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Purpose: Posttransplant diabetes mellitus (PTDM) ‘is one of Al o]l F P 1964 Starzlo] 4l o] 4] FhzlellA
the feared complications of the immunosuppressive agents AL 2H|BolE o 7ledt Ao g (1) o Al
following renal transplant:gon thspm adwuncee;f of immuno- T 6~46% 2 A gom() Aoz AH Fo)
suppressive therapy, including the introduction of the steroid- cal o3l o P v Ao

sparing calcineurin  inhibitors, cyclosporine and tacrolimus, =l 4% J%:d /:1 ¥ gqoﬁaol 31 Luqzi”i -
the incidence rate remains greater than 10~ 30%. Methods: o 180T hgell el zald "HAMA cyelo-
This prospective study investigated the influence of tacro-  sporine®] A-8.0.2 QI3 sl 2ol = Aol FoITHe
fimus on glucose metabolism before and after transplan- olE Bala o)A ¥ duHe] HlEE 25~20%% oI A
tation for twenty patients. without kniown glucose metabolism & TA B3s 2 9uh(3) Cyclosporine?] o] 4] & gy o]
abnormalities. Results: The overall incidence of PTDM was kA7) " 0 2 %= calcineurin & A| Al 24] 2 8ste] A TF
30% and was developed within 3 months after renal frans- sALol © . o o

plantation in majority: of cases. During tacrolimus admini- oA A Qg Fulzh fAdel dHA Al

stration, fasting blood glucose increased from a median of Tacrolimus¥ 198513 Streptomyces tsukubaensis®] A&
87.0 mgldL to 103.5 mg/dL (P <0.05), and Insulin sensitivity oA A& Held macrolider] FHEAZ, (4 1 AE7H
decreased in 15 of 20 patients, from a median of 1.6 & cyclosporine?} A}k calcineurin & A 4| 24 WA A A &

mg/dUmin to 1.2 mg/dL/min (P <0.05). Insulin secretion i 72+2 A3 Agel 4 cyclosporine®] 10~200u A %
decreased from 1918.3 »U X min/mL to 1018.2 U X min/ml. 283 Aog Bislo] geh() oA ¥ Fuuol wAE
(P < 0.05), whereas insulin resistance did not change. o cyclosporine2.eh tacrolimusol] 4] F 4~Su] £ Ao
Conclusion: These results indicate that diminished insulin T Cyelospo N =
secretion response to a glucose load rather than insulin B3z glerd67) HH Aol dgel vetAEe] <l
resistance was proved as the main pathogenesis of PTDM w7 Fulg goleh Fe] Qle AL i HI glont
in renal transplant recipients treated with tacrolimus. Higher 89) ot & w7 A welA YA gkeh

tacrolimus trough level, older age, and higher weight were A o]4] & guue madAA AL HE F s}
more frequently seen in the PTDM group than normal group, 2 o g =, wretE AR 2472 o8 o

although the difference failed to reach statistical significance. g9 gHze s

s Z& 713 A A o] A #hALe] oW Tt Aol T2
Further prospective stud;eswdhagreater number of patients 2 $10l0] 52 QAEhG.10) A o)A F el wels]d
are needed to define the risk factor for PTW (J Korean R S c I
Soc Transplant 2003;17:51-55) T EARE o) Hell & 5 glehH o4 F G
ofjulol] £-g-o] & ZAolct. 2#i} tacrolimusE AH-E-8F 4l o]
A Bl A 9] o] 4] & B ukAol gk HgH ol A
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A7k o)A |l o3l A1 o] 4] &g b2 184) o] 4] 3
A 5 dEH ez due 7|9e] gla 2 Aof] 282
o|=u} tfE HAAAAE Fof W Ho| gl 209 A
A A o4 A E o2 A A7 E st BAE
o] A @7} 157, o2} s o] gl onf FFito] = 4094,
BE AL A 227 kgm', FHAE 60.4 kgirk. Aol
AL WAL HARL o] Ag v gt ATl A Al
5 eh 5 A Al A% gk AA] Ashn=
14), Ig A AZ(n=2), 18 gH(n=2), Wegener’s granulomatosis
(n=1), thdA A=)t 4] o]4] A 1292 P £
4 ol 4g e Bot £42 sj9len, 4L $A glo]
ukE A o4 S AAshelnh

