on HbA1c

Ion-exchange chromatography

High-performance liquid chromatography

Agar-gel electrophoresis



• Glycation occurs throughout the lifetime of RBCs

• The oldest cells being the most glycated

•

Glycated Hemoglobin (III)Glycated Hemoglobin (III)

• HbA1c levels
-30 days 50%

30-60 days 25%

60 days- 25%



• Less reliable in patients with renal failure
• High urea levels (more than 84 mg/dL)

Form cyanate � Isocyanic acid (reactive form)
� Carbamylated Hb

HbA1c in CRFHbA1c in CRF

� Carbamylated Hb
� Falsely high levels of HbA1c in charge-

dependent assay

• Acidosis: Increase in the rate of HbA1c formation
• Reduced RBC survival and iron deficiency
• Dilution from the frequent blood transfusion



Correlation between mean glucose obtained through CGMS and glucose 
meters in HD T2 (blue circles) and non-HD T2 controls (red circles)

R=0.9

R=0.81

R=0.47

R=0.71

(Nephrol Dial Transplant, 2009)



Glucose concentration in the first 3 h of the dialysis session 
(blue circles) or equivalent time without dialysis (red circles)

(Nephrol Dial Transplant, 2009)



Impact of hemoglobin concentration and EPO dose on HbA1C 
in diabetic ESRD

(Kidney Int, 2008)





• Measure of glycated serum proteins

• Glycation of serum albumin: 90%

• The rate of stable ketoamine formation
4~5 times faster than HbA1c

FructosamineFructosamine

4~5 times faster than HbA1c

• Reflects glycemia during a period of 2~3 weeks

• Measurement of fructosamine
Colorimetric assay (Redox dye)
Affinity chromatography
Immunoassay



• Less reliable as with HbA1c

• High urate levels in CRF
� Interfere with the fructosamine assay

� Falsely high fructosamine levels

Fructosamine in CRFFructosamine in CRF

� Falsely high fructosamine levels

• Affected by protein turnover
PD: Protein loss through the peritoneum

HD: Aminoacids loss into the dialysate

HD: Potential catabolic factor stimulating

protein breakdown



HbA1c vs. Fructosamine in Patients with DM and CRFHbA1c vs. Fructosamine in Patients with DM and CRF



Correlation between the average plasma glucose (PG) values and glycated 
albumin (GA) or glycated hemoglobin (HbA1c) in hemodialysis (HD) patients with 

diabetes and in patients with diabetes and without chronic renal failure (CRF)

(J Am Soc Nephrol, 2007)



Correlation of weekly doses of recombinant human erythropoietin 
with GA and HbA1c levels

(J Am Soc Nephrol, 2007)



Impact of hemoglobin concentration and EPO dose on GA 
in diabetic ESRD

(Kidney Int, 2008)



Impact of glycated albumin on survival of diabetic patients on  

hemodialysis : A 3-year observational study (I)

(Intern Med, 2007)



Impact of glycated albumin on survival of diabetic patients on  

hemodialysis : A 3-year observational study (II)

(Intern Med, 2007)
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UKPDS. Lancet. 1998;352:837-853.
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KDOQI Clinical Practice Guidelines and Clinical Practice 

Recommendations for Diabetes and CKD

GUIDELINE 2: MANAGEMENT OF HYPERGLYCEMIA AND GENERAL 

DIABETES CARE IN CKD patients

Intensive treatment of hyperglycemia prevents DKD and may slow the Intensive treatment of hyperglycemia prevents DKD and may slow the 

progression of established kidney disease.

2.1 Target HbA1c for people with diabetes should be < 7.0%, irrespective 

of the presence or absence of CKD. (A)

(Am J Kid Dis, 2007)



Glycemic control and survival in HD (I)
• 38,701(50.8%)/76,178 HD patients in FMC center
• All cause mortality for 12-month follow up

Williams ME, Kidney Int 2006



Glycemic control and survival in HD (II)
23,618 diabetic HD patients in USRDS database, 3yrs F/U 

Unadjusted mortality rate Adjusted mortality rate

(Diabetes Care, 2007)



Glycemic control and survival in HD (III)

(Diabetes Care, 2001)



Impact of glycemic control on survival of diabetic patients on  

hemodialysis : A 7-year observational study 

(Diabetes Care, 2006)

OR: poor A1C group (2.889, P=0.01), mean A1C (1.260 per 1%, p=0.003)



