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Purpose: In the analysis of risk factors affecting the renal
graft survival and graft function, time-dependent effect of
each risk factor should be differentiated from net effect of
risk factor. We attempted to analyze the impact of im-
munologic and/or non-immunologic risk factors on the graft
function and survival after renal transplantation among the
recipients having same immunologic risks at the time of
transplantation. Methods: Three hundred ninety recipients
who underwent haplotype matched living related donor
kidney transplantation and have been regularly followed-up
were retrospectively evaluated in a single center. All re-
cipients were treated with cyclosporine-based double or triple
regimens. The graft function was evaluated by serum cre-
atinine (Scr) level and 24 hours urinary excretion of protein
every year untl 5 years after transplantation. The donor
kidney weight/ recipient body weight ratio (KW/BW), donor
age/ recipient age ratio (DA/RA), donor-recipient sex (D-R
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sex) relationship, and episodes of acute rejection (AR) within
1 year were regarded as the potential risk factors affecting
the graft survival and function in this study. Kaplan-Meier
method and Cox proportional-hazard model were used for
survival analysis. ANOVA to evaluate time-point difference
of graft function, and repeated measures ANOVA {o evaluate
the yearly difference of graft function were used. Results:
Only the episode of AR was a significant risk factor affecting
the graft survival. However, each non-immunologic risk
factors (KW/BW, DA/RA, D-R sex) and AR episode per-
sistently showed statistically significant impact on Scr level
until 5 years after transplantation. Recipients having lowest
KW/BW (1 Q KW/BW) and highest DA/RA (4" Q DARA
had experienced accelerated increment of Scr level from 4
year after transplantation. From 3" year after fransplantation,
there is a significant correlation between the numbers of
non-immunologic risk factor the recipients having had and
yearly increment of Scr level. However, episode of AR didn't
influence the annual slope of Scr level even 4" year after
transplantation. Conclusions: Non-immunologic risk factors
had an detrimental effect on renal graft function, especially
from 3" year after transplantation. To have a better
long-term graft function, non-immunologic risk factors should
be considered from the time of live donor evaluation for
transplantation. From the early period of transplantation, the
recipients should be aware of the negative impact of
overweight in terms of graft function and other metabolic
derangement. (J Korean Soc Transplant 2004;18:37-49)
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Table 1. Demographic detail of study group according to the risk factors

No. of recipients with functioning graft at risk

Risk factors 1 year 2 year 3 year 4 year 5 year
Subtotal 381 319 266 216 176
KW/BW* (g/kg)
1" Q 95 94 71 58 42 32
2 Q 98 95 82 63 54 47
39 Q 99 95 85 75 65 50
4" Q 98 97 81 70 55 47
Donor/Recipient age ratio
1" Q 98 95 80 65 50 41
2" Q 96 95 79 65 55 42
3 Q 95 94 78 67 49 39
4" Q 101 97 82 69 62 54
Donor-Recipient sex relationship
Male-to-Male 134 132 115 99 82 66
Female-to-Male 114 112 95 74 61 45
Female-to-Female 71 67 56 49 39 37
Male-to-Female 71 70 53 44 34 28
Non-immunologic risk factors
Free 165 160 136 119 99 81
Yes, Number of factor =1 147 145 123 97 73 62
Yes, Number of factor =2 78 76 60 50 44 33
Acute rejection
Free 278 275 236 195 153 124
Yes 112 106 83 71 63 52
*KW/BW = Donor kidney weight/Recipient body weight ratio.
Zeloteld FEs aubuzke] HEPE Fokleh 4 A 2-
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BB A (repeated measures ANOVA)RMH © & B A7 Zs £ 157 GroupA AB5
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=

Fig.

