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Table 29.2 Trials comparing intensive with standard (conventional) glycemic control in type 2 diabetes. %
Trial Number Durationof Age  Duration  Baseline| Intensive Conventional _|Relative risk reduction
follow-up of diabetes  HbA% | HbA% HBA% 5
icrovascular  Macrovascular
[ P % P
?
3867 10 53 New T 7.0 w |79 25% [0009] L 16% The Lower The Better?
UKPDS 2998 85 63 10 = = [L24% 0001 L15% 0014
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follow-up)
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ADVANCE/ACCORD/VADT
T 2ofE S BAL ST We £ Table 9—Summary of glycemic rec d. for many nonpreg adults with diabetes
AlC <7.0%*
Table 29.2 Trils comparing intensive with standard (conventional) gycemic control in type 2 diabetes. PR RTINS B ETT

Trial Number Durationof Age  Duration  Baseline| Intensive Conventional _|Relative risk reduction
follow-up of diabetes  HbA% [ HbA, % HBA,% e
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Peak postprandial capillary plasma glucoset <180 mg/dL* (<10.0 mmoVl/L)

®*Goals should be individualized based on:
® duration of diabetes
® age/life expectancy
® comorbid conditions
® known CVD or advanced microvascular complications
* hypoglycemia unawareness
* individual patient considerations

® More or less stringent glycemic goals may be appropriate
for individual patients

* Postprandial glucose may be targeted if A1C goals are
not met despite reaching preprandial glucose goals

+tPostprandial glucose measurements should be made 1-2 h after the beginning of the meal, generally peak
levels in patients with diabetes.
Diabetes Care. 2013 Jan;36 Suppl 1:511-66
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The goal

. . Two issues in diabetic dialysis patients
for glycemic, blood pressure, & lipid

Table 9—Summary of glycemic

for many nonpreg adults with diabetes

aic <70%" * What measure of glycemic control is the most
Prepmndlal capillary p]asma glucose 70-130 mg/dL* (3.9-7.2 mmol/L) reliable?
luc <180 mg/dL* (<10.0 mmol/L) )

e “Burnt-out diabetes”,

—Normoglycemia or even frequent hypoglycemic
episodes

* More or less stringent glycemic goals may be appropriate
for individual patients

® Postprandial glucose may be targeted if A1C goals are
not met despite reaching preprandial glucose goals

‘tPostprandial glucose measurements should be made 1-2 h after the beginning of the meal, generally peak
levels in patients with diabetes.
Diabetes Care. 2013 Jan;36 Suppl 1:511-66

Glucose monitori ng:H bAlc Table 1. Diagnostic Tests to Assess Integrated Glucose Control in Patients With Diabetes Mellitus
Glycemic Control
o EM BIoM Alc ZF 0| BEFSE Diagnostic Test Period Conditio -
- =7 ol ZhM BALS K| 2 [ 2 20| B 20| M AHRSt= affinity Hemoglobin A, 23mo  Hemoglobinopathies, diseases of  Used in major tials that ~ No information about
” life span glucose
chromatography0f A = Z4SHX| %S thresholds of control
glycemic control.
Routine testing
+ False decrement of Alc available in most
) clinical laboratories
- Reduced RBC life span Fructosamine 23 wk inuria, i L disease levels
: malnutition, thyroid states affecting lacking
- Recent transfusion abnormalities, liver disease, hemoglobin Testing not offered
- Accelerated erythropoiesis due to administration of EPO pregnanicysteroidihatepy T byt
(a modest fall of 0.5-0.7% in HbA1c along with the rise in total laboratories
) Glycated albumin 2wk inuria, inemi [ disease levels
hemoglobin) malnutrition, thyroid states affecting lacking
abnormalities, liver disease, hemoglobin Testing not offered
pregnancy, steroid therapy rolug'nely by most
+ False elevation of A1c el
T . oratories
- Uremia induced carbamylation
- Metabolic acidosis in dialysis patients

