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• Natural course of DM type 2



Progressive beta cell damage

• Type 2 diabetes is a progressive disease

• At the time of diagnosis, patients with type 2 diabetes have an 
estimated loss of about 50% of their insulin-producing







Need for Insulin 

• Insulin therapy is thus frequently required during the course of the 
disease to maintain glycemic control and prevent diabetes 
complications.

• In the UK Prospective Diabetes Study, 9 years after diagnosis almost 
80%of patients on oral agents required insulin supplementation



Insulin remains the most potent antihyperglycemic
agent available for uncontrolled T2DM patients

Intervention Expected ↓ in HbA1c

Insulin No upper limit

Metformin 1.5%

Sulfonylureas 1.5%

Glinides 1 to 1.5%a

TZDs 0.5 to 1.4%

-Glucosidase inhibitors 0.5 to 0.8%

GLP-1 agonist 0.5 to 1.0%

Pramlintide 0.5 to 1.0%

DPP-IV inhibitors ~0.8%
a Repaglinide is more effective than nateglinide

Adapted from Nathan DM et al. Diabetes Care 2006;29(8):1963-72.



Goal achievement?

• Attainment of glycemic targets using insulin remains difficult

• In a recent review of 48 randomized clinical trials using insulin in T2DM 
patients with a mean baseline HbA1c of 8.7%, only 40–54% achieved an 
HbA1c of less than7%

Diabetes Res Clin Pract2011, 92:1–10



Insulin 
 A hormone secreted by the beta cells 

 Secreted in response to glucose or other stimuli, such as 
amino acids

 Normal response characterized by low basal levels of insulin, 
with surges of insulin triggered by a rise in blood glucose
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MIMICKING NATURE WITH INSULIN THERAPY

The Basal/Bolus Insulin Concept

• Basal Insulin
– Suppresses glucose production between meals and overnight

– Nearly constant levels 

– 50% of daily needs

• Bolus Insulin (Mealtime or Prandial)
– Limits hyperglycemia after meals

– Immediate rise and sharp peak at 1 hour 

– 10% to 20% of total daily insulin requirement at each meal

6-20



Ideal Basal Insulin

• Closely mimic normal pancreatic basal insulin secretion

• No distinct peak effect

• Continued effect over 24 hours

• Once-daily administration for patient compliance

• Good glycemic control

• Low incidence of hypoglycemia

• Less weight gain

• Predictable 

• Safe



Insulin Preparations

Insulin Onset (hr) Peak (hr) Duration (hr)

Lispro,

Aspart,

Glulisine

<0.25 1-2 3-4

Regular 0.5-1 2-3 3-6

NPH 2-4 4-10 10-16

Glargine 1-2 Flat 24

Detemir 1-2 Flat 12-24



INSULIN GLARGINE

Gly

Asn

-A-Chain

1 5 15 20 25

1 5 10 15 20

3010

ArgArgB-Chain Extension

Substitution

 A-chain has an Asparagine to Glycine substituiation 

at position A21

 Two positively charged  Arginine  are added  at the 

C terminus of  the B chain



GLARGINE: Mechanism of  Action

Clear Solution 

pH4

pH 

7.4

Precipitation

Dissolution

Capillary Membrane

Insulin in Blood

Hexamers Dimers Monomers

10-3 M 10-5M 10-8 M

Injection of an acidic solution
(pH 4.0)

Precipitation of insulin glargine
in subcutaneous tissue (pH 7.4)

Slow dissolution of free insulin
glargine hexamers from micro
precipitates (stabilized aggregates)

Protracted action



 A soluble derivative of human insulin

 Threonine has been removed at position B30

 A  14-carbon fatty acid side-chain has been attached to position  B29

INSULIN DETEMIR



Diabetes Care 26:3080–3086, 2003



Length of F/U = 24 weeks



Mean FPG at end point was similar with glargine and NPH (117 vs. 120 mg/dl)



Both insulins reduced mean HbA1c from 8.6% at baseline to 7% at 
end point, with nearly 60% of patients reaching 7% or less.

Mean HbA1c at end point was similar with glargine and NPH ( (6.96 vs.6.97%).



