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Insulin resistance in chronic kidney disease

chronic kidney disease insulin res\lé@ﬂce
} Glucose uptake 0 ‘a‘o
¢ Gluconeogene(\% d \\,a\ 6
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Spoto B et al, Am J Physiol Renal Physiol, 2016



Insulin resistance and kidney damage
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Kidney dysfunction and risk of hypoglycemia
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Kidney dysfunction and risk of hypoglycemia

Decreased renal clearance of insulin

Decreased hepatic clearance of insulin

Impaired renal insulin degradation

Increased insulin half-life due to conditions other than the above
Decline in renal gluconeogenesis

Deficient catecholamine release

Other impacts of uremia on glucose hemeostasis

Diminished food intake due to anorexia, diabetic gastroparesis, etc.
Protein-energy wasting (mainutrition-inflammation complex)
Loss of body weignt and tat mass

Co-morbid conditions

Hypoglycemia during hemodialysis treatments

~tfecis of peritoneal dialysis on glucose metabolism

Frescribed medications

Imposed dietary restrictions

Apparently low HbA,_ due to confounding by uremia or anemia

Kalantar-Zadeh K et al. J Ren Nutr. 2009; 19:33-37



Kidney dysfunction and risk of hypoglycemia
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Hypoglycaemia risk

Clinical Practice Guideline on management of patients with diabetes and chronic kidney
disease stage 3b or higher (eGFR <45 mL/min). Nephrol Dial Transplant . 2015; 30:ii1-ii142
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Insulin Onset

type of

action

Rapid action regular 15-30’
Intermediate NPH 1-2h
Action

Rapid Lispro
Action analogue Aspart

. et
Long a%’m‘é\ QG‘ Blargine100 2 h
Ue

- ©
\\\1‘3 .
Detemir
Degludec

Glargine 300

an

Peak
effect

_ _ . ‘\ . K . . .
2-4h 6-8 h Egang:(l\ac}d\‘&an‘éulm infusion
N \&Jg(‘ o\
C;\G\-‘ ‘\\a\\a
N~ o2
4-8 60\:82-13@6‘ basal 1-2/die
e &°

Can be taken
after meal

Prandial
Bolus

basal
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Ultra rapid insulin profiles:

Faster Insulin Aspart (FIASP) ¥

ALTS

Insulin action (at mealtime)*

‘Ultra-rapid’ insulin

From the normal pancreas

77

\'. .
Insulin aspart " 1 Og
" »

\'\"A(\6

Better

/Ultra-rapid insuk@@c}}'lo‘\\a@b\v \

ac
T&\Q @ (53
6\)\ e%@c&%arly insulin secretion in T2D

e . d\t\?fh to mimic physiological insulin profile for pump

iéqﬁ&nological insulin secretion in

¥,

0@6\ Q‘e( o therapy

*Schematic representation

Time (h)

Evans M et al, Diabetes Ther, 2019



Human insulin

ENDOGENOUS EXOGENOUS
Insulin Insulin

WP e S
%s\. kiﬁ\%egradation is carried out by the kidney
Risk for hypoglycem'&bﬁ}hg\eﬂ‘\ CKD due to reduced exogenous insulin catabolism
X

o\
(O _NC

One third of exogen

Insulin dosage

10-50 ml/min 25% reduction

<10 ml/min 50% reduction

Freeman J, Postgraduate Medicine, 2019



Action

Renal and hepatic

Start (min) Peak (h) Duration (h) dysfunction
. \e‘
Lyspro <15 0.5-1 2-5 No influence e\o\og
Usually no uafch\?l%q@\\
(renacha\\'a oV
Aspart <15 0.5-1 2-5 ) &é%lg@%?and variable
0\\6 b »a&o?orptlon (hepatic)
G(\\) 60(\\1
?\5\6 -r\'bd\
\/P\O _é\Q‘ Usually no influence
Nt |
- N\F&\ Q‘l (renal)
Glulisine <15 ?, e@%— 2-5 ,
290 ao® No data (hepatic)
@ et
PR \16(‘6\3
%gs%\“ae( 5 0.4-1 2-5 Usually no influence
e © (renal)
absorption rate decreased
and more variable
(hepatic)

