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Metabolic Complications after Renal Transplantation
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Table 1. Prevalence of Hypercholesterolemia in
Renal Transplant Recipients

No. Of Immuno-
Patients suppression

AZA/Pred 60

Author(Ref. No.) » Prevalence

Ibels et al, 1975 175
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
1989(7) /AZA

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

!

A ol AgAN nAWF HIEE 16% WA
60% 2 Fdd ojgg WX ol XVFY
71E9] Aolo) 7|¢37Ix FrHTable 1).

1. 2XAS WY 1™

Aoy Fo L= nAYFY UAe -
gt 18 dRAEE vol, da, Ixd, o4
71% Zol, vinh, gy ¥t X HAl Fol At
EF AGAARSE 21 PF9) Ade] FrHTable 2).

1) AHZ0|=9| &3}

ZHZol=g VY Fq3td FH2HEH F
Aol et 2HRoEE U&d AFHL 22
718wy 320ed¥FE KUk oz A

N ok

)

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 glucocorticoidslf
Obesity !

Hypercholesterolemia

Poor diet : excessive intake of saturated fats and
cholesterol T

Genetic predisposition

Use of glucocorticoids'r

Cyclosporine

Obesity !

Use of diuretics and £ -blockers(minor
contribution)

Nephrotic syndrome

Hypothyroidism'r

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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el e 2AY=AGW(VLDL)S o= FIAF)
Edl, °olze AeME s AL (lipoprotein lipase)?|
BASE BAAT)7] WEelth 2HZo|=g FUd
W ZE g FAALA A ASHE AL
E 7 Utk

2) Cyclosporine?| &3}

Cyclosporine2 & Zd2HEX ) FHALAE
4520, Cyclosporine FAHSE @FAe
2 A@ATI= AE WElstd ZHAHE 2HE W
339 LDL &9 A4E A4A20. Cyclospo-
rine< 3-hydroxy-3-methylglutaryl Coenzyme A
(HMG-CoA) B4 #ie] BHEE F7/MA S
2HE e 2% 23 AdEdiso] 84
ZE w30} VLDLY AAE Z2A7E2=2 $4 A
uho] Ao 2R¢. =F¢ FEJA(intolerence) &
st nx¥FE L4372 @k Cyclosporine
3} 2HRolEE MEZ 44 FEoz 1X¥FE H
% AT

3) Tacrolimus

Tacrolimus® cyclosporine®} B3 7lHog
2A8FL Yo7|A cyclosporinedl BIA 1X]
¥Ze] Wxr} vt} azathioprine® mycophenolate
mofetil2 IXY¥FE FLekA gevh

4) 7| g

Fixgo] nX¥Fo] o JIFE vX ™Y %}
A FelA wel A9} o)xAl7t HDLAE ZHaAl
At

2. IX@S9 X7

1) Alojey

nAYFY g 4 Holayozyy AFE
ot dolaye AW ERAWA 2 F2HE
e &4% 4FAs%=E ¥t American Heart
Associationol 4] AA3= Step 1 40)(300mg F
A2HE, & 228 AHF AWe] 30% 0vl, BE
AabE EapA el 1:1 HE)E AHANEE

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

Class Examples

Side Effects Concerns

Bile-acid resin Cholestyramine, colestipol

Fibric acid derivatives Gemfibrozil, clofibrate,

bezafibrate, fenofibrate

Nicotinic acid, sustained
release, acipimox

Nicotinic acid

Probucol Probucol

HMG-CoA reductase
inhibitors

Lovastatin, pravastatin,
simvastatin, fluvastatin

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

Flushing, pruritus, altered, Increased incidence of gout
glucose tolerance and uric in cyclosporine treated
acid secretion, elevated patients, life-threatening
transaminases 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 patients treated with cy-
and insomnia, elevation  closporine or fibric acid
of transaminases derivatives

