
Vitamin D & PTH



Vitamin D & Type 2 DM

• Enhances insulion secretion

• Increases insulin release

• Promotes β-cell survival

• Reduces PTH

• Enhances insulin sensitivity

• RAS blockade

• Antiinflammatory
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Vit D & T2DM: Trials
Author Trial Pts. Rx Time

(wks)
No. (A/C) Results

Gedik 86 C NonDM Vit D 50 µg/d 26 4/10 IS II

Inomata 86 C DM 1 2 µg/d 3 7/7 IS

Boucher 95 NC DM Vit D 2,500 µg once i.m. 10 22/0 IS

Borissova C DM Vit D 35µg/d 4 10/17 IS

Von Hurst 10 RCT IR Vit D 100µg/d 26 42/39 IS IR

Sabherwal 10 NC DM Target [25-OHD] >50 nM 52/0 HbA1c
-0.7%

Nikoyeh 11 RCT DM Vit D 12.5 µg/d 12 60/30 IR IS

Mitri RCT IR Vit D 50 µg/d 16 46/45 IS DI

Eftekari RCT DM 1 0.5 µg/d 12 35/35 IS

C: controlled. NC: no control. RCT: randomized controlled trial
IR: Insulin resistance. IS: Insulin sensitivity DI: Disposal index
II: insulinogenic index



Vitamin D and the Metabolic Syndrome

126 healthy individuals with noraml OGTT

Hyperglycæmic
Insulin clamp

Chiu Am J Clin Nutr 79,820  2004

Oral Glucose Tolerance Test



1,25-Vitamin D improves
Insulin Sensitivity

E

16 Insulin resistant
HD patients

PTH  798 pg/ml
did not change during study

RCT
1.8 µg 1,25-vitamin D
X3/week for 4 weeks
vs. Control (group 2)

Triglycerides 198148 mg/dL

Oral  glucose tolerance test 
Before:  and after: 

Euglycaemic clamp study
A: Insulin stimulated

glucose metabolism
B: Insulin concentration

Mak KI 53,1353  1998



Parathyroidectomy improves
insulin secretion in uraemic dogs

Akmal J Clin Invest 75:1037  1985



Parathyroidectomy improves
Insulin Secretion in HD 

Glucose
Metabolic Rate

6 insulin-resistant
HD pts.

Hyperglycaemic
clamp study

Insulin levels
(β-cell response
to glucose)

Tissue sensitivity
to insulin

Mak J Clin Endocrin Metab 60:229  1985

PTH 3500 210 ng/l



Type 2 DM Treatment in CKD

• Insulin

• Biguanides

• Sulphonylureas

• Meglitinides (”Glitinides”)

• Thiazolidinediones (TZD) (”Glitazones”)

• GLP-1 Antagonists

• DPP-4 Inhibitors (”Gliptins”)



American Diabetes Association – European Association for the 
Study of Diabetes (ADA/EASD) Guidelines

Inzucchi Diabetologia 55,1577 2012



Anti-Diabetic Drugs



ADA/EASD Guidelines

Inzucchi Diabetologia 55:1577 2012



Sensitizers

Metformin

TZDs

”Glitazones”

Secretagogues

Ka Channel

Blockers

Sulphonylureas

Meglitinides

”Glinides”

Incretin
stimulators

GLP-1 Agonists

”Glutides”

DPP4 Inhibitors

”Gliptins”

(SGLT2 Inhibitors  Glucosuria & Dehydration)



Treatment Problems in CKD

Rx Group Problem

Metformin Lactic Acidosis?

Sulphonylureas Hypoglycaemia, weight gain

Meglitinides Nausea, diarrhea, hypoglycemia

Thiazolidinediones (”Glitazones”)
PPARγ agonists

Oedema, Heart Failure

DPP-4 inhibitors and incretin mimetics Limited experience

Insulin Hypoglycaemia, weight gain



Sulphonylureas in CKD

SU Patients No. 
(A/C)

Type Control Result

Weir 2011 Glyburide CKD 354/1290 Case 
control

Metformin
& Insulin

Lower risk (50%) of hypoglycemia
than insulin

Türk 2008 Gliquidone NODAT 47/0 Retro-
spective

No FBG 8.66.7 mM
8% Hypoglycemia

Holstein 
2010

All CKD/Normal
with 
Hypoglycaemia

139 Retro-
spective

NonCKD 73% of cases had CKD
27% Rx with interacting drugs

-Clopidogrel
-Phenprocoumon
-Diclofenac
-Phenytoin
-Fluvastatin

CKD: Chronic Kidney Disease
NODAT: New onset diabetes after transploantation
FBG: Fasting blood glucose



Meglitinides

• Ka-channel blockers (different receptor than
SUs)

• Repaglinide & Netaglinide

• Lower rate of hypoglycaemia than SUs?

• More expensive than SUs

• Increase insulin secretion Burnout

• Repaglinide: dose reduction in CKD



Meglitinides

• Repaglinide (Novonorm) & Netaglinide
(Stalix)

• Ka-channel blockers

• Increase insulin secretion

• Drug of choice in NODAT? (new onset diabetes 
after transplantation)

Davidson Diab Care 27:805   2004

Turk AJ Transpl 6:842  2007



Metiglinides in CKD

Drug Patients No. 
(A/C)

Type Control Result

Türk 2006 Repaglinide NODAT 23/21 Control Rosi-
glitazone

HbA1c 7.65.8%
39% switched to insulin
Similar to rosiglitazone
8% nausea/diarrhea

Voytovich
2007

Nateglinide NODAT 14/0 Prospective No 2-week Rx
2-hr BG 10.57.6
Late insulin response

Sun 2009 Glinides HD 68/34 Control Insulin 34% risk of hypoglycaemia
Compared to insulin

