DIABETE TIPO 1: COME E CAMBIATO IL TRATTAMENTO INSULINICO?
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RD Lawrence, 1892-1968
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“...The attempt e@(\ﬁve blood sugar constantly normal may be ideal in
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Lawrence RD. The Diabetic Life: It’s Control by Diet and Insulin. 13th ed. J&A Churchill, 1944



Diabetes Control and Complications Trial/Epidemiology
of Diabetes Interventions and Complications Study at
30 Years: Advances and Contributions
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Glucose managment

Pump or MDI (> 3/day) (%) 0 0 97.4 5.0% 97.6 97.7
Glucose monitoring > 4/day (%) 0 0 52.7 3.8% 67.7 70.7 DCCT/EDIC. Diabetes 2013; 3976



Association Between 7 Years of Intensive Treatment of Type 1
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Epidemiology of Diabetes Interventions and Complications (EDIC) study (1994 to December 31, 2012). Hazard ratios (HRs), Cls, 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% Cl, 0.46-0.99); P = .045. DCCT/EDIC JAMA. 2015;313:45-53
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ANNALI AMD 2018 ~
VALUTAZIONE DEGLI INDICATORI AMD DI QUALITA' DELL'ASSITENZA AL DIABETE IN ITALIA O\og\
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Type 1 Diabetes Treatment
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Type 1 Diabetes Treatment

American Diabetes Linee guida SID-AMD 2018
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JAMA | Original Investigation

Effect of Insulin Degludec vs Insulin Glargine U100 >
—  on Hypoglycemia in Patients With Type 1Diabetes
The SWITCH 1 Randomized Clinical Trial &

Table 2. Analysis of Hypoglycemia in the Maintenance and Full Treatment Periods \6\ ’ 6\\'
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Insulin Degludec Insulin Glargine U100 Fullhgélggs @
Absolute Rate Difference

Incidence, No. of Rate/100 Incidence, No. of Rate/100 \) ( Differences/100 PYE in % PYE

Definition No. (%) Events PYE No. (%) Events PYE 6 (95;{,@{]8 PValue (95% Cl) (95% CI)
Full Treatment Period \ e 6\
Included in e\/
the analysis® $ (e

No. 454 @ ‘5\ Q

PYE 259.2 & e

vera i : i -66. -3.
Overall 377 (83.0) 5300 \ \S 5668 2168.4 0.94 002 66.17 3.5
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hypoglycemia
Nocturnal 210 {4%% 6@9 GX@S 248 (53.9) 972 371.9 0.75 <.001 -39.35 7.7

symptomatic (0.68 t0 0.83) (-54.09 to (-12.9t0-2.4)
hypoglycemia -24.61)
Severe GQ % 225 86.8 119 (25.9) 275 105.2 0.74 .003 -6.84 -6.0
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The overall rates of severe hypoglycemia were 61.2 per 100 patient-
years (DCCT. Diabetes 1997; 46: 271-286)

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



Insulin Replacement Therapy Aims to Recreate the Normal Blood
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IN PHYSIOLOGY
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The Long Road of Insulin Substitution >
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ﬁ(.?éplte advances for optimising insulin replacement therapy, many patients
with T1D struggle to attain a good glycaemic control
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Adapted from Cahn A et al. Lancet Diabetes Endocrinol 2015;3:638—-652.



Insulin Therapy
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Insufficient provision of insulin causes not only hy Qegﬁceg\é 6but also metabolic
disturbances like hypertriglyceridemia and ketoaadoa@\’és wg{laa?tlssue catabolism.
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Insulin treatment is essential for individuals with type 1 diabetes. ‘a\\
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0.5 U/kg/da&é? \'by\e”cal starting dose in patients with type 1 diabetes who are
metabo @tﬁé with half administered as prandial insulin given to control blood glucose

a g‘t\\\ﬂ 9hd the other half as basal insulin to control glycemia in the periods between

O\QQneaI absorption.
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Insulin Therapy >
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 Longer-acting basal analogs (U-300 glargine or degludec) may confer a Ioaa qg[\’icemla
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Titration in Medicine \