AMD-SID RCP and Position Statement on short-acting insulin analogues



Insulin degludec (IDeg) concentrations at steady state and renal
function

S
=
8
|

IDeg serum concentration (pmol/L)

60/“61'[[]1!]![!]
24 6 8 10 12 14 16 18 20 22 24

@
(696 (e\a Time since injection (hours)
RSP
6\"\\‘ ((\G?’ig. 3 Simulated mean insulin degludec (IDeg) concentrations at

o)
0‘\0Q Q¢ steady state (IDeg 0.4 U/kg subcutaneously)

Kiss I et al, Clin Pharmacokinet, 2014



Plasma Insulin

breakfast lunch dinner s

16:00 20:00 24:00 4:00 8:00

Time ‘




Plasma Insulin

Rapid m\gu‘h‘ﬁ
mw&@%ng acute

@%@@%ced insulin
\'a o)
é\d\\’o\\\ secretion

breakfast lunch dinner

Basal insulin:
mimicking nocturnal
and inter-prandial
insulin secretion

16:00

Time ‘

20:00 24:00 4:00 8:00
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Efficacy and safety of fast-acting insulin aspart in comparison with
insulin aspart in type 1 diabetes (onset 1)

(A)
1-h ETD: -0.93 mmol/L § 2-h ETD: —0.40 mmol/L
(95% CI: —-1.58:-0.27)* (95% CI: -1.19:0.40)
16 r288
14 4 252
&)
-
= 12 4 216
E
E 10 = 180
= [nsulin aspart (mealtime)
=@~ Faster aspart (mealtime)
8 144
A 1
0 T T T T T 0
0 60 120 180 240
Bolus dose o e
0.1 U/ke e Iime (min)

(B)

~3

o)

t
|

PPG increment (mmol/L)

0

Bolus dose
0.1 Ukg

> O v
o

(95% CI: —1.40;-0.43)**

1-h ETD: -0.91 mmol/L

(957

TL=1L11:2.270;

wse~ Insulin aspart (mealtime)

A
2-h ETD:; -9.42 mmo//L.

a

—@— Faster aspart (mealtime) 36
18
T | 1 T ()
60 120 180 240

Time (min)

(pAw) Hg

(Ip/Sw) wawRIdul HJ4

HbAlc (%)

¥

P =.0054
** P=.0002
¥ 4 p=.0424 L O 7\
RN
&e® @

~ Bolus
mtensification
|
|

66

8.0 1 ) - 64
=~ Insulin aspart (mealtime) T
78 -~ Faster aspart (mealtime) 62 %’
o
7.6 - 60 2
3
7.4 - 58 5
£

7.2 56

T T T

40 46

T T T T T T T T T 1

T
12 16 20 2426 34
Time since randomization (weeks)

EOT HbA ¢
7.6%

EOT HbAlc

7.5%

Mathieu C et al, Diabetes Obes Metab, 2018



CLINICAL RESEARCH STUDY

THE AMERICAN

JOURNAL of

MEDICINE o 12.174 patients

8114 (67%) NON CKD
Chronic Kidney Disease, Basal Insulin Glargine, () cosven 4060 (33%) CKD 1-3 stage
and Health Outcomes in People with Dysglycemia:

The ORIGIN Study

CKD
Rate (#events)
Primary Outcome
CV death, Non—fatal Ml or Non—fatal Stroke 4.17( 909)
Secondary Outcome \ e
Non-fatal Ml @@'(‘%33
VP e S
Stroke Any $0€ . (\6\
AON
Stroke Non-fatal 6 P‘ ()(\g 1.29( 290)
do '\0(\
Stroke a\a \le(%» 1.01( 227)
\!
Death (696 (6\6
Qs QQ . e\le
g%@aée < ‘\0 4.03( 925)
0‘\6 Cardiovgc%ar 2.55( 586)
Primary outcome plus revascularization or nonfatal HF 7.08( 1405)
Major coronary disease event (Fatal/Non-fatal MI) 1.18( 263)

‘\6
\O\OQ
. o\0C
OV .
A\ '6'\\
No CKD HR . o0 . vk
™ AN
N e\
Rate (#events) . é&%&‘] \'\‘3@
O, AN
02 580
6{{@@\1)‘ @1(&.32—1.65) ——
66 0(\\1
o a\°
g’b
(S 70.73( 351)  1.25(1.01-1.54) —
0.71( 344)  1.46 (1.19-1.78) —_—
0.61( 295)  1.42(1.14-1.77) —
1.90( 929)  1.64 (1.46-1.84) —
1.09( 535)  1.83 (1.58-2.13) ——
4.61(2007)  1.31(1.20-1.43) -~
0.79( 380)  1.30 (1.06-1.58) ——
05 1 15 2 25 3
HR(95%Cl)

Papademetriou V et al, Am J Med, 2017



ORIGIN Study: primary oucome, all-cause mortality and CV mortality among
participants without CKD, CKD stage 1 and 2, and CKD stage 3

T T T T T T T T

0 1 2 3 4 5 6 7 \ S 2
Years of Follow-up 6 g
- o8

ace] b2
\O
.
o @
o o
z
= >
£ =
3 2 —NoCKD TN e H @ — NoCKD
& —— CKD stage 1 and 2 o === CKD stage 1 and 2
3 g CRER
E —— CKD stage 3 o —— CKD stage 3 . (\ . \
- 3 \\0
. i, 2
. f W
.
#at Risk @ e\_a \\a
No CKD # at Risk G\ . ‘\\‘6
© | 8114 7909 7699 7491 7220 6943 4939 1077 ° No CKD O 6\
S CKD1&2 ==
1681 1606 1535 1451 1380 1310 892 201 g::; 1@\ 19 égﬁ e 7585 7376 5306 178
CKD 3
2379 2240 2128 1993 1895 1773 1229 258 s de3 e‘ 594 1336 1480 1413 973 216
@ | »2379 OQ\J 2206 2008 2016 1918 1356 207
° ¢ \ O

A’
T > T T T T T T
0 1 2 3 4 5 6 7

Years of Follow-up

=== CKD stage 1 and 2
—— CKD stage 3

Survival Probabi

\
O‘\QQO ? 2 _ # at Risk

24 Nockp
8114 8019 7907 7770 7585 7376 5306 1178
CKD1&2
1681 1638 1594 1536 1480 1413 973 216
. CKD 3
o 2379 2300 2206 2098 2016 1918 1356 207
T T T T T T T T
0 1 2 3 4 5 6 7

Years of Follow-up

* The composite end point were: nonfatal myocardial infarction, nonfatal stroke or death from cardiovascular
causes, and any of these events plus a revascularization procedure or hospitalization for heart failure.