Conservative nent of gly ia: Traditional stepwise approach The concept Of
3 Burnt-Out Diabetes
P o a A S
OAD OAD +
Clevaa ncihera "L‘:,"Si?aiiiﬁ' Herap t.i'e’:’,.':y basal Insulin nuiin jections e Many patients with diabetic nephropathy -> ESRD
10 l l l l l | | o CKD progression -> require less & less & less Insulin
— injection > > stop insulin (to avoid hypoglycemia)
:3 o -> some will have to stop all oral hypoglycemic agents
£8
A CEL A PO P | L R HbA,, 7% ADA'_ e > Alc <6% in 30% of diabetic dialysis patients!!
""""""""""""""""""""""""" HiSA, - 2639 AACES" o Does ESRD burn out diabetes mellitus e.g. through Wasting
6 & Malnutrition?
“OAD = oral anti-hyperglycemia drugs Duration of diabetes
‘Adapted from Campbell IW. Br J Cardiol. 2000; 7:625-631 Kalantar-Zadeh et al, JREN 2009
5 AACEIAGE. Endost Prae 2008.15540.56 RS Kovesdy et al, Seminar Dial 2010
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One-third of diabetic dialysis patients have “Burnt-Out”
Diabetes

N=56,000 .-
" Uncontrolled

Diabetes? HbAlc '/
HbA1c>8% -

Burnt-Out
Diabetes?

Target HbAlc for
Dialysis Patients?
6-8% vs. 7-9%
Kovesdy et al, Semin Dial 2010; 23(2):148-56

Glycemic Control Target ? Points to be considered in dialysis patients
: Patient Centered Target!!! L8 less stringent ‘ =

s R gxt
Which drug do I prescribe ? gy Renamn
: Patient Centered drugs!!! - ——  FEE 21E E3
Risks potentially associated Low’ High
with ., other
vz ovets | 2= 8972 2Ax
o A- Ny Gagrosed Longrsianding
Biirge e 012 2N 23
* B: Body weight = e
* C: Complication e ©/0| F43Hs YE{0|2
* D: Diabetes Duration I— T T )
Established vascular Absent Fow | mid ‘Severe
e E: etiology, education, economy e | 1
Resources. support system Readiy avalatie )
Goal of glycemic control in dialysis patient ek =™ oFx
- Target of HbA1c in dialysis patients o Ol&2lve A A
- without comorbidity
£~7.0% . YUEHE42 ANE QBRS HE
-with comorbidity or recurrent hypoglycemia
: above 7.0% o 3L} &M MEH ZF ANz B ZERE 2AE 20
1 7.5% or 8.0% can be acceptable in specific condition Qleglo= HHE TR+ Q3
- Target of fasting & post-prandial 2 hour glucose - QZRIOIE, BT A E £ Bxts 8 O W2
level Solefof gt
- Fasting : 70-130 mg/dL
- PP2: <180
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Insulin injection Physiology of insulin injection

Insulins

Best and Banting

— Rapid-acting insuln ana
Insulin injection method o Rk iy

Soube sl
Physiologic insulin secretion .// Frotamine isoprane insulin
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Rapid-acting nsuk njection

—— Basal insuin njection

Meals at 09.00, 13.00, 18:00

Insulin preparations Insulin preparations
: acting duration : biphasic insulins
<" Rapid acting insulin (acting time: 15min ~ 2hr) .
- apidra, humalog, novorapid * Humalog mix 25/75
- N/S or DW Of| mix 8} A{ iv infusion 7Hs 8t - rapid : intermediate = 25%: 75%

S Riel 28 Humalog mix 50/5
- iv insulin, insulin pump o] AFE ° umalog mix 0
- rapid : intermediate = 50%: 50%
« Short acting insulin (acting time: 2 ~ 6hr)
- regular insulin (RI) « Novomix 70/30
« Intermediate acting insulin (acting time: 8 ~ 16hr) - rapid : intermediate = 70%: 30%
- NPH + Novomix 50/50
- rapid : intermediate = 50%: 50%
« Long acting insulin (acting time: ~ 24hr) B
- lantus, levemir
- iv infusion £7}!
- Mggol Mot

Method of insulin injection (1) Method of insulin injection (2)
« Basal insulin « Premix insulin bid (O}&l/X Y AlH)
- lantus or levemir (24hr X| &%) -9l&2 82k ofkl: U4 =2:1

