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Simvastatin Dose-Dependently Reduces
Adiponectin and Insulin Sensitivity In HC

Patients
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*QUICKI=Quantitative Insulin-Sensitivity Check Index, a surrogate index
of insulin sensitivity, QUICKI = 1/[log(insulin)+log(glucose)]

Koh KK, Han SH, et al. Diabetes Care 2008:31:176



JUPITOR trial
. Rosuvastatin and Newly Diagnosed Diabetes

e« 17802 healthy men and women with
LOL-C <130 mg/dL & hs—CRP = 2 mg/L
« Median F/U period: 1.9 years

Newly diagnosed
diabetes, n (%)

270 (3.0) 216 (2.4) 1.25 (1.05-1.49) 0.001

Ridker PM, et al. N Engl J med 2008;359:2195




UKPDS: Glycemia & Micro,
Macrovascular Complications
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Comparison with risk of DM & MI
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Statin and New Onset DM

Statin Placebo or control OR (95% CI) Weight (%)
Events ate Events Rate

ASCOT-LLA , 9 134 105

HPS: : >0 :

JUPITER!

WOSt

LIPID®

CORO!

PROSP| -
MEGAY 1.07 (0-86-1.35)
AFCAPS, , : ; 0.98 (0.70-138)
45’ 4742 - i 1.03 (0-84-1.28)
ALLHAT* 6087 238 5.4 ; | 115 (0.95-1.41)
GISSI HF* 378 228 ' g ; 110 (0-89-135)

GISSI PREV* 3460 96 g 1 0-89 (0-67-1.20)

Overall (I°=11-2% [95% Cl 0-0-50-2%]) 1.09 (1.02-1.17)

2.0

Sattar N, et al. Lancet 2010;375:735-42 Gachon University

Gil Medical Center




Statin Therapy and Risk of Developing
Type 2 Diabetes: A Meta-Analysis

No. statins/ No. Placebo/ Excluding WOSCOPS

0)
Total(%) Total(%) (n=5) 95% Cl
0.95
LIPID 172/3970(4.3)  181/3967(4.6) ]L T A5
1.14
ASCOT 154/3910(3.9)  134/3863(3.5) - (0.90, 1.43)
1.13
CORONA 100/1771(5.6) 88/1763(5.0) __._ (0.86, 1.49)
| 1.25
JUPITER  270/8901(3.0) 216/8901(2.4) i 05 0
1.14
HPS 335/7291(4.6)  293/7252(4.0) . (0.98. 1.33)
Combined  1088/28842(3.8) 994/28751(3.5) @ p=0.008
. . - . 1_
6 randomized controlled statin trials Statin Better Statin Worse
57,593 patients & 2,082 incident diabetes cases
Mean follow-up: 3.9 years Diabetes Care 2009; 32:1924-1929
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NAVIGATOR study

Abstract

Objective To examine the degree to which use of B blockers, statins,
and diuretics in patients with impaired glucose tolerance and other
cardiovascular risk factors is associated with new onset diabetes.

Design Reanalysis of data from the Nateglinide and Valsartan in
Impaired Glucose Tolerance OQutcomes Research (NAVIGATOR) trial.

Setting NAVIGATOR trial.

Participants Patients who at baseline (enrolment) were treatment naive
to B blockers (N=5640), diuretics (N=6346), statins (N=6146)., and calcium
channel blockers (N=6294). Use of calcium channel blocker was used
as a metabolically neutral control.

Main outcome measures Development of new onset diabetes
diagnosed by standard plasma glucose level in all participants and
confirmed with glucose tolerance testing within 12 weeks after the
increased glucose value was recorded. The relation between each
treatment and new onset diabetes was evaluated using marginal
structural models for causal inference, to account for time dependent
confounding in treatment assignment.

Results During the median five years of follow-up, B blockers were
started in 915 (16.29) patients, diuretics in 1316 (20.7%5c), statins in 1353
(22.0%), and calcium channel blockers in 1171 (18.6%). After adjusting
for baseline characteristics and time varying confounders, diuretics and
statins were both associated with an increased risk of new onset diabetes
(hazard ratio 1.23, 95% confidence interval 1.06 to 1.44, and 1.32, 1.14
to 1.48. respectively), whereas B blockers and calcium channel blockers
were not associated with new onset diabetes (1.10, 0.92 to 1.31, and
0.95, 0.79 to 1.13. respectively).

