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PG mmol/l (mg/dl) (<140)

insulin action Insulin Level

*1-2 hours postprandial; **2 hours postprandial.

PG=plasma glucose. Onset
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Adapted from Type 2 Diabetes BASICS. International Diabetes Center (IDC), Minneapolis, 2000.

Up to 50% B-cell function loss Insulin is most potent for
at T2DM diagnosis hyperglycemia control

1009 - Interventions Expected decrease in HbA1c
T Diagnosis of .
type 2 Lifestyle 1-2%
_ % | dibetes Insulin 15-35%
E 601 g Metformin 1-2%
g N N Sulfonylureas 1-2%
% 407 ‘ Glitazones 05-1.4%
& 90 A a-glucosidase inhibitors 05-0.8%
Exenatide 05-1%
0 T T T T T T —T T T T T ™ fq
-10-9 -8-7-6-5-4-3-2-1 1 2 3 4 5 6 Glinides I=12%

Time from diagnosis (years) Pramlintide 05-1%
Sitagliptin 05-0.8%

Holman RR. Diabetes Res Clin Prac 1998; 40 (Suppl.):S521-525. Nathan DM,et al. Diabetologia 2008; 51:8-11




Sir Fredetick G. Banting

The Nobel Prize of Medicine, 1923

32 days after the
first injection of insulin

Insulin— bridge between
blood and cell
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Insulin secretion in normal and T2DM

1 Normal

1 Maximal postprandial
insulin levels are usually
3-8, and even 10-fold
higher than before the
meal

1 Reaches peak insulin
level in 30-90 minutes,
then decline

o 1DM
Clock Time (hours) 1 Lower peak
1 delayed insulin secretion

|_Figure 183, Strcture of human proinsulin C peptides and insutin molecules connected at two sites by dipeptide links,

Insulin Phrarmacokinetics

Aspart, lispro (46 hr)

Regular (6-10 hr) Extended zinc
(12-20 hr) insulin (18-24 hr)

Glargine (20-24 hr)

Relative Plasma Insulin Level

Hours

Figure 2. Approximate Pharmacokinetic Profiles of Human Insulin

and Insulin Analogues.

The relative duration of action of the various forms of insulin is shown.
The duration will vary widely both between and within persons.

NEJM 2005; 352: 2




Action data of insulin

Table 1. Duration of Action of Standard Insulins and Insulin Analogues.*

Onset of Peak Effective
Insulin Action Action Duration

Standard
Regular 30-60 min 2-3 hr 8—10 hr
NPH 2 4hr 14 10hr 12 18 hr
Zinc insulin (lente) 2-4 hr 4-12 hr 12-20 hr
Extendcd zinc insulin (Ultralentc) 6-10 hr 10-16 hr 18—24 hr
Analogues
Lispro 5-15 min  30-90 min 4—6 hr
Aspart 5-15 min  30-90 min 4-6 hr
Glargine 2-4 hr None 20-24 hr

* Serum insulin profiles are based on a subcutaneous injection of 0.1 to 0.2 unit
per kilogram of body weight; large variation within and between persons may
be noted. Data are from DeWitt and Hirsch.©

NEJM 2005; 352: 2
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Insulin Pharmacokinetics

Aspart, lispro (46 hr)

Regular (6-10 hr) Extended zinc
(12-20 hr) insulin (18-24 hr)

Glargine (20-24 hr)

Relative Plasma Insulin Level

Hours

Figure 2. Approximate Pharmacokinetic Profiles of Human Insulin

and Insulin Analogues.

The relative duration of action of the various forms of insulin is shown.
The duration will vary widely both between and within persons.

NEJM 2005; 352: 2




Aspart (NovoRapid)
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NovoRapid lowers post-meal sugar than Rl

Baseine Rl tid + NPH hs (white) vs.
aspart tid + NPH hs (black)
Those who received aspart
as meal insulin had
significantly lower post-meal
glucose levels
& mentns Hypoglycemia risk is similar
-r - (aspart vs. RI)
‘ — Minor: 7.64 vs. 7.54
/patient-year
— Major: 0.81 vs. 0.
/patient-year
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Home et al. Diabetic Med 2000; 17:762-70
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Pharmacokinetics of Insulin

