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Insulin Indications

• Type 1 diabetes (100%) T1D ≈ 30’000 12.5 per 100’000  

• Type 3c diabetes (40%) T3cDM ≈ 10’000 7.9 per 100’000
Pancreatogenic DM

• Type 2 diabetes (25%) T2D ≈ 100’000 
• Therapeutic failure
• Diabetic decompensation
• Corticosteroid therapy
• Non-adherence
• Intra-hospital

American Diabetes A. 2. Classification and diagnosis of diabetes. Diabetes Care. 2021
Hardt PD et al. Is pancreatic diabetes (type 3c diabetes) underdiagnosed and misdiagnosed? Diabetes Care. 2008

TYPE of DM % on insuline        Nb of Swiss people Incidence  



Place of insulin

ADA 2017

If HbA1c >10%
If glycemia > 16.7 mmol/l
If symptomatic
à Consider insulin
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Insulin place in case of Diabetes and CKD
à 1 SGLT2/GLP-1RA à CV safety, DPP-4 à insulin last choice



Living with diabetes (Type 1 or Type 2)

Powers et al. Diabetes Care 2020;43: 1636–1649
Scherer, 2005 

Affective phenomena is a term regrouping emotions, moods, preferences, attitudes, affect
dispositions or interpersonal stances. They are highly present in diabetes management.
There is a need to separate affect from psychiatric disease in diabetes (ADA 2021).
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Insulin clearance Quiz

FSIGT ?
Time for endogenous Insulin clearance ?
% Hepatic insulin clearance ?
Insulin extraction ? 

Postulates for futur research that lower clearance and higher
ambient insulin levels could be a risk factors for :
- T2D
- Alzheimer dx
- Cancers

FSIGT

Piccinini P et al. Diabetes Care 2020;43:2296-2302
Bergman R. et al Am. J. Physiol 1979; 236



History • Iletin 1922
• Protamine/zinc 1936
• Isophane (NPH) 1946
• Lente insulin 1951

• Lantus 2000
• Levemir 2000
• Tresiba 2011
• Toujeo 2015
• Fiasp 2017

• Lyjumej 2021

Asparte (B28Asp human insulin)
Lispro (B28Lys,B29Pro human insulin )
Glulisine (Lys B29 par Glu et Asn A3 par Lys)
URLi (pro B28 et B29 par Lys)
Detemir [B29Lys-tetradecanoyl),desB30 human insulin]
Glargine (A21Gly,B31Arg,B32Arg human insulin)
Glargine U300 (A21Gly,B31Arg,B32Arg human insulin)
Degludec (LysB29(Nε-hexadecandioyl-γ-Glu) des(B30) human insulin)   

A21

B30

S--S

S--S S--S

Chaine A (21 acides aminés)

Chaine B (30 acides aminés)



Nom DCI Nom du stylo (ml et nb Ui) Prix boite et nb stylo Prix de 10Ui Indication

Insulatard® NPH FlexPen 3 ml: 300 CHF 53.80 5 0.36 .- Since 2 years old

Huminsulin® NPH KwikPen 3 ml: 300 CHF 52.55 5 0.37 .- Since 3 years old

Levemir® detemir FlexPen 3 ml: 300 CHF 81.90 5 0.61 .- Since 2 years old

Abasaglar® glargine KwikPen 3 ml: 300 CHF 68.40 5 0.46 .- Since 2 years old

Lantus® glargine Solostar 3 ml: 300 CHF 83.70 5 0.57 .- Since 2 years old

Toujeo® glargine 300 Solostar 1.5 ml: 450 CHF 69.35                3 0.57.- Since 6 years old

Tresiba® degludec Flextouch 3 ml: 300 CHF 110.05 5 0.73 .- Since 1 years old

Tresiba 200 ® degludec 200 Flextouch 3 ml: 600 CHF: 128.80 3 0.72 .- Since 1 years old

long acting insulin

Insulin icodec* (icodec) is a novel once-weekly basal insulin analog in development

Rosenstock J. et al. N Engl J Med 2020



Loading dose Icodec

Similar Hypoglycemia Duration with Once-Weekly Insulin Icodec vs. Insulin Glargine U100 in Insulin Naïve or 
Experienced Patients with T2D
Post hoc analysis explored hypoglycemia duration using double-blinded CGM (Dexcom G6®) data 
from 2 phase 2, randomized, open-label, treat-to-target 16-week trials. 
- One trial compared 3 titration algorithms of icodec vs. insulin glargine U100 (IGlar U100) in 205 insulin-naïve patients with T2D (NCT03951805) 
- Other trial assessed 154 basal insulin-treated patients with T2D switching from any daily basal insulin to icodec with or without a 100% loading dose 

vs. IGlar U100 (NCT03922750).

