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Insulin in combination with oral drugs
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Insulin in combination with oral drugs
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Insulin in combination with oral glucose-lowering agents 

Insulin in combination with oral glucose-lowering agents can be used at either

of two stages:

• an oral glucose-lowering agent may be added to

insulin;

• insulin therapy may be added to oral glucose-

lowering agents alone.Diapositiva preparata da CRISTINA BIANCHI e ceduta alla Società Italiana di Diabetologia. 
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Addition of  Glibenclamide to Insulin treatment          
in type 2 Diabetes

Stenman S. Diabetologia 1988; 31 : 206-213

15 type 2 diabetic patients who had failed on treatment with oral hypoglycaemic agents
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Insulin monotherapy vs. insulin plus sulphonylurea
- Cochrane meta-analysis -

Vos RC. Cochrane Database Syst Rev 2016;9:CD006992.

Change in HbA1c from baseline Change in body weight from baseline
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Metformin for obese insulin-treated diabetic patients
50 insulin-treated, obese diabetics 

Giuliano D. Eur J Clin Pharmacol 1993; 44:107 112
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Adding Metformin to Insulin in type 2 Diabetes
47 insulin-treated diabetics; follow-up: 4 months 

Relimpio F. Diabet Med 1998; 15: 997–1002
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Adding Metformin to Insulin in type 2 Diabetes
43 insulin-treated diabetics; follow-up: 24 months 

Avile´s-Santa L. Ann Intern Med 1999;131:182-188

The addition of metformin to insulin therapy resulted in hemoglobin A1c concentrations that
were 10% lower than those achieved by insulin therapy alone. This improvement in glycemic
control occurred with the use of 29% less insulin and without significant weight gain.
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Insulin monotherapy vs. insulin plus metformin
- Cochrane meta-analysis -

Vos RC. Cochrane Database Syst Rev 2016;9:CD006992.

Change in HbA1c from baseline Change in body weight from baseline
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Pioglitazone add-on to insulin therapy                         
in patients with type 2 Diabetes

289 type 2 diabetic patients inadequately controlled with insulin; follow-up: 6 months

Mattoo V. Clin Ther 2005; 27(5):554-67
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in patients with type 2 Diabetes

289 type 2 diabetic patients inadequately controlled with insulin; follow-up: 6 months

Mattoo V. Clin Ther 2005; 27(5):554-67
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Pioglitazone add-on to insulin therapy                  
in patients with type 2 Diabetes

289 type 2 diabetic patients inadequately controlled with insulin; follow-up: 6 months

Mattoo V. Clin Ther 2005; 27(5):554-67
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Pioglitazone add-on to insulin therapy                         
in patients with type 2 Diabetes

289 type 2 diabetic patients inadequately controlled with insulin; follow-up: 6 months

Mattoo V. Clin Ther 2005; 27(5):554-67
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No differences between treatment
groups at 6 months in the rate of
hypoglycemic episodes per 30 days or the
number of clinical hypoglycemic
episodes (blood glucose <2.8 mmol/L).

PLB+INS PIO+INS
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Insulin monotherapy vs. insulin plus acarbose
- Cochrane meta-analysis -

Vos RC. Cochrane Database Syst Rev 2016;9:CD006992.

Change in HbA1c from baseline

Change in body weight from baseline
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Saxagliptin added to insulin therapy                                
in patients with type 2 diabetes

Barnett AH. Curr Med Res Opin 2012;28(4):513-23

455 type 2 diabetic subjects using insulin± metformin

• At 24 weeks, the mean increase in total daily insulin dose was smaller for the saxagliptin group than for the placebo
group (difference: -3.3 U/day [95% CI: -5.6, -1.1]).

• Mean change from baseline in body weight at week 24 was 0.39 kg for saxagliptin and 0.18 kg for placebo.
• Hypoglycemia was reported in 18.4% and 19.9% of patients in the saxagliptin and placebo groups, respectively

(confirmed hypoglycemia: 5.3%, 3.3%).
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Insulin monotherapy vs. insulin plus DPP4-I     -
Cochrane meta-analysis -

Vos RC. Cochrane Database Syst Rev 2016;9:CD006992.