Constipation, flatulence

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

Flatulence, loose stools
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gk FAAYe] £& PAEL dYe dIE9
AHE Eolz, ¥ BAdA e T2 HHE S
I AFE Eoof gk

HHHYA &5, ¢, 8997 ¥ AXNE A=
EF "asth ey Aolgyno g EFEdiy
3MYY Holayelx A7 glod A 4E 84
< #ot Pt nAPF Xz AHRHE FAE
Table 3] FstAch

2) Bile acid sequestrants(cholestyramine)

Bile acid sequestrant® &A= FAW 43 #
of wjFe] FET FE FAQY 7t fivh o] 2
E% cyclosporined] FFE AASNEZE cyclospo-
rine §4d 1At WlA] 243t Fo FoFo}l girh W
H|9l 9% AFE dod £E Utk

3) &is} LDLY| 24

A2} LDL& T973E F7s=2 LDLY 43
€ gAY 43t gl vEE F93rx 3
2%k 577} 4FE AL ot}

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

Fibratex ZtolXe] VLDLY #A4E ZaA7xn
ANgAEfaie] 4L FVHAAH BAHAHoz F
AXE Z&A0Y. Gemfibrozile Aoz ¥
A AL FaAFa A ol AT YFAA cre
atininex1& A5ANvE B1E ok £ 28 &
Ag dozd 4 om= statin AAge] WELE F
Aok A% Fojgl F& AS dosr|® ot

5) Fish oil(°])

Omega-3 BX3A|W4do] gol #HE oft

HMGCoA

HMGCoA
reductase [~
inhibitors

Mevalonate

Isopentyl P-P — |sopenty! adenine

Geranyl P-P
Dolichol
Farnesyl P-P biquinone JEOUTO—
+ Famesylated | mmune cel
; --pp»i function
Squalene proteins {(NKCs, T-cells)
* (Res, Lamin B)
Cholestero}

Fig. 1. The cholesterol synthesis pathway.

o Ae] AL P FaAger HA FA4A
B g G oft EF olyale JFdE F&
9%E o

6) LITEA

Uzgie ojifiztelA LDL E#HzHERL F
AAwe ZAA7L HDL ZA2HEL F7HIR
ok 28y o] 2 HARH Foy ABALE FA
& F Y 2ad¥F, AEA Tl Aok o
2kA cyclosporine F4 Aol zditE £
ol 7153 8F fAXE 2 Aok 3t}

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

Statins A¥99 &2 3-hydroxy-3-methylglu-
taryl Co-enzyme A reductase® AYSZH me-
valonate8] A4+ Aaste] FH2HE UL A
PcHFig. 1). statins AEe #EL& AZA et
de 2XYF ARAE FAA 1 AEE ez
A LDL Zd2eE&L 35%URA 40%7-x AEHAF)
AY FAAYL G At

(1) statin®} F#

Statindll+ lovastatin, simvastatin, pravastatin,
fluvastatin, atrovastatin, cerivastatin %°] s}
gltl. o]Fo|A lovastatin, simvastatin, pravasta-
tin& Aspergillus terreus@ts J@dfA Fod A
o] simvastatin, pravastatin WgAEcH flu-
vastatin, atrovastatin, cerivastatin® €3 ¥4
AAZA AFAH F2F AAd:s FT2UT &3]
t}2c}t Lovastatin, simvastatin® X193 34d(lipo-
philic)o] 733, pravastatin, fluvastatin2 34
(hydrophilic)®]t}.