Median overall hypoglycemic episode duration (IQR) was
40.0 (20.0, 75.0) min for icodecLD
40.0 (25.0, 80.0) min for icodec NLD
35.0 (20.0, 60.0) min for IGlar U100.

an initial 100% loading dose
2x [icodec LD] vs (icodec NLD ] 
To glargine

In conclusion, CGM-derived hypoglycemic episode duration was similar with icodec vs. IGlar U100 in 
insulin-naïve and insulin-experienced patients with T2D, regardless of titration algorithm or initial 
loading dose use.

https://diabetes.diabetesjournals.org/lookup/external-ref?link_type=CLINTRIALGOV&access_num=NCT03951805&atom=/diabetes/70/Supplement_1/191-OR.atom
https://diabetes.diabetesjournals.org/lookup/external-ref?link_type=CLINTRIALGOV&access_num=NCT03922750&atom=/diabetes/70/Supplement_1/191-OR.atom


Ultra rapid acting – rapid acting

Nom DCI Nom du stylo (ml et nb Ui) Prix boite et nb
stylo

Prix de 
10Ui

Aux USA

NovoRapid asparte FlexPen 3 ml: 300 (U-100) CHF 54.60 5 0.36 .- 179$

Humalog lispro KwikPen
Junior (0.5U)

3 ml: 300 (U-100) CHF 54.75 5 0.37 .- 212$

Apidra glulisine 3 ml: 300 (U-100) CHF 92.10 5 0.61 .- 350$

Fiasp Fast acting 
asparte

FlexPen 3 ml: 300 (U-100) CHF 68.40 5 0.46 .- 356$

Lyumjev Lispro-aabc KwikPen
Junior (0.5U)

3ml: 300 (U-100) 
U-200

CHF 66.05 5 0.44.- 424$

US price compared to Switzerland : 3-7 fold



Randomized, double-blind, 2-period, crossover study compared pharmacokinetics and 
glucodynamics of URLi vs. Humalog during recovery from hyperglycemia (plasma glucose [PG] >240 
mg/dL) due to missed meal bolus or basal insulin suspension in 32 adults with T1D on CSII.

Faster Recovery from Hyperglycemia with Ultrarapid Lispro (URLi) vs. 
Humalog in Patients with Type 1 Diabetes (T1D) on Continuous
Subcutaneous Insulin Infusion (CSII)

JENNIFER LEOHR et al. Diabetes 2021;70:190-OR©2021 by American Diabetes Association

1.3 mmol/l/H
23 min. earlier

1.3 mmol/l/H
16 min. earlier



Following a missed meal bolus, a correction dose of URLi reduced maximum PG (-13 
mg/dL; p=0.02), produced more rapid decline in PG (23 mg/dL/hr; p=0.07), and achieved
recovery (PG 140 mg/dL) 23 min earlier (p=0.1) vs. Humalog.

Similar results were observed during recovery of hyperglycemia due to basal suspension: a 
correction dose of URLi reduced maximum PG (-6 mg/dL; p=0.02), produced faster PG 
decline (24 mg/dL/hr; p<0.001), and achieved recovery 16 min earlier (p=0.001) vs. 
Humalog.

The early 50% tmax for insulin lispro occurred sooner (-6 or -12 min; p<0.001), and early
insulin exposure was greater (2.5 or 4.3 fold, AUC0-15min; 1.7 or 2.5 fold AUC0-30min; both
p<0.001), with URLi vs. Humalog after correction bolus for a missed meal bolus or basal 
insulin suspension, respectively.

During episodes of hyperglycemia commonly experienced by patients with T1D, a 
correction dose of URLi provided faster recovery vs. Humalog, reflective of the faster
insulin absorption.

