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ABSTRACT

Background: Type 2 diabetic patients commonly have dyslipidemia that contributes to the
acceleration of atherosclerosis, and diabetics have been a two- to threefold greater risk of
cardiovascular disease death than nondiabetics with the same cholesterol levels. Therefore,
aggressive therapy of diabetic dyslipidemia is important to reduce the risk of coronary heart
disease in the patients with diabetes and HMG CoA reductase inhibitor is a first-line agent for
diabetes with high LDL cholesterol. We performed this study to evaluate the efficacy and safety
of simvastatin, HMG CoA reductase inhibitor, on hypercholesterolemia in type 2 diabetic patients.

Methods: Type 2 diabetic patients with hypercholesterolemia were included, who had a serum
triglyceride below 7.75 mmol/L(300 mg/dL) and HbAlc below 10%. During the first 4 weeks
lipid-lowering diet(NCEP step 1 diet) was administered, and then for the following 12 weeks
simvastatin 10-40 mg was administered daily to the patients who had a serum total cholesterol
above 5.17 mmol/L(200 mg/dL). After 12 week treatment with simvastatin, 4 week wash-out
period was followed. Changes in serum lipid levels, glucose levels, HbAlc were checked at 4
week interval for 20 weeks as well as clinical and laboratory adverse reactions effects and the
obtained results were compared with baseline level individually.

Results: The average simvastatin dosage at completion of the study was 14 +7(10-40) mg. By
the end of 12 weeks, simvastatin produced a 29% reduction in total cholesterol(6.61£0.65
mmol/L vs. 4.65+0.52 mmol/L, p<0.05), a 41% reduction in LDL cholesterol(4.52 +0.72 mmol/L
vs. 2.61%t 0.57 mmol/L, p<0.05), a 14% reduction in triglyceride (4.03+£1.60 mmol/L vs.
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3.23+0.98 mmol/L, p<0.05), a 38% reduction in apolipoprotein B (4.0110.62 mmol/L vs. 2.48%
0.49 mmol/L, p<0.05), and a 9.2% inmmem in HDL cholesterol(1.29+0.31 mmol/L. vs. 1.40%
0.33 mmol/L, p<0.05). On the other hand, 4 weeks after the cessation of simvaStatin, serum total
cholesterol, LDL cholesterol and triglyceride were significantly increased(p<0.05), and HDL
cholesterol was significantly lowered(p<0.05). There were no effects upon apolipoprotein Al
AST, ALT, CPK, total bilirubin, creatinine and glycemic control(HbAlc, fasting and postprandial
2 h glucose levels). Two patients were dropped out due to clinical adverse reactions related to
simvastatin treatment such as itching and indigestion. During the weatment period, the clinical
adverse reactions of simvastatin were mild and transient, including S cases of indigestion, 2 cases
of dizziness, and 1 case of myalgia.

Conclusion: Simvastatin is shown to be an effective treatment for dyshpldemla in type 2

diabetes and has no adverse effect on glycemic control.
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aAERGY  Fe2elEe  6-13%  FURIY
[10-12]. REHACIEESE BN G $xellA
% simvastatin §ool] 28] F FalXelE-2 22-30%,
AUEA Y FlAslEd  33-42%, FAANLE
9-15% Zhashar, AUEADY FolLslE2 3-9%7F
Z715190cH13-15). ®ab oplgl 1987vdel AJFH
Scandinavian Simvastatin Survival Study(4S)dll4l&
4,444732] IAFE WAL BAEE e ZARE 2
7} simvastating 277 Foiikd BEAS A}
ofl4] PE7|Zte] AA=Ie-E Haslglrh16]. 4Sell
A oo &) 4,444 F 2027 2] Fie] Qe #
AR BAlolld FAYG AAeE simvastatin
o] IAEAo] Qi Fu Aol AlFE WA
Al om, Fl2ulE AslAlel 2%t Aol 9444
A0l Fure] gle Aol Hrl Fxro] e
B4 & AeE VRG]