(2) ¥%8

o] oko] R Loz PG, 2/F, FF T
Age] Fo| Utk 2By MY AAE RFgeEe
=4 o] 2t Lovastatin 20mg/day AHEA] 0.1%,
40mg AHEA 0.9%, 80mg AHEAl 15%2] #AelA
transaminase® 4%% & 4 9tk oA stating
AL Ao e 7VsE WE3E] S el ot

HEE ol Bt Az Ragozy ZH5HF
(myopathy)e] dtt. & 5%, 3943, creatinine
phosphokinaseg] A%5o] Qoo AYPHY JE2
3 #Ado] dojua FAPARAH whE = gl o]
23 P$HFe B3 stating ©E AAASAf-
brate, Y€} gemfibrozil)s #H-&3AY% CYP-

-S 173~



3A-glycoprotein substrate 2R inhibitor(cyclos-
porine, erythromycin, ketoconazole, itraconazole)
S35} Wey el WA TAVTh Lovastating
Uzel s §estd 3%e A, gemfibrozil® W43}
A 5%o0lA, 283l gemfibrozil, cyclosporine® &
A 43 28%olM A% SHHFo] TRt
2y} fluvastatin® gemfibrozil, cyclosporined ®
S3x 289 Fo| AR FETh

Statinell ¢]% %% F L statin®] mevalonate]
AL oAzl AXy FH2HEXNE 237 dE
olt}y, o] gL lovastatin® simvastatine] 7
813l pravastatin® fluvastatin® 9F3}t}. lovasta-
tin® simvastatin® A WIAsPgo] stz JES
o AxerE A FHsicd v A4 pra-
vastatin®} . fluvastatin® AEX9E F FAI}A %
3l7] ool EF lovastatin® simvastatin, at-
rovastain, cerivastatin® CYP3A-glycoprotein
substrate?! cyclosporine® W4£% o= A
9] AL W E wol FA U Wi wolAA 2%
HZEo $1ge] WA AXA "tk o|RL ol A
Eo| tALE H3M el CYP3AE TE2E 9
£43}7] "o} ofe] vl fluvastatin® CYP2C9
L o]&3l7] W& cyclosporine®} 43 #8o] gl
on] 2549Z0] gloJM cyclosporine® W& T <t
Aslt), Prvastating® 90%7F Aoz wW4ds7] d
£ 94X cyclosporine®2] 43 4ol gict die}
A lovastatin®} simvastating® cyclosporine®
4% o= £2%& A8 cyclosporine ¢ 3
AZE ol e ANZHALE Fi FoEH AHr|FHoz T
7% ZAAFe} creatinine phosphokinase JAE: 4]

#op g}

(3) WA 44 HYARRE] A A%

Statin® APZF e A5 HEZ o]yl 7
5& B3se EARE ot o3 d¥id 4%
chemotaxis7} statino] 23 #3& ¢oo AIY
AL 7V5E statinol os] AFHE7] wHEel.
T 94379 71%5% Astdch $8 HAYPolA = statin
& B3 FEAA IFAAREEl HA TAIE
Ae AFE F Utk statin® I ZHAL
9] Z4& Az AU o] WYARARE 4
wale 237t gl 3 cyclosporine2 AW
2 Ags =), statino] 93] ¥ @] FAsd
cyclosporine®) 2 ¥(free form)ol F7lstd WY
A zgo] Zdde ¥z Utk

b stating oz N A AAL FFE
243 g4 4 2 AR E sk A%
AZx AMEE 4 AE Aoz ZidEn

8) AHR0|= 839 &4

2H2olE7l 2XEF9 FAE Uo7l HEd
2zH2o]29] £F& Fo|AY AR Fade WY
T AEHR oy AR 3o wEy] HE
oA AF& 7lsor ). 2HRO|=g A3 FT3)
7Z1Rthe AdE R a8 g 433
Ego] grfs Hax it

0]4] & g (Posttransplant diabetes
mellitus, PTDM)

A o] AHele Fie]l 9d &AL o4 F
of Fxo] 2o] YHF F$E PTDMo drh
1. PTDMS| 39|

PTDMe Ael: $48 FA5o] A ¥x »
AT e 718 489y WEel PTDMS

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

Immunosuppression
. 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 —
Sumrani et al® 3 Fasting glucoses >150mg/dL or abnormal OGTT 116 —

