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RD Lawrence, 1892-1968 

“….The attempt to keep the blood sugar constantly normal may be ideal in 
theory, but in practice it is very difficult to achieve and makes the diabetic life 
unnecessarily hard without adequate benefit…”

Lawrence RD. The Diabetic Life: It’s Control by Diet and Insulin. 13th ed. J&A Churchill, 1944
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DCCT/EDIC. Diabetes 2013; 3976

Glucose managment
Pump or MDI (> 3/day) (%)
Glucose monitoring > 4/day (%)
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Association Between 7 Years of Intensive Treatment of Type 1
Diabetes and Long-term Mortality
Writing Group for the DCCT/EDIC Research Group

DCCT/EDIC JAMA. 2015;313:45-53

Data are reported from the Diabetes Control and Complications Trial (DCCT; 1983-1993) and the subsequent observational follow-up
Epidemiology of Diabetes Interventions and Complications (EDIC) study (1994 to December 31, 2012). Hazard ratios (HRs), CIs, and
P values were obtained from a Cox proportional hazards model. For the intensive vs conventional treatment groups (intent-to-treat
analysis), HR = 0.67 (95% CI, 0.46-0.99); P = .045.
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• Only a minority of adults (21%) and youth (17%) with T1D achieve ADA goals for

A1C, despite increasing use of insulin pump and CGM

• Severe hypoglycemia is still a common complication especially in older patients

• DKA remains an issue especially in younger patients

CURRENT STATE OF TYPE 1 DIABETES TREATMENT IN U.S.

Foster NC et al, Diabetes Technol Ther, 2019 
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ANNALI AMD 2018
VALUTAZIONE DEGLI INDICATORI AMD DI QUALITA' DELL'ASSITENZA AL DIABETE IN ITALIA

Annali AMD 2018

28,3%
(HbA1c < 7%)

35.1%
(HbA1c 7-8%)

22.8%
(HbA1c 8-9%)

13.8%
(HbA1c >9%)

HbA1c (media±DS) 7,8±1,3 
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• Individualized glycemic targets
• Optimized insulin therapy
• Life-long education support

Type 1 Diabetes Treatment
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Type 1 Diabetes Treatment

Diapositiva preparata da CARMINE G. FANELLI e ceduta alla Società Italiana di Diabetologia. 

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



Lane W. et al. JAMA. 2017;318:33-44

The overall rates of severe hypoglycemia were 61.2 per 100 patient-
years (DCCT. Diabetes 1997; 46: 271-286)

-26%
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Kruszynska YT, et al. Diabetologia. 1987;30:16-21.

Insulin Replacement Therapy Aims to Recreate the Normal Blood 
Insulin Profile
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IN PHYSIOLOGY
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IN DIABETES

Subcutaneous                               
Insulin

Portal                
Circulation

Systemic                       
Circulation

FatMuscle
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The Long Road of Insulin Substitution

Adapted from Cahn A et al. Lancet Diabetes Endocrinol 2015;3:638–652.

Despite advances for optimising insulin replacement therapy, many patients 
with T1D struggle to attain a good glycaemic controlDiapositiva preparata da CARMINE G. FANELLI e ceduta alla Società Italiana di Diabetologia. 
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Insulin Therapy

ADA Standards of Care 2020; 
Standard Italiani SID- AMD 2018

• Insulin treatment is essential for individuals with type 1 diabetes.

• Insufficient provision of insulin causes not only hyperglycemia but also metabolic
disturbances like hypertriglyceridemia and ketoacidosis, as well as tissue catabolism.

• Insulin requirements can be estimated based on weight (0.4 to 1.0 U/kg/day). Higher
amounts are required during puberty, pregnancy, and medical illness.

• 0.5 U/kg/day as a typical starting dose in patients with type 1 diabetes who are
metabolically stable, with half administered as prandial insulin given to control blood glucose
after meals and the other half as basal insulin to control glycemia in the periods between
meal absorption.Diapositiva preparata da CARMINE G. FANELLI e ceduta alla Società Italiana di Diabetologia. 

Per ric
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Insulin Therapy

• Longer-acting basal analogs (U-300 glargine or degludec) may confer a lower hypoglycemia
risk compared with U-100 glargine in individuals with type 1 diabetes.

• Most individuals with type 1 diabetes should use rapid-acting insulin analogs to reduce
hypoglycemia risk.

• Most people with type 1 diabetes should be treated with multiple daily injections of prandial
and basal insulin, or continuous subcutaneous insulin infusion.