Dosage of Insulin

• At wk 24, mean insulin glargine dose was higher than 
mean NPH insulin dose:

Insulin glargine NPH insulin 

48.8 IU/day      42.4 IU/day , P<0.001

Rosenstock J, Riddle M, HOE901/4002 Study Group.  Diabetes 2002;51(suppl 2):A482. Abstract 1982-PO



Hypoglycemia

• Nocturnal Hypoglycemia reduced by 40% in the Glargine 
group (532 events) vs NPH group (886 events) 



Fewer events occurred with glargine than NPH, especially those confirmed 

by glucose tests , with no tendency for the between treatment difference 

to decline over time



• Objective: To determine risk for hypoglycemia in a 
meta-analysis of controlled trials of a similar design for 
insulin glargine versus once- or twice-daily NPH insulin 
in adults with type 2 diabetes

Diabetes Care 28:950–955, 2005



A total of 2,304 patients with type 2 diabetes were included in these studies:
1,142 in the insulin glargine and 1,162 in the NPH insulin treatment groups



Insulin glargine reduces hypoglycemic risk versus NPH in T2DM: Meta 
analysis

Risk of severe hypoglycemia and severe nocturnal hypoglycemia reduced by 46% (p = 
0.04) and 59% (p = 0.02), respectively, with insulin glargine

0.931 (0.771, 1.123); p = 0.455

0.591 (0.486, 0.718); p < 0.001

Mean (CI)

0.711 (0.586, 0.862); p = 0.001

Odds ratio

0   0.2   0.4   0.6   0.8   1.0    1.2  1.4   1.6   1.8   2.0 

Overall

Nocturnal

Daytime

Symptomatic hypoglycemic events

Increased riskReduced risk

Risk reduction mainly

observed at night

Rosenstock J, et al. Diabetes Care 2005;28:950−5.



Key message

• This meta-analysis in type 2 diabetes shows that with regard to 
attempting to improve glycemic control while avoiding severe and 
nocturnal hypoglycemia, insulin glargine provides a safer basal insulin 
supply than NPH insulin.



Swinnen SG, Simon ACR, Holleman F, Hoekstra JB, DeVries JH. Insulin detemir versus insulin glargine
for type 2 diabetes mellitus. Cochrane Database of Systematic Reviews 2011, Issue 7



Methods

• Objective: To assess the effects of insulin detemir and insulin glargine
compared with each other in the treatment of type 2 diabetes mellitus

• Selection criteria: All randomized controlled trials comparing insulin 
detemir with insulin glargine with a duration of 12 weeks or longer were 
included





Detemir vs. Glargine:

Head-to-Head Comparisons

 Hollander P, et al. Clin Ther.. 2008; 30:1976–1987

 A 52-week, multinational, open-label, parallel-group, non-inferiority, treat-

to-target trial comparing insulin detemir with insulin glargine in a basal-

bolus regimen with mealtime insulin aspart in patients with type 2

diabetes.

 Rosenstock J, et al. Diabetologia. 2008; 51:408–416.

 A randomised, 52-week, treat-to-target trial comparing insulin detemir

with insulin glargine when administered as add-on to glucose-lowering

drugs in insulin-naive people with type 2 diabetes.



Detemir vs. Glargine:

Head-to-Head Comparisons

 Raskin P, et al. Diabetes Metab Res Rev. 2009; 25:542–548.

 Comparison of insulin detemir and insulin glargine using a basal-bolus

regimen in a randomized, controlled clinical study in patients with type 2

diabetes.

 Swinnen SG, et al. Diabetes Care. 2010; 33:1176-8.

 A24-week, randomized, treat-to-target trial comparing initiation of insulin

glargine once-daily with insulin detemir twice-daily in patients with type 2

diabetes inadequately controlled on oral glucose-lowering drugs























Conclusion

• There is no clinically relevant difference in efficacy or safety between 
insulin detemir and insulin glargine for targeting hyperglycaemia.

• However, to achieve the same glycemic control insulin detemir was 
often injected twice-daily in a higher dose but with less weight gain, 
while insulin glargine was injected once-daily, with somewhat fewer 
injection site reactions.



U300 is a new long-acting basal insulin with a more constant and 
prolonged PK/PD profile vs Lantus®

U300Lantus®

Reduction of volume by 2/3

Reduction of depot surface by 1/2

U300

Same amount of units
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Median insulin concentration, µU/mL

241812
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0

Lantus®
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Glucose infusion rate (GIR), mg/kg/min

241812

U300
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Lantus®

0 6 30 36
Time, h

Blood glucose, mg/dL

241812

U300

Slower insulin release 
More constant PK/PD profile

Jax T et al. Poster presented at EASD 2013; Abstract 1029. Available at http://www.easdvirtualmeeting.org/resources/6226  Accessed May 2014
Steinstraesser A et al. Diabetes Obes Metab. 2014 Feb 26. doi: 10.1111/dom.12283. [Epub ahead of print]

Lantus®

PD, pharmacodynamic; PK pharmacokinetic

SAGLB.DIA.14.06.0065 / 2014.06



EDITION JP 1
N=243

BB
Basal insulin plus mealtime 

bolus insulin (fast-acting 

analogue)