Conclusions Among people with impaired glucose tolerance and other
cardiovascular risk factors and with serial glucose measurements,
diuretics and statins were associated with an increased risk of new onset
diabetes, whereas the effect of B blockers was non-significant.

Trial registration ClinicalTrials.gov NCTO0097786.

Shen L, et al. BMJ 2013;347:f6745 Gl s

Gil Medical Center




NAVIGATOR study

| Effect of time dependent drugs on progression to diabetes

Drugs
B blocker

)
125 (10710 1.46)

(95% Cl)
1.23 (1,05 10 1.44)

(95% Cl)
110(0.9210 1.31)

Unadjusted hazard ratio (95% Baseline adjusted" hazard ratio MSM adjustedt hazard ratio  Absolute excess riskt (95% Cl)

at 5 years (%)
2.6(-23108.0)

Diuretics

1.36 (12010 1.55)

1.36 (1.19 10 1.55)

123 (1.0610 1.44)

59(151010.7)

Statins

130 (1.1410 1.48)

130 (1.13 10 1.49)

132 (1.14101.49)

81 (3510 13.0)

Calcium channel blocker

101 (08710 1.18)

098 (0.84101.14)

0.95(0.79101.13)

15(-581034)

MSM=marginal structural model.

*Standard Cox proportional hazard model with regression adjustment for baseling variables, and treatment included as a time dependent covariate.

TMSM with regression adjustment for baseline variables and inverse probability of treatment weighting for time dependent confounders; fruncation of extreme
weights applied at 0.25th centile and 99.75th centile.

Gachon University
Gil Medical Center

Shen L, et al. BMJ 2013:347:f6745 6.



FDA Expands
Advice on

STATIN RISKS

e People being treated with statins
may have an increased risk of
raised blood sugar levels and the
development of Type 2 diabetes.

| | FDA Consumer Health Tnrormation | U.S, Food and Drug Aammitrition
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Greater Risk at Increasing Age
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JUPITER

Adverse Events and Measured Safety Parameters gL S
Event Rosuvastatin Placebo P
Any SAE 1,352 (15.2) 1,337 (15.5) 0.60
Muscle weakness 1,421 (16.0) 1,375 (15.4) 0.34
Myopathy 10(0.1) 9(0.1) 0.82
Rhabdomyolysis 1(0.01)* 0(0.0) ==
Incident Cancer 298 (3.4) 4‘\;" 4‘1
Cancer Deaths for D) p
: : ctors
2 Major risk fa S BMI >30
bolic syndrome
\\/\e’ta h d Hb >60/0
FBSu g\yca e, 95 (91-107) 98 (90-106) 0.12
TC (% at 24 mth) (5.7-6.1) (5.6-6.1)
Glucosuria (12 mth) 36 (0.5) 32 (0.4) 0.64

Incident Diabetes**

*Qccurred after trial completion, trauma induced.  All values are median (interquartile range) or N (%)
**xPhysician reported



Risk of Incident Diabetes With Intensive-Dose
Compared With Moderate-Dose Statin Therapy

A Meta-analysis

Casas/Total, No. (%)
| |

Intensive Moderate
Incident Diabetes Dose Dose OR (95% CI)

PROVE IT-TIMI 22,18 2004 1011707 (5.9) 99/1688 (5.9) 1.01(0.76-1.34)
AtoZ,'7 2004 65/1768 (3.7) 4TH73R O 7

TNT,'& 2005 Rkl

[ ars
dditional cases 1000 patients ye

6.5 fewer ca

se/s/1000 patients years

Pooled p— 0.84 (0.75-0.94)

~

Heterog

\
1.0
Odds Ratio (35% C)

Data marker size indicates relative weight of the studies; OR, odds ratio; and Cl, confidence interval.

Preiss D, et al. JAMA 2011:305:2556-64
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WOSCOPS: Pravastatin and Reductions In
Newly Diagnosed Diabetes

Median BMI 6 Median Natural Log Triglyceride

— < 25.65 —<0.5
— 2 25.65 ‘ —2>0.5

0051 1522533524455 55 0051153225 335445 555
Years in Study Years in Study

Treatment Assignment

HR 0.70,
— Placebo 95% CI 0.50-0.98,
— Pravastatin P=0.036

Median Baseline Glucose

— < 4.7
—24.7

% Diabetic
© B bW

—

{] 1 || 1 | | 1 ] ] ] ] I [}
0051 15225 3354455 55 0051152253 354455 5.5
Years in Study Years in Study