Table 1. Duration of Action of Standard Insulins and Insulin Analogues.*

Onset of Peak Effective

Insulin Action Action Duration
Standard

Regular 30-60 min 2-3 hr 8-10 hr

NPH 2 1hr 1 10 hr 12 18 hr

Zinc insulin (lente) 2—4 hr 4-12 hr 12-20 hr

Extended zinc insulin (Ultralente)  6-10 hr
Analogues

Lispro

Aspart NovoRapid E

Glargine 2—4 hr 20-24 hr

Serum insulin profiles are based on a subcutaneous injection of 0.1 to 0.2 unit
per kilogram of body weight; large variation within and between persons may
be noted. Data are from DeWitt and Hirsch.©

NEJM 2005; 352: 2

NovoRapid causes less
hypoglycemia than RI

Tnsulinaspart Events Human insclin Bvens

" Preyear™ Peyear™ RR (95% CI)*

Major night

Major dagtime
Grade A all}
Grade A night
Grade A dayrime
GradeBall§
Grade B right
Grade B éaytime

¥The estimated rclriverisk i besed on a satistical model conditioning on the total number of events persubjectand correcting or relative exposare
tme or. [Asp and L.

$The P-values are based on the Wald test.

1Grade As the patents received oral ghcose.

§Grade bs the patientsrequirec intravenous glucose or glicagon treatmert,

Heller SR et al., Diabetic Med 2004

NPH shortage

Aspart, lispro (4 6 hr)

Regular (6-10 hr) Cxtended zinc
NPH (12 20 hr) insulin (18-24 hr)

Glargine (20 24 hr)

Relative Plasma Insulin Level

A IR A g
Figure 2. Approximate Pharmacokinetic Profiles of Human Insulin
and Insulin Analogues.
The relative duration of action of the various forms of insulin is shown.
The duration will vary widely both between and within persons.

NEJM 2005; 352: 2



Insulin Glargine (Lantus)
Precipitate for Protracted Action
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» A21: Gly for Asn, B31B32: add Arg -> Gl argine

» Modify isoelectric point: precipitate in pH 7

» Peakless, qd use

Insulin Detemir (Levemir)
Protract Action by Albumin Binding

A1 s s C14 fatty acid chain
(myristic acid)
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B30

+ B29: add myristic acid, B30: delete
» Acylation with a fatty acid side chain: albumin binding

+ Steadily release, qd or bid use

Long acting insulin analogues VS. NPH

9.5 02 W Detemir pm
. [ Detemir twice daily
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2 Estimated differences

Long acting insulin analogues cause
less hypoglycemia than NPH
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Levemir/ Lantus cause less weight gain than NPH

W Detemir pm
@ Detemir twice daily
E NPH pm
B NPH twice daily
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Riddle 2003 Hermansen 2006 Philis-Tsimikas 2006
24 weeks 24 weeks 20 weeks

Levemir has less mitogenic potency
than Lantus
IR IGF-1R IR Metabolic Mitogenic

affinity  affinity offrate potency potency

Human

insulin =100 =100 =100 =100 =100
X10 205 587 14 207 975
Insulin

aspart 92 81 81 101 58
Ilnsulm 84 5 100 6 o
lispro

Insulin

glargine 86 641 152 60 783
Insulin

detemir 18 16 204 27 11

Kurtzhals et al. Diabetes 2000;49:999




Insulin use timing

Acute illness and hyperglycemia

Increased stress hormone levels
Increased epinephrine
Type 1 D M Increased cortisol
Glucocortcoid therapy
Centinuous enteral nutrition

T2DM, sugar not well controlled under e
OADs

Decreased immune function

Decreased wound healing

Stress, lliness, Infection, Surgery
Hyperglycemic emergency (DKA, HHS) Ersonaid i

OAD contraindication (Allergy, liver or
renal impairment) e ——

N Engl J Med 355:18
Diabetes Care 2003;26: S121-125; JAMA 2003; 28 . 1903-11; 2006
Figure 1. The Relationship between Acute lliness and Hyperglycemia.

Inpatient sugar level and prognosis Glycemic goal in impatient

Table 1. Glycemic targets in hospitalized patients.