Hricik et al® Requirements for insulin 96 — 129

Abbreviations : Pred, prednisone;, AZA, azathioprine; CSA, cyclospofine; OGTT, oral glucose tolerance test
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HER Haxwitt 34 2ci(Table 4). 284y
National Diabetes Data Group®} WHOQ®IA A}
F 712 2AN FRIHAA] 24337} 140mg/dL
%7 impaired glycemic control, 200mg/dL *=
HA oz FAHIE Hol F& HAoE A7
ok iR EHAAE 13 SAHAANY TEA ¥
2ol 140mg/dLE Z#HE W) Iz 73U
o}, A% o]y FAME FEA dFe Aozt
AF gGAE @43 ¥ A9 @71 A 54
A7} £ FABAANE FRIFAAE HAAEE
Reo] Fr}.

W52l PTDME o4 F 1d oo 2Asly
3749 ohvel T B97t Wt

2. PTDMS |#elxt

PTDM2 €18 UAE Table 59 dIAHA e
ojFelM 7HE F2F el dFeln Yuwe JF
3 o] Ao FEUYAHE FAF ¥ Ak
ojd BudME EFF HLAYo| PTDM3 #dg
ox 4

3. PTDMO| Ojajplol| 7ixXl= &

PTDM2 ¥97Z3%E FIMNA HJ¥aFge= <
g AMFES Fole dol Ve R 299 A
gol PTDMe] Rl Zol HI3l ol o2 U# At
o] Bo. & PTDMTOAE 53%0A4 #dEol 3l
AL dzTANE 16%14 #Hgol AU E A
o] gezx PTDMOIME Abde] 46%7F A¥
Zoll 718 Aol vlg] dz2FAME 12%7F HEF
of 711g Aol

PTDM& E& o]l 755 40 7=
gk 59 AEgo] PTDM9 A9l 70%°131 di=

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, BI8, Bwl5 Bwd42,
Dwl16

& 90%oltt. 1¥3e] TGFs 3 & H+3
%7 B39 g FEAAM 8L AXSY ma-
trix7t Z718HAl Eoh olE# A% AAEL TAo]
A AW Z(chronic allograft nephropathy)®) 3]
Fa3 98 @

4. PTDMQ| HRI(BMAYMK] HEl)

o] A gzl H FAHE
23 9gle] drh

1) AHR0|=

A} cyclosporinee] AHE-E 7] o]He] 2H o]
Zg NP0 AMREHY ATlde 2HRER
§ PTDM 9 W=7} BAE 46% 73 Hig A+=
Atk 238U cyclosporined] AMFo 2 A 2
EH2o|=g ALFoz Alg3}r] wEs] PTDMS
YEE @43 A3EA

2HZol=x A& APHE F2AA 4dF <
€YU ¥E58 doylozd FuuE ¥tk ojAL
ded #8449 Fo WYL FFa I8N
=g 4HAE 2Es] dE)Y. B 2HZO| =5}
J&d P4 AHIIGE Bk Yotk

2) Cyclosporine

Cyclosporine©] Al8-8 ©]F=2 2uRol=o] &
& FBsg7] dEe] PTDMe W=7 A3 &9
A 3%9A 14%2 Basz ok 23y cyclos-
porine AME FxWE& FEste Lo U cy-
closporinedl ¥ or|@ GAdFol €sd PT-
DMe] WxE7} 2% A 5% 2 BR=HD UAT oA
& 9o Holg 30Y o4 d&dE FAY AL
2 397 i A7E dAz XNag A v
" Aot}

2HEo|EE AR @3 cyclosporine ©#522
AMgste 9o PTDME #7% + glvds Ruk
glelA cyclosporine® 2H|Z¢]=+ PTDM& #
g do glolA 434S e Aoz Azdd
Z cyclosporine®] cytochrome P-450 system$]
olgd zHRolrgl AFstY 2HRZo=9 UYALE
JAgo N 2HRo|= FFAE Eo)7] HES
2 dddnt