9] 7, W4 2FBAEEYFT BN
simvastatin Sojol] whg A A A Hilel thy X
o H17-18], B FkAll|A] simvastatin Fo] F
o Yehte AAdiAe] wdlel] it B gigich
g B dFellds Fule] ARy Jud 3R F
2 AHEEEE B $AEE o= 1Y
simvastatin 10-40mg-§ Fodsled simvastatin®] F3&
Azt FAAE H7RsIsIck

CHAH 3 W
1. CH &

Agoitta s dAdtaEY Wl ARy
oz BT gl 214 ol 704 wivte] 4
oz Fgusxst 10% w|Tholi ¥A creatinine
o] 1.5 mg/dL v|gtel ghAE 7Rl A ATAel 3%
€ PiXE e B8s1A ge duleld] 4F B2t
A3 AR o|(u]F NCEPoll4 B4she Step
1 dien[19]8 AAE Foll= €Y F FolielEol
5.17mmol/l(200mg/dL) &  2I|HA  FAA o
7.75mmoy/1(300mg/dL) ulk] #ALE F AHEFoiol
Fol3t SAlollAl simvastating 12577 Fo5ick. dbd
gzt 457 ke ol HNUIISS, AR

R LB EYFE B A2Y Y WAlA Simvastating] Fof Hap -

Table 1. Baseline Characteristics of the Study Subjects
Number(n) 43

Mean age(years) 56.9+8.4 (35-70)
Body mass index(kg/m®) 246428 (21.1-33.7)

Systolic blood pressure(mmHg) 138118
Diastolic blood pressure(mmHg) 86111
Duration of diabetes(years) 5.0+4.1
Hypertension(n) 35

Data are n or means:SD(range)

FEFAE Ft 298 ALjEt 4370 ARE £
A5c.

1257} simvastating FoJih-g 437¢] HFFA%L
56948491, AALAGE 24.6+2.8 kg/m® o|%
on, 35% AlolM n¥te Bl B o]
$7]7he HF 5.0+4.11d0]%ltKTable 1).

2. &

ARAEH ol & 457 AAG F i BAlelA 0
Foll 1Y 10 mg2] simvastating- 457 Aulslic). 4
F o2 2% U5 AR WA 45, 85
ol ¥4 % Fol2e8lE 557} 5.17 mmol/L wjgte
z24= odat Foke| simvastating Fof3l, 5.17
mmol/L o2l FAlAlE olH Foizke] 2uiE A
ksl uhe g 1237 Sodelicl Simvastatin 5
o F3AE9] HF 7 £35& 1447(10-40) mgo]
et 1257k simvastating Fo{ih ¥ g4 & F4ll
28lgo] 5.17 mmol/L vl 2 §X¥ #A} F 257
oflA simvastatin $o3& 45 FF FAYL F €A A
ARAE AEhgc

¥y AR F FelaelE, AW, TEEAD
W FHAEEL 45 o2 FPsiT, ¥ ofE
Ak ALz} of¥Ach B simvastatin F2F
o ¥ 1250 EsIsick € =24 4dlE ol
7] Stele] B, AF 2417 €33t FHENLE 45
o8 A on, A4 ohiheE KUl 9
slod " AST, ALT, CPK, bilirubin, creatinine,
hemoglobing FAM IGH olhihg-& ki
Ststod Wiepdell gt AFA =4 BB §X18 450t
o} Ajegsigict.
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g9y & Falxelg, FAAY, rd=AY g3l
268, o}EA|chH Al o}¥A|Y B} ¥EFPS 2}
EX 47)(Hitachi 747 autoanalyzer, Japan)E |83}
o 2R3, AYEADY FHExEE FHE
Friedewald 2402 AWbsigich 3Pg 84+ high-
performance liquid chromatography(Bio Rad Co.,
USA)2 2Asigdct ¥4 AST, ALT, CPK,
bilirubin, creatinine 9] A§3}eHA HAE AeE47]
(Hitachi 747 autoanalyzer, Japan)—"é— o8l Z2AH
o