Change in HbA1c from baseline

Change in body weight from baseline
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Cardiovascular safety of Linagliptin
as add-on to Insulin in Type 2 Diabetes                                       

- A Post-Hoc Analysis -

Zinman B. Can J Diabetes 2016;40(1):50-7

Diapositiva preparata da CRISTINA BIANCHI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Dapagliflozin in patients with type 2 diabetes receiving 
high doses of insulin: change in HbA1c

Wilding JPH. Diabetes, Obesity and Metabolism 2014; 16: 124–136
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Dapagliflozin in patients with type 2 diabetes receiving 
high doses of insulin: change in body weight

Wilding JPH. Diabetes, Obesity and Metabolism 2014; 16: 124–136
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Dapagliflozin in patients with type 2 diabetes receiving high 
doses of insulin: change in daily insulin dose

Wilding JPH. Diabetes, Obesity and Metabolism 2014; 16: 124–136
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Dapagliflozin in patients with type 2 diabetes 
receiving high doses of insulin:                                                  

probability of  insulin up-titration or discontinuation

Wilding JPH. Diabetes, Obesity and Metabolism 2014; 16: 124–136
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SGLT2i & Euglycemic Diabetic Ketoacidosis

Rosenstock J,  Diabetes Care  2015; 38: 1638-1642

•↓ plasma glucose
•↓ insulin release and 
concentration

SGLT2i 
therapy

•↑gluconeogensis
•↑endogenous
glucose
production

↑ Glucagon
•↑ FFA
•↑ lipid oxidation

↑ Lipolysis Ketogenesis

Urinary glucose depletion
(glycosuria)

Ketoacidosis

Insulin deficency
and/or

Carbohydrate restriction
and/or
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Empagliflozin in insulin treated type 2 diabetes

Rosenstock J. Diabetes Obes Metab 2015; 17(10):936-48

494 type 2 diabetic subjects on basal insulin (glargine, detemir, NPH) – follow-up: 78 weeks  

-0.5%

-0.6%
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Empagliflozin in insulin treated type 2 diabetes:  
change in Blood Pressure

Rosenstock J. Diabetes Obes Metab 2015; 17(10):936-48

494 type 2 diabetic subjects on basal insulin (glargine, detemir, NPH) – follow-up: 18 weeks 
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Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes

Zinman B. N Engl J Med 2016; 374(11):1094
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Factors governing choice of  oral agent to use 
in combination with basal insulin

Clinical factor SU/Glinides MET Pioglitazone Acarbose DPP4-I SGLT2-I

Efficacy High High High Low Low Moderate

Cost Low Low Low Low High High

Weight Gain Slight loss Gain Neutral Neutral Loss

Risk of Hypos Increased Low Low Low Low Low

Chornic kidney
disease

Increased risk
of Hypos

Caution if
eGFR <30 

ml/min/1.73 m2

Increased risk
of fluid

retention
Not known DPP4-I dose 

adjastment
Reduced
efficacy

Heart failure Not known Neutral Increased risk
of HF Not known Increased risk

(?) Benefit

Cardiovascular
disease/mortality

Increased with
I-II generation Benefit Potential

benefit Neutral Neutral Benefit
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 The addition of all oral glucose-lowering agents in people with type 2 diabetes and
inadequate glycemic control who are on insulin therapy has positive effects on glycemic
control and insulin requirements.

 Additional weight gain can only be avoided by adding metformin or a SGLT-2 inhibitor to
insulin.

 The addition of sulphonylureas results in more hypoglycaemic events.

 The addition of pioglitazone results in more fluid retention and risk of heart failure.

 Other well-known adverse effects of oral glucose-lowering agents, as well as all proven or
potential positive non-glycemic effects that may reduces cardiovascular risk, have to be
taken into account when prescribing oral glucose-lowering agents in addition to insulin
therapy.

