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First report of a more direct association betwee
statins and incident diabetes
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The trigger for the current debate

JUPITER: Rosuvastatin and Newly
Diagnosed Diabetes |

Laboratory values (N = 8901) (N=8901) Pvalue

Creatinine, > 100% increase from baseline=n (%) 16(0.2) 10{0.1) 24

Glomerular filtration rate at 23 ml/min/1.73 m' 02

Medlan 66,8 66.6

Interquartile range 59.1.76.5 58.8-76.2

Alanine aminotransferase > 3x ULN on consecutive visits—n (%) 23(0.3) 17(0.2) . S\IZ 5 % CI G LOJ L”J 599G * c
Glycated hemoglobin at 24 mo—%

Median 59 . . LOJ € l,j Y 3 d\l@ﬂl\g

Interquartile range

Fasting glucose at 24 mo—mg/dL

Median

Interquartile range

> Trace of glucose in urine at 12 mo=n (%)

Newly diagnosed diabetes (physician-reported)—n (%) 270(3.0) 216 (2.4) 01

A LIPID & - ES5
\&) METABOLIC  Ridker PM, etal. N Engl / Med, 2008;359:2195-2207,  heéartoy Medscape

Ridkeret al . Lancet 2012; 380: 5&x'1






LIFID
CORONA

JUPITER

Combined

HPS

ASCOT

LIPID

CORONA

JUPITER

Combined

Statin Therapy and Risk of Developing Type

No, Statins |

Total (%)

5712099 (1.9)

335/7291 (4 6)
15413910 (3.9)
17213970 {4.3)
1001771 (5.6)

270/8901 (3.0)

1088/28842 (3.8)

No. Statins /

Tatal (%)

A35/7291 (4.6)
16413910 (3.9)
17213970 (4.3)
1001771 (5.6)

270/8901 (3.0)

1031725843 (4.0)

No. Placebo /

Total (%)

181/3967 (4.6)
88/1763 (5.0)

216/8901 (2.4)

994/28751 (3 5)

A

No. Placebo /

Total (%)

203/7252 (4.0)
134/3863 (3.5)
181/3967 (4.6)
88/1763 (5.0)

216/8901 (2.4)

912/25776 (3.5)

2 Diabetes: A MetaAnalysis

Study Estimate
(95% CI)

0.6 (0,49, 0.96)
1.14 (0.98,1.33)
1,14 (0.90,143)
0,95 (0.77,1.16)

1.13 (0.86, 1.49)
I‘ 1.25 (1.05, 1.48)
i
RR =1.06(0.83 1.22) p=0.38

1 10

Statin Better Statin Worse

Excluding WOSCOPS (n = 5)

Study Estimate
(95% Cl)
1.14 (0.98, 1.33)
1.14 (0,90, 1.43)
0,95 (0.77, 1.16)

1.13 (0.86, 1.49)

1.25 (1.05, 1.49)
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Statins and risk of incident diabetes: a (
collaborative metaanalysis ofrandomisedstatin trials. V@S

i Statin Placebo or control
Events Rate Ewvents Rate ; OR (25% Gl Weight (%)
ASCOT-LLA 7773 154 1.9 134 10.5 1.14 (0.89-1.48)  7.07
HPS 14573 335 92 293 8.0 ; 1.15 (0.98-1.35) 1391
JUPITER 17802 270 16.0 2186 12.8 1.26 (1.04-1.51) 11.32
WOSCORPS 5074 75 5.2 93 6.5 0.79 (0.58-1.10)  4.24
LIPID 6907 126 60 138 6.5 0.91 (0.71-1.71)  B.53
CORONA 3534 100 209 &8 18.5 i 1.14 (0.B4-1.55)  4.05
PROSPER 5023 165 205 127 15.8 § 1.32 (1.03-1.69)  6.94
MEGA 8086 172 108 164 10.1 107 (0.86-1.35) 8.03
AFCAPSITEXCAPS 6211 72 45 T4 4.6 5 0.98 (0.58-1.38) 3.78
45 4242 198 17.3 193 16.8 ; 1.03 (0.84-1.28)  B.88
ALLHAT 6087 238 16.4 212 14.4 i 1.15 (0.95-1.41) 1023
GISSI HF 3378 225 348 215 321 1.10 (0.89-1.35)  9.50
GISS| PREV 3460 96 275 105 30,6 1.07 (0.67-1.20)  4.94

Overall (F=11.2% [95% C| 0.0-50.2%]) <o i1.DE-1 17) 100

1
0.5 | 2.0

Fig. 2. Statins are associated with an increased risk of T2D. Adapted from Sattar et al. [39].
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Association of statins with diabetes mellitus
and diabetic complications: role of
confounders during follow-up
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Primary prevention of cardiovascular disease with

atorvastatin in type 2 diabetes in the Collaborative

Atorvastatin Diabetes Study (CARDS): multicentre
randomised placebecontrolled trial
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Efficacy of cholesterollowering therapy in 18,686 people
with diabetes in 14 randomised trials of statins: a metanalysis.