Table 1. Summary Data from Randornized Clinical rals of Intensive Insulin Therapy in Critcaly l Patents#

Noof  Type Blood Glucose Level Blood Glucose Level Primary Odds Ratio All Critically lll Patients
Trial Name (Source) Patients ~ of ICU Targeted Achleved; Oulcome Rate of Outcome (95%Cl) BG between 140 and 180 mg/dL
Intersive  Coventional  Intensive ~ Corventionel Intensiva ~ Conveni IV insulin preferred
Gl Clucose  Gueose  Glucose Gluose  Glicose e .
Contel ~ Contol~ Control ~~ Correl Contral ~ Contrel Non-Critically Iil Patients
Pre-meal < 140
prat Random < 180
lewen ] (Yanden Bergheetal’) 1548 Sugicdl  G0-110  180-X 103 189 DeathiniCU 46 30 058038078 Scheduled SC dosing preferred
Lewven 2 (VndanBergheetal’) 1200 Medicel  §0-10  180- 1L 153 Deathinhospital 373 00 084 084-106) Hypoglycemia*
Glucontrol (Devosetal.* Preiser 1101 Genersl ~ 80-110  140-130 118 44 DeathinICU 167 152 L10{084-L44)

Reassess regimen if BG <100 mg/dL
Modify regimen if BG < 70 mg/dL

JC:personal commurication)
VISEP (Brunihorstetal % 537 Generel  80-110  130-200 112 151 Deathat2days 247 %0 Not reported

0 Geel G- Ll 18 W5 Dethatddys M5 W9 Sliding-Scale Insulin

Discouraged

§)

N Engl J Med 360:13 1346- Curr Med Res Opini 26:589-98; 2010

Basal-Bolus regimen Calculate Total Daily Dose (TDD)

Table 1. Determining a TDD for Insulin-Naive Patients

Basal/bolus regimen mimics normal insulin profile

TDD Estimation Patient Characteristics
Breakfast  Lunch Dinner = Short-acting 0.3 units/kg body weight + Underweight
insulin bolus .
Older age
= = Long-acting insulin &
E | Normal basal coverage Hemodialysis
2| insulin -
]| B 0.4 units/kg body weight Normal weight
=
2 0.5 units/kg body weight Overweight
@
E = 0.6 units/kg body weight Obese
T Insulin resistant
z Glucocorticoids
T T T T T T |
4 am 8 am Noon 4em 8pm  Midnight 4 am 8am

Diabetes

Clinical Diabetes 29:11-9; 2011




Divide TDD to meal time and
basal insulin

& & Basal Insulin (Levemir) = TDD X 50%

& = % Bolus Insulin (NovoRapid) =
(TDD X 50%) / 3

O BRI R B P A EE S
TAREDHE

Clinical Diabetes 29:11-9; 2011

Correctional insulin

* Low Dose Scale fs r
.  insuiin doses.

* High Dose Scale is recommended for patients on steroids. TPN or tul h basal or meal insviin doses
Capllary Blood 5] u] n] u]

Glucose Low Dose Moderate Dose High Dose Individualized Dose

<70 mg/dL Implement Implement Implement Implement

hypoglycemia policy hypaglycemiz policy hypoglycemia policy hypoglycemia policy

140 mg/dL or less 0 units 0 units 0 units

141-180 mg/dL 1 units 2 units 3units

181-220 mg/dL 2 units 4 units B units

221-260 mg/dL 3units 6 units 9 unts

261-300 mg/dL 4 units 8 units 12 units

301-340 mgidL 3 units 10 units 13 units

>340 mg/dL B units 12units 18 units

Clinical Diabetes
29:11-9;2011

Case

55 y/o woman, DM, HTN
Metformin(500) 1# tid, Amaryl (2) 1#qd
BH 155, BW 80

admitted for fever for 3 days and flank
pain r/o APN, on CMZ
one touch AC 224

mm) St Novorapid (224-140)/20 U

HbA1C
Shift OHAs to Insulin

How much 1U Insulin will
lower glucose

“1700” Rule (for analogue)

+ Divide 1700 by the TDD
ed. 80 kg insulin resistant patient
TDD =80 X 0.6 =48
1700/ 48 = 35
“1500” rule for Human insulin

Diabetes Technol Ther 5:237 , 2003
Davidson PC et al. Endocr Pract 14:1095-1101, 2008

Hyperglycemia protocol

Follow Hypoglycemia Pofosal (Poliey N 3.0, ForBGH <70 mgtl: 1 ALERTIRESPONSIVE, give 6 oz reqular soda, echeck BGH n {3 minuie
F UNRESPONSIVENRO, WITH IV ACCESS give 25 mL D30 WV recheck BGM in 15 minuts, WITHNO IV ACCESS, gve f m Glcagon M.
postion onside echeck BGM n 13 minutes NOTIFY physician.