Impact of baseline glucose control on survival of diabetic patients 

on  hemodialysis : Prospective observational study

•4D (German Diabetes and Dialysis Study) study

•1255 HD patients with type 2 DM

•Categorized by baseline HbA1C level



Impact of baseline glucose control on survival of diabetic patients 

on  hemodialysis : Prospective observational study

(Circulation, 2010)



UKPDS - follow up

Stratton, BMJ 2000;321:405-412



ACCORD trial
10,251 patients (mean age, 62.2 years): median HbA1C  level of 8.1%

Intensive therapy (targeting HbA1C < 6.0%) or 

standard therapy (targeting  7.0< HbA1C< 7.9%)

(New Engl J Med, 2008)



ACCORD trial

1.41%/yr

1.14%/yr

HR = 1.22 (1.01-1.46)
P = 0.04

(New Engl J Med, 2008)





(Position statement of the ADA and scientific statement of the ACC, AHA, Diabetes Care, 2009)



Morbidity of hypoglycemia

• CNS : Coma/convulsions/transient 

brain damage/ intellectual impairment.

• CVS: Arrhythmia/MI/TIA/stroke.

• Eye: Vitreous haemorrhage• Eye: Vitreous haemorrhage

• Musculoskeletal: Fracture/accidental injury.



Risk factors for hypoglycemia

• Intensive insulin therapy & tight glycemic control.
• Hypoglycemia unawareness –acute & chronic.
• Long duration of diabetes.
• Increasing age.• Increasing age.
• Excessive alcohol.
• Renal failure/ Hepatic failure
• Hypothyroidism/ Hypopituitarism/ Hypoadrenalism 



Hypoglycemia in CKD patients
• 243,222 individuals in veterans health administration (VHA)





Adverse Safety Events in Chronic Kidney Disease:

The Frequency of “Multiple Hits”

• 70,154 CKD individuals in veterans health administration (VHA)

• Safety indicator: hyperkalemia, hypoglycemia, PSI, incorrect dosing

(Clin JASN, 2010)



The consciousness disturbance due to severe hypoglycaemia in elderly subjects 
(>70) occurs frequently in subjects with CKD stages 3-5

Open circle indicates insulin-induced hypoglycaemia and 

closed circle indicates sulfonylurea-induced hypoglycaemia.

(Nephrol Dial Transplant, 2009)



Standards of care proposed for elderly patients 

with diabetes and stages 3 to 4 CKD

No randomized controlled trials

Optimal glucose control on CVD is unsuccessful, may increase CV mortality

(Clin J Am Soc Nephrol, 2008)



Special Considerations in CKD Stages 3 to 5

Patients with decreased kidney function have increased risks for hypoglycemia 

(1) decreased clearance of insulin and some of the oral agents used to treat diabetes

(2) impaired kidney gluconeogenesis

About one third of insulin degradation is carried out by the kidney, and impaired kidney 

function is associated with a prolonged half-life of insulin. function is associated with a prolonged half-life of insulin. 

Thus, patients with type 1 diabetes receiving insulin who had significant creatinine 

elevations (mean, 2.2 mg/dL) had a 5-fold increase in the frequency of severe 

hypoglycemia.

Therefore, it is imperative that patients being treated intensively monitor their glucose 

levels closely and reduce doses of medicines (insulin and oral agents) as needed to 

avoid hypoglycemia.



Special Considerations in CKD Stages 3 to 5

First-generation sulfonylureas (eg, chlorpropamide, tolazamide, and tolbutamide) generally should be avoided in 

patients with CKD because these agents rely on the kidney to eliminate both the parent drug and active metabolites, 

resulting in increased half-lives and risk of hypoglycemia. 

Of the second-generation sulfonylureas (eg, glipizide, gliclazide, glyburide, and glimepiride), glipizide and gliclazide 

are preferred agents because they do not have active metabolites and do not increase the risk of hypoglycemia in are preferred agents because they do not have active metabolites and do not increase the risk of hypoglycemia in 

patients with CKD. 

Metformin should not be given to patients with serum creatinine concentrations of 1.5 mg/dL or greater in men and 

1.4 mg/dL or greater in women because it is cleared by the kidney and may build up with even modest impairment 

of kidney function, putting patients at risk of lactic acidosis. 

Rosiglitazone is cleared by the liver and does not have to be reduced with impaired kidney function. Therefore, 

rosiglitazone does not increase the risk of hypoglycemia in patients with CKD, but it has the potential, along with 

pioglitazone, to worsen fluid retention.


