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Table 1. Prevalence of Hypercholesterolemia in
Renal Transplant Recipients

No. Of Immuno-
Patients suppression

Author(Ref. No.) + Prevalence

Ibels et al, 1975 175 AZA/Pred 60
(2)

Ponticelli et al., 76 AZA/Pred 29
1978(3)

Chan et al,, 54 AZA/Pred 52
1981(4)

Kasiske and 201 AZA/Pred 23-30
Uman, 1987

(5)

Markell et al, 43 CSA/Pred 50
198K(7) JAZA

Vathsaia et al., CSA/Pred 376
1989(8)

Divakar et al., 62 CSA/Pred 16
1991(9)

*: Abbreviations, AZA : azathioprine, Pred.: predni-
sone, CSA - cyclosporine
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A% olNEAAN DAYFE WEE 16%UA
6022 FAbgc) o @ Wiz Fol: X YFY
71&4} Aol 71Ud7IE #cHTable 1).

1. DX WY 7™

Aoy Feo wASE ANEFY AU o¢
it Y AR2E vl @A, e, o4
7V ol vt @lfx 29}t X\8A Fo| AEdr)
EE WA 22 ¥8Fe] W0l ArKTable 2).

1) AHR0|=9| &3}

ZHZo =g 7|7 FEd FH2dEY FA
Ago] Fodrt. tH2olEE ded AYYE A
A7ie mEA adedde s fEdd oz A

Table 2. Factors that have been Associated
with Posttransplant Lipid Disorders®

Hypertriglyceridemia
Diabetes/glucose intolerance’
Poor diet : excessive intake of calories and simple
sugars’
Genetic predisposition
Use of glucocorticoids®
Obesity
Hypercholesterolemia
Poor diet : excessive intake of saturated fats and
cholesterol ¥
Genetic predisposition
Use of glucocorticoids ¥
Cyclosporine
Obesity '
Use of diuretics and £ -blockers(minor
contribution)
Nephrotic syndrome
Hypothyroidism "
Menopause of ovarian failure'

“wtn

" Factors marked with an are potentially
remediable and should be addressed or ruled out
before starting pharmacologic therapy
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ZofMe] 2AYEAGH(VLDL)S] #HE &7
o), olRe gHE#H A (lipoprotein lipase)d
PHEE FA2A77] dEejrh 2HZel=g& FTE
o ZYAHET FAAYNS A8 aHHE AE
2 & qrh

2) Cyclosporine2| &3}

Cyclosporine® # Zd2slEx9 FAAYANE
A4 A7tk Cyclosporine® EFd2HEE HEUL
2 ABATIE AL Pelsie FH2HE EHE W
#slv] LDL 842 44& ek Cyclospo
rine& 3-hydroxy-3-methylglutaryl Coenzyme A
(HMG-CoA) &Y Es9 $HEE F7/HA 4
268 AL 2390 £ AaEsase g4
T § @30} VLDLY AAE ZaxAIng 34 A
wre] Asg A% £ G (intolerence) &
futsled A BFE F937l= $rh Cyclosporine
3 2H2ol=e M2 4% FAEo2 IXYFE Y
£ o3Itk

3) Tacrolimus

Tacrolimus® cyclosporine® Hl&§ 7|Ho®
2 YEE YesA cyclosporined] BlEA 1A
g9 wlxrst @k azathioprine™ mycophenolate
mofetil& LAYZFE {52 Ferh

4) 7| E}

Fixego] nAWFol o 4 #AH ¥} F
A oA wlel A o)At HDLAE ZraA
Zich

2. DX NE

1) Aol

RAGFe] NAEe £4 YelgyeR e A3
o dejage Ay XA % FH2elgol
Heg &H& AHHHEE @rh American Heart
AssociationolA] A& Step 1 A¢1(300mg &
A2dE, 2 g2 A3F APl 30% ", EX
AL E3Aubilel 101 98 HAINEE