Tit{;gﬁb\? iém?\ﬁ)r‘ocess of gradually
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stinglfhe dose of a medication until
ét‘ﬁbe required therapeutic effect is
Qe . - .
o9 reached, while avoiding as many side
effects as possibile
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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.
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The Use of FPG to Titrate Basal Insulin in T1DIVJ()
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Titration of basal insulin in TI1DM
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The Use of FPG to Titrate Basal Insulin in TIDM
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e If the basal insulin dose is correct, the bedtime BGO%k@alck\@@about the

same as the next morning’s FBS, assuming no s,g(@cﬁ’ gg‘,ﬂt\gcting insulin at
night time \COPR
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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 0
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Strategies for Treating PPG
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Titration of prandial insulin is a complex task and algoritggg\ﬁ}%\ggb@(e keys.
QO
It requires an integrated approach with education g’f\\'aatiegl‘%qo choose and calculate

pre-meal doses accounting for variationsoé[q}\)‘}\aeé\l\\@??e, composition and physical

activity \>6 ®6\90

Postprandial glucose excursiorggp&éa%\bg(ﬁgtter controlled by adjusting the timing of
randial insulin dose adminfStratioe °

P . . @@ : '\(\W L . L

The optimal tlmePgQ rrenrm"s r prandial insulin varies, based on the type of insulin

used, meas%gacblgg%ﬁ\ucose level, timing of meals, and carbohydrate consumption.

Too ngn?\%%géﬂt\s‘ are still injecting after the meal, not before.
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Aspects of Self-Reported Diabetes Management in 2016-2018
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Insulin use ()6 g(\“'
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Timing of insulin bolus, n (%) W\ O
- At least several minutes before the meal |2/71 (24 &W“ (20) 419 (17 544 (26) 723 (3T
- Immediately before the meal 4822 (44) ?/ 1491 (47) 1009 (41) 044 (44) 798 (41)
- During the meal % 351 (11) 339 (14) 262 (12) 121 ()
- After the meal ;ﬁi‘t‘ m; 711 (22) 673 (28) 372 (18) 311 (16)
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Premealdgs\}\lln@'é associated with lower HbAlc and
fe Issed meal insulin doses

Foster NC et al, DTT, 2019
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Original article
Peak-time determination of post-meal glucose excursions
in insulin-treated diabetic patients

S. Daenen, A. Sola-Gazagnes, J. M'Bemba, C. Dorange-Breillard,
E. Defer, F. Elgrably , E. Larger*, G. Slama

e Retrospective analysis e
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e The parameters meas&ug&awq@(?ne peak post-
meal blood gluco ug@}\% peak time.
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Re@)ﬁ)sv 80% of post-meal blood glucose peaks were
observed at less than 90 min after the start of the
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Timing of Meal Insulin Boluses to Achieve Optimal Postprandial

Glycemic Control in Type 1 Diabetes Noa
Mean BG levels after meal initiation in three treatment arms . 0‘\6\0
250 e\ é\ o
—o— Pre (-20) R \\.@\\ ,5'\6\\'6

13- . —e— Start (0) 0O
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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.



20
Recommendations 5\0\ &
wa(\a, N
\\Q\\ 6\\'6
o @
600\' ‘\6\\0
\ae‘\\a 9%\6
e
066\) Q(‘\\‘e‘
)
AR
(C
9.3 Consider educating indl\@BaE l‘ﬁ%ype 1 diabetes on matching prandial
insulin doses to %ctﬁ%e intake, premeal blood glucose levels, and
anticipated &m@%&@&mty E
3(3 \o
Q \]Ge
2
‘5\\'\\699 ¥

ADA Standards of Care 2020



F. TERAPIA MEDICA NUTRIZIONALE

1. Diabete di tipo 1
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| pazienti in terapia insulinica basal-bolus devono modlﬁ:mi q“ull andlali sulln
base dei carboidrati contenuti nei pasti.

Il counting dei carboidrati si conferma nel punente essenziale, e iden-
tifica la strategia pih efficace per |l mucn e con diabete in trattamento
insulinico intensivo. B

MNei pazienti trattati con dﬁ l"lrlh'nduzmna dei carboidrati con i pasti deve
essere mantenuta tg\ e nei tempi. B
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Effect of Fat, Protein and Carbohydrates in a Meal on Postprandial Glycemia 5.
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In type 1 diabetes: S G S
00\ \6\\6
e Fat reduces the early glucose response (theg\u;s‘é\éa after the meal).
Pas
e Fat delays the peak blood gluc?osg@l};e) todhe delayed gastric emptying.
S\
e Fatleads to late pos@\m‘&ﬁ'&e@ ?))hyperglycemla
6’5‘0 (‘5\0(\
e Fat consugab?l%mh‘creases the need for insulin requirements.
(GQ GG\‘G

Qoﬂ\ghqg }protem meals require more insulin than lower-fat/protein
o meals with identical carbohydrate content.