Freeman DJ, et al. Circulation 2001;103:357 G‘- T e
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Meta-analysis of Statin Trial for
New-Onset Type 2 Diabetes

« 5RCTs, 39791 subjects

All statins (n = 39,791) 1.03 (0.89, 1.19)
Pravastatin (n = 13,911) 0.84 (0.86, 1.49)

Rosuvastatin (n = 3534) 1.13 (0.86, 1.49)

Simvastatin (n = 14,573) _ 1.14 (0.98, 1.33)

Atorvastatin (n =7773) 1.14 (0.91, 1.42)

Excluding pravastatin (n = 25,880) 1.14 (1.02, 1.28)

1
Relative Risk (95% Cl)

Coleman Cl, et al. Curr Med Res Opin 2008;24:1359

Gachon University
Gil Medical Center




Effect of Different Statins on Diabetes

Risk

No. statins/ No. Placebo/ : _
Total(%) Total(%) All studies (n=6) 95% ClI

WOSCOPS  57/2999(1.9)  82/2975(2.8) 5 o o .

LIPID 172/3970(4.3)  181/3967(4.6) — r 0-95
' ' (0.77, 1.16)
ASCOT 154/3910(3.9)  134/3863(3.5) - © 9%)' 1f 43)
CORONA  100/1771(5.6)  88/1763(5.0) i © slellf 49)
JUPITER 270/8901(3.0)  216/8901(2.4) i 1 015'215 29)

1.14
HPS 335/7291(4.6)  293/7252(4.0) . (0.98, 1.33)
Combined  1088/28842(3.8) 994/28751(3.5) |® p=038 (ORQRS:ll'OZg)

Statin Better

Statin Worse

Diabetes Care 2009; 32:1924-1929

10
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BMJ 2013;346:2610 doi: 10.1136/bmj.f261(
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Abstract

Objective To examine the risk of new onset diabetes among patients
treated with different HMG-CoA reductase inhibitors (statins).

Design Population based cohort study with time to event analyses to
estimate the relation between use of particular statins and incident
diabetes. Hazard ratios were calculated to determine the effect of dose
and type of statin on the risk of incident diabetes.

Setting Ontario, Canada.

Participants All patients aged 66 or older without diabetes who started
treatment with statins from 1 August 1997 to 31 March 2010. The analysis
was restricted to new users who had not been prescribed a statin in at
least the preceding year. Patients with established diabetes before the
start of treatment were excluded.

Interventions Treatment with statins.
Main outcome measure Incident diabetes.

Results Compared with pravastatin (the reference drug in all analyses),
there was an increased risk of incident diabetes with atorvastatin
(adjusted hazard ratio 1.22, 95% confidence interval 1.15 to 1.29),
rosuvastatin (1.18, 1.10 to 1.26), and simvastatin (1.10, 1.04 to 1.17).
There was no significantly increased risk among people who received
fluvastatin (0.95, 0.81 to 1.11) or lovastatin (0.99, 0.86 to 1.14). The
absolute risk for incident diabetes was about 31 and 34 events per 1000
person years for atorvastatin and rosuvastatin, respectively. There was
a slightly lower absolute risk with simvastatin (26 outcomes per 1000
person years) compared with pravastatin (23 outcomes per 1000 person
years). Our findings were consistent regardless of whether statins were
used for primary or secondary prevention of cardiovascular disease.
Although similar results were observed when statins were grouped by
potency, the risk of incident diabetes associated with use of rosuvastatin
became non-significant (adjusted hazard ratio 1.01, 0.94 to 1.09) when
dose was taken into account.

A oo sausaa

Gil Medical Center
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Do Statins Alter Glucose/lnsulin Metabolism?