Post-transplant years

1. Repeated measures ANOVA: The effects of interest are
comparisons of group means, changes between sequential
times, differences of changes between groups.
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Fig. 2. Graft survival rate by the kidney weight/recipient body weight ratio (KW/BW) quartile (A), donor/recipient age ratio (DA/RA)
quartile (B), donor-recipient sex relationship (C) and episodes of acute rejection (AR)(D).
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Table 2. Risk factors affecting the graft survival rate by Cox Proportional-Hazard model

. Risk ratio
Variables (95% confidence interval) P value
Acute rejection (+) within 1 year 3.737 (1.734 ~8.052) 0.001
Kidney weight/recipient 0.535
4" quartile 1.000 (reference group)
3 quartile 0.864 RN ,
2™ quartile 0.488 (0.145~1.647) 0.248
1™ quartile 1.194 (0.408 ~3.497) 0.747
Donor/recipient age ratio, 0.774
1" quartile 1.000 (reference group)
2 quartile 0.701 (0.218~2.256) 0.552
3 quartile 0.901 (0.301~2.703) 0.853
4™ quartile 1.249 (0.432~3.612) 0.682
Donor-recipient sex relationship, 0.713
Male-to-Female 1.000 (reference group)
Male-to-Male 1.568 (0.402~6.118) 0.517
Female-to-Male 1.632 (0.379~7.024) 0.511
Female-to-Female 2.243 (0.552~9.105) 0.259
ABO blood type, not-identical 1.043 (0.391~2.776) 0.934
Retransplantation 2.798 (0.603~12.99) 0.189
o S0 Wejthy ARE A3 A A AEE 16-
Aol e 2.7 FAAFHEG2 B Hrte] o 44l HEEo - *
Agg AL §o% AR THTable 2). 2 197
9 2 OIXISO| 04K JIST OlMN Jlsel s § 4] N e
njxlE @8 2 14
KWBW, 3/5olat dgnl, T-4oiazt 4aA 2 3 § ,,]
° - - KW/BW 1Q
AAYUES AY 52 5UH2 o 4% WA . E - KW/BW 2Q
T Adoteld S50l F3 Aol & w3t KW/BW & 117« kwBw 3Q
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At €2 4% asoleld SE Wsgol fg Aol ‘ g
= s o)A T MdRE - 8 olak Ho| B xells Fig. 3. Changing pattern of mean serum creatinine level by the
& 2R, o4 AFE = o7 15 23 kidney weight/recipient body weight ratio (KW/BW)
A ekt 7 QA o| o4 ¥ 51d7bR| o axkulEFe] A quartile. *means P < 0.05 by repeated measures ANOVA.
A G Feolt A7 Wsherol WAk e folg 4
Fol ohuglet.
(1) KW/BW: KW/BW+= o] 4] & HF Fdofeld s Fe ol F 597A & KW/BWol| uh-& {28k Xte]7} ¢l
A4 HAE 73k KWBW7L 7ha e 4 29717 et
Qe o4 ¥ 1 AR o] B 5 Fdloteld FET 145 KWBWol| & 95 Zdoteld w9 A7 wsteks

mg/dLE KW/BW7} 7}A 2 4 29174 Q)9] 1.26 mg/dL
o HHO% frelshAl =9 ch(P=0.002). o]#] gk KW/BWol u}
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014

=2 3l
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51 A7HA
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Table 3. Effects of kidney weight/recipient body weight (KW/BW) ratio on the parameters of renal allograft function until 5 years after

transplantation
Statistical analysis
Variables . . . .
Kidney weight/body weight ratio (KW/BW) ANOVA Repeated measures
Parameters . ANOVA

Years 1" Q 2MQ 3 Q 4" Q P-value P-value'  P-valué’

Serum creatinine 1 1454041 1374034 1.28+0.37 1.26+0.39 0.002
(mg/dL) 2 1.36+0.37 1.34+0.35 1.23+0.39 1.22+042 0.045 0.0099 0.5059
3 1.37+0.34 1.35+0.35 1.241041 1.20£0.36 0.020 0.0371 0.2674
4 1.451+0.38 1.39+0.38 1.22+0.36 1.24+0.41 0.005 <0.0001 0.0782
5 1.56+0.47 1.42+0.44 1.21£0.34 1.31+045 0.002 <0.0001 0.0237

