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Exogenous Basal InsulinExogenous Basal Insulin

Desirable characteristics for basal insulin

 Single daily injection  24-hour coverage

 Plasma glucose profiles without peaks 

 Consistent absorption profiles
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 Single daily injection  24-hour coverage

 Plasma glucose profiles without peaks 

 Consistent absorption profiles



Intrasubject Variability (GIR)Intrasubject Variability (GIR)
With NPH InsulinWith NPH Insulin
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Scholtz et al. Scholtz et al. Diabetologia. Diabetologia. 1999;42(suppl 1):A235.1999;42(suppl 1):A235.

Vial $25Vial $25
5 Pens $435 Pens $43

((WalmartWalmart))Inject Every 8 Hours

Intrasubject Variability (GIR)Intrasubject Variability (GIR)
With UltralenteWith Ultralente® InsulinInsulin
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Seipke et al. Diabetologia. 1992;35(suppl 1):A4. Lantus package insert. Seipke et al. Diabetologia. 1992;35(suppl 1):A4. Lantus package insert. 

Lantus® Insulin
(glargine [rDNA origin])

Lantus® Insulin
(glargine [rDNA origin])

 Asparagine at position A21 replaced by glycine
– Provides stability

 Addition of two arginines at the C-terminus of the B-
chain

– More soluble at slightly acidic pH and less soluble at 
physiologic pH of subcutaneous tissue

 Asparagine at position A21 replaced by glycine
– Provides stability

 Addition of two arginines at the C-terminus of the B-
chain

– More soluble at slightly acidic pH and less soluble at 
physiologic pH of subcutaneous tissue
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ExtensionExtension

A-chainA-chain

B-chainB-chain
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1

Vial $189Vial $189
1 Pen $501 Pen $50

(with discount)(with discount)

Mechanism of Action of Lantus®Mechanism of Action of Lantus®

Clear solution pH 4.0Clear solution pH 4.0

MicroprecipitationMicroprecipitation

DissolutionDissolution

Insulin in bloodInsulin in blood

Seipke et al. Diabetologia. 1992;35(suppl 1):A4. Hilgenfeld et al. Diabetologia.1992;35(suppl 1):A193.Seipke et al. Diabetologia. 1992;35(suppl 1):A4. Hilgenfeld et al. Diabetologia.1992;35(suppl 1):A193.

pH 7.4pH 7.4
InjectionInjection Injection of an acidic solution (pH 4.0)Injection of an acidic solution (pH 4.0)

Microprecipitation of Lantus in 
subcutaneous tissue (pH 7.4)

Microprecipitation of Lantus in 
subcutaneous tissue (pH 7.4)

Slow dissolution of free hexamers
from microprecipitated Lantus

(stabilized aggregates)

Slow dissolution of free hexamers
from microprecipitated Lantus

(stabilized aggregates)

Protracted actionProtracted action



Lantus package insert. Lantus package insert. 

Pharmacokinetics of Lantus® Insulin 
(glargine [rDNA origin]):

Pharmacokinetics of Lantus® Insulin 
(glargine [rDNA origin]):

LantusLantus

NPH human insulinNPH human insulin
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End of observation periodEnd of observation period

Other Basal Other Basal InsulinsInsulins::
LevemirLevemir ((detemirdetemir) $457) $457
TresibaTresiba ((degludecdegludec) $502) $502

(5 pens (5 pens  1,500 U)1,500 U)

Intrasubject Variability (GIR) withIntrasubject Variability (GIR) with
LantusLantus® Insulin (glargine)Insulin (glargine)

Scholtz et al. Scholtz et al. Diabetologia. Diabetologia. 1999;42(suppl 1):A235.1999;42(suppl 1):A235.
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Basal Insulin in Type 1 DiabetesBasal Insulin in Type 1 Diabetes

RosenstockRosenstock et al., Diabetes Care 23:1137et al., Diabetes Care 23:1137--1142, 20001142, 2000

256 Patients,  FPG = 202 mg/dl,  HgbA1c = 7.9%  4 weeks  256 Patients,  FPG = 202 mg/dl,  HgbA1c = 7.9%  4 weeks  (NPH bid or HS)(NPH bid or HS)