=

> W

Genetic association

Affect insulin secretion through direct, indirect or
combined effects on calcium channels in pancreatic
Beta-cells

Reduced translocation of glucose transporter 4
Decreases other important downstream products,
such as coenzyme Q10, farnesyl pyrophosphate,
geranylgeranyl pyrophosphate and dolichol
Interference with intracellular insulin signal
transduction pathways via inhibition of necessary
phosphorylation events and reduction of small
GTPase action, inhibition of adipocyte differentiation
leading to decreased PPAR gamma

Decrease Adiponetin, adiopocytokine

Brault M, et al. Metabolism 2014:;63:735-45. G-

Gachon University

Gil Medical Center



Association of Single Nucleotide Polymorphism
In the HMGCR gene (rs 17238484) with risk of T2DM

223,463 people
43studies
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TT (ref.) GTvsTT GGvsTT Per G allele

Swerdlow DI, et al. Lancet Sep 24, e-pub

Gachon University
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Statin tx Increases Bwt

Statin
treatment

Change in bodyweight

(kg 95%Cl)

Weight
(%)

Placebo-controlled or standard care-controlled

45 2029 2026
WOSCOPS 2999 2975
AFCAPS TextCAPS 3220 3230
LIPID 4116 4116
GISSI-Prevenzione 1743 1717
PROSPER 2459 2475
ASCOT-LLA 3752 3660
SPARCL 1970 1967
MEGA 2867 2974
CORONA 1771 1763
JUPITER 7437 7331
GISSI-HF 1660 1718

Subtotal (*=18-6%, p=0-261) 36023 35952

Intensive vs moderate dose
PROVE-ITTIMI 22 1649 1626
TNT 4209 4225
IDEAL 3843 3866
Subtotal (*=63-2%, p=0-066) 9701 9717

Overall (P=78-6%, p<0-0001) 45724
Note: weights are from random-effects analysis

45669

|
-0
Lower bodyweight (kg) in

the treatment arm

| |
05 1
Higher bodyweight (kg) in

the treatment arm

0-42 (0-07t0 0-77)
0-31(0-06 to 0-56)
0-41(0-19to 0-63)
060 (0-08t0 1-12)
031(0-04t0 0-58)
0-44 (017 to 0-71)
029 (0-05to 0-53)
-0-10 (-0-49 t0 0-29)
0-18 (0-00to 0-36)
030 (-0-07 to 0-67)
0-40 (0-23t0 0:57)
072 (0-28t0 1-16)
033 (0-25 to 0-42)

-0-13 (-0-64t0 0-38)
-0-03 (-0-13t0 0:07)
-035(

(

-0-15 (-0-39 to 0-08)

0-24 (0-10t0 0-38)

-0-59t0-0-10) 737

594
734
771
416
706
7-08
743
543
827
5-68
8-35
4-88
79-32

418
913
2068

100-00

Swerdlow DI, et al. Lancet Sep 24, e-pub
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Mechanisms of Glucose-Mediated Insulin Secretion

Voltage-dependent
Ca?* channel Ca?+

+
ATP-sensitive x \ BN
K* channel ~O\\ (GuR) __Depolarization L ( / ,
—— Wy ———— W Incretins
\\5 &/
24 f

Ca
\ © cAMP
ATP/ADP Incretin

Mitochondria —. receptors

Pyruvate ”&t 3
transcription

Glucose-6-phosphate factors
Glucokinase
Glucose )
Nucleus Insulin
Secretory C peptide
granules IAPP

Glucose

Panceratic beta cell

Gachon University

Harrison's principles of Internal Medicine, 18" edition T




Inhibition by simvastatin, but not pravastatin, of

glucose-Induced Ca** signaling in rat islet B-cells
Yada T, et al. Br J Pharmacol 1999;126:1205

gl 4. MIEW Ca®* STl CHat AEEIS] Sgt

=

+ 5 -
Lipophilic HMG-CoA reductase inhibitors can inhibit glucose-
induced [Ca?*], signalling and insulin secretion by blocking L-type
Ca?* channels in B-cells, and their inhibitory potencies parallel
their lipophilicities.

o=

0.1 1 10 100

Concentration of inhibitors (yg/ml)

» Gachon University
Gil Medical Center



Insulin Signal Transduction Pathway

Insulin

\ Glucose

[J_—nsulin receptor plasma membrane  GLUT4

o |
c j>®—> Chl Translocation |
é) _NT:" %Iucose
4 |

Hexokinase Il

IRS proteins 5 Glucose-6-
phosphate

Pl- 3 kinase " l

Metabolism/
storage

Cell growth Protein Glycogen Glucose
synthesis synthesis transport

* PI3K pathway (AKT-> Rab-family GTPase)
 Rho-family GTPase
 Ras-family GPTase

Harrison's principles of Internal Medicine, 18 edition G T



Effect of Statins on GLUT4 &
Glucose Uptake in 3T3-L1 adipocyte

(pmol/min)
4 )
8 8

1 1

200

0
Insulin: - + + -
Statin: - - 10 10
Pravastatin Atorvastatin

cLuts [ S |em GLuT4 [ SRR Pu
180~ - i
1607 [ P< EQ;E ggg- -
140 =2 I 2004 T -
L 180- I