ADA Standards of Care 2020; 
Standard Italiani SID- AMD 2018
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6.8

Titration is the process of gradually
adjusting the dose of a medication until

the required therapeutic effect is
reached, while avoiding as many side 

effects as possibile
Dailey G, Fine-tuning therapy with basal insulin for optimal glycemic

control in type 2 diabetes: a review. 

Curr Med Res Opin 2004;20:2007-14.

Titration in Medicine 
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HOW TO TITRATE BASAL INSULIN IN TYPE 1 DIABETES?

QUESTION
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Titration of basal insulin in T1DM

The Use of FPG to Titrate Basal Insulin in T1DM 
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• If the basal insulin dose is correct, the bedtime BG should be about the
same as the next morning’s FBS, assuming no snack rapid-acting insulin at
night time

• If the BG is decreasing significantly overnight, then the basal insulin dose is
too much

• If the BG is increasing significantly overnight, then the basal insulin dose is
too little.

The Use of FPG to Titrate Basal Insulin in T1DM
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• Basal insulin should not be titrated just based on the FBS; it should be
adjusted based on the relationship of the bedtime BG to the morning FBS

The Use of FPG to Titrate Basal Insulin in T1DM is
Necessary but NOT Sufficient
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Clinical experience: switching to and from
concentrated insulins

Current Therapy
Switch to U100 

Glargine
Switch to U300

Glargine Switch to Degludec

U100 Glargine --

Switch dose for 
dose the same; 
likely need to 

uptitrate

Consider
downtitrating by 

10%

U300 Glargine
Consider 

downtitrating by 
20%

--
Consider 

downtitrating by 
20%

Degludec

Switch dose for 
dose the same; 
likely need to 

uptitrate

Switch dose for 
dose the same; 
likely need to 

uptitrate

--
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Strategies for Treating PPG

• Titration of prandial insulin is a complex task and algorithms are not the keys.
• It requires an integrated approach with education of patients to choose and calculate

pre-meal doses accounting for variations in meal size, composition and physical
activity

• Postprandial glucose excursions may be better controlled by adjusting the timing of
prandial insulin dose administration

• The optimal time to administer prandial insulin varies, based on the type of insulin
used, measured blood glucose level, timing of meals, and carbohydrate consumption.

• Too many patients are still injecting after the meal, not before.
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Aspects of Self-Reported Diabetes Management in 2016–2018

Foster NC et al, DTT, 2019 

Insulin use
Timing of insulin bolus, n (%)
- At least several minutes before the meal
- Immediately before the meal
- During the meal
- After the meal

Premeal insulin was associated with lower HbA1c and 
fewer missed meal insulin dosesDiapositiva preparata da CARMINE G. FANELLI e ceduta alla Società Italiana di Diabetologia. 
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Pharmacokinetics and pharmacodynamics  of bolus insulins

Results: 80% of post-meal blood glucose peaks were
observed at less than 90 min after the start of the
meal.

Homko et al. Diabetes
Care 2003; 26: 2027-2031

• Retrospective analysis
• 69 ambulatory continuous glucose-monitoring

system (CGMS) profiles
• 75 consecutive insulin-treated patients with

diabetes
• The parameters measured were the peak post-

meal blood glucose values and peak time.
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Timing of Meal Insulin Boluses to Achieve Optimal Postprandial
Glycemic Control in Type 1 Diabetes

Cobry E et al. Diabetes Technol Ther
2010;12:173-7

Mean BG levels after meal initiation in three treatment arms

• PRE, bolus 20’ before the meal
• START, bolus at the meal start 
• POST, bolus 20’ after the meal start

P<0.05 for PRE versus START for 60, 90, and 120 min and for PRE versus POST for 30, 60, 90, 120, and 150 min.

N= 23 T1 DM
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ADA Standards of Care 2020

C
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Standard Italiani SID- AMD 2018
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Bell K.J. et al. Diabetes Care 2015, 38, 1008–1015

In type 1 diabetes:

• Fat reduces the early glucose response (the first 2–3 h after the meal).

• Fat delays the peak blood glucose due to the delayed gastric emptying.  

• Fat leads to late post meal (>3 h) hyperglycemia. 

• Fat consumption increases the need for insulin requirements.

• High-fat/protein meals require more insulin than lower-fat/protein 
meals with identical carbohydrate content.

Effect of Fat, Protein and Carbohydrates in a Meal on Postprandial Glycemia

Diapositiva preparata da CARMINE G. FANELLI e ceduta alla Società Italiana di Diabetologia. 

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



Adults with T1D using insulin pump
therapy.

On the first six visits, participants
consumed meals containing 45 g
carbohydrate with 0 g, 20 g, 40 g, or 60 g
fat and saturated, monounsaturated, or
polyunsaturated fat.