Take-home messages (I)
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Insulin in combination with oral glucose-lowering agents 

Insulin in combination with oral glucose-lowering agents can be used at either

of two stages:

• an oral glucose-lowering agent may be added to

insulin;

• insulin therapy may be added to oral glucose-
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Antihyperglycemic therapy in type 2 diabetes: 
ADA general recommendations

ADA. Diabetes Care 2017;40(Suppl. 1): S64–S74
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Addition of  Biphasic, Prandial, or Basal
Insulin to Oral Therapy in Type 2 Diabetes

-Treating to Target in Type 2 Diabetes (4-T) Study -

Holman RR. N Engl J Med 2007;357:1716-30
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Addition of  Biphasic, Prandial, or Basal
Insulin to Oral Therapy in Type 2 Diabetes   

-Treating to Target in Type 2 Diabetes (4-T) Study -

Holman RR. N Engl J Med 2007;357:1716-30
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Three-Year Efficacy of  Complex Insulin
Regimens in Type 2 Diabetes 

-Treating to Target in Type 2 Diabetes (4-T) Study -

Holman RR. N Engl J Med 2009;361:1736-47
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Basal Insulin vs. Prandial Insulin
in type 2 Diabetes on oral hypoglycaemic agents

- APOLLO Study -

Bretzel RG. Lancet 2008;371(9618):1073-84

418 patients with type 2 diabetes; follow-up: 44 weeks
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Combination therapy with bed-time insulin and 
oral hypoglycemic agents in type 2 Diabetes

96 patients poorly controlled with sulfonylurea therapy (mean HbA1c 9.9%)

Yki-Ja¨rvinen H. Ann Intern Med 1999;130:389-396

Bed-time insulin+metformin Bed-time insulin+both oral agentsBed-time insulin+glyburide Bed-time+morning insulin
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Continuation vs. discontinuation
of secretagogues when initiating insulin

Swinnen SG. Diabetes Obes Metab 2010;12(10):923-5

964 patients with type 2 diabetes - combination of  metformin and/or secretagogues with basal insulin
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Sulfonylurea+Insulin vs. Metformin+Insulins:  
mortality rate

- A retrospective Danish nationwide study -

11,081 patients used SU + insulin and 16,910 used metformin + insulin                                                      
followed from 1 January 1997 to 31 December 2009

Mogensen UM. Diabetologia 2015; 58(1):50-8.

All cause-mortality Cardoivascular death Acute MI-Stroke-Cardoivascular death
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Insulin in combination with oral drugs:                   
some concerns

Initiating or intensifying insulin therapy is associated with some concerns about:

• Weight gain

• Hypoglycemia

• Complexity of regimens
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Anabolic effects of  
insulin

Attenuation of  insulin-
evoked satiety

Frequent hypoglycemic 
episodes

Excessive reliance on insulin
to normalize glucose

readings

Genetic factors Low IGF-II prior to 
insulin initiationCorrection of glycosuria Catch-up process

↑ Lipogenesis in muscle
and adipose tissue

↑ Hunger
↑ Food intake

Defensive snacking False sense of  
freedom to eat

↑ Energy loss
↓ Utilization of  calories

Greater central weight 
gain and dyslipidemia

Poor regulation
of fat mass

Regain of  uncontrolled 
diabetes-induced

weight loss

Weight increase

Factors explaining body weight increase in T2D 
on insulin treatment
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Combination therapy with bed-time insulin and 
oral hypoglycemic agents in type 2 Diabetes

96 patients poorly controlled with sulfonylurea therapy (mean HbA1c 9.9%)

Yki-Ja¨rvinen H. Ann Intern Med 1999;130:389-396

Bed-time insulin+metformin Bed-time insulin+both oral agentsBed-time insulin+glyburide Bed-time+morning insulin
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Insulin glargine or NPH combined with 
metformin in type 2 diabetes