Chol esterol Treat ment Trialistsdéd (CTT) Coll aborationt*

18 686U 0 d Uss ) a6 type 1 and

Ewvents (%) Test for heterogenity
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ADA. VI. Prevention, management of
complications.
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Diabetes Care 2011;34:S30.
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TABLE 1 | Summary of population studies investigating onsat of DM in FH patiants with statins treatment.

Author and Published year Country Study design

Population and the causa of FH

DM-related findings

Canada Case control shudy

Cross-sectional study.

Amibispective cohort
study.

Retrospective cohort
study

Cross-sectional study

Cross-sectional and
prospective cohort study

102 patients without FH, 102 hiFH
atients; a defective allele at LOLR or
LOLR mutation.
A total 1306 subjects: 800 indviduak
with hiFH, and 706 individuals with
FCH; LDLR mutation or plasma lovels
of LOL cholesterol above the 95th
percantis.
A total of 523 adult patients (314 hFH
and 209 FCH patients); LDL-receptor
mutation or plasma levets of LOL
chiolestercl above tha 95th parcantile.
2144 childran with hFH; LDA
miutation.

All individuals (n = 83 320) who
underweant DMNA testing for FH; 3475
wara ApoB mutation carriers, 21 606
had the LDLR mutation, and 56 had
CoRKS mstation.
2558 FH and 1265 unaffoctad
redatives with a mean follow-up of 5.9
years; LOLA mutation.

The prevalkence of DM was significantly higher in
the non-FH group than in the teo FH groups

P = 0.05).

FCH had a significantly increasad prevalence of
DM (13 ws. 2%, P = 0.001) vs FH group,
whernaas total cholesterol, LOL-cholesterol, and
apolipoprotein B lkevels wara: highor (21

P = 0.001) in FH subjacts.

14% of FCH and only 1% of hFH patients
developad DM during follow up.

Statin treatment was not associated with an
increased risk of new-onsat OM in thasa
patients.

The prevalence of T20M was 1.75% in FH
patients (n = 440425 137) vs 2.93% in
unaffected relatives (P <= 0.001). The adusiad
pravalencs of type 2 DM by APOB vs LDL
recapior gena was 1.91% vs 1.33%.

Finally, in the adjusted Kaplan—Meior curve,
thare are no differances batwean FH group vs
control group in the incidence of T20M
according the duration of treatment with statins.

hFH, heterozygous Familia! Hypercholesferolamia; FCH, famifal combined hyperdipidemia; LDLR, low dansity fpoprotein recaptor; T20M, type 2 diabates maliius, PCSKS,

proprotain convertasa subtiisindaxan type 8 ApoB, apolipoprofain B.

Front.Pharmacal2017.8:372




M Statin therapy and risk of diabetes in patients with heterozygous ((
familial hypercholesterolemia or familial combined hyperlipidemia. Cess

Patients' enrollment after excluding diabetics and patients on low statin treatment intensity.
FCH,hFHe U gy q & yidU Uitha
10 11 yUd ~“~Uj Usagac

Total Number of patients: 523

FCH patients: 209 hFH patients: 314 . .
simvastatin,

Low treatment intensity excluded Low treatment intensity excluded )
atorvastatin,
l l rosuvastatin

147 patients 212 patients

Baseline diabetic patients excluded Baseline diabetic patients excluded

l |

141 patients 205 patients

A o Usrliati s Uo3®0cpysUasd
FCH(n:147,z ¢ ) hFH (n:2127 ¢ )

206 U9 Uo E ¥:620 €1400) 2(1%)  P<0,001
Skoumas], et al. Atherosclerosis 2014;237:14%



FCHpts:129ptsc ¥ ] a dl7@sgh) c s gy d
hFHpts: 101 ptsc ¥} a gllidisgh) 6 9 gy (
iUssoahd Yadd@liehd (0 Y

A o UssWlaiisUosBEUODy 3 Usd
FCH (n:112,7 ¢ :61N6) hFH (n:109,z ¢:59\7) . nd¥8 ¢ ¢:6186)

l l l

p<0,001 p<0,001
20% 2 Yo 17%

(atorvastatin,rosuvastatin)

Skoumasloakeimidiset al. Angiology. 2017 Jan 1:3319717718331.