JENNIFER LEOHR et al. Diabetes 2021;70:190-OR©2021 by American Diabetes Association

Results and conclusions



Ultra rapid acting – rapid acting – short acting insulins
Nom DCI Onset Peak 

Minutes
Duration
hours

Indications

Ultra-rapid acting

Fiasp Fast acting 
asparte

16-20 63 5-7 CSII, Child

Lyumjev Lispro-aabc 15-17 57 4.6-7.3 CSII

Afrezza Inhaled 12 35-55 1.5-4.5

Rapid-acting

NovoRapid asparte 10-20 30-90 3-5 CSII, Child, 
Pregnancy

Humalog lispro 10-20 30-90 3-5 CSII, Child, 
Pregnancy

Apidra glulisine 10-20 30-90 3-5 CSII, Child

Short acting insulin
Humulin R HUMAN 30-60 120-240 5-8

Novolin R HUMAN 30 80-120 Up to 8
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• Academic trial (NHS funded)

• Interventional, randomized, parallel-assigned, open-label clinical trial that
recruited 5000 participants on metformin with a mean age of 57.2 years in order
to compare the effectiveness of multiple medications in patients with type 2
diabetes long-term in 4 intervention groups of 1250 subjects.
• Glimepiride/Sitagliptin/Liraglutide/Insulin glargine

• The study consisted of a diverse population, including white (n=3314), black
(n=1000), Asian (n=182), and Hispanic/ Latino ethnicity patients (n=929), among
others.

• Baseline HbA1c 6.8-8.5% (7.5% mean)



Metabolic endpoints:
Primary : time to a confirmed HbA1c ≥ 7% a
Secondary : time to a confirmed >7.5% and initiate glargine in non-
glargine groups
Tertiary : time to an HbA1c of >7.5% following the initiation of glargine.
Secondary endpoints: microvascular outcomes, cardiovascular disease
(CVD) outcomes, and adverse effects.



























b-cell function differed by sex and race and 
was associated with the concurrent level of 
HbA1c. 
Values of HbA1c differed among the races

Rasouli N. et al. Diabetes Care 2021



Glycemia Reduction Approaches in Diabetes
A Comparative Effectiveness (GRADE)

• T2D evolution à HbA1c progression similar to ADOPT study
• Insulin glargin is as effective as lira, sita or glimep to keep HbA1c 

undercontrol (cavea : low dosage (< 0.5Ui/kg)
• Glargin choice : à do not have an impact on HbA1c progression 

(mechanisms : b-cell apoptosis, insulin clearance, etc.)
- weight neutral
- increase blood pressure
- Low risk of hypo
- CV neutral
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Hypoglycemia

• A reduction in plasma glucose concentration to a level that may 
induce symptoms or signs such as altered mental status and/or 
sympathetic nervous system stimulation1. 
• The most common cause of hypoglycemia in patients with diabetes is 

injecting a shot of insulin and skipping a meal or overdosing insulin1.
• Severe hypoglycemic (SH) events are reported in 14% of people with 

T1D and 8.9% with T2D (27’585 insulin treated patients 24 countries2)
• Impaired Awarness of Hypoglycemia (IAH) is common in T1D (11.8%) 

and T2D (9.7%) independently of HbA1c level 3,4) à Risk Factor for SH
1.Frier B, Nature Rieview Medicine, 2014
2.Khunti K et al. Diabetes, Obesity and Metabolism, 2016
Lian A et al. BMJ Open Diab Res Care 2020
Weinstock RS et al J Clin Endocrinolo Metab, 2013



Hypoglycemia burden

T2D T1D



ADA 2021 and Hypoglycemia burden

Comparison of Treatment with Insulin Degludec and Glargine U100 in Patients with Type 1 Diabetes
Prone to Nocturnal Severe Hypoglycaemia (HypoDeg): A Prospective, Randomized, Open-Label, 
Crossover Trial
Materials and Methods: Pre-defined optional substudy of the HypoDeg trial, a 2-year investigator-initiated, randomized, cross-over trial where 149 participants with T1D were
randomized to treatment with IDeg or IGlar. Fifty-one participants (mean (SD) age 58 (13) years, diabetes duration 28 (14) years and HbA1c 7.8 (1) %) were admitted for two
nights for hourly blinded plasma glucose measurements for a minimum of one night (23:00h to 07:00h) during each 1-year treatment period. The primary endpoints were NH
at level 1 (PG ≤ 3.9 mmol/L) and level 2 (PG < 3.0 mmol/L).