FPG: (G vs N)
166 vs 203 mg/dl

FPG: (G FPG: (G vsvs N)N)
166 166 vsvs 203 mg/dl203 mg/dl

Hypoglycemia in Type 1 DiabetesHypoglycemia in Type 1 Diabetes

RatnerRatner et al., Diabetes Care 23:639et al., Diabetes Care 23:639--643, 2000643, 2000

534 Patients534 Patients

FPG = 202 mg/dlFPG = 202 mg/dl

HgbA1c = 7.7%HgbA1c = 7.7%

Goal FPG Goal FPG ---->>

8080--120 mg/dl120 mg/dl

28 weeks28 weeks

(NPH bid or HS)(NPH bid or HS)

FPG: (G FPG: (G vsvs N)N)

--30 30 vsvs --6 mg/dl6 mg/dl

HgbA1c:HgbA1c:

--0.16 0.16 vsvs --0.210.21



Basal Insulin in Type Basal Insulin in Type 22 DiabetesDiabetes

RosenstockRosenstock et al., Diabetes Care 23:631et al., Diabetes Care 23:631--636, 2000636, 2000

518 Patients518 Patients
Age ~ 59.4 yrsAge ~ 59.4 yrs
BMI ~ 30.5BMI ~ 30.5
White ~ 80%White ~ 80%
No oral agentsNo oral agents
FPG = 191, 200 mg/dlFPG = 191, 200 mg/dl
HgbA1c ~ 8.6%HgbA1c ~ 8.6%
CC--peptide = 0.6 peptide = 0.6 mmol/lmmol/l
NPH bid ~ 80%NPH bid ~ 80%

Goal FPG  < 120 mg/dlGoal FPG  < 120 mg/dl
28 weeks 28 weeks (NPH bid or HS)(NPH bid or HS)

Hypoglycemia in Type Hypoglycemia in Type 22 DiabetesDiabetes

YkiYki--JarvinenJarvinen et al., Diabetes Care 23:1130et al., Diabetes Care 23:1130--1136, 20001136, 2000

426 Patients426 Patients
Age ~ 59 yrsAge ~ 59 yrs
BMI: 28.9BMI: 28.9
SU SU ++ Met, Met, AcarAcar > 1 yr> 1 yr

(continued)(continued)
FPG ~ 190 mg/dlFPG ~ 190 mg/dl
HgbA1c ~ 9.0%HgbA1c ~ 9.0%
CC--peptide = 0.95 peptide = 0.95 mmol/lmmol/l

Bedtime insulin onlyBedtime insulin only
Goal FPG  < 117 mg/dlGoal FPG  < 117 mg/dl
52 weeks52 weeks



Hypoglycemia in Type Hypoglycemia in Type 22 DiabetesDiabetes

YkiYki--JarvinenJarvinen et al., Diabetes Care 23:1130et al., Diabetes Care 23:1130--1136, 20001136, 2000

426 Patients426 Patients
Age ~ 59 yrsAge ~ 59 yrs
BMI = 28.9BMI = 28.9
SU SU ++ Met, Met, AcarAcar

(continued)(continued)
FPG ~ 190 mg/dlFPG ~ 190 mg/dl
HgbA1c ~ 9.0%HgbA1c ~ 9.0%
CC--peptide = 0.95peptide = 0.95

Bedtime insulin Bedtime insulin 
Goal FPG  < 117 Goal FPG  < 117 
52 weeks52 weeks

Hypoglycemia in Type Hypoglycemia in Type 22 DiabetesDiabetes

YkiYki--JarvinenJarvinen et al., Diabetes Care 23:1130et al., Diabetes Care 23:1130--1136, 20001136, 2000

426 Patients426 Patients
Age ~ 59 yrsAge ~ 59 yrs
BMI = 28.9BMI = 28.9
SU SU ++ Met, Met, AcarAcar > 1 yr> 1 yr

(continued)(continued)
FPG ~ 190 mg/dlFPG ~ 190 mg/dl
HgbA1c ~ 9.0%HgbA1c ~ 9.0%
CC--peptide = 0.95 peptide = 0.95 mmol/lmmol/l