Table 3. Classes of Pharmacologic Lipid-lowering Agents and Their Side Effects

Class Examples

Side Effects Concerns

Bile~acid resin

Fibric acid derivatives Gemfibrozil, clofibrate,

bezafibrate, fenofibrate

Nicotinic acid Nicotinic acid, sustained

release, acipimox

Probucol Probucol

HMG-CoA reductase
inhibitors

Lovastatin, pravastatin,
simvastatin, fluvastatin

Cholestyramine, colestipol Constipation, flatulence

Gastrointestinal upset

Flatulence, loose stools

Alteration of cyclosporine
pharmacokinetics. Inter-
ference with coumadin,
digitoxin, thyroid horm-
one absorption

Increased incidence of gall-
stones, myalgias, and rha-
bdomyolysis when used
with HMG-CoA reduc-
tase inhibitors, no stu-
dies in cyclosporine-tre-
ated renal transplant re-
cipients

loose stool, myositis(es-
pecially in patients with
decreased renal function),
increased transaminases

Flushing, pruritus, altered, Increased incidence of gout

glucose tolerance and uric
acid secretion, elevated
transaminases

in cyclosporine treated
patients, life-threatening
hepatitis in patients tre-
ated with sustained-re-
lease preparation

Prolonged QT-interval on
electrocardiogram, decre-
ased HDL levels of un-
clear significance

Abdominal pain, flatulence, Myositis, rhabdomyolysis in

constipation, headache
and insomnia, elevation
of transaminases

patients treated with cy-
closporine or fibric acid
derivatives
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ok FAYe] & BAEEL MUY ¢ade
AHE Eolx, v]Y fAdME= L2 HHE 2ol
I MFE Foof g}

THHA &5, 29, 94293 ¥g9 FAME A8
£ gestch Y Hojaywegye B3 @Y
3o Hojae= BV flod HFE 4E 8y
& #lob ¥tk nA¥FY B AEEHE dAE
Table 3o} Ae)3lHct.

2) Bile acid sequestrants(cholestyramine)

Bile acid sequestrant® &¥+E FA% 43 #
o W&o FEE 4& FAY F7F ok o] o2
3% cyclosporined ¥4E HAIFZE cyclospo-
rine Fa 1A7F WA 2413 Fof Fosjol ) W
Hlo} 4F AFE dod £ Ut

3) &8t LDLY ZA

A3t LDL& $9732E #3322 LDLe 43
& AAsly] Hsio] g vElE Rl 3
gt g3 4FE AE ok

4) Fibrate(gemfibrozil, clofibrate, bezafibrate,
fenofibrate)

Fibrate:= Ztolde] VLDLY #$4E& #LA71
AR ate] & VAL dRHeq F
AxAu-g 7aAzIit Gemfibrozil® A#fHog ¥
3 AFE BT A o)At AR cre
atinineX| & A4&AgE L% Yk B¢ 2F &
Ag dozl & enF statin MAGe HEL B
gk A% Folgk F& WG doFr|E Wt

5) Fish oil(l)

Omega-3 BE3AW4tel o] ¢FdE olfe

HMGCoA

HMGCoA
reductase P
inhibitors

Mevalonate

Isopentyl P-P P Isopentyl adenine

Geranyl P-P
* Dolichol
Farnesyl P-P biquinone :
Immune cell
+ Famesylaledm> function
Squalene proteins (NKCs, T-ceils)
* (Res, Lamin B)
Cholesteral

Fig. 1. The cholesterol synthesis pathway.