- Once daily injection
- Less hypoglycemia * Premix insulin tid (OF&/™A/XMY AlH)
-o& 8 ot e N Y =111
« Basal Insulin + OHA bid
- basal insulin (3| & A) + C|Ot0| 3 2 (OF&l/M Y AlA) « Basal + Bolus
- - basal insulin (3| &l M) + rapid acting insulin (OF&!/& Al/
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Insulin dose titration

+ Renal & hepatic metabolism of insulin
- Decreased in dialysis patients
- Balance between altered insulin resistance & clearance
as renal dysfunction progresses is difficult to predict
- so insulin adjustment is often largely empiric

« Initial dose of insulin without CKD
- 10 units or 0.2 units/kg

« Initial dose of insulin with eGFR 10 ~ 50 mL/min
- 7 units (75% of 10 units)

« Initial dose of insulin with eGFR <10 mL/min
-5~ 7 units (50% of 10 units)

Key points in insulin therapy in dialysis patients

. WY I SEA|S VRO TEHM CHEA BT HBTO| SsE
MK B =S MRS B Bat g8
-~7.0,~7.5%, ~8.0%
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1) basal qd + bolus tid

2) 50:50 premix insulin tid

Anti-diabetic drugs
=

,// Stimulate insulin secretion

t Glucose metabolism
4 Insulin resistance

Pancreas
DPP4 inhibitors (linagliptin and sitagliptin®),
GLP-1 analogues (liraglutide)

Meglitinides (repaglinide)

Sulfonylureas (glipizide and gliclazide)

Biguanides (metformint)

Muscle
Thiazolidinediones (pioglitazone)

Liver
Biguanides (metformint) /
DPP4 inhibitors (linagliptin and sitagliptin®) {
GLP-1 analogues (liraglutide)

Thiazolidinediones (pioglitazone)

Suppress glucose production

t Glucose intake

Adipose tissue
4 Free fatty acid outpu

Thiazolidinediones (pioglitazone)

Stomach ) !
| Slow gastric emptying

GLP-1 analogues (liraglutide)

Oral hypoglycemic agents: SU

First-generation sulfonylureas

Acetohexamide** Avoid use
Chlorpropamide GFR 50-80 mUmin/1.73 m?: reduce dose 50%, GFR <50 mL/min/1.73 m?: avoid use
Tolazamide Avoid use
Tolbutamide Avoid use

Second-generation sulfonylureas

Glipizide No dose adjustment
Glimepiride Start conservatively at 1 mg daily
Glyburide Avoid use

Gliclazide™ No dose adjustment

 Glipizide: C}0| 1218 (& %H 5mg
< Gliclazide: C|0t0| 3 £80mg, 30mg MR
< Glimepiride: Ot0F2! 1mg, 2mg, 4mg (Dose reduction!!!)

Oral hypoglycemic agents: Meglitinide

Meglitinides
Repaglinide 1f GFR <30 mUmin/1.73 m start conservatively at 0.5 mg with meals
Nateglinide If GFR <30 mL/min/1.73 m? start conservatively at 60 mg with meals

+ Repaglinide (novonorm)
- Metabolized by the liver, with less than 10 percent
renally excreted
- Starting with a dose of 0.5 mg
« Nateglinide (fastic)
- Hepatically metabolized, with renal excretion of active
metabolites
- Accumulation with reduced renal function
- Risk of hypoglycemia, not as safe as repaglinide

Oral hypoglycemic agents: Metformin

Biguanides
Metformin®** United States FDA label states, “do not use if SCr =1.5 mg/dL in men, =1.4 mg/dL in women"
British National Formulary and the Jap: ty of Nephrolog it

FR <30 mUmin/1.73 m

* Not recommended
- metformin is excreted by kidney
- metformin should not be used in dialysis patients
because of an increased risk of lactic acidosis
- metformin may be used among patients with an
eGFR >45 mL/min
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Incretin Effect
the Response to Oral versus IV Glucose

== Oral Glucose
~*— IV Glucose
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Nauck MA, et al. / Glin Endocrinol Metab. 1986;63:492-498. Copyright 1986, The Endocrine Society ©.