High-dose statin therapy does not induce insulin resistance in
patients with familial hypercholesterolemia

Fgs3egosayY 51 Uldd&asdpdgbrds &d¢f@Eapbseodds a0
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TasLe 1. ANTHROPOMETRIC MEASUREMENTS AND FasTinG BrocHEMICAL VARIABLES ™™ PATIENTS
WITH HoMmozycoUs aAND HETEROZYGOUS FArILIAL HYPERCHOLESTEROLEMIA, AND CONTROL SUBJECTS

HoFH patients HeFH patients
(n=51) (=2 - )
Control subjects

Gender (male ( M),/ female (F)) : 10M /10 F
Age (years) 23.6 a8 41.4+13.6
BMI (kg,/m%) g
Cigarette smoker

CIMT ()

h=CRP (mg /L)

median (range) 1.2-9.9 (0.33—6.6)
Glucose (mmaol /1) 4.3 s 50+0.6
Insulin (mIU /L) HEBE 99+a.0
Proinsulin (pmaol /L) 2HE2EC 1.9+2.0
Adiponectin (pg /ml) 8.5 e 11.4+6.4
HOM A

E3IZYAN Bz ¢)
BY FUK? RtAEE @A) NBIEL) B3¢ Eg FEZ RPEBISHTPE A?
At BIP) 2 ¢ sSEKBL BAppt UB? AT KB E N 7 ) 2 b )TFs ) G ¢

EEePRPELEEIFEZ RPEBISRAPAN BRLAEE) ¢LPAE S ¢cEBELE
MetabSyndrRelatDisord 2012 Oct;10(5):35%.



Association Between Familial
Hypercholesterolemia and Prevalence of Type
2 Diabetes I\/IeIIitus

P9 U U e eeWbayiliig & U Ur Ue ¢nU= 63320 °
g Uba»edailﬁlJUfsanGDNA 09UeeeeoU3e ov’ s -

¢ dUBMEafRd U UG dI
g Ujceadillpvedadpfho e blBeaed FHe UU3 50% eg90) U0}
Y Uxr) icdd U WU%®4s L2614 e d yjeidbUbadeysxys
2Uoce3hd hAUs 69 FH U
Table 2. Associations Between the Presence of Type 2 Diabetes and Familial Hypercholesterolemia . l) J. ‘?’ gusYeaegs e Ud Uat
uUUUs 3L 3
Prevalence of Type 2 Diabetes
;amilTial ITVperchulesteroleDn:lia;SW - inaffTecteld Relatives —— e Bs U a d LOJ 3 LOJ a g. e LOJ U § g.
Overall comparison n L) o o LD (L) e UUUsaaY3>U>o g Us g I. D L
rall compa < )
[
Unadjusted 440/25 137 1.75(1.59-1.91) 1119/38183 2.93(2.76-3.10) 0.62 (0.55-0.69) 6Ue d‘ ah U UJ d‘ U ges h Jq
Adjusted® 177/12 300° 1.44 (1.22-1.69) 812/24 898° 3.26 (3.04-3.48 0.49 (0.42-0.58)* ~ o - ~
Affecjtedcene / | | / ( ) (]6?20(107’)°' Aas Us . 6eys¥ g 5dU
N.o mu:%t.io.n 812/24 898° 3.26 (3.04-3.48) ll[Refe;c;nce]. - eUUUaaY3>U>s g’ GuUue 2@
o5 ' e 63 Ua 30U yjealUU0OU
a Us Wi snU blsdWig f]‘jaq Uxs
d

Unadjusted
Adjusted®
LDLR
Unadjusted
Adjusted”

Type of LDLR mutation
None
Receptor-defective

Unadjusted
Adjusted®
Receptor-negative

Unadjusted

Adjusted®

84/2125¢
41/2125¢

353/10 126°
135/10 126°

226/6320°
91/6320°

127/3806¢
43/3806°

2.42 (1.91-2.93)
1.91 (1.44-2.52)

1.63 (1.46-1.80)
1.33(1.12-1.57)

1.80 (1.57-2.03)
1.44 (1.18-1.75)

1.41 (1.16-1.65)
1.12 (0.88-1.43)

812/24 898°

3.26 (3.04-3.48)

0.65 (0.48-0.87)°

0.45 (0.38-0.54)*
0.58 (0.51-0.66)¢

1 [Reference]

0.49 (0.40-0.60)°

0.38 (0.29-0.49)*

UUs 3L 3

JAMA. 2015;313(10):10249.036.
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Lancet 2015;385:351361
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J Betteridge , RCarmena. Nature Reviews Endocrinology 15 Dec 201
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Hypothetical paradigm for statin-induced
Impairment of glucose metabolism
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@ he regulation of hepatic
LDLR by statins
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FIGURE 1 | A schematic diagram representing the regulation of hepatic LDLR by statins. (1) Statins up-reguiate LDLR via SREBP2. (2) SREBP2 also increasas
transcription of PCSK9 to degrade LDLR. (3) Cellular cholesterol accumulation may activate LXR, which up-regulates Idol to degrade LDLR.
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