Axel FAAEe g FLAPLR SN F44
HAFE FEh oRE BER ol rBdE &
Ju& Fon #oh

6) LiZEA

UIEe ola@ale LDL EH2HEIN} F
Axug PGaA7ln HDL SdH2dHEE F7HIR
ok et o] oFE AFE Ao HREARE FA
£ & FEATIH 2848 F, TEY Fol Utk @
24 cyclosporine o $xo]A YIRS R E
ol & e 8F 8AAE I S48

7) 3-hydroxy-3-methylglutaryl
Co-enzyme A reductase inhibitor
{statins)

Statins Al99 %E-& 3-hydroxy-3-methylglu-
taryl Co-enzyme A reductase® AHA YL ZH me-
valonate®} 41§ gt FelAHE A4E A4
Boh(Fig. 1). statins A9¢ &L #ANA st
AE LAYF NEAAE FAAM MY FEHE dom
A LDL &#d=ul&8 35% =] 40%7HA A 8A7)
At FANGL Y gag

(1) statin®l &§F

Statinol+= lovastatin, simvastatin, pravastatin,
fluvastatin, atrovastatin, cerivastatin E°] ¢}t
k. o]FA lovastatin, simvastatin, pravasta-
ting Aspergillus terreus@te AgdA oz A
o]l simvastatin, pravastatin® WA EIH flu-
vastatin, atrovastatin, cerivastatin® @3 ¥4
AAzA AFGM FEE AAGgs TRV @43
&t} Lovastatin, simvastatin® 23334 (lipo-
philic)ol 781, pravastatin, fluvastatin® 54
(hydrophilic)e}t}.

2) &4 A

o] <fe] RARo2r HPYl, 2%%, FF F
dxtef ol stk ey A AgE RAgeEe
4] 2tk Lovastatin 20mg/day AH§A] 0.1%,
40mg AHEA 0.9%, 80mg AHEA 1.5%9] #xtelA
transaminase® 4$& ¥ F Uch kM stating
ALg-AlellE 21%E Wds Aol st

HleE olg Xk 4zbg pabgo g 843
(myopathy)el sie}h. & %%, 47, creatinine
phosphokinase® 4$o] ¢lon AYsW FJF2
3 o] delvtn G W £5 glth o
B $HEL 55 stating ThE X AFEA(-
brate, Ys€A gemfibrozil)$ W& AT CYP-
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3A-glycoprotein substrate ® inhibitor{cyclos-
porine, erythromycin, ketoconazole, itraconazole)
53 W8y ujef uINEA 2P} Lovastatind:
YselAba wastd 3%elM, gemfibrozild W88
3 5%o0l|lA], 18]3 gemfibrozil, cyclosporine®} %
7 We3E 28%AAM A S&HHFo] #AIJch 1
#Y fluvastatin® gemfibrozil, cyclosporine® =
L8 259 Fo] A ged

Statinoll 9% <& F & statin®] mevalonate®]
Ae dAsld AR FH2HEXE E37] GF
olt}, o] ¥ gL lovastatin® simvastatinol 7
&3 pravastatin® fluvastatin® <3t} lovasta-
tin# simvastatin® AWAAgo] sz FEZ
o MEeg 4A FHAstcd vy AF4Y pra-
vastatin® fluvastatin® HX%g % F33ix 2
3l7] w&olcl, E£3% lovastatin® simvastatin, at-
rovastain, cerivastatin® CYP3A-glycoprotein
substrate! cyclosporine® ®#£% wo& A
o] diAlzt W E wrol FX/L vl EoAA 2%
WEe Yol H4 AAA €r)h o|AE ol A
Tol UALE HiA TejA CYP3AE 3522 9
£317] wj&olc}. ol vl¥ fluvastatin® CYP2C9
& o} 837l W&ol cyclosporine®} 43 Ago] gl
o 2&HWSFo] flojAM cyclosporined Hgd % ¢t
A}, Prvastating 90%7F 3oz ajdsr
ol 9A] cyclosporine®¢] 43 gl fick wet
A lovastatin® simvastatin® cyclosporine® H
4% o £FE AHR8HE cyclosporine $oj¢ 3
AlZE ol4be] ANZRALE R Fosiy RFriez
71% A8} creatinine phosphokinase ZHAHE A
ok g},