Bell K.J. et al. Diabetes Care 2015, 38, 1008-1015
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Amount and Type of Dietary Fat,
Postprandial Glycemia, and
Insulin Requirements in Type 1

Kirstine J. Bell," Chantelle Z. Fio,"
Stephen Twigg,™ Sally-Anne Duke,’
Gregory Eulcher,? Kylie Alexander,’
Margaret McGill,? Jencia Wong,?

Jennie Brand-Miller,* and Garry M. Steil™*

Diabetes: A Randomized
Within-Subject Trial

Adults with T1D using
therapy.

insulin pump

On the first six visits, participaq@b\ ')
consumed meals containin 2 %\O(\e
carbohydrate with 0 g, 20 g,x40 ,\g@(g
fat and saturated, ns%tqﬂa ed, or
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polyunsaturated \f@:& 2
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InsulifD\Was dosed using individual
insulin/carbohydrate ratio as a dual-wave
50/50% over 2 h.
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Figure 1—Postprandial glucose profiles forvarying types (4) (n = 16) and amounts of fat (B) (n = 15)
inadults with T1D using insulin pump therapy with insulin dosed according to individualized ICR as
dual-wave 50/50% over 2 h.
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therapy. <
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On the first six visits, particip \ O<\®
consumed meals containin 2 %\0(\6
carbohydrate with 0 g, 20 gs0°8, Qr (g

fat and saturated, m ns%tqﬁsa ed, or

polyunsaturat%;i\f@:&(( (\06
o0 Q¢
Insuli\Was dosed using individual

insulin/carbohydrate ratio as a dual-wave
50/50% over 2 h.
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On subsequent visits, partlc\gqm@ I Qgé@ed the 20-60-
1l

g fat meals with the inggl w estimated using a
model predictive b%@%@g@ glycemic control was
) “ON
achieved. N\
22 e

c© (N -
To\gcﬁlev%‘\ngcemlc control, on average participants

.PV\%\S%@%ual-wave insulin bolus:

S
c\‘a\q%r 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.

CONCLUSIONS This study provides clinical guidance
for mealtime insulin dosing recommendations for
dietary fat in T1D.
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J Clin Endocrinol Metab 103: 2269-2276, 2018 6\0\6\)
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Figure 1. Plasma glucose response to the test meal in patients with TIDM who have normal
or delayed GE time. Data are expressed as mean * standard error of the mean.
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he Dawn g/hé% enon,
an Early Morning G segRise: Implications for
Dlabetlc Int lodd Glucose Variation
. u\$ .\(\\(\
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Eleven insulin-depg (ﬁrét q" }Y diabetic subjects were studied during a 24-h period to assess intraday
blood glucose (,g‘@} ari and related free insulin (FI) levels. Ten patients exhibited the dawn phe-
nomenon, g@v morning fasting blood glucose (123 = 81.1 m/dl; mean *= SD). This increase
was p ? % significantly correlated with the morning postprandial BG peak (r = 0.723;
G ratios were highest during the night (0.717 and 0.666 at 2200 and 0400 h, respec-
y) artd owest during the early morning (0.294 at 0800 h) (P < 0.01). Three of the four observed
ypoglycemic episodes occurred during the period when free insulin levels were high relative to BG. We
conclude that the dawn phenomenon contributed directly and significantly to the BG maximum and
indirectly, in some cases, to nocturnal hypoglycemia. It thus played an important role in the intraday
blood glucose variation of such patients. DIABETES CARE 4: 579-585, NOVEMBER—~ DECEMBER 1981.