3. Xj=2EH

AgAeiel $442 SPSSPC §A| peckageE ]85}
3 Z+ el ke FFLIFTHAZ EARIGC
Simvastatin o 45, 85 W 125:0] €A A4, ¥ =
A Aeiel 71el BHziAl disle] F4H 84 A4,
g3 o Jjel YAZAE 71EhS2 3lod paired t-test
9} repeated measures ANOVA-E AA|g] o0} simvastatin
Sk ¥ ¥y A3 wisleke Foi4 oin| HEER
FEASISIT Fo717E B9 DA ol ke wAlE
EAslsict fRl5E-L p<00sE 3igich

d
1. Simvastatin H0{0ff T2 &Y XiJ
Bxo| Hiy

WA x ZollA6SL simvastatin Fof 454 656+
0.85 mmol/L, 437 ]84 ¥ 6611065 mmol/L2

W7}t qigiert, simvastatin §of 45, 85 1250 Z}
Z} 499+0.83 mmolL, 4.91+065 mmolL, 4.65+0.52
mmol/LE  simvastatin FoJFol| nlsle] ZhAigict
P<005). ¥A AUEA FulABlEL simvas-
atin Fo| 4583 FoiFHoll 2zt 4394083
mmol/L, 4.52:+0.72 mmol/Lol}4] simvastatin 5o 457, 8
Z 123 ol Zz} 2954067 mmolL, 2.87+0.52
mmol/L, 2.61+0.57 mmol/LE 743cHp<0.05). Y
EAHY FullABlE-L simvastatin o 4533} 2A
ol Z}7} 1334029 mmol/L, 1.2940.31 mmol/LollA] %
o 12Z¢l] 1.40+0.33 mmolLE Z7}3ckp< 0.05). ¥
AAuke simvastatin §o§ A 4.19+1.96 mmolL, 4.03
+1.60 mmol/Lolld] F2F 4, 85, 125)] 242} 359+
1.73 mmol/L, 3.51+1.83 mmol/L, 3.23+0.98 mmol/LE
481590 Kp<0.05). oFEA |l B simvastatin F-033
ol 4014062 mmolLolld] Fof 125<]| 2484049
mmol/LE 748131 3p<0.05) oFEAIKY Al Zjol7}
8% cH(p>0.05)(Table 2).

Simvastatin Folol] whE €Y AAe) WY F
oA dip] YEEE FAUE o, F FAelE 4
Z 8F, 1230l 72t 24+14%, 25+12%2} 29+9%
HAs193, APEA Y F LSS 45, 85, 12
Zof} 247} 36+13%, 37£12%9} 41+13% FEPo
o] DUEA Y FHABES 450l 0.2421% P4
Helrl 83 1236l 74zt 5.5422.2%, 9.2+17.4%4
Z7Hct AL 4F, 85 1250)| 242} 8431%,
11429%, 14+29% Zh4=31dck(Fig 1).

Table 2. The Effect of Simvastatin on Serum Lipid Levels in Type 2 Diabetic Patients who Completed

-_the Study(n=43)
-4 week 0 week 4 week 8 week 12 week
Total cholesterol(mmol/L) 6.56::0.85 6.61+0.65 4.99+0.83* 4.911+0.65* 4.65+0.52*
LDL cholesterol(mmol/L) 4.39+0.83 4524072 2.95+0.67% 2.87+0.52* 2.61+0.57*
HDL cholesterol(mmol/L) 1.33+0.29 1.294+0.31 1324033 1.394+0.34 1.40+0.33*
Triglyceride(mmol/L) 4.19+1.96 4.03+1.60 3.59+1.73* 3.5141.83*% 3.231098*
Apolipoprotein AI(mmol/L) 3701067 : 3.88+1.01
Apolipoprotein B(mmol/L) 4.01+0.62 2.481:0.49*