120 160-

100 1401
80 i
60 -
40 7
20 7
0

Insulin: - + Insulin: -
Atorvastatin: - 10 Pravastatin: -

2-Deoxyglucose uptake

% of control

% of control

Takaguri A, et al. J Pharmacol Sci 2008;107:80 Gachon University
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Effect of Statins on GLUT4 &
Glucose Uptake in 3T3-L1 adipocyte

The amounts of Rab4
and RhoA that required
12 lipid modification with
43 C farnesyl or

Insulin: - + 4+ . geranylgeranyl

Insulin: = + Pravastatin: - - 1

% of control
% of control

pyrophosphate, in the

Pravastatin: = - 5 0
LRl  membrane fraction were
T - —— ] IRl decreased by atorvastatin.

P<0.05 ——

M °
Insulin: - + + + +
Atorvastatin: = - 1 5 10

% of control

Insulin: -
Atorvastatin: - - - 10

Mevalonic acid

Takaguri A, et al. J Pharmacol Sci 2008;107:80 G il Modical Conter



Inhibiting HMG-CoA may mediate
glucose level via prenylation pathway

Acetyl-CoA

l

HMG-CoA
HMG-CoA Simvastatin
Reductase I ~ Pravastatin

Mevalonate
Mevalonate-PP
Geranyl-PP

Farnesyl-PP

T

Protein Prenylation Squalene
of small GTPases

(Rho, Rac, DC42) Cholesterol

Insulin secretion

Gachon University
Gil Medical Center



Simvastatin Dose-Dependently Reduces
Adiponectin and Insulin Sensitivity In HC

Patients
%Change in Adiponectin %Change in QUICKI
15 - 10 =
. | P=0.016 | ~ pe0o7t
w P=0.104 < | p=0.024
5 - P=0.011 [ =gz bPZON(g\Z/‘ A
by ANOVA y
0- 0
o
P-EM \ ]
-10 - e ‘ \ ‘
5 d— S0 10

Pl S10 S20 S40 S80 Pl S10 S20 S40 S80

*QUICKI=Quantitative Insulin-Sensitivity Check Index, a surrogate index
of insulin sensitivity, QUICKI = 1/[log(insulin)+log(glucose)]

Koh KK, Han SH,et al. Diabetes Care 2008;31:176



Atorvastatin Dose-Dependently Increases Ambient
Glycemia and Causes Insulin Resistance
In HC Patients

%Change in HbA1C

P=0.008
15 7 by ANOVA
p=0.012
10 - p=0.012
p=0.016 ] ]
5 p=0082 [
T -

Pl A10 A20 A40 A80

%Change in QUICKI

8
p=0.064
6 - _
p=0.041
4 p=0.050
ooss | P=0.033

2 h= by ANOVA
0
-2 | T
4 [
) J
'6 I I I I I

Pl A10 A20 A40 A80

Koh KK, Han SH, et al. JACC 2010:;55:1209



Worse Insulin sensitivity  Better

Meta-analysis:
Statins and
Insulin
Resistance

0,544
-0.016 (-0.243, 0.205)

. 16 RCTs (n=1146)

0,116 {=0.474, 0.243)

* Insulin sensitivity
- QUICKI __
- HOMA-IR e

tin
108

- Euglycemic clamp

Altunbas
Jula 2002 T -0.254 {-0.613, 0.106)

Subtotal - -0.321 (-0.526, -0.117)
Excluding Pravastatin -0.149 (-0.284, -0.013)
Overall -0.084 (-0.210, 0.042)

-1.2 -0.4 L 1.2

Standardized mean difference (9 nfidence interval)

William L. Baker et al. Diabetes Res Clin Pract 2010;87(1):98-107 e
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Statin Effects on Major CV events
are Similar Irrespective of DM

CTTC diabetes subanalysis: (n=18,686)

Events (%)

Major vascular event and prior
diabetes

Treatment

Control

RR (Cl)

Major coronary event

Diabetes

No diabetes

Any major coronary event

Test for heterogeneity within subgroup

Coronary revascularisation
Diabetes

No diabetes

Any coronary revascularisation
Test for heterogeneity within subgroup

Stroke

Diabetes

No diabetes

Any stroke

Test for heterogeneity within subgroup

Major vascular event

Diabetes

No diabetes

Any major vascular event

Test for heterogeneity within subgroup

& RR (99% Cl)
¢ RR (95% Cl)