- The LANMET study -

Yki-Järvinen H. Diabetologia 2006; 49: 442–451

NPH + MET Glargine + MET
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Glargine and Detemir weight impact in RCTs
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Insulin in combination with oral drugs:                   
some concerns

Initiating or intensifying insulin therapy is associated with some concerns about:

• Weight gain

• Hypoglycemia

• Complexity of regimens
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Insulin in combination with oral drugs:                   
some concerns

Initiating or intensifying insulin therapy is associated with some concerns about:

• Weight gain

• Hypoglycemia

• Complexity of regimens
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NPH + OAD
Insulin glargine + OAD

Riddle MC. Diabetes Care 2003; 26, 3080

Insulin glargine or NPH                                   
combined with oral therapy in type 2 diabetes 

- The Treat-to-target study -
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Insulin degludec vs. insulin glargine
in insulin-naive subjects with type 2 diabetes         

- BEGIN Once Long -

Zinman B. Diabetes Care 2012; 35:2464–2471

Similar (p=0.28) weight gain at the end of  the trial: degludec (+2.4 kg) and glargine (+2.1 kg)
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Insulin degludec vs. insulin glargine
in insulin-naive subjects with type 2 diabetes            

2 years extension study

Rodbard HW. Diabet Med 2013; 30: 1298–1304
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Degludec vs. Glargine in Type 2 Diabetes 
- The DEVOTE 3 study -

Marso SP. N Engl J Med 2017;377(8):723-732
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Cardiovascular safety of  Degludec
- The DEVOTE 3 study -

Marso SP. N Engl J Med 2017;377(8):723-732
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Relationships between severe hypoglycaemia, 
cardiovascular outcomes and mortality

- The DEVOTE 3 study -

Pieber TR. Diabetologia 2017
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 The addition of insulin therapy in people with type 2 diabetes and inadequate glycaemic
control who are on oral glucose-lowering agents has positive effects on glycaemic control.

 Patients who added a basal or prandial insulin-based regimen to oral therapy had better
glucose control than patients who added a biphasic insulin-based regimen.

 Fewer hypoglycemic episodes and less weight gain occurred in patients adding basal
insulin, especially basal insulin analogue (degludec > glargine/detemir ).

 In patients starting insulin therapy, the concomitant use of metformin and/or SGLT-2
inhibitor may positively impact on body weight and insulin doses, while continuing
a secretagogues may result in more hypoglycaemia and weight gain.

Take-home messages (II)
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Insulin in combination with oral drugs:                   
some concerns

Initiating or intensifying insulin therapy is associated with some concerns about:

• Weight gain

• Hypoglycemia

• Complexity of regimens
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Combination injectable therapy for type 2 diabetes

ADA. Diabetes Care 2017;40(Suppl. 1): S64–S74
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Two single-dose regimens of  insulin glulisine plus 
insulin glargine and oral antidiabetic drugs

- OPAL Study -

Lankisch MR. Diabetes Obes Metab 2008;10(12):1178-85

393 patients with type 2 diabetes

HbA1c at baseline  and end-point 

p <0.0001 p <0.0001 
p <0.0001 
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Basal Plus vs. Biphasic Insulin in Type 2 Diabetes 
- LanScape Study -

Vora J. Diabetes Obes Metab 2015;17(12):1133-41
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A stepwise approach for treatment intensification 
in Type 2 diabetes

Adapted from Raccah D. Diabetes Metab Res Rev 2007; 23:257

Novel
combinations?

(GLP1 receptor agonists, 
Pramlintide)

Basal Plus
1 prandial for
largest glucose

excursion

Basal Plus
2 prandial for
largest glucose

excursions

Basal Bolus
Basal + 3 
prandial

Basal Insulin
once daily

(treat-to-target)

Diet
&

Exercise

OHA mono
or

combo

HbA1c  ≥ 7.0% HbA1c  ≥ 7.0%, FBG on target
PPG≥160 mg/dl

Time
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Grazie per 
l’attenzione!
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