Data are means + SD
*; p<0.05, compared with 0 week
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Fig. 1. Mean percentage change from baseline to the end of each 4-week period of
treatment. Values are mean percentage changes, and vertical bars indicate
SEM. C=cholesterol; LDL-C=low density lipoprotein cholesterol; HDL-C=high
density lipoprotein cholesterol; TG=triglyceride
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Fig. 2. Change in lipoprotein profile from 12-week treatment to 4-week wash-out for
simvastatin. Data are means®+SEM. Ce=cholesterol; LDL-C=low density
lipoprotein  cholesterol; HDL-C=high density lipoprotein  cholesterol;
TG=triglyceride. *: p<0.05 vs. 12-week treatment.
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2. Simvastatin £0{ SE0| O #©3
@ 559 wst

1257} simvastating Foih F €Y F Falx
BlEo] 5.17 mmolL u|ireE A AN
simvastating 43 3}t FA% ¥ ¥4 AW YelE
A AT, 2 FalAEEL 4.65+0.52 mmol/L
ollA] 5.6110.76 mmol/LZ, AUEA ] FallLulE
£ 2.5340.65 mmol/Lol}4] 3.571+0.88 mmol/LE Z}
7} 20.5%, 39.8%4 Z7}5193Up<0.05), LUEAGH
W ZHAEEL 1.39+0.35 mmol/Lolld] 1.24+0.32
mmol/LE 10.4% 745151 2(p<0.05), AL
3.64+1.73 mmol/LoilA] 4.29+2.02 mmol/LZ Z7}s}
2JtKp<0.05) (Fig. 2).

3. SiYEE A

FEAS} AlF 247 M2 simvastatin F7, F
717k ol Fokg SR F 23 Wikl gl
I, FREEXE FR 7.6211%04 FoF 125
ol] 7.5+1.1% 2 simvastatin Sojol] whZ 37} gig]
thFig 3).

4. REE

AYAA o[4S B sl FAHY ¥F
AST, ALT,  bilirubin, alkaline phosphatase,

creatinine, hemoglobin, CPK simvastatin o83}

Table 3. Clinical Adverse Reactions Related to
Simvastatin Treatment(n=45)

Withdrawn because of adverse reactions(n)
Itching 1
Indigestion 1
Continued medication(n)
Indigestion 5
Dizziness 2
Myalgia 1

Fod 4, 8, 1250l Xol7} gigict

W 32} 4579F 27ellA o BihGe R ke F
Ao, 77 7R EFI A£3HF wEelsldt o
AAEE H8d 43957 SN £SHET Qisto]
A8, 2704 o2 E5S, 1904 T588 34
ot zhzke] S 7gska UAIHo|eKTable 3).

o #

£ dFdiie REALEEEFTE UG ARy
358 848 thdoE HMG CoA SHa4 8|4
¢ simvastating Fojsted FHAH AL ol
ek

2 WA S73sHET WA o)
=T A84E 7R e AERAAR 7 A
Eo] HT GAellA 2ul, ofzlollA] suf FrlE =
3 A oE YEWERS] S| gle B &

20 —=— fasting

GP—H”_‘*\}__%
104
e ———__§

Serum glucose(mmol/L)

4 0 4 8 12 18
Time{week)

—e— postprandial 2 h

1
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L L 2 1
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Fig. 3. Mean plasma glucose and HbAlc levels at baseline and at the end of each 4-week period of treatment.

Data are means+SEM. p=NS vs. baseline.
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At BAE A Y434E ved fg4e ¥
AEuARg Zchike dnade] gl At
wARe] J4SE Uebd A9 2uoli{20].
ot ohue} P UAEE 7MY B e e
Fx)9] AYEADY FaAulE-E 2 el ¢
£ BHEUARE 1A Al visle] 2uie] BEF
wjAgel AE-S JFACHTL. olEidt S
BAENALo] ARy ) AR FA P
Eoie ARy Gy R B=Ee ol AEF
o] FeslAl A4k Ak Fud Sl E4H
Q o RNEEL AR FoE AYEADY F
Bleslge] Z7), AUEA ] F7), HEd A
x|kl Qlale] Frlel A=A F|lElE
9]tz gok  gick AR Py ixle] ¥HY
AAZAAN F Falaslge] F7P1 3] vehie
dl, ol AYEAM Fulxslgs] F71 AdE
Ak Zalkelge] 31 wifoln] ARy Fxd &
A1) 30-40% ol AR Ea2ulge $7HE
Holdh ZAYEA FelaslgR APEAHY
Fol2BlES B 2ud 3l BFETHAR
A84E FIER o|EF 243l AL
Aoy oig- FasicH4,5).