HE 3A}+= tacrolimus $o] A3} tacrolimus Fo] ¥ 59
A 27 A ekeh A4S A B 24 A
WRE 847 ol FAE ARLT, B Qe 1A
AY o LAe] FA4E woleln BubFA g FA8 4
Z A A 74 SRS AA 3L ok Ask A el
FHE1 & AFY & 50% EEFEH05 gkg)rs 387 F
Foidh & Wil & FollA] LEFEN Fof 155 A, Fo
A, Fo] 25 10, 15, 20, 30, 40, 50, 6050l 77} & ol S
3 cc AHE3to] P, Copeptide, QAET X5 ZH s}
ol £ gte] FF-& AUV F vl dipstick S A&
sto] ZAslla B9 Folle o] HHE Alubet A Aekg)
o, TE G2 4 A F 13 FHEAR HY Folle
4 13] Fg3det o4 F Fur ol Ao 20001 ]
G {3 71l wel el wEo] gl 2haldlA
o4 & & Pfo| 126 mg/dL o] o] A}, G o] 4
3 A TN 2 244 Fdo] 200 my/dL o] 42l H 92
g o sld et

oAl evl o 2 tacrolimus, 2 E0]X, mycofeno-
late mofetile (MMPF)&] A}#] 2. ¥-& A]30}%c}. Tacrolimus
5% 29 ARE 19 02 mykgs] $38 23] vhrol 7
TF5o18l9 3, tacrolimuse] HE 2z % 2L | Mx
tacrolimus 74 kit (AbbottA}, 2] )& AF&3slo] X 3419 =
ok 15~20 ng/mL, 37/0¥ ©]F = 5~15 ngmL7} B E&
828 248U AuZo|Et 44 @9 methylpre-
dnisolone 500 mg& A WFA s} mie 7 888 Aulo g
ekstod 497 FA% F T2 wpito] 1Y prednisolone
60 mgo & Foslm Al A& o g zhaksle] 1/]YAE 10
mgo g Fol3lgict. MMFE T4& F 2UA|RE] 1Y 2 g&
282 Uro] ZF Folsheink

A5l 7+94 A FE(Insulin sensitivity index)& o] 4] 3}
Foll AAZE A FRS DA A 1083} 3080 =
A% TEY SES AYRIL QA ol F Aol 7
7 Ao 71e71E Agslod Falda(12) A A
A2 Ql# e} o 1], homeostasis model assessment (HOMA-
RigE Al g xF8 A 532255 Agsto] A4t
SAeh.(13-15) C-peptided} Q1! Bul52 t=05¢ uf 23
Azbeleke) ke d7stel TEiAE A obd WAL MY
shol Akt

S A1 E-4-& SPSS for Windows version 11.08 o] 8390
o, 2% FAX e 7 F3 H92 FAe Tacro-
limus $-o374 %9 HALE vl 28}7] 9304l Wilcoxon
matched-pairs signed rank sum testE A8}, o] 4] & o}
w3 AET AT 2] ABEAE 9 HAE Kendall's
tau-b rank FHAFF AH-E3}9] om, P ko] 0.05 vk w)
FAHem 4ol Aoz DR

E o

i

C

Toll A= 207 o) ghA} F 69 ol A o] Al & o]
o 30%2] WAES B, T dYA7E 6
= A3t s7o] o)A F 3/ oulct. o4
AT AT Aol A A5, AHRo)
A& 3N FA Zlotel x|, FA4 AR uke
oll= 2ol 7} il em, tacrolimus EF H A %9} 32}
&, B TFAZL ol 4 ¥ Fn whAFo A o B2 A
et AR ot AR ofgltH(Table 1).