776 (8.3%)

2561 (7.2%)

3337 (7.4%)
X?=0.1; p=0.8

491 (5.2%)

2129 (6.0%)

2620 (5.8%)
X?,=0.1; p=0.8

407 (4.4%)
933 (2.7%)
1340 (3.0%)

X?=0.8; p=0.4

1465 (15.6%)
4889 (13.7%)
6354 (14.1%)
X?,=0.0; p=0.9

CTTC. Lancet 2008;371:117-25.

979 (10.5%)
3441 (9.6%)
4420 (9.8%)

627 (6.7%)
2807 (7.9%)
3434 (7.6%)

501 (5.4%)
1116 (3.2%)
1617 (3.7%)

1782 (19.2%)
6212 (17.4%)
7994 (17.8%)

-
||
Y

—=-
[]
*

-
L 3
4

&
[
¢

0.5

1.0
Treatment better Control better

G

1.5

0.78 (0.69-0.87)
0.77 (0.73-0.81)
0.77 (0.74-0.80)

0.75 (0.64-0.88)
0.76 (0.72-0.81)
0.76 (0.73-0.80)

0.79 (0.67-0.93)
0.84 (0.76-0.93)
0.83 (0.77-0.88)

0.79 (0.72-0.86)
0.79 (0.76-0.82)
0.79 (0.77-0.81)

Gachon University
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Risk and Benefits of Statin Tx

= Statin tx vs placebo:
New onset DM---

+1, NNH=1,002/yr

Major CVD ---

- 5.4, NNT=185/yr

= High intensity statin vs.

moderate intensity
statin

New onset DM---

+ 2, NNH=498/yr
Major CVD ---

- 6.5, NNT=1555/yr

Sattar 2010, Preiss, PROVE-IT, A=Z, TNT, IDEAL, SEARCH, JUPITER

No/1000 individuals
Treated for 1 year

2

_/ l
= ____ ENew onset
|
DM
L ™ major DVD
1 N
)
Statinvs ~ High dose vs
control Moderate dose




Guidelines

6. Individuals recerving statin therapy should be
evaluated for new-onset diabetes mellifus
according to the current diabetes sueemnu
0111(1 hnes(%} Thme rho dev

B (Moderate) M

pattern, éﬁeacre 10 physical actrvify JLh]E\E ad
maintain a healthy hmh weigl, cease fobacco
use, and continue statin therapy to reduce their
tisk of ASCVD eveas,

Gachon University
Gil Medical Center




Guidelines

 The absolute reduction in the risk of CVD

In high risk patients outweighs the possible
adverse effects of a small increase In the
Indicence of diabetes.

ESC/EAS guidelines for the management of dyslipidaemias
Atherosclerosis 2011;217:3-46




T2DM and Excess Risk of CVD

Number
of cases HR (95% CI)” 12 (95% CI)

Coronary heart disease* 2.00 (1.83-2.19) 64 (54-71)
Coronary death 2.31 (2.05-2.60) 41 (24-54)

Non-fatal myocardial infarction 1.82 (1.64-2.03) 37 (19-51)

Stroke subtypes**

Ischaemic stroke 2.27 (1.95-2.65) 1 (0-20)

Haemorrhagic stroke 1.56 (1.19-2.05) 0 (0-26)

Unclassified stroke 1.84 (1.59-2.13) 33 (12-48)

Other vascular events 1.73 (1.51-1.98) 0 (0-26)

|
1 2 4

Figure 1. Type 2 diabetes confers excess risk for a wide range of vascular diseases. *Adjusted for age, smoking, BMI, systolic blood pressure
and stratified by sex and trial arm (where appropriate). **Includes fatal and nonfatal events.