Papademetriou V et al, Am J Med, 2017



Degludec, Glargine 100 and hypoglycaemia:
the DEVOTE Study

A Severe Hypoglycemia B Nocturnal Severe H lycemia \O
ypogly ypogly o 5
0.16- . 0.05+ \_0\
- Rate ratio, 0.60 (95% Cl, 0.48-0.76), g - Rate ratio, 0.47 (95% Cl, 0.31-0.73) | \Oe
= superiority confirmed - 0.04- P<0.001 O\
o 0.12+ P<0.001 S 6 ‘ |a
at aE
&% g8 003 N\
58 0.08- s 5 \\0
S 5 Degludec S » 0.02- \
s 0.04- zs e\'a a\\6
g ‘ g 0.01+ Degludec
000 T T T T T T T T T 1 000 \ 6 'l T T I T T T 1
0 3 6 9 12 15 18 21 24 27 30 \)\6 (p ‘{\le{ 12 15 18 21 24 27 30
Months since Randomization 6 . 0( Months since Randomization
o A\°
A
C Glycated Hemoglobin QS\ &@Qng Plasma Glucose
Estimated treatment difference, P\O '\ ) Estimated treatment difference,
— 90 0.01 percentage points 6 -7\6 S 180+ -7.2 mg/dl (95% Cl, -10.3 to -4.1); 10.0
X (95% Cl, -0.05 to 0. \) ‘\(\6 © g 1714 -0.4 mmol/liter (95% Cl, -0.6 to -0.2) |9 5 g
g = oTE 2| e ™ [0 2
5 N E"g 9 s 153 -85 V%
g 8.0 O 64 §= EZ 1444 L8.0 E=
= g I g Glargine ()
egludec =~ E | 75 =
I ;5 g 59 B £ T £ 135 s % E
3 '( = =& 8 126 — - 7.0 goé
® argine S = Degludec =
%) 53 = 17 1174 6.5 4
A 3| 3 :
5\ %O'I\ T T T T 0 0 T 0.0
D ?e Y 3 6 9 12 24 0 12 24
Months since Randomization Months since Randomization
No. at Risk No. at Risk
Deg|udec 3774 3656 3608 3535 3525 2458 Degludec 3757 3521 2457
GIargine 3776 3640 3562 3516 3500 2424 Glargine 3760 3498 2425

Marso S et al, NEJM, 2017



Effect of Insulin Degludec vs Insulin Glargine U100
on Hypoglycemia in Patients With Type 2 Diabetes
The SWITCH 2 Randomized Clinical Trial

Maintenance period Full treatment period g‘\a .
|A | Overall symptomatic hypoglycemia B Overall symptomatic hypoglycemia \O\O
1.8+ 1.8+ °
o &
16 161 6\ . a\
. 14 . Insulin &@&n B \6\\“ \\
£ 1] £ 1 R
% 10 E 1.0 e\-'a \a\\a
%_ 05 _ _g.; 08 % d\ Insulin degludec {(n=671)
g e Insulin glargine U100 (n=618) __— E - \\@ 7))
E - B — I.IE_IL \ 6 ‘“e e,--"
0.4 — . 6‘0)4 0(\
s — Insulin degludec (n=632) OG 7('5\ L~
pl—— | ,,C.,\e N
16 18 20 22 @ ‘e 0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32
Q Time Since Start of Treatment Period, wk

Time Since Start of Treatment Fe@/ \e 6
| | Nocturnal symptomatic hypuglycemmww g\(\ [D] Mocturnal symptomatic hypoglycemia

0.6
o \O
0.5+ @\6 G(% 0.5-
'a( \.a\l Insulin glargine U100 (n= 5651_.__-
2 eQ? (e e ;
- 0.44 - 0.4
N Q“ e\le( 5
6\,_ 0.3 ‘\0 B o3 “Tnsulin degludec (n=671)
. aQO = ? e,( insulin glargine U100 (n=618) I
0\ 2 Y02 — 2 o2
Ej . - LEII.
017 P - Insulin degludec (m=632) 0.17
] T T T T T T T | ] T T T T T T T T T T — T T —
16 13 20 22 24 26 28 30 32 0 2 4 & 8 10 12 14 16 1% 20 22 24 26 28 30 32
Time Since Start of Treatment Period, whk Time Since Start of Treatment Period, wk

Wysham C et al, JAMA, 2017



Nocturnal confirmed hypoglycaemia, using different definitions
Degludec vs Glargine 100