24-hours urine 1 0.58£1.32 0.33+0.61 0.45+0.71 0.35+0.69 0.251
protein (g/day) 2 0.78+1.48 0.48+0.76 0.45+0.79 0.35£0.58 0.114 0.4887 0.8905
3 0.66+0.87 0.64+1.03 0.36+043 0.40+0.79 0.122 0.3871 0.4063
4 0.57+1.09 0.47+0.79 0.25+£0.24 0.25+0.45 0.120 0.6438 0.2667
5 0.48+0.78 0.38+0.59 0.42+0.52 0.27 £0.50 0.675 0.0675 0.5230

P-value' = indicates test for changes between sequential times; P-value’ = indicates test for differences of changes between group.

1.7 1.8
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Serum creatinine level (mg/dL)
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Fig. 4. Changing pattern of mean serum creatinine level by the Fig. 5. Changing pattern of mean serum creatinine level by the
donor/frecipient age (DA/RA) quartile. *means P <0.05 by donor-recipient sex relationship.

repeated measures ANOVA.

Aglobeld =59} Anjd| Al ARAAE 7}H ) A4d A w2 Qo3 Hpo|E urAY £ glglct
BAEEoIA] Aol FolAe oAnol vlghe] £& A Fo]

A4 AFulol] w2 5 adoteld vx A7
$)9] o]4] 3 1 A ] W5 FHobeld FE= 1.53 my w3tk A R, oA $ 47k = 2 F o] A7k W
dLg XHI AEAT(Foi bS] dio] izt dFell nlsl kel f-oJ3t Xpo]vt ui G ouh, 41d o] Foll A= Al4 A
o & 99 112 mg/dLe} ulsisle] §-oJ3lAl FhekP BT EF Fdoteld wEe] Ak we| ohE &
<0.001). o] B} 3k Z/o At Aol wp-2 I3 aeﬂo}EM ol vjste] FoJabAl F7lskck(Table 4, Fig. 4)
TEw oA F 5 d AAAA wWFgle] o3k RolE FA (3) B-TOR HYHRA: A7t AR Aol A=
sloich ahulske o] X 59 Aol A= 74 7¥°ﬂ A ofZ7L dA]l 7 9-Het o] 4 3 HF Faoteld 57t
o3k ol & Ko Fjoial Agnlzt %3?% [l A FAE e} T A7t 7Rl o] 2} FoAf-of 7} 2o

of wgtor}, sl kel Aol Ak Foln dmulol  AEH WA FolAodA FIATY o4 F 1d A
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Table 4. Effects of donorfrecipient age ratio (D/R age) on the parameters of renal allograft function until 5 years after transplantation

Statistical analysis

paramet Variables Donor/Recipient age ratio (D/R age) ANOVA Repeated measurcs
arameters ANOVA
Years 1" Q 2™ Q 3 Q 4" Q P-value P-value'  P-value’
Serum creatinine 1 1.12+0.30 1.27+0.31 1.42+0.41 1.53+0.39 <0.001
(mg/dL) 2 1.06+0.31 1.24+0.40 1.39+0.38 1.45+0.34 <0.001 0.0690 0.3365
3 1.11£0.32 1.19+0.33 1.35+0.35 1.47+0.37 <0.001 0.9570 0.4226
4 1.11+0.37 1.23£0.36 1.37£0.40 1.50+0.34 <0.001 0.0021 0.0966
5 1.11+0.29 1.25+0.43 1.35+0.43 1.63+0.40 <0.001 0.0015 0.0404
24-hours urine 1 0.29+0.37 0.43+1.20 0.43+0.73 0.53+£0.98 0.392
protein (g/day) 2 035+0.52 0.55+1.75 0.68+1.29 0.46+0.60 0.329 0.5460 0.6895
3 0.36+0.41 0.45+0.67 0.54+0.88 0.69*1.14 0.195 0.4605 0.8037
4 021+0.44 0.31£0.38 0.40+0.89 0.52+0.79 0.195 0.4950 0.9699
5 0.26£0.50 0.33+0.56 0.73+£0.80 0.28+0.37 0.011 0.1868 0.6477

P-value' =

indicates test for changes between sequential times; P-value® =

indicates test for differences of changes between group.