Bedtime insulin onlyBedtime insulin only
Goal FPG  < 117 mg/dlGoal FPG  < 117 mg/dl
52 weeks52 weeks



FoodFood
AbsorptionAbsorption

&&
GlucoseGlucose

MetabolismMetabolism

Glucose Response to FoodGlucose Response to Food



Glucose Response to FoodGlucose Response to Food

Glucose Response to FoodGlucose Response to Food



Carbohydrate Metabolism
Liver: Glucose Production

Glycogen

Glucose-1-P

Glucose-6-P

Fructose-6-P

Fructose-1,6-diP

Glyceraldehyde-3-P

Pyruvate

Krebs

Cycle

Galactose

Glucose

Fructose

Amino

Acids

Glucose

Energy

FastingFasting

Carbohydrate Metabolism
Postprandial Liver Storage

Carbohydrate MetabolismCarbohydrate Metabolism
Postprandial Liver StoragePostprandial Liver Storage

GlycogenGlycogen

GlucoseGlucose--11--PP

GlucoseGlucose--66--PP

FructoseFructose--66--PP

FructoseFructose--1,61,6--diPdiP

GlyceraldehydeGlyceraldehyde--33--PP

PyruvatePyruvate

KrebsKrebs

CycleCycle

GalactoseGalactose

GlucoseGlucose

FructoseFructose

AminoAmino

AcidsAcids

GlucoseGlucose

TriglyceridesTriglycerides

After MealAfter Meal



Type 1 DM on Basal InsulinType 1 DM on Basal Insulin

Glucose 25 Glucose 25 gmsgms
Fructose 24 Fructose 24 gmsgms

Hughes et al., Am J Hughes et al., Am J ClinClin NutrNutr 49:65849:658--666, 1988.666, 1988.

Type 1 DM on Basal InsulinType 1 DM on Basal Insulin

Glucose 25 Glucose 25 gmsgms
Lactose 50 Lactose 50 gmsgms

(Glucose + (Glucose + GalactoseGalactose))

Hughes et al., Am J Hughes et al., Am J ClinClin NutrNutr 49:65849:658--666, 1988.666, 1988.



Type 1 DM on Basal InsulinType 1 DM on Basal Insulin

Glucose 25 Glucose 25 gmsgms
Protein 25 Protein 25 gmsgms
Fat 25 Fat 25 gmsgms

((SalomiSalomi))

Hughes et al., Am J Hughes et al., Am J ClinClin NutrNutr 49:65849:658--666, 1988.666, 1988.

Type 1 DM on Basal InsulinType 1 DM on Basal Insulin

Glucose 25 Glucose 25 gmsgms
Bread 25 Bread 25 gmsgms glucose/glucose/carbscarbs
Apple 25 Apple 25 gmsgms glucoseglucose

+ 50 + 50 gmsgms fructosefructose

Hughes et al., Am J Hughes et al., Am J ClinClin NutrNutr 49:65849:658--666, 1988.666, 1988.



Hughes et al., Am J Hughes et al., Am J ClinClin NutrNutr 49:65849:658--666, 1988.666, 1988.

Glucose Response to FoodGlucose Response to FoodGlucose Response to Food

ꞏ Conclusions:
– Only the glucose component of food impacts the 

blood glucose level

– Fructose and galactose are only converted to 
glucose when given alone

– Fat and protein probably slow the absorption of 
glucose

– Protein alone does increase blood glucose a small 
amount

ꞏ Conclusions:
– Only the glucose component of food impacts the 

blood glucose level

– Fructose and galactose are only converted to 
glucose when given alone

– Fat and protein probably slow the absorption of 
glucose

– Protein alone does increase blood glucose a small 
amount



Glucose Response to FoodGlucose Response to FoodGlucose Response to Food

ꞏ Food Calculations:
– Starches are 100% glucose

– “Sugars” are ~50% glucose

• Sucrose, Lactose, Fruit (depends)