s Aol AR g4 AR A=A
Zal26lEo] 2.6 mmol/L(100 mg/dL) wlle|x 3%
SExchil Za)26)|E0] 1.15 mmol/L(45 mg/dL)& =
oz, AR Ho] 2.3 mmol/L(200 mg/dL) vl
Aol AUEAHY Zel2slEe] 2.6-3.3 mmol/L
(100-129 mg/dL), UEA Y Fall2slgo] 09-1.2
mmol/L. (35-45 mg/dL), ZAzjb}e] 2.3-4.5 mmol/L
(200-399 mg/dL)old AR AN A4
< 7HAA S3, o] WHE WA = FEHAYR
sl B2 ¥AE JHAA Fck sz HE
NCEP(national cholesterol education program)3} ©j
F Fuatslolld Aashe Fid Fxbelld oA
gz x8AQL Aol PEaeR 2AF
A e Aol HEXNBE APl Aol IFF
282 HgFe AYERAY FLelEE 7IES
2 3l WA ARlon) HagdAtle] gl B
W A= 3.4 mmol/L(130 mg/dL) o}4R] 73

o|i, ¥ AN ol <] WAFHARS] AHAAPT YA
o oS A% FA7F e 2.6 mmol/L(100
mg/dL) o]4R1 7Z3-foich thi-ie] Al Jx =)
B8 g A Fel2elE, g ¥ 2
3 T s B4 T A 9
Hatg 7R Jlem A Exiola £ o),
FuE 7R AQlelde AUEXDY FelkelE
€ 2.6 mmolL(100 mg/dL) wigte 2 Y& Zo| Az
ch21,22]. 22 YR o] Tl e T4
o] 22{=}A] Yot Fxt Bl SPENFE FA
AFle 2GR o] 2iE)A] ggteng, A
Qe xch Zal|A81E 2.6 mmol/L(100 mg/dL)3} F
AA4 3.9 mmol/L(150 mg/L), F AH|FA|HY F
Bl E 0.8 mmol/L(30 mg/dL)e] E%F s2i€ u)-
TUEX Y Fa|26lE(non-HDL cholesterol, & &
Blaslg- g X gkl ol 2slE) 3.4 mmol/L (130
mg/dLyolehe  JiEeE e dwt o
[23,24,25]. ¥ AFoE FF828Eo] 5.2 mmol
L(200 mg/dL) o}do]i, FAIR|4lo] 7.8 mmol/L(300
mg/dL) ©9R ARy Py IXE de=
simvastatin® Fod3}3c}

2 Ao simvastatin o] 1250 €4 F &
HAHISE 29%, AUEAGY FollaoEL 41% 7
&slgiet. o] Avle nEUABIEESE TG 9=
W 3Alolld S73F Farrer $¢] 28%, 38%, Sweany
£9] 25%, 33%, Tikkanen 52| 30%, 42% ZAHY
Zze} viszsich U EA FHAHES 45l
02% ZAgb) 85 12560 27t 5.5%, 92%4 5
7V, Farrer $¢] 9% Z7}2} Sweany E-2] 6%
Zolet fA ZAnglew, Tikkanen 2] 245714
Syt FolIE 4.0%9] SV Kol AsEct £ v
2 Zrblgich FAAMNE 45, 8F 12300 77}
8%, 11%, 14% 4] 7+4Asle] Tikkanen 52| 73¢} v}
AR R Fod7|7ke] ZolA 45 Ak Fol Frhsi
tH13-15].