Insulin was dosed using individual
insulin/carbohydrate ratio as a dual-wave
50/50% over 2 h.

Diabetes Care 2020, 38, 43:59-66
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Adults with T1D using insulin pump
therapy.

On the first six visits, participants
consumed meals containing 45 g
carbohydrate with 0 g, 20 g, 40 g, or 60 g
fat and saturated, monounsaturated, or
polyunsaturated fat.

Insulin was dosed using individual
insulin/carbohydrate ratio as a dual-wave
50/50% over 2 h.

Diabetes Care 2020, 38, 43:59-66

To achieve glycemic control, on average participants
required dual-wave insulin bolus:

for 20 g fat, +6% insulin, 74/26% over 73 min;

For 40 g fat, +6% insulin, 63/37% over 75 min; and

For 60 g fat, +21% insulin, 49/51% over 105 min.

On subsequent visits, participants repeated the 20–60-
g fat meals with the insulin dose estimated using a
model predictive bolus (MPB) until glycemic control was
achieved.

CONCLUSIONS This study provides clinical guidance
for mealtime insulin dosing recommendations for
dietary fat in T1D.
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Adults with T1D using insulin pump
therapy.

On the first six visits, participants
consumed meals containing 45 g
carbohydrate with 0 g, 20 g, 40 g, or 60 g
fat and saturated, monounsaturated, or
polyunsaturated fat.

Insulin was dosed using individual
insulin/carbohydrate ratio as a dual-wave
50/50% over 2 h.

Diabetes Care 2020, 38, 43:59-66
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J Clin Endocrinol Metab 103: 2269–2276, 2018

42 T1DM

GE (Gastric Emptying) was
assessed by using the 13C-
octanoate breath test with a
standardized solid meal.
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Insulin requirements in patients with diabetes and declining kidney function

Ther Adv Endocrinol Metab (2013) 4:113–121
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Terapia insulinica del diabete nel paziente nefropatico

Trevisan R. et al.G It Diabetol Metab 2015;35:27-35
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DAWN AND DUSK

Diapositiva preparata da CARMINE G. FANELLI e ceduta alla Società Italiana di Diabetologia. 

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



Diapositiva preparata da CARMINE G. FANELLI e ceduta alla Società Italiana di Diabetologia. 

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



The Dawn Phenomenon

• The night-to-morning elevation of blood glucose before and, to a larger extent, after
breakfast, in subjects with type 1 diabetes:

• It reflects an increased need for insulin in the early morning

• It is a very frequent event in Type 1 diabetes, it is highly reproducible from day to
day; it is influenced by the duration of diabetes, glycaemic control, state of the
counterregulation system to hypoglycaemia and insulin sensitivity

• It contributes importantly to the intraday blood glucose variation of T1 DM subjects
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DAWN AND DUSK
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• The elevation of blood glucose (BG) in the afternoon, despite optimal 2-h post-lunch
BG control, after injection of rapid-acting insulin analog at lunch, in the absence of
afternoon snack

• It occurs in about one third of patients with Type 1 diabetes mellitus

• It is reproducible in individual T1DM patients

• It is relevant to BG control since it associates with elevation of HbA1c

DUSK PHENOMENON
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DUSK PHENOMENON: CAUSES

1) Not “enough” basal insulin  to cover the 24 h need
• not adequate insulin titration 
• short duration of action of the insulin formulation

2) Not adequate coverage of meal by rapid acting insulin
• too short duration of action of rapid-acting insulin
• inadequacy of carbo-counting
• meal composition (es: fat and fibres slowing down gastric emptying)
• Gastric emptying delayed

3) Insulin sensitivity
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N= 18 T1DM
Mean±SE

Time post dosing

PK-PD of Gla-300 and Gla-100 at Clinical Doses

Porcellati F. et al., Diabetes Care 2019 
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Bergenstal RM, et al. Diabetes Care 2017;40:554–60

Average 24-h glucose profiles during the last 2 weeks of each treatment period

Smoother 24 hr glucose profiles with Gla-300 without 
“pre-injection” hyperglycemia

A 16-week, exploratory, open-label, parallel-group, two-period crossover study designed to compare glucose 
control in patients with T1DM (N=59) receiving Gla-300 or Gla-100 in morning or evening, in combination with 
prandial insulin
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Lipodistrofia da iniezione di insulina: una riconosciuta 
(.. ma misconosciuta) causa di elevata variabilità glicemica

Landau S.. N Engl J Med 2012; 366:e9 Diapositiva preparata da CARMINE G. FANELLI e ceduta alla Società Italiana di Diabetologia. 
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Insulin Injection Technique

• It is important that insulin be delivered into the proper tissue in the right way .