– Fiber is non-absorbed carbohydrate

– Therefore:

• Glucose = total carb – half sugars – fiber

• Add up the number of servings

• Initially take one unit of short-acting insulin per 10 grams 
of glucose and then adjust depending on blood glucose 
response

ꞏ Food Calculations:
– Starches are 100% glucose

– “Sugars” are ~50% glucose

• Sucrose, Lactose, Fruit (depends)

– Fiber is non-absorbed carbohydrate

– Therefore:

• Glucose = total carb – half sugars – fiber

• Add up the number of servings

• Initially take one unit of short-acting insulin per 10 grams 
of glucose and then adjust depending on blood glucose 
response

Glucose Response to FoodGlucose Response to FoodGlucose Response to Food

Practice: 
Time 7:40 AM 
Blood Glucose: 186 mg/dl 
Breakfast:         per serving: 
Food:   Carbs Sugars Fiber Glucose Servings 

One cup of Del Monte Lite fruit cocktail ______  ______ ______ ______ ______ 

8 oz skim milk  ______  ______ ______ ______ ______ 

½ cup Quaker Oats  ______  ______ ______ ______ ______ 

3 strips of bacon  ______  ______ ______ ______ ______ 

2 egg beaters  ______  ______ ______ ______ ______ 

 

  Total Glucose for meal: __________      

  
 Insulin for Food:      _________   Units 
 
 Insulin supplement:     _________   Units 



Glucose Response to FoodGlucose Response to FoodGlucose Response to Food

ꞏ Information Sources:

– Food Labels

– http://www.fatsecret.com/calories-

nutrition/usda/white-bread

– USDA web site: www.nal.usda.gov/fnic/

– Restaurants must provide this information

ꞏ Information Sources:

– Food Labels

– http://www.fatsecret.com/calories-

nutrition/usda/white-bread

– USDA web site: www.nal.usda.gov/fnic/

– Restaurants must provide this information

Glucose Response to FoodGlucose Response to FoodGlucose Response to Food



 Fast onset of action (<15 minutes)

 Short duration to match food (<3 hours)

 Easy to make small increments in dosage

 Accurate delivery (reproducible)

 Painless

 Convenient storage and delivery

 Inexpensive

 Fast onset of action (<15 minutes)

 Short duration to match food (<3 hours)

 Easy to make small increments in dosage

 Accurate delivery (reproducible)

 Painless

 Convenient storage and delivery

 Inexpensive

Insulin Bolus to Cover Ingested 
Glucose & Corrections

Insulin Bolus to Cover Ingested 
Glucose & Corrections

Insulin SecretionInsulin Secretion

FerranniniFerrannini & Mari: Metabolism 63:1217& Mari: Metabolism 63:1217--1227, 20141227, 2014

Non-Diabetic
Subjects

Glucose

Plasma
Insulin

Insulin
Secretion

Rate



Time, Hours

600

500

400

300

200

100

0

Humalog 10 U

Humulin® R (REGULAR 
insulin human injection, USP 
[rDNA origin]) 10 U

0 1 2 3 4 5 6 7 8 9 10 11 12

Glucose 
Infusion 

Rate, 
mg/min

Data from Howey DC, et al. Diabetes. 1994;43:396-402.

Humulin is a registered trademark of Eli Lilly and Company.

Biological Action of Humalog vs. Regular Insulin: 
Glucose Clamp Study in Healthy Subjects

17

Other Other ““RapidRapid””
InsulinsInsulins::
NovologNovolog
ApidraApidra

LyumjevLyumjev

CVS: CVS: Vial $49Vial $49
5 Pens $835 Pens $83

Effect of Dose (sc) of Humulin R and Humalog 
on Time-Action Profile in Healthy Volunteers

sc, subcutaneous.
Data from Woodworth JR, et al. Diabetes. 1993;42(suppl 1):54A.