A 209 9] Al o] 4] 3kA}of| A tacrolimus £o] A Fe] ok
A WistE B 38 ko] F7b gho] tacrolimus Fof
A 87.0 mg/dLoll A §-of 3 103.5 mg/dLo 2 $-o)3}A] =7}
SRAILP<0.09), AEH T4 AFEE T 2ol tacro-
limus %o} A 1.6 mg/dL/minollA] Fo] & 1.2 mg/dL/mino.
2 FY3A Z4ebA P <0.05)(Table 2). Tacrolimus o3
A3 elgal 44 AF] M3le Fig 13 2} 209
T 15%ellA e de3l A 37 Zastglen 59
A F7H B3tk Tacrolimus Fo] 3 714 Q&= $2)(t
=0)oll= F23 Hite o, AEe Ful5e Z7 7k
o] tacrolimus §-of Z 19183 xUxminmLollA] Fof 3
1018.2 U X minymL 2 & 23} Al 7H48} 9 2(P<0.05), C-
peptide®] 7} ZLE tacrolimus 501 & 433.9 ng X min/mLe|
Al Fo] & 2281 ng Xmin/mL o 2 §2)&lA Z+AE QP
<0.05). )1&¥ A4 HOMA-RE A-L381%S o F7+
7ro| tacrolimus Fof & 304 mg/dL X pUmLo4] o] 2
342 mg/dL X 4UmLo.Z Z7}¥]g) om, olgsel/LErt |
£ A3l ol & tacrolimus $-0] A 9.2 4 U/mgol| 4 6.9
pUmgo g ZraE|Q ot 7 7 R4 olgdl #3hA]
e o3 #H3vl gloiri(Table 2).
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Table 1. Demographics of the patients

Normal (n=14) PTDM' (n=6) P-value
Age (Y1) 38.5 (22~54)* 42.5 (29~57) 0.408
Sex M/F)T 1074 5/1 0.583
Weight (kg) 449 (39.5~84.4) 61.0 (45.0~67.5) 0.680
BMI' 22,6 (18.0~31.6) 22.5 (16.1~28.3) 1.000
HD/PD " [None 8/3/3 410 -
Diaysis duration (month) 5.5 (0~96) 7 (0~24) 0.895
Incidence of acute rejection episode 1 1 1.000
Tacrolimus trough level (ng/mlL) 154 (11~30) 21.3 (11.5~30) 0.173
Serum creatinine at 3 months (mg/dL) 1.3 (0.8~1.9) 1.7 (0.8~2.5) 0.454
Steroid cumulative does for 3 months (mg) 2016.3 (1880~3965) 1965.0 (1850.5~2820.0) 0.773

*Values are expressed as median (range), "PTDM = posttransplant diabetes mellitus; fM/F = male/female, ' BMI = body mass index; "HD/PD

= hemodialysis/peritoneal dialysis.

Table 2. Glucose metabolism before and during tacrolimus treatment

Parameter Before During P-value
Fasting glucose (mg/dL) 87.0 (47.0~315.0* 103.5 (76.0~192.0) 0.008
Insulin level at t=0 (UfmL) 7.9 (4.8~23.4) 7.6 (3.9228.1) 0478
Insulin sensitivity index (%/fmin) 1.6 (04~5.3) 12 (~0.6~1.8) 0.020
Insulin resistance

HOMA-R (mg/dL X zUfmL) 304 (10.0~328.0) 34.2 (16.1~156.8) 0.709
Insulin/glucose ratio ( «Ufmg) 9.2 49~14.5) 6.9 (3.4~17.6) 0.086
Insulin secretion ( z¢UX<min/mL) 1918.3 (244.4~4037.6) 1018.2 (92.6~3392.5) 0.019
C-peptide (ng X min/mL) 433.9 (63.7~884.9) 228.1 (259~611.1) 0.021

*Median and range of glucose metabolism values before and during tacrolimus treatment were measured or calculated from measurements

of intravenous glucose tolerance tests.

61 » PTOM Table 3. Correlations of PTDM with different risk factors
5 * No PTDM
x Factor r* P
[]
2 47 t
> Age 0.161 ns
2 37 Weight 0.079 n.s
g 5 BMI 0.000 ns
e FBS (before) 0.532 0.006
E 1 Insulin secretion(during) -0.522 0.006
- g Tacrolimus trough level 0.262 n.s
-1 ) *r = Kendall's tau b; "n.s = not statistically significant.
Before During

Fig. 1. Insulin sensitivity index change before and during tacro-

limus.
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porineol] ] 3l i o] AR S} 4~5u) F2 A o2 U
A ek 2 ol A tacrolimus AHE- 3 Wk E whipHie] Wl
¥ 0% &)TrollA BRagl 8~20%(I6)Hr} chik =9ko
ol £ AollA AL tacrolimus®] FoiFa} HF Fv}
ool vlal tht 7] afiE o2 A7tk f7] 9 o)
& AT 252 AHofl whEr tacrolimusol] o]t i