The Dawn Phenomenon

A\

e  The night-to-morning elevation of blood glucose before and, éoo@\%ri \C: nt after

breakfast, in subjects with type 1 diabetes: D>

\
66 (© 3
. It reflects an increased need for insulin in the egg@&no

day; it is influenced by the d etes, glycaemic control, state of the
counterregulation syste%@ﬁ)po&g&emla and insulin sensitivity

. It contributes i ﬂ*&b éoQ%e intraday blood glucose variation of T1 DM subjects

. It is a very frequent event in Type é Qte%gt% highly reproducible from day to
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DUSK PHENOMENON Y
,\O\OQ

S

The elevation of blood glucose (BG) in the afternoon, despite optimal 2-h r@s &ch
BG control, after injection of rapid-acting insulin analog at Iunch | \‘s\laé\ &(Q@\@

afternoon snack =)
o\G 6\\3@
« It occurs in about one third of patients with Type 1 %@&es«g@%tus

bl | ot
« Itis reproducible in individual TIDM patlen@a 60(

« Itis relevant to BG control since n\g \e%lagg’av(}th elevation of HbAlc

\16‘6

o
220 - $€6 ?(\ \G 6\
3 207 ?\@\ 0‘\9\ APH
= ola ‘\O(\6 AP,
a 6{6 \‘6(6 o pos
Q° &P
(G &‘16140
\'\\6 e =
69 %\ ?3 120
0\ 100 1 L L L ! |

08:00 09:30 13:00 14:30 20:00 21:30 03:00

Time of the day (hOU]’S) *p<0.05  F.Porcellatiet al, ADA



DUSK PHENOMENON: CAUSES

®)
o
O
‘ (\aé W
. A
1) Not “enough” basal insulin to cover the 24 h need \G\‘a\ ” S\
@) \
e not adequate insulin titration 6\\660 é\d\‘ \
e short duration of action of the insulin foré@ i@@(e 2
oY

2) Not adequate coverage of meal by re%\i,q,\a%ti%gsir%%lin

e too short duration of acti&n(e?%@d@é%%ng insulin

: S
e inadequacy of carb@\wb%n&@g\@\
PN O . . . .
e meal compg&ﬁ&h({g@ﬁ%t and fibres slowing down gastric emptying)
. Gastrch,&qa’%%{cey}m\\grelayed
(S S
3) I‘Q\Q‘lglm se((@ﬂwty
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PK-PD of Gla-300 and GIla-100 at Clinical Doses

0@
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] J/ o Plasma Free Insulin —C— Gla-100 (0.28 + 0.07 U/k \'\3‘\
20 4 s.c. injection 6\\ ) 6‘\\'6
\C ]

T, 15
. A
= 101

§ \C R

W40
.- < P‘$€ Q‘eg N= 18 TIDM
o ) Mean =SE
Glucose I&@&'Fﬁa‘k‘é\e ean=
ot

20:00 02:00 08:00 14:00 20:00(h)

0 2 4 B 8 10 12 14 16 18 20 22 24
Time post dosing Porcellati F. et al., Diabetes Care 2019



24-hour glucose profile of AM vs PM administration of

. \O
Gla 100 or Gla-300 in TIDM 09
6\0;\\
Smoother 24 hr glucose profiles with Gla-300 wﬁho;&a\\@(\ d \\
“pre-injection” hyperglycemia
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5 Average 24-h glucose profiles during the last 2 weeks of each treatment period

0\09

A 16-week, exploratory, open-label, parallel-group, two-period crossover study designed to compare glucose
control in patients with TIDM (N=59) receiving Gla-300 or Gla-100 in morning or evening, in combination with

prandial insulin Bergenstal RM, et al. Diabetes Care 2017;40:554-60



Lipodistrofia da iniezione di insulina: una riconosciuta
(.. ma misconosciuta) causa di elevata variabilita glicemica O\OQ\")'

%ﬁ
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& '\3(\? ‘ 6\\0 »

Landau S.. N Engl | Med 2012; 366:e9



Insulin Injection Technique so®
SOV
e |tis important that insulin be delivered into the proper tlssue\@\fﬁé 5@?1‘?

2
e
e Proper insulin injection technique includes |nject| o a:p\k?roprlate body areas,

injection site rotation, appropriate care of |@Q¢"t?0@6ﬁ%es to avoid infection or other
complications, and avoidance of mtge‘&u%q@lgr (IM) insulin delivery.

e Recommended sites forNR\@‘fhrq’@q@ﬁlon include the abdomen, thigh, buttock, and