Clinical Diabetes 29:11-9; 2011

Divide TDD to Meal time and
basal insulin

& & Basal Insulin (Levemir) = (80X 0.6) X
50% =24 U

& = % Bolus Insulin (NovoRapid) =
(80 X 0.6X 50%) /3 =8 U

NovoRapid 8U-8U-8U tid AC
Levemir 24 U hs



Dose correction

* NovoRapid 8U- U tid AC, Levemir
24 U hs

* One touch sugar 142, 168, 185, 225
* Increase dinner NovoRapid
(225-140)/20 = 4U

NovoRapid 8U-8U-12U tid AC
Levemir 24 U hs

From admission to discharge

* NovoRapid 8U-10U-12U tid AC,
Levemir 26 U hs

« TDD = 8+ 10+12+26 = 56

* Novomix (56X 2/3) before breakfast
Novomix (56X 1/3) before dinner
corrected by one touch sugar bid ac

BID R and NPH

normal
Lnsulin
production

|

12pm Ereakfast  Lunch Dinner
Time

Dose correction

* NovoRapid -10U-12U tid AC,
Levemir 24 U hs

* One touch sugar 142, 78, 134, 156
+ Decrease breakfast NovoRapid
(140-78)/20 = 4U

NovoRapid 8U-10U-12U tid AC
Levemir 24 U hs

NG Feeding

Table 4. Sample Insulin Requirement Calculation for a Patient on
Enteral Feedings

Sample: Insulin dose caleulation for 80 kg patient with a BMI of 24 kg/m? on
continuous enteral feeding

Step 1 | TDD calculation.
TDD: 0.4 units/kg x 80 = 32 units

Step2 | Insulin dosing based on type of insulin.
Glargine insulin dose: 32 units subcutaneously dailv or
NPH insulin dose: 16 units subcutaneously twice daily |

Step 3 | Correctional scale estimation.

Low correctional scale insulin is most appropriate for patient
requiring an estimated TDD of 32 units. Order correctional scale
every 4 hours with rapid-acting analogs and every 6 hours with
regular insulin

Clinical Diabetes 29:11-9; 2011

NPO with IVF, TPN

Guideline algorithm for initiation of total p al nutrition in
i and of hyper i

patients,

Consider starting separate insulin infusion to treat glucose higher than target
If not feasible- use insulin in TPN bag in any patient at risk of hyperglycemia

On IV insulin infusion* IV insulin infusion not feasible
Monitor fingerstick glucose every Euglycemic Hyperglycemic >300 mg/dl
1-2 hours until stable, then every
4 hours

v
15 units insulin/ 20 units insulin/  normalize before
100g dextrose 100g dextrose

v v '

Monitor fingerstick every 4-6 hours, and supplement
with rapid acting insulin given subcutaneously as
needed to maintain goal glucose values

Put 50% of the prior 24
hour insulin into next TPN
bag to reduce need for
drip, assuming no change
in clinical status
Put ~75% of the subcutaneous insulin dose into the next
TPN bag, assuming no change in clinical status

Joslin Diabetes Center and Joslin Clinic; 2007



IV Insulin to Sub. Insulin

Table 3. Sample Conversion From I'V to Basal/Bolus Insulin

Sample: Basal/bolus insulin dose calculation for a patient started on diet who

required 2 units/hour of insulin overnight while NPO

Step |

Basal dose calculation

Patient’s hourly insulin infusion rate while NPO = 2 units/hour
24-hour basal insulin dose during stress = 24 x hourly infusion rate
=24 x 2 = 48 units

Adjusted basal dose accounting for stress reduction = 2/3 x 24-hour
basal rate = 2/3 x 48 = 32 units of glargine

Step 2

TDD calculation
TDD = dose is 2 x adjusted basal dose = 2 X 32 = 64 units

Step 3

Mealtime bolus dose calculation
Patient just started to cat, so 10% of basal dose can be started with

|l each meal = 0.1 X 32 = 3 units with each meal

Step 4

Correctional scale estimation
A moderate-level correctional scale is most appropriate for an esti-
mated TDD of 64 units

Clinical Diabetes 29:1 1-9; 2011
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