(3) 9994 283 YA G 8 54

Statin® X PF] B WEE o|AAe v
& 23se AdE gl olme d¥Fo] 9%
chemotaxis?t statinof ojsl Wej§ dov] A4
HAZe 7% statine] o8 Astsr] W&o}
T §d79 7l%E Astdct 58 AT statin
& Rog B8N FA4ARNE] AHA wAde
AE BEY + U statin® Yo 2SAH X
o F4E gAstE Edrt o] dAARNEE
wate At 9lvk §8 cyclosporine® A4l
ZF ZAgsed), statine] ol ¥A el 7AW
cyclosporine®l %2 ¥(free form)e] F7téte] WY
AA 2o FHfc: A4 A

ajelM statind o] #eA €A X HE EFE
Exa g G4 9 AN ES o] 99
gA2E AHEE £ Ug Heg sigEd

8) AHROIE B¥9] ZA

zHRol=rt R YF] FRF dRoly] wEo
2HZo|2g £3& FolA 4R Fdse ¥y
= Am=Rn glov ARgrge] $gel w2y wE
o MEE 7|Hel ¥ 2HZol=g HHE] Fos
NEE AYE Ry axgFe] Amd 433
Z%o goe Rk it

Ol & Sa#¥(Postiransplant diabetes
mellitus, PTDM)

A ol Aol Fuwol gl AL o4 F
of dxigo] Mzol FHF F+E PTDMeol} #rt
1. PTDMS| He

PTDM9] Aelv 843 7A=o A @1 B
Iz} ohg e HE87] WEd PTDMe

Table 4. Relationship between Definition and Incidence of Posttransplant Diabetes Mellitus

Immunosuppression
L. Pred/ Pred/ Pred/AZA/

Reference Definition of PTDM AZA(%) CSA(%) CSA(%)
Boudreaux et al® 2 Fasting glucoses >140mg/dL. and abnormal OGTT 6.4 6.9 19.1
Mejia et al® 2 Serum glucoses >200mg/dL 33 11.2 -
Roth et al’ 3 Fasting glucoses >140mg/dL 9.1 186 —
Yoshimura et al* Requirement for insulin 12.8 17.1 —
Sumnrani et al® 3 Fasting glucoses >150mg/dL. or abnormal OGTT 116 —

Hricik et al® Requirements for insulin 9.6 - 12.9

Abbreuviations : Pred, prednisone;, AZA, azathioprine;, CSA, cyclosporine; OGTT, oral glucose tolerance test
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ME: EaAoitt A4 d2ciTable 4). 34
National Diabetes Data Group3® WHO®IA A}
T 7IEe2A FREFHAIA 24147 140mg/dL
%Al impaired glycemic control, 200mg/dL X%
WA geHoez AN el $£& Aer 478
o diREe FHAME 13 FAHAqM FTHA ¥
Fol 140mg/dL-& z7g o] GnHozZ FAY
th 4G o]y FAfME FTHEA| Y AYolx
25 g @A) 2 A9t @) A& F4
A7t & BAEAME FRIANE HAEE
Aol Fot.

dlP-2e] PTDME o2 ¥ 1d olujo] dashy
371Y oluvel FAE= A47 gk

2. PTDMS| fI#elx}

PTDM¢ 19 AAE Table 591 @AHAEH
o]FoM Mg F8¢ Aol A¥oln Fw=Wo JIF
g3 o]y e FEUAE Fad AY Uxeld
old pitdME 53 HLAYC] PTDM3 #dg
tha spsdeh

3. PTDMO| OJAiMOR DX A&

PTDM E97AE FIAAA Addadges
# ARES Eole del Ziqd¥d = Hde 4
ol PTDMe] gle ol Hid ®ohA ojz A% A
Zo] B@rh & PTDMToNAME 53% A4 #HEo 3l
AR dEzFAXE 16%04 o] AU £ A}
%o 9AezA PTDMAAE AbEe 46%7F H¥
Foll 71d% Aol wiE qizTAME 12%7F #ES
o 7jig Aol