238y cyclosporine AHA|7F PTDM&
B RE& o AdyedA FH=H it FE A
A B cyclosporine® Foig FEA ZF7E
22 AFRE o Agd Ev7t AsEY eugly-

d9dAA7F PTDM F

Suwd
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Table 6. Comparison of Risk for Posttransplant Diabetes Mellitus with Cyclosporine or Tacrolimus

Incidence of PTDM

Definition of CSA FK506

Source PTDM (%) (%) P Comments
Pirsch et al”  Insulin use for =30 4 199 <0.001 Open-label, randomized multicenter(n=19) study
d in pts with no CSA(n=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 83 —  Open-label, randomized, multicenter(n=15) study
d in pts not CSA(n=145), FK506(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% FKS506 pts,

Neylan et al'

single CSA patient still insulin dependent

Insulin use for >30 8.3(B) 36.6(B) <0.05 Open-label, randomized, multicenter(n=19) study

d in pts with no 56(H) 29.4(H) <005 CSA(n=121), FK506(n=123)

history of DM

1.1(W) 12.2(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 significant, ID, insulin-dependent; SW, ste-
roid withdrawal, pts, patients; B, black; H, Hispanic; W, white

cemic clamp QTFAME A&A AYAel F7id
AL ¥ F otk ol FEA #d Av|Fez ¥
e AE d=s gasn AXAe FE(vacuole)?t
750 A% degranulationg #EFY F U E
¢ oz B8l mRNA E&o] 50% ZAs o] gl
t}. & cyclosporine®] €@ QA& FAEAT|E
Aolt}, MO ZE cyclosporineo] olu] Aitd <l
&d9 U E dAgTE R3ax gk Calmodulin
o] A&de ¥HE At 4l cyclosporine©]
calmodulin®} ZA%sta] Q&Y Eu|E At
olt},
3) Tacrolimus

Tacrolimus® cyclosporine®} H|&E 7]Ao=2

PTDM$E dovj=d 2 W=7t cyclosporined] H]
3] WY EolrM(Table 6) AFola@zlejrs] PT-
DM¢ ¥iEE 15%WA 29% 2 Eusx givl 28
Y tacrolimus®} %8 FFEEA PTDMS HE
F28A =o) 37% A 83% M Uad AHE
FoslA fr} tacrolimus ¥ @AM e] PT-
DM ¥I= & tacrolimus® ¥F w9 YA @
Azt Jevg L£F& A zAsoF @t
4) 7|Et HAAHF
Azathioprine®} mycophenolate mofetilS PTDM
do7|x] ¥ov rapamycine cyclosporine®
H|3} PTDM$ o ®e] 9ozt

=
—
&

<
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5) PTDMQ| ¥i8Tol &2 &#xHme| &2|

PTDMSY ¥=7F 2 3AE & n3@A, 3
e 1Y, v 82} FolAe AddAAE M
A dgo AFE 7sldol Pk F 2HBo|EE
7t8H 4£%2E& FY3AY old Fddte A& 13
g FE o ARuge] xSt Fitse Ad &
ool g} old FAEL VY FAAE 2AF A
e Fuug Z7|d XBIEZ oo Gl
% FHZ L gupd 4 9ok

6) PTDM® A2

PTDMeo] G 4 2ojayg Algsted),
Mdetel HHE Folu BEdE 22Ut} A ¥
R ME FTE 872 AHAE FAsisd, A4
AZko] #e FAl(glipizide B)E FAstE RHel ¢
A3}, Chlorpropamidet} tolbutamide: % wj
4& A AUEFESS Fistnz Fodct

40% WA 50%9] BAAME UedE FAH}
e, AMEE Yy FHY 43 #@x A
o] Aee] wel A7 o] FAEAE 274
o2 glycosylated hemoglobinX& 233t
g3 239 =g #YIY PV AERAAME ¢
3 AL AA HALE A7IHoR Ao HHF
58 Hsor @
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