Abe Mitiglinide HD 31 Prospective No HbA1c 7.05.9%
FBG 9.48.3 mM
No side effects

CKD: Chronic Kidney Disease
NODAT: New onset diabetes after transploantation
FBG: Fasting blood glucose
A/C: Active/controls



Thiazolidinediones (TZDs)
”Glitazones”

• Peroxisome proliferator-activated (PPAR) γ
receptor activators

• Reduce insulin resistance

• Antiproliferative

• Antiinflammatory

• Leptin Appetite 

• Registration difficulties (heart failure, hepatitis, 
bladder cancer)



Glitazones in CKD
Author Pts. No Drug Time

(mths)
Factor Change Side Effects Other

Abe 2008 HD 31 Pioglitazone 6 Hb A1c -1.1*** No Triglyc BP

Luther 2004 RT 10 Pioglitazone 8 Hb A1c -1.3* No

Abe 2010 HD 63 Pioglitazone 21 Hb A1c -0.6*** No CRP Adiponectin

Luther 2004 RT 10 Pioglitazone 8 Hb A1c -1.3* No

Agarwal 2005 CKD 301 Rosiglitazone 6 Hb A1c -1.1** No

Akcay 2009 PD 24 Rosiglitazone 12 Hb A1c -0.5*** No Echocardiography
unchanged

Van Hooland 2009 PD 12 Rosiglitazone 1 Oedema Peritoneal transport
BP

Chiang 2007 HD 78 Rosiglitazone 15 Hb A1c -1.5** No

Pietruck RT 21 Rosiglitazone 2 Hb A1c -0.4? Oedema BP

Villanueva 2005 RT 8 Rosiglitazone 12 Insulin Rx -75% pts. Oedema

Voytovitch 2005 RT 10 Rosiglitazone 1 Glucose -0.6 mmol/l** No Endothelial
function

Wong 2005 PD 52 Rosiglitazone 6 Insulin Rx -6 IU/d***

Mohideen HD 12 Troglitazone 6 Insulin Rx -13 IU/d* No

Kurian 2008 RT 46 TZD 16 Hb A1c -0.5 No

Manley 2003 HD 40 TZD 3 Hb A1c -0.6 No BP

*:p<0.05
**:p<0.01
***:p<0.001



Glitazones and Mortality

Author Pts. No Drug Time
(mths)

Factor Change

Brunelli 2009 CKD 91 TZD 12 Death risk -Insulin 0.53*
+Insulin 0.82

Ramirez 2009 HD 2393 Rosiglitazone 13 CV Death Risk 1.59**

Schneider 2008 CKD 597 Pioglitazone 36 Death + AMI + 
Stroke

0.60*



DPP4 Inhibitors in CKD
”Gliptins”

Author Pts. No Drug Time
(mths)

Factor Subsets Change Side 
Effects

Chan 2008 CKD 91 Sitagliptin 12 Hb A1c -0.8? No

Lukashevich
2011

CKD 525 Vildagliptin 6 Hb A1c GFR 30-50
GFR <30

-0.5***
-0.6***

No

Nowicki 2011 CKD/
ESRD

170 Saxagliptin 12 Hb A1c GFR 30-50 (90 pts.)
GFR <30 (41)
ESRD (39)

-0.7***
-0.3?

-0.1

No

Lane 2011 NODAT 15 Sitagliptin 3 Hb A1c -0.5** No

*:p<0.05
**:p<0.01
***:p<0.001



GLP antagonists & CKD

Author Pts. No.
(A/C)

Drug Time
(mths)

Control Change Other Effects

Davidsen
2011

CKD 63/13 Litaguride 6 Placebo
& normal 
renal function

-1.3* Weight
BP
Increased risk of nausea (19%) 
& hypoglycaemia (17%) vs. 
Normals

*:p<0.05



TZDs, GLP-A & DPP4-I
Drug Name Commercial 

Name
Typical Side Effects Dose reduction in 

CKD

Thiozolidinediones (TZD)  (oral) PPARγ Agonists

Pioglitazone Actos Oedema, hypoglycaemia, weight, GI, 
(bladder cancer)

No

(Rosiglitazone) Withdrawn from many markets (CV
toxicity?)

No

GLP Analogues (s.c.)

Exanatide Byetta Hypoglycaemia, Nausea, GI Symptoms,
Headache,
(pancreatitis, AKI)

No
(Caution/
No evidence)

Liraglutide Victoza

Lixisenatide Lyxumia

DPP4 Inhibitors  (oral)

Sitagliptin Januvia Hypoglycaemia, Nausea, GI 
Symptoms, Oedema, Headache Rash
(pancreatitis)

Yes

Vildagliptin Galvus Yes

Saxagliptin Onglyza Yes

Linagliptin Trajenta No

Combination with 
metformin

Eucreas, Janumet, 
Jentadueto, Komboglyze

To be
avoided



Conclusions

• ESRD is a prediabetic condition

• Hb A1c is problematic in CKD

• Unambitious target in ESRD: <8.5%

• Metformin is not contraindicated in CKD

• Choice of other non-insulin drugs determined
mainly by price & side effects



Conclusions

• ESRD is a prediabetic condition
• Unambitious target in ESRD: <8.5%
• Metformin first choice
• Choice of second non-insulin drugs determined mainly

by price & side effects
• My personal choices:

– SUs: Glipizide (Mindiab), gliquidone (Glurenorm)
– Glitazones: Pioglitazone (Actos)
– Gliptins: Linagliptin (Trajenta)
– GLP-1 Analogues: no
– SGLT2 Inhibitors: no



BMJ 327:1459  2003

Modern Guidelines Methodology



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

PICO Studies



Anti-Diabetic Drugs



ADA/EASD Guidelines

Inzucchi Diabetologia 55:1577 2012
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