ol2]& simvastatin®] oMXEF M A=
simvastatino] FelAElE  PAo] SGr=AddAlel
HMG CoA 3HHAE oz alsie] AEH
9] Fal2elE g AAATIL Zelld AYEAG
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u) gAle] S AFshe Adlol] ok FolR
ZHe] AEEA gAle] AEE AYEA Y
3 2AUEA Y FellAslEe] SEAE B4 AA
§ FAAA A=A Fellaslge] 558 A4
Allek. SR simvastatin Fo S3-§ FoHL
T sl Hlgol Frkshed), ol simvastatino]
FAAo] TR AUsAchy FalipEe] AT
AEE AP 2, Yo 2 RE] AF FAAMS A
Ag&E FRIFIE W Juskl Rk ol
simvastatin §odol] gJsle] Y= FulAw)E
o] IRt AoZ vehdedl o] A FAAMe]
et el Jehd ez B QT
cholesteryl ester transfer& 2|4 &332 E@ont
AYsA| g Felxsllgoll tigt cholesteryl ester
tansfers] F7lell 71908 ez A4 &
simvastatine] F4AJo] FHE AUEAGY Fl
26189 ATERES AUEAh 8AlE E3)
o gol| AAATIE Bl 23 HolrH13,26,27).
~ Simvastatin Fo| F3 F 450l ARG EH A
A e F FolaelEol 20.5%, AUTAHY
flAslEo] 39.8% Zvlela Y EACHE S AHE
o] 104% ZAgon FHA M| 17.1% vl 3
IH RAlA simvastating] $o3& Fsi o4 o]
AAEF delz sEe 23

33 Bl simvastatin Fofol] ulg Yg=4
e} wilell tisiMe o|Zo] Ut Yo Haof
A FREALR S ZAeE Jehd dhd
[15, 28], Paolisso T2 A& & F7HIA ¥
F=A4d Aok Bagcl27]. a2 @
X7} 10% wlRl 39k ohde 2 9 o)
T Uo7l ddzddelel Hsksl glgle
=[13,14], ¥ ATIME G L7} 10% vt
Q! 75ahs dio g Flo simvastatin Fodof] ulE
HdzA gl Wl gigick

Simvastatin $o] ¥ oL Go g Eokg Fcid}
A9e 242 242t 71 a3 wiEelglth
1257} simvastating ek $hxlollA] Vehd o4
o gy 4%EE oXEEFE, 8Tl it
A& 5 #Hel A7 &7} 24 Ao}, S Fo

oo} A YA Yk

ZEH2E simvastatin® TFALeEWUT S Bt
¥ AR G BAlellr Y=ol Jg n|xA
oM ¥y ¥ Fell2elE, AUEADY Fellls)
5 THANE Aoz A, aUEAg
W FellsEE STIIA ARY dad Bl F
i ol 3AESE ez e Aoz Jet
et

2 o

Bl ARY Fuaddie S3NEE 31
A1 ol dAEFe] vehtn 5% Zelxelg 5
AE 71 22 999 Fudo] gl Aol ulsle
[ WAL 2% Ahgol 2-3ul 7K a3
22 ol gAY HFH X8 i Wbl
BT Ak 9948 AT oiA 28
sl A ol gRAEF A WEAT s
HiEe] 71 7% HMG CoA $H1&4 AsfAlr} 1
A Xg@fe 2 AL Uk B dTeE F)
25lEE5E T Ay iy Aol HMG
CoA FYUAA ALAIQ! simvastatin®] |-HA)T} ¢FA
A Hrhsisdct

W 226l EETE B ARy 2y @
A2 FEEYLR7L 10% vjRte|a €A FAA o)
7.75 mmol/L(300- mg/dL) wj7le] #AE-E ujiloz
A 4F FF AAAG ol sl 2 ALY
of o= ¥y # FulsslEol 517 mmol/L(200
mg/dL)-g X015 45%2] 3hAlolA] simvastatin 10~
40 mgg 1277 Fo¥ ¥ 45 F34 FARISG ©
A A4, g, kel 4, HAEA ojahik
S8 4F AR 3 2057 ZAson 22te] A
g 43k

ARk Simvastatin o} FRAVES) HF Fok $
€ 141+7(10~40) mgo|lck 1237} simvastating 5
oftt ¥ & FallAulE-L 29%(6.61+0.65 mmol/L vs.
4.6540.52 mmol/L, p<0.05), A=At Fallxsl
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