Conclusion: In people with T1D and recurrent nocturnal severe hypoglycemia, treatment with IDeg as compared to IGlar results in a clinically significant lower rate of NH at
both levels of hypoglycemia.

737-P: Efficacy and Safety of Insulin Glargine 300 U/mL (Gla-300) in People with Type 2 Diabetes
Mellitus (T2DM) Uncontrolled on Basal Insulins (BI): ARTEMIS-DM Study
Patients were then randomized 1:1 to receive Gla-100 + OADs (n=192) or Asp 30 + OAD (n=192) for 24 weeks. Mean (SD) age
was 54.2 (8.8) years, BMI was 26.0 (3.1) kg/m2, and duration of diabetes was 6.8 (3.0) years. At week 24, the least square mean
(SE) change from baseline in HbA1c was -1.72% (0.07) and -1.70% (0.07) in the Gla-100 and Asp 30 groups, respectively (Table); 
group difference (-0.01%; 95% CI -0.20, 0.17) met the pre-specified non-inferiority criteria (upper bound 95% CI <0.4%). All 
hypoglycemia events were significantly lower in the Gla-100 group.
In conclusion, compared with Asp 30 + OAD, Gla-100 + OAD showed similar efficacy but lower hypoglycemia risk in Chinese T2D 
patients.



Amir Moheet

ADA 2021 and Hypoglycemia burden

https://www.ada2021.org/speakers/7fffd4dc-fe70-46bb-adb1-1d4fbdb005d6/Amir-Moheet










45-OR: Hypoglycemia, Glycemic Variability, and Risk of Cardiac
Arrhythmias in Insulin-Treated Patients with Type 2 Diabetes

Insulin-treated patients with type 2 diabetes (T2D) are at risk of hypoglycemia, which is associated
with an increased risk of cardiovascular disease.

We investigated the association between episodes of hypoglycemia, glycemic variability and cardiac
arrhythmias in a real-life setting.

Insulin-treated patients with T2D (N=21, [mean±SD] age 66.8±9.6 years, BMI 30.1±4.5 kg/m2, HbA1c
6.8±0.4% [51.0±4.8 mmol/mol]) were included for a one-year observational study employing
continuous glucose monitoring (118±6 days) and implantable cardiac monitors (ICMs).

The ICMs detected 724 episodes of clinically relevant arrhythmias in 12 (57%) patients, with atrial
fibrillation and pauses accounting for 99% of the episodes. No association between hypoglycemia
and cardiac arrhythmia was found during daytime.
During nighttime, subject-specific hourly incidence of cardiac arrhythmias tended to increase with the
occurrence of hypoglycemia but only slightly with increasing time in hypoglycemia (Figure).
Subject-specific incidence of cardiac arrhythmias during nighttime increased with increasing glycemic
variability as estimated by coefficient of variation and standard deviation.



ANDREAS ANDERSEN et al. Diabetes 2021;70:45-OR

©2021 by American Diabetes Association

45-OR: Hypoglycemia, Glycemic Variability, and Risk of Cardiac Arrhythmias in Insulin-Treated Patients with Type 2 Diabetes

In conclusion, cardiac arrhythmias were common in insulin-treated patients with T2D and 
were associated with glycemic variability, whereas arrhythmias were not strongly associated
with hypoglycemia.



To investigate the effect of hypoglycemia on left ventricular ejection fraction (LVEF) and global 
longitudinal strain (GLS) in people with type 1 diabetes (T1DM) and in healthy controls (HC).

Methods: We enrolled 15 adults with T1DM (M/F 9/6, age 47±19 years, HbA1c 7.9±2.9%, diabetes
duration 22.5±12.6 years) and 14 HCs (M/F 7/7, age 39±17 years). 

All participants underwent a hyperinsulinemic normoglycemic (5.3±0.4 mmol/L, 30 min) hypoglycemic
(2.8±0.5 mmol/L, 60 min) glucose clamp. At baseline and approximately 30 min into the hypoglycemic
phase (steady-state), a cardiac ultrasound was performed (by the same person), for later analysis.

Results: All participants had sinus rhythm at baseline and none developed arrhythmias during
hypoglycemia. We found no difference between T1DM and HC for LVEF measured at baseline. In 
response to hypoglycemia, LVEF increased from 58.1±2.6% at baseline to 63.7±4.0% in the T1DM 
group (p<0.0005) and from 58.0±3.8% to 64.7±2.4%, (p<0.005) in the HC group. 