Ray K. Cariovascular Diabetology 2013;12(suppll) S3 G:, T —

Gil Medical Center



CV Benefits and Diabetes Risks of Rosuvastatin
In Primary Prevention: JUPITER trial

CV events and total mortality Diabetes B

In Pts c/s RFs* for DM In Pts c/s RFs* for DM

No major risk factor for diabetes
stati

No major risk factor for diabetes
015~ —— Rosuvastatin stati

0154 — Rosuvastatin

HR=0.48

OsUVas 5 SUV
Plac 103 2466 8 5 P

*MetS, IGT (101-125 mg/dL), BMI>30 kg/m2, or HbAlc> 6% G‘ U

Gil Medical Center



Statins increase the risk of dysglycemia
and or DM In a dose dependent fasion

= Absolute terms at low dose prevent 5-7 CVD events
for every 1 new case of DM over 1000 person years
of treatment

= Frointensive statin therapy this is 3 CVD cases
prevented per 1 extra case of DM




Statin, Ris

k of DM, and Outcomes In the

General Population (Taiwan National Health
Insurance)

Low CV risk subjects

High CV risk subjects

Control
Statin
Log-rank P= 0.587

Diabetes or in-hospital death

- Control
Statin
Log-rank P= 0.001

Diabetes or in-hospital death

4
No. at risk
Control 15961
3964

14830
3800

13357

Statin 3581

Wang KL, et al. JACC 2012;60:1231-8.

6 4 6

Years Years

No. at risk
11354 Control

3235

17687
4448

15371
4178

13279
3834

10999
3421

4033
1465

G

Statin

Gachon University
Gil Medical Center



Statin, Risk of DM, and Outcomes in the
General Population (Taiwan National Health
Insurance)

Primary CV prevention

Control
— Statin
Log-rank P= 0.372

Diabetes or in-hospital death

Diabetes or in-hospital death

4 6
Years
No. at risk

Control 17929 16552 14871 12620

Statin 4494 4295 4050 3658

Control
— Statin

Log-rank P= 0.002

2ndary CV prevention

No. at risk
Control

Statin

15719
3918

4 6
Years

13649
3684

11765
3365

9733
2998

3558
1295

Gachon University
Gil Medical Center



Summary & Conclusions ()

Diabetes is a major risk factor for macrovascular
iIncluding CVD and microvascular disease.

Statin increases the incidence of new onset
diabetes.

The beneficial effects of statins including high
dose statins outweigh the risk of statin for
new onset diabetes, therefore, statin should
be continued in high CV risk patients.




Summary & Conclusions (ll)

Differential effects on insulin sensitivity and incidence
of new onset diabetes among statins have been noted.

Dose reduction and careful selection of statin should
be considered by the risk benefit assessment for
reduction of CVD and risk of DM in patients with high
risk for developing diabetes, especially in East-Asian
population and low cardiovascular risk.

Further researches for this topic are warranted in the
future.




/]

jon!

fent

TRy 4

you for

o N
- e
-

u.—-cj""‘"d“ ’

-

4

.

-
ap—

- -
N

-

L

. )' ?m . ):1'.1’.-\7‘4, ..~ 7 ;o\-




Intracellular Actions of Statins

Insulin/IGF

Q Glse

IR-a

re I GLUT4

..------.-...--..-.....---..«II "b..-.

r
COC OC 2 OC C_DC_C_C_C_DC_C_C_2C_OC_C_2C_2C_2C_C_C_C_C 2 _2C_C_C X L OC 2 D

IRS-1 PI3K \/‘.

R
E

g Inactive

Cytoplasm RhoA «+——— RhoA

.......................-...-...r...........-‘...
i \ \ A C J L C,‘ J L ( 'HJ

.----------------------------------------------.

Atorvastatin, Cerivastatin, Lovastatin, Pravastatin
Pitavastatin, Rosuvastatin & Simvastatin

Fig. 2 — Intracellular actions of statins. Lipophilic statins penetrate the cell membrane easier those which are hydrophilic, and
therefore are likely to have more extrahepatic effects. Statins have been shown to reduce membrane IR phosphorylation or
expression, resulting in insulin resistance. Within the cell, insulin signalling and GLUT4 transport can be altered by changesin
IRS-1, Akt, Rab4, Ras, IR-B, or membrane fraction of RhoA, all of which have been shown to be inhibited by statin therapy.
Individual statins have been shown to affect different factors, as illustrated in this figure. A, atorvastatin; C, cerivastatin; L,
lovastatin; Cav1, caveolin-1; FPP, farnesyl pyrophosphate; GGPP, geranylgeranyl pyrophosphate; GLUT4, glucose transporter;
GTP, guanosine triphosphate; IGF, insulin like growth factor; IR, insulin receptor; IRS-1, Insulin receptor substrate; PI3K,
phosphatidylinositol 3-kinase; S, simvastatin.