(a) Type 2 diabetes Insulin-naive

) ) e 0.64 [0.48, 0.86)"
I. Nocturnal confirmed hypoglycaemia 0.51[0.36, 0.72)"
Y el b, —— ‘
(original definition)* (0:01-5:59) 0.59 [0.45. 0.78]"
bl i ; —e— | 0.56 [0.39, 0.80]"
. Nocturnal confirmed symptomatic 4 Al
A [ 0.43 [0.28, 0.64]
h lycaemia® (0:01-5:59
o ( ) —— 0.50 [0.36, 0.70]"
‘ e 0.73[0.56, 0.97)*
Ill. Nocturnal AI?A_docur:nemed symptomatic 0.62 [0.45, 0.84)' \ e
hypoglycaemia® (0:01-5:59)
—— 0.69 [0. 5‘3"
e
IV. Nocturnal confirmed hypoglycaemia® Né
¥ A A
(21:50-5:50) 0 9 10%;
5
R TR0
V. Nocturnal confirmed hypoglycaemia® é O\)\Gﬁﬂ 75,1.15]
(0:01-7:59) s O(\ 0.76 [0.59, 0.99]*

f ﬂ\a | %)

0.9110.75, 1.11]

\.\‘aln@ rof |ns<l‘@%§
5\ < (\C

O\QQ % ©

I 1
1 12 14
In favour of insulin glargine

(b) Type 2 diabetes Basal-bolus \ 6(\ 6
\ 0.75 [0.58, 0.99]*
I. Nocturnal confirmed hypoglycae: c (
(original definition)* (0:01-5:5 évea \6 g ;; {2 ;; ’ ggi
C 0 6 A\
0. 1,0.91)*
Il Noctumaa%(aed sym@ma - 6? [0 5 ?”].
hyp! wge (0:01-@() F *- 0.65 [0.45, 0.93)
é‘\{{. ‘r‘\\l 0.68 [0.51, 0.90]"
N %}D’A i s —— 0.72[0.55, 0.93]*
| locumented symptomatic 7 agle
%caemla (0:01-5:59) . | 0.70[0.51, 0.96]
A 0.75[0.58, 0.97]*
IV. Nocturnal confirmed hypoglycaemia® y . ' 0.73{0.59, 0.01y°
(21:59-5:59) ¥ —————y 0.70 [0.54, 0.91)"
et 0.75 [0.60, 0.94]"
V. Nocturnal confirmed hypoglycaemia? — 0.77 [0.60, 0.97)*
(0:01-7:59) TN T 0.70 [0.53, 0.92)*
—e 0.77 [0.61, 0.97]"
T T T T T T 1
0 0.2 04 06 08 1 12 14

In favour of insulin degludec In favour of insulin glargine

Heller S et al, Diabet Med, 2016



More Similarities Than
Differences Testing Insulin
Glargine 300 Units/mL Versus
Insulin Degludec 100 Units/mL in
Insulin-Naive Type 2 Diabetes:
The Randomized Head-to-Head

i o
BRIGHT Trial 6\0\
0%«
A B o\ ‘\0‘\
9.0
- Gla-300 00 @1&@
-l IDeg-100 [ 73 % w220 L1 \\_‘3\\|De@ wseline [ 125 2
4 8.5+ A H oo 6\6 AN - 115 3
H 68 3 s o\ . \ # ] —
c 3 g 0¥ \9\ N/ L 105 3
T 8.0 - = E 180y SIS T 3
g L 63 5 = Q54 D 5 95 £
— = @@- e(e \1 Te
& 7.5+ 58 5 (Xél c(\\l i° 85 3
o _ — 2]
<., — S a8 75 8
T (A g’&z 1204 ¥ -+ Gla-300 week 24 | 65 g
(')?‘ XSO @ IDeg-100 week 24 m
6.5 6\/\,‘ 4 100 +————1—— ,9 . 55
BL W8 Wi2 N4 o & & @
s o“ SR (@
P& g\(\a Q'ba‘)(eﬁ (6") ?( o 0‘}& Béu\ \(\.-\ o° S
SUSICS e
o™
\le( ~Gla-300 [ 110 L, 188 - Gla-300 [ 105 _
IDeg-100 [ 105 = ® WSL IDeg-100 |- 10.0 £
[ 100 @ c 1681 95 8
- 95 T 3 - 9.0 o
L 9.0 3 E 158 - 3
3 = L85 3
- 8.5 T T 148 - =
L 80 3 =2 -80 C
Y@ E 138 1 3
e E « L 7.5
. 7505 O 128 - N 8
~— I 7.0 IJ) % “\‘ﬂ_ - 7.0 i
L L 65 M @ 1184 Syt 65 o
T T T 6'0 108 T T T T T T T T 6'0
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Rosenstock J et al, Diab Care, 2018