PTDME E@ o4l 7le§-de wslel 7]
gk 53 AEFo] PTDMY Aol 70%°]x d=x

H1

Table 5. Risk Factors for Posttransplant Dia-
betes Mellitus

Conclusive risk factors
Increasing age
Family history of diabetes
Abnormal glucose tolerance pretransplantation
Black and Hispanic descent
Inconclusive risk factors
Increasing body weight
Cadaveric transplant
HLA-types A28 A30, BM8, BI18, Bwl5, Bw42,
Dwl6

T& 90%e°irt. a¥ge]l TGF, 3 28 H#3
%3 B39 AME AENAM 98n AEXe ma-
trix7} F7betA ®oh ol AW AREE o)
Al Al 82 (chronic allograft nephropathy)® 7 8ol
Z8% 9gg )

4. PTDM9| HOI(BHAAMMS AR)

ol A o M Rois = WAL PTDMS] F
a% figle] ek

1) AHROIE

Aol cyclosporineo] AMEH7] oo 2 Zo]
=g aE%or ALY e aHRe=g ¢l
% PTDM9 ®l=rt WAE 46%71%] Rnd A=
el 28yt cyclosporined] AR #HAe &
Haol=g HgZgon AHEsl7] Wi PTDME]
WEE #A435] A3EHAT

ZHZ2elEE EY AYHAE A dUF
&Y 2&F doyionA HuHE fFEvch oL
ded 8 o ANYE WFD ZKAA]
23 AHE U] dEojd Ed 2 2o|=0)
Jéde] YAHE AHHFdE BaE gt

2) Cyclosporine

Cyclosporine®] AHE-€ °]¥2 Zd|Rol=e] £33
& 897 did PTDMS ¥ixr @A 9
A 3%ulA 14% 3 Basin gk 22y cyclos-
porine AME FuHE& Fesc o] Utk cy-
closporined] w§ chrig dydFdd <ddH PT-
DM# %} 2%UlA] 5% 2 Hasia AR oA
S Gyl HeF 30U ol Jduds BAY AY
2 37 dqEed T8 dA2 A8 AL ¥
¥ Aot}

ZHBo]EE ARl @3l cyclosporine ©HEOR
AHESHE A%l PTDME #24% & fides BaE
1A cyclosporine® AHRoltl PTDME ¥
gz didl UM eI gd d= Rez: AZdrh
Z cyclosporine®] cytochrome P-450 system$]
ol fofl zH|Zolxe}l ZHYdte 2HBo|E9 diAE
gy AdHRol=e HFAE wol7] WEL
2 Mg

28y cyclosporine *#7t PTDME #d#ich
B o3e oy 4844 FY-En g 58 A9l
Al BY cyclosporine® F9¢ FEAM SFEIAS
o7 ASGHE W Jdad Bulrl AstEY eugly-

-S 175-



Table 6. Comparison of Risk for Posttransplant Diabetes Mellitus with Cyclosporine or Tacrolimus
Incidence of PTDM
Definition of CSA FK506

Source PTDM (% ) (% ) ol Comments

Pirsch et al®  Insulin use for =30 4 199 <0.001 Open-label, randomized multicenter(n=19}) study
d in pts with no CSAn=207), FK506(n=205)
history of DM IDDM reversed in 16% of FK506(5/30) and

CSA(1/6) pts
PTDM significant predictors : race, steroid dose,
and FK506 levels

Mayer et al®  Insulin use for >30 22 8.3 - (Open-label, randomized, multicenter(n=15) study
d in pts not CSA(n=145), FK306(n=303)
receiving insulin IDDM reversed in 34% of FK506 pts
at baseline PTDM development associated with increasing
FK506 levels
Scantlebury 3FBG >150mg/dL 7 20 NS Retrospective
et al® CSA(n=14), FK506(n=20)