Gil Medical Center

Brault M, et al. Metabolism 2014;63:735-45. G:. Gachon University



Mevalonate Pathway and Statin
Mechanisms

Acetyl-CoA

HMG- COA GLUT4 reductions and
l insulin resistance

'y
Mevalonate ‘

l Geranylgeranyl

Pyrophosphate
Mevalonate yrop P

GGPP
Pyrophosphate ¢ L Reduced N-linked glycosylation and

- Dolichol —— membrane translocation of mature insulin
- receptors

1 1/"
Farnesyl
Pyrophosphate

(FPP)

Isopentenyl Geranyl
Pyrophosphate Pyrophosphate '

“, \ Decreased Decreased Decreased Ca**
Squalene Coenzyme Q10 —— Mitochondrial — K* channel —— influx resulting in

ATP/IADP inhibition insulin exocytosis

hj
Cholesterol

Fig. 1 - Mevalonate pathway and statin mechanisms.Mevalonate pathway inhibition by statins causes reductions in other
downstream products. The major components which may be involved in new-onset diabetes are GGPP, FPP, dolichol and
coenzyme Q10. Decreases in isoprenoids FPP and GGPP result in decreased GLUT4 glucose uptake and decreased Ras activity.
Reduced dolichol results in reduced IR membrane levels. CoQ10 is necessary to produce mitochondrial ATP to stimulate insulin
secretion via calcium influx in B-cells.ADP, adenosine diphosphate; ATP, adenosine triphosphate; Ca**, Calcium ions; CoQ10,
coenzyme Q10; FPP, famesyl pyrophosphate; GGPP, geranylgeranyl pyrophosphate; GLUT4, glucose transporter 4; IR, insulin
receptor; K*, potassium ions.

Brault M, et al. Metabolism 2014:63:735-45. G'-m Gachon University

Gil Medical Center



High-Dose Atorvastatin Associated with
Worse Glycemic Control: A PROVE-IT
TIMI-22 Substudy

Adjusted HR & 95% CI for developing HbAlc > 6 in those with
baseline HbAlc <6

Non-diabetics (n=2,745) ——-

Diabetics (n=146) il

Al (n=2,891) <P

| | |
I
0.5 1.0 2 4

More likely with More likely with
pravastatin atorvastatin

Marc S. Sabatine, st al. Circulation 2004:110, 111-834




Effects of Statins on Glucose-Stimulated
Insulin Secretion

dgl 5. S:3A XS0 oSt
el=gl Edlol AELEIOl AIXI= S&

Insulin releasze (pa/hr/islat)

] ¥
G8.3 G8.3 G8.3
Simva Simva-a Prava
0.3 se/ml 30 wg/ml 100 se/ml




Statin and Microvascular Complications

Nielsen & Nordestgaard.

I ancet Diabetes Endocrinol.

2014 online Sep 10

Cummulative incidence (%)

Diabetic retinopathy

No. with diabetes at risk

Statin use
Non statin use

No. with diabetes at risk

Statin use
Non statin use

Cummulative incidence (%)

& P<0-0001 by log-rank test, chi2(1)=104-0
,Lf’:_ | HR=0-60 (0-54-0-66)
(o]
~ Non statin use
0
o
b
c'-f\’l B Statin use
©
o —
I
15,679 4321 477 52
47,037 11,382 1272 168

Diabetic nephropathy

& P=0-62 by log-rank test, chi2(1)=0-246
©Q HR=0-97 (0-85-1-10
> ]
Statin use
0
S
Te] .
N Non statin use
«©
o 4
I I I I
0 5 ) 10 13
Years after a diagnosis of diabetes
15,679 4400 510 54
47,037 11,980 1351 175

Diabetic neuropathy

‘ P<0-0001 by log-rank test, chi2(1)=38-3
HR=0-66 (0-57-0-75)

Non statin use

Statin use
15,679 4396 500 53
47,037 11,817 1299 171
Gangrene

N P=0-099 by log-rank test, chi2(1)=6-63

HR=0-88 (0-80-0-97) Non statin use

Statin use
| I I I I
0] 5 ) 10 13
Years after a diagnosis of diabetes
15,679 4274 462 51
47,037 11,656 1272 168

Gachon University
Gil Medical Center
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Impaired Insulin Signaling Pathway by
Atrovastatin in 3T3L1 adipocyte

Insulin

Pravastatin Atorvastatin

Takaguri A, et al. J Pharmacol Sci 2008;107:80