Table 5. Effects of donor-recipient sex relationship on the parameters of renal allograft function until 5 years after transplantation

Recipient-Donor sex relationship

Statistical analysis

—_— Variables (donor sex-to-recipient sex) ANOVA Repeated measures
ANOVA
Years M-to-M F-to-M F-to-F M-to-F P-value P-value' P-value’
Serum creatinine 1 1.4210.34 1.52+0.34 1.16+0.40 1.06+0.29 <0.001
(mg/dL) 2 1.38+£0.38 1.46+0.34 1.11+0.33 0.95+0.24 <0.001 0.0177 0.6039
3 1.33+0.31 1.50+0.32 1.13+0.42 1.00+0.26 <0.001 0.0148 0.2047
4 1.39+0.33 1.53+0.35 1.10+0.37 0.98+0.27 <0.001 0.0011 0.0643
5 1431036 1.61+0.45 1.15+0.38 1.05+0.32 <0.001  <0.001 0.9125
24-hours urine 1 0.52+t1.21 0.41+0.72 0.31£0.38 0.36+0.68 0.451
protein (g/day) 2 0.51+0.93 0.41+0.72 0.36+0.81 0.36+0.68 0.417 0.4910 0.5948
3 0.531+0.68 0.67+1.04 0.28+£0.39 0.44+0.93 0.125 0.5665 0.4632
4 0.30£0.40 0.63+1.07 0291051 0.14+0.13 0.018 0.5983 0.4621
5 0.32+0.43 0.60+0.77 0.41+0.62 0.08 +0.07 0.039 0.1433 0.4918
P-value' = indicates test for changes between sequential times, P-value’ = indicates test for differences of changes between group.
AF 9% mdoteld 5= 2h7h 1163} 1.06 mg/dLE, o] 43714 extulekoll A= F 7he) $-9gt Kol §lolch.
A BolAda Toq AT o Foh b £ 9 adeldd SR A WYL ol 4

2 1429} 1.52 mg/dLel+= 28t Xpol7} it
of 2} ol A A $od AL o4 F 5 d7A S RE A
A A iAol FoAATHE §oI% Aol E Y
o, REbisEe o) 4] & 51l Aol A WA Fol Aol 4
of Aol thE F3h vl ste] felelAl dskor), dNE

53l

BAl wtepA] EAGH oz Fo3t o] Kol gigte.
W, of 2} Zoi At Toaxhz 1Al 2 ol lete] o)4]
F 4d ol $VE A7 sl Zhhe A% Ha
(Table S, Fig. 5).
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Table 6. Effects of non-immunologic risk factor on the parameters of renal allograft function until 5 years after transplantation

Non-immunologic risk factor

Statistical analysis

Variables (KW/BW 1% Q, D/R age ratio 4" Q,
Parameters or Female donor-to-Male recipient) ANOVA Repeated measures
ANOVA
Years Free Factor=1 Factor>2 P-value P-value' P-value®
Serum creatinine 1 1.15+0.30 1.42+0.39 1.57+£0.35 <0.001
(mg/dL) 2 1.12+0.35 1.37£0.40 1.48+£0.29 <0.001 0.0334 0.8305
3 1.11+£0.31 1.37+£0.37 1.52+0.31 <0.001 0.0071 0.1431
4 1.13£0.34 1.40+0.38 1.57+£0.33 <0.001 <0.001 0.0477
5 1.12+0.32 1.47+0.40 1.72+£0.42 <0.001 <0.001 0.0235
24-hours urine 1 0.30+0.51 0.53+1.14 0.48+091 0.096
protein (g/day) 2 0.37+0.67 057+1.07 0.68+1.16 0.149 0.3491 0.6104
3 0.36£0.62 0.56+0.73 0.78 £1.25 0.028 0.3643 0.3796
4 0.21£033 0.36 £0.44 0.76 £1.25 0.001 0.5062 0.9329
5 0.33+£0.53 0.40+0.57 0.48+0.72 0.595 0.0413 0.0495