GLS was unchanged (-20.9±1.5% to -21.3±3.5% (p=0.800)) in the T1DM group, but a numerical
decrease from -19.6±3.0% to -22.0±2.7% (p=0.084) was seen in the HC. 
Age did not modulate the effect of hypoglycemia on LVEF or GLS.

46-OR: Hypoglycemia Increases the Left Ventricular Ejection Fraction in 
People with Diabetes and Healthy Controls



Conclusion: An event of hypoglycemia increases the LVEF significantly in people with diabetes.

Presumably due to the catecholamines chronotropic, inotropic and peripheral contracting effect. The
result of this would be increased cardiac output, increased oxygen consumption and metabolism and
thereby increased load on the heart. This may contribute to explain the link between hypoglycemia
and cardiovascular disease.

46-OR: Hypoglycemia Increases the Left Ventricular Ejection Fraction in 
People with Diabetes and Healthy Controls



Effect of Continuous Glucose Monitoring on Glycemic Control 
in Patients With Type 2 Diabetes Treated With Basal Insulin A 

Randomized Clinical Trial

A six-month study that assessed the effect of Dexcom G6 use among people with type 2 diabetes on basal 
insulin-only, other glucose-lowering medications, or diet and exercise. 

The study included 38 participants with an average A1C of 10.1% (and all participants had values above
7.5%). Basal Insulin mean : 0,47Ui/kg.

Time in Range of 57%, BMI of 36 kg/m2, average age of 59 years, who had lived with diabetes for 14 years on 
average, and typically completed fewer than three fingerstick tests per day. 

Participants received CGM training from the clinic staff and attended three- and six-month clinic visits to 
review data and adjust medications as needed.

Martens T et al.  JAMA. 2021;325(22):2262-2272



Martens T et al.  JAMA. 2021;325(22):2262-2272

A1C reduction: A1C went down to 7.1% (baseline 10.1%). This 
was seen among people using one, two, or more medications



RESULTS:
•Time in Range (70-180 mg/dL): increased by 3.6H/day
to 72%.
•Time in hyperglycemia (above 10 mmol/l): fell 3.6 
hours per day, from 43% to 28%. 
•two fewer hours per day in severe hyperglycemia
(above 250 mg/dL).

CONCLUSION:
Among adults with poorly controlled type 2 diabetes
treated with basal insulin without prandial insulin, CGM,
as compared with BGM monitoring, resulted in
significantly lower HbA1c levels at 8 months.

Martens T et al.  JAMA. 2021;325(22):2262-2272



Autonomic nerves:
Neuropathy

Impaired coronary 
vasomotor capacity

Cardiac muscle:
Specific heart 
disease 
(cardiomyopathy)

Diastolic and 
systolic dysfunction 

Modified from: Retnakaran & Zinman, Lancet 2008; 371:1790-99

Impact of hypoglycemia : Take home message ADA 2021

Coronary arteries:
Endothelial 
dysfunction

Calcification

Atherosclerosis

• Hypoglycaemia is a common adverse effect of insulin and sulphonylureas.
• Severe hypoglycemia are associated with increased mortalité in T1D + T2D
• Sympathoadrenal activation in response to hypoglycaemia has haemodynamic, 

and electrophysiological effects (LVFE, bradycardia at night).
• Prevention of hypoglycaemia is key -->  of IAH in T2D and T1D 
• New technologies, such as real-time continuous glucose monitoring and insulin

pumps, might also help.
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Prior to insulin start
• Clinical situation (physiopathology, complications, etc)

• Contraindication to anti-diabetic drugs
• Diabetic decompensation

• Human Factor (phase of living with diabetes)
• Diabetes distress
• Adjustment
• Clinical inertia/Treatment adherence
• Diabetes Self-management education, training and support

• Insulin management
• Patient autonomy
• Dosage et follow up 
• Periodic reassessments

Never forget in the hierarchy of diabetes management

that the aim of therapy is :

1. Symptomatic relief

2. Glucometabolic control 

3. Vasculometabolic control



Diabetes self management : a full time job !

4-7 Glycémies/j
CGM use > 75%

8h 12h 19h
Insulinothérapie maitrisée Educational skills : IDF

Advanced skills