EDITION 4
N=549

BB
Basal insulin plus mealtime 

bolus insulin (fast-acting 

analogue)

EDITION 1
N=807

BB
Basal insulin plus mealtime 

bolus insulin (fast-acting 

analogue)

EDITION 3
N=878

BOT
Basal insulin plus OAD 

(excl. SU) and/or GLP-1 

receptor agonists

EDITION 2
N=811

BOT
Basal insulin plus OAD 

(excl. SU)

EDITION JP 2
N=241

BOT
Basal insulin plus OAD

All Phase 3, ≥18 years

T2DM T1DM

EDITION program
Testing U300 vs Lantus® in several populations

BB, basal-bolus therapy; BOT, basal only therapy; GLP-1, glucagon-like peptide; OAD, oral antidiabetic drugs; SU, sulfonylureas

SAGLB.DIA.14.06.0065 / 2014.06



Objective: To compare the efficacy and safety of new insulin 
glargine 300 units/mL (Gla-300) with glargine 100 units/mL (Gla-
100) in people with type 2 diabetes on basal insulin (≥42 units/day) 
plus mealtime insulin

•. 2014 Oct;37(10):2755-62

Diabetes Care. 2014 Oct;37(10):2755-62



Baseline characteristics



At the end of treatment, HbA1c was 7.25% ( 0.85)  with 
Gla-300, and 7.28% (0.92)with Gla-100



Final total daily dosage was 1.53 units/kg/day (0.61) with Gla-300 and 
1.43 units/kg/day (0.60) with Gla-100



Fewer participants reported one or more confirmed (<70 mg/dl) or severe nocturnal 
hypoglycemic events with Gla-300 (36 vs. 46% with Gla-100; relative risk 0.79 (95% CI 
0.67–0.93)



Key message

• Gla-300 controls HbA1c as well as Gla-100 for people with type 2 
diabetes treated with basal and mealtime insulin, but with consistently 
less risk of nocturnal hypoglycemia



Check
FPG
daily

In the event of 
hypoglycemia or FPG 
level < 70 mg/dL

• Reduce bedtime insulin 
dose by 4 units, or by 
10% if >60 units

• Bedtime or morning long-acting insulin 

Daily dose: 10 units or 0.2 units/kg 
INITIATE

• Increase dose by 2 units every 3 
days until FPG is  (70–130 mg/dL)

• If FPG is >180 mg/dL), increase 
dose by 4 units every 3 days

TITRATE

Continue regimen and 
check HbA1c every 3 months

MONITOR

Titrate basal insulin as long as FPG > target
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How to Switch Between Insulin Products



Key elements

• Duration of action
• Flatness
• Number of injections
• Injection site reactions
• Rate of hypoglycemia
• Goal achievement of glycemia
• Dose requirement
• Variability
• Weight gain
• Quality of life
• Cardiovascular effect
• Cost
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Overbasalization

• Titration of basal insulin beyond an appropriate dose in an attempt to achieve 
glycemic targets.

• It can be identified by a basal insulin dose.0.5 units/kg/day, postmeal blood glucose 
levels>180 mg/dL, A1C not at goal despite attainment of the fasting blood glucose 
target, or a Bedtime-AM differential ≥50 mg/dL

Clin Diabetes 2020;38:304–310



• Aim: A post-hoc analysis to assess the impact in people with type 2 diabetes, of increasing doses of basal 
insulin on glycemic measures, body weight and hypoglycemia

• Data from prospective, randomized controlled treat-to-target trials of ≥24 weeks' duration in people with 
type 2 diabetes, uncontrolled on metformin and sulphonylureas, and treated with insulin glargine 100 
units/mL (U100), who had at least six fasting plasma glucose measurements were included

• The impact of insulin dose on HbA1c values, FPG, hypoglycemia incidence 70 mg/dl, and body weight was 
analyzed.

• A total of 458 participants from three eligible trials were included

Diabetes Obes Metab.2019 Jun;21(6):1305-1310



Effect of 0.1-IU/kg/d increases in daily insulin dose on the change in fasting plasma glucose 



Effect of 0.1-IU/kg/d increases in insulin dose on the change in glycated HbA1c



Weight change from baseline to study end by daily basal insulin dose (maximal dose/kg/day)



Key messages

• This study indicates a non-linear clinical response curve for basal insulin, with diminishing 
glycemic efficacy for doses of insulin >0.3 to 0.5 IU/kg/d and a plateauing glycemic effect 
with doses >0.5 IU/kg/d

• This is associated with the disadvantage of additional weight gain. Clinicians should 
consider anti-hyperglycemic treatment intensification at doses approaching 0.5 IU/kg/d