Hypoglycemia with Gla-300 versus IDeg over 24 weeks
according to renal function

Baseline eGFR,

OR/RR
mL/min/1.73 m?

95% Cl

Incidence of confirmed (<70 mg/dL [<3.9 mmol/L]) hypoglycemia

>90 0.74 0.50to 1.10
60 to <90 1.14 0.71to \155?
<60 1.00 o.a@ e
Rate of confirmed (<70 mg/dL [<3.9 mmol/L]) hévgcgfnia 6\
>90 0.60 ?\ g 81
60 to <90 1.23 P‘O 6‘\ Q 9310 1.64
<60 0.93 6\’ 6\e 0.56 t0 1.54
Incidence of confirmeg‘( \k:IL RQ‘%OI/LD hypoglycemia
>90 0.6 e e) 0.38t01.11
60 to <90 ¢ 6‘\0(\ 0.50 to 1.52
<60 (@\6 =) 0.36t0 2.23
‘eQ ate géo\amed (<54 mg/dL [<3.0 mmol/L]) hypoglycemia
>90 ‘ ‘\‘QQ ] e\]e 0.63 0.30to0 1.31
60 to <90 05\\\ < (\0 0.77 0.43t0 1.38
<600'\®Q \* 9] 0.80 0.30t02.11

Rate ratios and Cls are based on an overdispersed Poisson regression model. Odds ratios and Cls are based on a logistic regression

analysis.

Favors Favars
G\ 300 i0eg
%od\e\?
\>
o\ . \IG(G
o

Cl, confidence interval; eGFR, estimated glomerular filtration rate; Gla-300, insulin glargine 300 U/mL; IDeg, insulin degludec 100 U/mL;

OR, odds ratio (for hypoglycemia incidence); RR, rate ratio (for hypoglycemia rates)

1.0

OR/RR
Gla-300 vs IDeg

0,3

Rosenstock J et al, Diab Care, 2018



Gla 100 vs Gla 300: hypoglycemia

\O*
Qo®

(B) Nocturnal (12:00-5:59 am) Any time of,g@QE
Renal function subgroup, Relative risk (95% CI) Relative risk 9
baseline eGFR (mI/min/1.73 m?) Gla-300 vs Gla-100 Favours Favours Gla-3(§] 8&8\ Favours Favours
Confirmed (<3.9 mmol/L [=70 mg/dL]) or severe Gla-300 Gla-100 \ \\_’3 @5\ Gla-300 Gla-100
Overall 0.75 (0.68 to 0.83) FOH 00\6 G‘@\\@W to 0.96) <
<60 0.76 (0.62 to 0.94) \\‘a ‘e 6 0.94 (0.86 to 1.03) !
>60 0.75 (0.67 to 0.85) 066% ‘(\\l 0.90 (0.85 10 0.95) L
Heterogeneity of treatment effect across subgroups: 6\ S 2
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Participants with HbAlc

53 mmol/mol (<7.0%)

Gla 100 vs Gla 300: glycometabolic control
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Insulin weekly
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