" o ot
upper arm 3 GP‘( o
20\ \©

e Risk forg\e C’%qla\?leéellvery is increased in younger and lean patients when injecting
(N
é@tﬁ the?ﬁmbs rather than truncal sites (abdomen and buttocks) and when using

longer needles
ADA Standard of Care, 2020



Lipodistrofie s
< go®
* [njection site rotation is additionally necessary to avoid I\l’?&ogtﬁgg{zhﬁes
e Lipohypertrophy can contribute to erratic insulin abg%mi%%\m@?eased glycemic
variability, and unexplained hypoglycemic eplaq@e? 666\
 Patients and/or caregivers should r (gghﬁgﬁon about proper injection site

rotation and to recognize an@@%lg@?eas of lipohypertrophy
KO

e Examination of ms&élﬁ @E‘ﬁon sites for the presence of lipohypertrophy, as
\\

well as assgéﬁs’?ﬂgg@bf injection device use and injection technique, are key
con@ﬁﬁerfeﬁ‘of a comprehensive diabetes medical evaluation and treatment

plan.
ADA Standard of Care, 2020



Lipodistrofie

Lipodystrophy is a disorder of fat tissue. PP o5

APrS
There are 2 main types of Ilpodystrgpﬁ\z@e

lipoatrophy, which is Ioss o é@hﬁocytes that clinically

manifests as mdentmgégcf%{@@é)rmg, and
N A°
M@

LH, which |%\ae<}2(lgr<g%ment of adipocytes that manifests as
swelllgggﬁ?mﬁhratlon of fat tissue.
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0\6Q



. 5 \
con l'ispezione Rl

" . Z 0
In questo caso & necessarlgpﬁﬁl@xﬁ e una

. » * e . . a
corretta tecnica palp@m%\gc_d@é evidenziera
le irregolarita e m?&mw&auh del sottocute
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Anders H. Frid, MD; Gillian Kreugel, DSN; Giorgio Grassi, MD; Serge Halimi, MD;
Debbie Hicks, DSN; Laurence ). Hirsch, MD; Mike ). Smith, DSN;
Regine Wellhoener, MD; Bruce W. Bode, MD; Il B. Hirsch, MD; Sanjay Kalra, MD;
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Optimizing insulin injection technique and its effect on

o
blood glucose control ‘ be\o\
\"
Clinical parameter
HbA1c at entry
HbATc at 3 months
FBG (mg/dL) at entry -~
FBG (mg/dL) at 3 mﬂ,rjth\sh@cf@ 172.5 -14.2*
10D (1U) insuligentpge?@ | 326 50.5
TDD (IUGRsuligya®3 months 256 48.5 -2.0
(B aignt®y 304 28.2
‘ \&\\\3\3‘6?3\ ST at 3 months 235 27.7 0.5°
0\0\305 © * p <005
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. 26




Technology use and
interpretation
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CURRENT STATE OF TYPE 1 DIABETES TREATMENT IN U.S. O\Og\’é'
E@g
o

c\\ W
\\’&‘“ A
e Only a minority of adults and youth with T1D achieve ADA go $?br céesplte
\2 &S
66 (66

Over the years, many changes in insulin therapy have g@&r‘g@p\ cluding new insulin formulations,
new delivery systems and addltlo ‘th\er? Yic tactics, with improvement
in quality of life a@b\ s@@'& of Type 1 Diabetes.

6
6
However, without educatio a’@ﬁ\gand engagement of patients even the “ideal” insulin and
the “perfect” syst& mg@%r blood glucose, will not translate into efficacy and safety
(GQ )
o Y
,\\“3 1\
oSV pef
0\‘39

GRAZIE PER LA VOSTRA ATTENZIONE

Foster NC et al, Diabetes Technology & Therapeutics, 2019






Pharmacokinetics of bolus insulins
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“aQOb"avon‘gdﬁce of hypoglycemia, comparing CSIl with MDI and adjuvant real-time continuous glucose
o monitoring (RT) with conventional self-monitoring of blood glucose (SMBG).
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Il counting dei carboidrati si conferma nel contesto della MNT, componente es \ﬁa 3
tifica la strategia piu efficace per il controllo glicemico nel paziente con dla \ntu
insulinico intensivo. \G o\ I B
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| pazienti devono: @’\3 2\
. esse@@%r@aﬂ%ull indice glicemico dei vari cibi

‘N
O
\fa()opredlllgere tra i carboidrati quelli a minor indice glicemico
o effettuare le dovute correzioni della dose di insulina nel caso consumino

CHO ad alto indice glicemico. ADA Standards of Care 2020
ADI-AMD-SID, 2014; Augustin et al, 2015; Linee guida SID-AMD 2018



Sofia: il risveglio prima della scuola S
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Valore medio del glucosia " W\ ] \‘\6‘
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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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