1    2     3     4    5     6     7     8

Glucose 
Infusion 

Rate 
(mg/min)

800

700

600

500

400

300

200

100

0

800

700

600

500

400

300

200

100

0
1    2     3     4    5     6     7     8

Time/h Time/h

Humalog

0.30 U/kg (n=3)

0.20 U/kg (n=9)

0.10 U/kg (n=9)

0.05 U/kg (n=6)

18

Humulin® R (REGULAR insulin)
USP [rDNA origin])   

70 kg person:
21 units
14 units
7 units

3.5 units



Time (Minutes)Time (Minutes)
Baseline insulin concentration was maintained Baseline insulin concentration was maintained 
by infusion of 0.2by infusion of 0.2 mUmU/min/kg human insulin./min/kg human insulin.

Glucose Response to a High Caloric Glucose Response to a High Caloric 
Meal in Patients with Type 1 DiabetesMeal in Patients with Type 1 Diabetes

HumalogHumalog prescribing information, © 2000.prescribing information, © 2000.
1919
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Management of Type 1 
Diabetes

Management of Type 1 
Diabetes

ꞏ Use a stable basal insulin to control the fasting 
glucose level

ꞏ Adjust boluses to cover different meal compositions 
(“glucose counting”)

ꞏ Use “supplemental” insulin at breakfast and supper to 
correct miscalculations or uncontrolled factors 
(typically one unit for every 25 mg/dl above 100)

ꞏ Reduce both basal and boluses for exercise

ꞏ Use a stable basal insulin to control the fasting 
glucose level

ꞏ Adjust boluses to cover different meal compositions 
(“glucose counting”)

ꞏ Use “supplemental” insulin at breakfast and supper to 
correct miscalculations or uncontrolled factors 
(typically one unit for every 25 mg/dl above 100)

ꞏ Reduce both basal and boluses for exercise



Typical Supplemental Insulin 
Regimen 

Typical Supplemental Insulin 
Regimen 

         Blood Glucose: Adiustment:
 <50 Eat a carbohydrate snack immediately (15-30 grams). 

  Take the full meal insulin dose after eating the whole meal. 
 50-70 Subtract 2 units from the meal insulin and take after eating the meal.  
   If no meal is planned, eat a small snack (15 grams carbohydrate). 
 71-125 No Adjustment is needed. 
 126-150 Add 1 U short-acting insulin 
 151-175 Add 2 U short-acting insulin 
 176-200 Add 3 U short-acting insulin 
 201-250 Add 4 U short-acting insulin 
 251-300 Add 6 U short-acting insulin 
 301-350 Add 8 U short-acting insulin 
 351-400 Add 10 U short-acting insulin 
 >400 Add 12 U short-acting insulin, check urine ketones 
 

Use only if it has been 5 hours since last bolusUse only if it has been 5 hours since last bolus

Diabetes Mellitus in the US: OverviewDiabetes Mellitus in the US: OverviewDiabetes Mellitus in the US: Overview

Approximately 15 million Americans
- 1 in every 17 people
- half do not know they have it

625,000 new cases diagnosed yearly

Leading cause of
- blindness in adults
- renal failure
- nontraumatic amputations

15% of total healthcare costs ($105 billion annually)

Approximately 15 million AmericansApproximately 15 million Americans
-- 1 in every 17 people1 in every 17 people
-- half do not know they have ithalf do not know they have it

625,000 new cases diagnosed yearly625,000 new cases diagnosed yearly

Leading cause ofLeading cause of
-- blindness in adultsblindness in adults
-- renal failurerenal failure
-- nontraumaticnontraumatic amputationsamputations

15% of total healthcare costs ($105 billion annually)15% of total healthcare costs ($105 billion annually)

More than 90% of cases are type 2 diabetesMore than 90% of cases are type 2 diabetes

Harris M. In: Diabetes in America. 2nd ed. 1995;chap 1.
Rubin RJ et al. J Clin Endocrinol Metab. 1994;78:809A-809F.

Harris M. In: Diabetes in America. 2nd ed. 1995;chap 1.
Rubin RJ et al. J Clin Endocrinol Metab. 1994;78:809A-809F.

PrevalencePrevalence

IncidenceIncidence

ImpactImpact