FE o4 & 6704 ool WhAlsted o] 4] F o] At
Aol A < 173 Aol I 24750 B4 3%
HE& Busld).(17,18) o)+ tacrolimuse] AF& o2 013} o}
A} Aoll7} tacrolimuse) W3 %7} 7H 48 ol wdel #)A) ol
e} A2 2] Fulgo] FdEivke Baot #a Qlcka Hojzl
th(19) & ATellA L 20089 32 F 6HollA] 4l o]4] &
o] fE A= o]F 510 o] 4] 3 3/0Y ojuel] #
HEEgl L, 19o] o] 4] 3 9/Ys) uh s Qi)

Tacrolimus A2 2 Q13 o] 4] F i o] Wb 7| 4.
obz Hakgh W72 sl A A ¢kt Tacrolimusg) o]
Al F Gy WAV Rell el Tamura 5-(20)-2 3 A ¥ ol
A] tacrolimus7} FK506 74 gtelud-1201] 2 $hs}o] mRNA A A
AollE FUAIFIL, o2 ste] A wiel AlZUe]
calcineurino] A A|5o] g7 Ful7t Fasde HAE
A BGAEE £ AFollA tacrilimus Fofof] wpE FoAle]
WS B a7l 244 AE7E 1.6 mg/dL/minol] A Fof
% 1.2 mg/dL/min® & §-ole}A] ZAslg 1, elsd Hu)s
& Z7F Zko] tacrolimus §-0 A 1918.3 4 U X min/mLol| A &
o] ¥ 1018.2 U xmin/mL e & $-9)&}A] 7+Asl9lon) ol
8 AL Fogt g HolA ¢kttt o]+ Van
Duijnhoven &(9)2] Al o]2] 31AE Ao & tacrolimus7}
Boldel vAE Jare 2A AEY T4 ekl
olgadl 244 A E7) tacrolimus ¥ A 1.74 mmol/L/min
ol 4 Fo] ¥ 1.08 mmol/L/mino. & §oJslA] 743l (P<
0.05), Ql&x Hu|59 F7F Zko] tacrolimus ¥o # 864.5
mU X min/Lol| 4] £0] 2 600.0 mU x min/LOo.Z -9 5}7] 7+
43 A7} Y3 A#E HoJF e} Van Duijnhoven 5(9)
2] el tacrolimus Fof F Q17 AL A&
Aol paet BHo] glod, gi-sle Ut Adgel &
v o Zravt Q1E7 A A E A7 AL 319, o]
Al A Adgdl Aol wh 3hajolly o] A & TrmHiel ub
AEol o Husict x3 o] &2 Al AL
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AT AT Aolol] A F AF, 2v|Bo|EY F AL
T4 AR Aozt glle, tacrolimus € F 2 4]
s oAl gAbe] qddo] o)A F Fn ubATol|A] T
Age Aoy SAHCE Fo3 A=+ ohuiglnh
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4 o] Uiglct. Al o] 4] 3hR}ell A tacrolimus §-of 2 T8 Hvt
o} %7F gko] tacrolimus F-of A 87.0 mg/dLoll4] Fof ¥
103.5 mg/dLo. 2§28k Z7Fatd (P <0.05), Qe 7t
FA A FE F7F 7ho) tacrolimus §-03 A 1.6 mg/dL/minol]
A Bod ¥ 12 mydlmino 2 {ojslA ZrietRrhP<
0.05). o1l Hu|5S F7F gho| tacrolimus Fof % 1918.3
(U xminmLel} A 5o ¥ 1018.2 U Xmin/mLe. 8§23}
Al st 2Ll (P<0.05), A& A4 FoJg Wit
olgleh wekA dEd AeA Y Rae Jad A4
 #do] glov Adgdl Eulsat fHo] qckx A4z
th B QAF A o4 F Gy AT ATl B
t} tacrolimus A BF FE, 9%, F7A7 2 AEE
Byl o} GosiAle ghghet. 8] o4 A FE A dF
o] £, o4 F U7 Ful5o] AEFF o] F G
o] utAwt f-of3t 4PPAE Hod FUc)
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