IDDM reversed in 50% FK506 pts with SW and
FK506 dosage reduction
CSA pt(1/14) requred only hypoglycemic agent
Vincenti et al® Insulin use for =1 5 254 NS Open-label, multicenter(n=5) FK506 dose and

week in pts not concentration ranging trail
receiving insulin CSA(n=28), FK506(n=92)
at baseline 1-year results : IDDM reversed in 29% FK506 pts,

single CSA patient still insulin dependent
Neylan et al'® Insulin use for >30 83(B) 36.6(B) <0.05 Open-label, randomized, multicenter(n=19) study
d in pts with no 56(H) 294(H) <005 CSA(n=121), FK506(n=123)
history of DM 1L.1(W) 122(W) <0.05 IDDM reversed(3/15) B and (7/10) W at 2 years
with FK506, and in (0/3) B and (0/1) W at
2 years with CSA
PTDM predictor : race

Abbreviations : PTDM, posttransplant diabetes mellitus, CSA, cyclosporine; FK506, tacrolimus;, DM, dia-
betes mellitus, FBG. fasting blood glucose;, NS, not statistically significanu’ ID, insulin-dependent; SW, ste-
roid withdrawal, pts, patients, B, black;, H, Hispanic; W, white

cemic clamp G7ANME ded AYPdol Frid PITDME& Y27ied 2 ¥E7 cyclosporined] H|
RE B Utk ol FEA Fo dvF g 4 3 W4 EolM(Table 6) AFo]dgao|ss] PT-
B A 9=t #asn AEAY FE(vacuole) 7t DM} ¥EE 15%WA 20% 2 Basa o 1
Z715 A¥ degranulationgd BAY + YUt = 1} tacrolimus® £%& HFHAAN PTDME W%
& iz v mRNA HE&Eo| 50% 4= 3l r B4t Hel 37% WA 83%elME ded AHE
t}, % cyclosporineol dgdd g F2AIE < ZaslA 9o tacrolimus 4 @AM Y PT-
Rolth. wHo B2 cyclosporine®] o]v] A4lg ¢l DM$] ®ISE¥ tacrolimus®l ¥F ¥Eo @A #
€9 BuE dA%the Bax Yok Calmodulin A7L Yong §%8 A 2ol Pt

o <ledy ®uE AAsE 4, cyclosporine©] 4) i€} HAARIR

calmodulin®} ZAEgES Jed BuE dAEds Azathioprine®} mycophenolate mofetil® PTDM

Rolt}, € Yo7l @ew rapamycin® cyclosporinedi
3) Tacrolimus Hl3} PTDM& v @] Yo

Tacrolimus® cyclosporine® H|&g 7jde®
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5) PTDMS| fific7} w2 #XHRQ] 2|

PTDMS $I¥=7l & 82F & 138A, @
e 715 v @3k SolMe woddAAE A
Y Wl AFE 7Istedof gk & 2HBolEE
7HEE A%E FA3AY old Fddle RAe 1w
# F= ot Auge] WEst Frtsie Ao #
osiof #oh old FAEL WY HALE AF AY
3] FuE Zrlo) ABHEE Stojof Fuue]
oY FYFE 44 5 gl

6) PTDMY X2

PTDMo] ZGsy $4d 2elayg AdYsied,
A% AHE Folx BEIYE FU0. Al gL
ARME HTE ¥ ASAE Foisied, 28
Azbe] e dAl(glipizide 5)8 Fo9se Hol &
A3}t Chlorpropamidett tolbutamide® & u}
g AdEd AYERFESE Fuster Fog)

40% WA 50%¢] @Rl daedd Foddol
e, AMEe dedy FFY 3 g4 A
o] e el AR ol AEAME 27Y
ZH22 glycosylated hemoglobinX& &4l
g9 z3e] ASE FEYSH Ayl AEAGME ¢
T AL A AAE AVIHeR Ao #WE
F58& #Asfeor ot
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