P-value' = indicates test for changes between sequential times; P-value’ = indicates test for differences of changes between group.
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$ 0.9 ~* Non-immunologic factor=1

’ —+ Non-immunologic factor-free
08 T T M T T 1
0 1 2 3 4 5

Post-transplant years

Fig. 6. Changing pattern of mean serum creatinine level by the
combined non-immunologic risk factors. *means P <0.05
by repeated measures ANOVA.
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Fig. 7. Changing pattern of mean serum creatinine level by the
episodes of acute rejection (AR). *means P<0.05 by
repeated measures ANOVA.
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Table 7. Effects of acute rejection episode during 1 year after transplantation on the parameters of renal allograft function S years after

transplantation
Statistical analysis
Variables Acute rejection
Parameters episode within 1 year -test Repeated measures
e ANOVA
Years Free Yes P-value P-value' P-value’
Serum creatinine 1 1.27+0.32 1.50+0.48 <0.001
(mg/dL) 2 1.26+0.34 1.37£0.49 0.0450 0.006 0.0049
3 1.25+0.35 1.39+0.40 0.010 0.0038 0.0210
4 1.26+0.35 1.42+0.46 0.016 0.0003 0.7831
5 1.31+041 1.48+0.49 0.019 <0.0001 0.6247
24-hours urine 1 0.35+0.61 0.62+1.33 0.063
protein (g/day) 2 0.48+0.86 0.60+1.22 0.467 0.9897 0.2657
3 0.50+0.85 0.52+0.72 0.887 0.6867 0.8043
4 0.35+0.71 0.39+0.59 0.753 0.5420 0.0598
5 0.33+0.53 0.51+0.66 0.161 0.1204 0.6447

P-value' = indicates test for changes between sequential times; P-value’ = indicates test for differences of changes between group.

Table 8. Effects of immunologic and non-immunologic risk factor on the parameters of renal allograft function until post-transplant 5

years
Statistical analysis Statistical analysis
Variables Non-immunologic Repeated Non-immunologic risk Repeated
Parameters risk factor (—) t-test measures factor (+) t-test measures
ANOVA ANOVA
Years AR(—) AR(+)  P-value P-value'  P-value’ AR(—) AR(+) P-value P-value' P-value’
Serum 1 1.10+024 127+041 0.020 141+032 1.64+046 <0.001
creatinine 2  1.09+0.30 120046 0215 0.033 0.238  138+0.32 150+047 0.098 0.006 0.005
(mg/dL) 3 1.07+026 124+040 0.036 0.004 0.196 1.40+0.35 1.50+0.37 0.131 0207 0.056
4 1091027 123+048 0.145 <0.001 0973 142+035 1.58+0.39 0.030 0442 0.576
5 108+0.23 1231047 0.139 <0.001 0925 151£042 167£042 0.095 0065 0.530
24-hours 1 029+0.51 033+051 0.688 0.39+0.68 078+1.60 0.078
urine 2 039+0.73 0.28+0.28 0.544 0.854 0.359 055095 076*x148  0.456 0.384  0.231
protein 3  030+050 0.53+£087 0222 0.784 0643 067+1.04 051+058 0.293 0.020  0.010
(g/day) 4 017+0.12 031+061 0324 0.855 0.159 053+£095 045£057 0.675 0.378  0.184
5 0224030 065088 0.106 0.192 0.883 043+0.68 043£051  0.995 0.201  0.258

AR = acute rejection within 1 year after transplantation; P-value' = indicates test for changes between sequential times; P-value’ = indicates
test for differences of changes between group.
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A 7 Non-immunologic risk factor-free
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Fig. 8. Changing pattern of mean serum creatinine level by episodes of acute rejection in the subpopulation that have (B) or not have
(A) non-immunologic risk factor. *means P <0.05 by repeated measures ANOVA.

HHA of -9k ko] glol F T 74 Kol §l9ich(Table
7, Fig. 7).
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(Table 8, Fig. 8).
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