• Proper insulin injection technique includes injecting into appropriate body areas,

injection site rotation, appropriate care of injection sites to avoid infection or other

complications, and avoidance of intra- muscular (IM) insulin delivery.

• Recommended sites for insulin injection include the abdomen, thigh, buttock, and 

upper arm

• Risk for IM insulin delivery is increased in younger and lean patients when injecting

into the limbs rather than truncal sites (abdomen and buttocks) and when using

longer needles
ADA Standard of Care, 2020
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Insulin Injection Technique

ADA Standard of Care, 2020

• Injection site rotation is additionally necessary to avoid lipodystrophies.

• Lipohypertrophy can contribute to erratic insulin absorption, increased glycemic

variability, and unexplained hypoglycemic episodes.

• Patients and/or caregivers should receive education about proper injection site

rotation and to recognize and avoid areas of lipohypertrophy

• Examination of insulin injection sites for the presence of lipohypertrophy, as

well as assessment of injection device use and injection technique, are key

components of a comprehensive diabetes medical evaluation and treatment

plan.

Lipodistrofie
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Lipodystrophy is a disorder of fat tissue.

There are 2 main types of lipodystrophy:
lipoatrophy, which is loss of adipocytes that clinically
manifests as indenting and cratering, and

LH, which is enlargement of adipocytes that manifests as
swelling or induration of fat tissue.

Lipodistrofie
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Mayo Clin Proc. 2016;91(9):1231-1255
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26
Grassi G, et al. Optimizing insulin injection technique and its effect on blood glucose control. Journal of Clinical & 
Translational Endocrinology 1(4):145-150, 2014.

Optimizing insulin injection technique and its effect on 
blood glucose control
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Structured Education

Lfestyle management

Insulin injection
technique

Insulin dose management

SBGM

Hypoglycemia 
prevention

Technology use and
interpretation

Diapositiva preparata da CARMINE G. FANELLI e ceduta alla Società Italiana di Diabetologia. 

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



• Only a minority of adults and youth with T1D achieve ADA goals for A1C, despite

increasing use of insulin pump and CGM

• Severe hypoglycemia is still a common complication especially in older patients

• DKA remains an issue especially in younger patients

• Weight is a concern for many patients

CURRENT STATE OF TYPE 1 DIABETES TREATMENT IN U.S.

Foster NC et al, Diabetes Technology & Therapeutics, 2019 

Over the years, many changes in insulin therapy have occurred, including new insulin formulations, 
new delivery systems and additional therapeutic tactics, with improvement 

in quality of life and assistance  of Type 1 Diabetes.  

However, without education, motivation and engagement of patients  even the “ideal” insulin and 
the “perfect” system to monitor blood glucose,  will not translate into efficacy and safety

GRAZIE PER LA VOSTRA ATTENZIONEDiapositiva preparata da CARMINE G. FANELLI e ceduta alla Società Italiana di Diabetologia. 
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CURRENT STATE OF TYPE 1 DIABETES TREATMENT IN U.S.

BACK UP
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Pharmacokinetics of bolus insulins

Slattery et al. Diabet. Med. 2018; 35, 306–316
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Intervention targeting persons with hypoglycemic unawareness (HypoCOMPaSS), focused on strict 
avoidance of hypoglycemia, comparing CSII with MDI and adjuvant real-time continuous glucose 

monitoring (RT) with conventional self-monitoring of blood glucose (SMBG).

NO DIFFERENCE IN OUTCOMES BETWEEN INSULIN DELIVERY METHOD AND
BLOOD GLUCOSE MONITORING METHODOLOGY
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ADA Standards of Care 2020

Counting dei carboidrati

I pazienti devono:

• essere informati sull’indice glicemico dei vari cibi

• prediligere tra i carboidrati quelli a minor indice glicemico

• effettuare le dovute correzioni della dose di insulina nel caso consumino
CHO ad alto indice glicemico.

ADI-AMD-SID, 2014; Augustin et al, 2015; Linee guida SID-AMD 2018
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Sofia:  il risveglio prima della scuola

Breakfast meal-time insulin has a dual task in dealing with the breakfast 
calorie load and correcting “relative” basal hypoinsulinaemia

(i.e. higher insulin requirements at dawn)
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Lorenzo

16 U di glargine 100
5 U di Lispro 15’ prima di colazione

L’iperglicemia persiste fino al pranzo, 
nonostante correzione

17 U di Glargine 100
5 U di Faster Aspart 15’ prima di 

colazione
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