Meil | N2 . GLP-| DPP-4inhibitor
Intestine
= e 5P
. %‘\
Stomach \ Brain: area postrema,
—————RGLY  subfomical organ
Musde Via vagus
i - \Gastric
4 Glucagon empying®
1 Bell mass? N X
al ™ P >
(in animals) ‘. QF
" Liver 2 -
Giycemic control

DPP-1V inhibitor (gliptin)

» Mechanism
- glucose level dependent insulin
secretion
- Advantages
- no hypoglycemia
- neutral body weight
*Disadvantages & cautions
-only limited data
- nasal stiffness
- angioedema ?
- pancreatitis?
- pancreatic cancer?
+ CVevent?
- might be beneficial or neutral ?
- need more RCTs

Sitagliptin (X} 5=H|O})

Vildagliptin (7}E2A)

Linagliptin (E 2}l E})

Saxagliptin (2= 20| X}
Zemigliptin (M|O] 2 £)

Dipeptidyl peptidase-IV (DPP-IV) inhibitors

DPP-4 inhibitor
Sitagliptin GFR >50 mU/min/1.73 m?: 100 mg daily
‘GFR 30-50 mL/min/1.73 m?: 50 mg daily
GFR <30 mUmin/1.73 m?: 25 mg daily
Saxagliptin GFR =50 mU/min/1.73 m: 5 mg daily
GFR =50 mUmin/1.73 m?: 2.5 mg daily
inagliptin No dose adjustment
Vildagliptin®* GFR =50 mL/min/1.73 m?: 50 mg twice daily
GFR <50 mU/min/1.73 m?: 50 mg daily
Linagliptin

- only minimally excreted in the urine (<10 percent)
- does not require dose adjustment in patients on dialysis
- but, its use in ESRD patients is limited

Incretin mimetics

Exenatide Not recommended in GFR <30 mL/min/1.73 m?

Liraglutide Not

Incretin mimetic
in GFR <60 mUmin/1.73 m*

« Exenatide should not be used
- Excreted by the kidneys
- Clearance is reduced with a GFR decrement
- Associated with acute kidney injury or acceleration
of CKD progression in case reports.

Thiazolidinediones: Pioglitazone

Thiazolidinediones
Pioglitazone
Rosiglitazone

No dose adjustment
No dose adjustment

* HD does not affect the pharmacokinetics of these drugs

Problems of TZDs

- Risk of edema formation & heart failure

- Possible increased mortality with rosiglitazone

- PPAR gamma-mediated sodium reabsorption by renal
epithelial sodium channels in the distal tubule

- Increased fracture
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Alpha-glucosidase inhibitors EMBEIXIO| M AL 7SS A S Qf
= = 5
Alpha-glucosidase inhibitors *I"g‘7|' o, = 7'
\void if < mL/min/1.73 m* . i
Miglitol :voi:i:ggg <:gmbmir\l:.‘7,gmz SU _— - Metformln
- Glipizide + Alpha-glucosidase
— Gliclazide inhibi
=lclazide inhibitors
+ Not recommended — Glimepiride - Bearbiond
+ DPPIV-inhibitor — Miglitol
+ Acarbose = Sitgliptn - Incretin mimetics
’ " — Vildaglipti )
- Serum levels of the drug and its metabolites increase Li'naa?i'ztr']" - Exenatide
o ) ) . — Lnaglietin — Liraglutide
significantly with reduced kidney function, - Saxagliptin
« Miglitol - TZD
- Greater systemic absorption and undergoes kidney — Flodlitazone
i « Meglitinide
excretion — Repaglinide

HD(N=12), only insulin, HD(N=17), OAD xinsulin,
E A3 EHS =
dailysate glucose 100mg/dL dailysate glucose free T*—'I 2__|‘I|'9_| = % ‘.’_I' g"%"
. —

* Do not maintain the usual mealtime

* No physical activities

« Medical procedure with stress

Activation of counter-regulatory hormones
« Improvement of insulin resistance after HD

dialy: p-value®

Dialysate glucose concentration (free, 100mg/dL..)

moldl

70452 00+56 0360

ORI VST 0o e Characteristics of dialyzer, Flux
et vl G - MW of insulin: 5808 Da

as£24 52420 0347

|

Take Home Messages
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