World J Surg (2011) 35:2818-2825
DOI 10.1007/500268-011-1287-0

Long-Term Impact of Pretransplant and Posttransplant Diabetes
Mellitus on Kidney Transplant Outcomes

Jen-Pi Tsai - Jong-Da Lian - Sheng-Wen Wu -
Tung-Wei Hung + Hui-Ching Tsai - Horng-Rong Chang

Published online: 6 October 2011
© Société Internationale de Chirurgie 2011

Abstract

Background The aim of this study was to compare the
impact of preexisting diabetes mellitus (pre-DM), post-
transplant DM (PTDM), and non-DM on the long-term
outcomes of renal transplant recipients (RTRs).

Methods This is a retrospective observational cohort
study of 427 RTRs who underwent transplantation from
1999 to 2008. Patients were divided into non-DM, pre-DM,
and PTDM groups. The primary outcome was the com-
posite of doubling of the serum creatinine (SCr) level, graft
failure, or death. Secondary outcomes were biopsy-proven
acute rejection (BPAR), biopsy-proven interstitial fibrosis
and/or tubular atrophy (IF/TA), and individual components
of the primary outcome.

Results A total of 70 patients (16.4%) had pre-DM, 104
(24.2%) had PTDM, and 253 (59.3%) had non-DM. Kap-
lan—Meier analysis indicated significant differences in the
development of the primary outcome: p = 0.003 (log rank
test). Relative to the non-DM group, the pre-DM group had
a 6.36-fold increased risk [95% confidence interval (CI)
2.43-16.33; p < 0.001), and the PTDM group had a 2.00-
fold increased risk (95% CI 1.08-3.73; p = 0.029) for
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development of the primary outcome. Patients in the pre-
DM group had 6.73-fold (95% CI 2.46-18.42; p < 0.001),
4.56-fold (95% CI 1.77-11.78; p = 0.002), and 13.95-fold
(95% CI 2.96-65.75; p < 0.001) increased risks for the
development of SCr doubling, biopsy-proven IF/TA, and
death-censored graft failure, respectively. Patients in the
PTDM group had a 2.09-fold (95% CI 1.10-3.99;
p = 0.025), increased risk for the development of SCr
doubling.

Conclusions The presence of pre-DM or PTDM signifi-
cantly impaired kidney allograft outcome.

Introduction

End-stage renal disease (ESRD) is a significant public
health problem in the United States, United Kingdom, and
especially Taiwan. Diabetic kidney disease is the major
cause of the high prevalence and incidence of ESRD [1-3].
Most patients with ESRD and diabetes mellitus (DM) also
have multiple chronic co-morbid macrovascular compli-
cations, such as congestive heart failure, ischemic heart
disease, and peripheral vascular diseases, all of which
contribute to the high mortality and morbidity associated
with ESRD. In Taiwan, the number of patients with ESRD
who require dialysis has increased over the last decade.
The survival rates of dialysis patients with DM versus
those without DM are significantly lower at 1 year (81.5%
vs. 89.4%), 5 years (37.1% vs. 63.5%), and 10 years
(17.5% vs. 44.0%) (p < 0.001) [4].

Kidney transplantation is one type of renal replacement
therapy for pretransplant DM (pre-DM) patients with
ESRD. However, previous studies showed that the pres-
ence of pre-DM was the major predictor of poor graft and
patient survival in renal transplant recipients (RTRs) [5-7].
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In addition, previous research has shown that DM recipi-
ents appear to have a higher risk for delayed graft function
[odds ratio (OR) 1.67, 95% confidence interval (CI)
1.46-1.93; p < 0.01) [8].

Post-transplant DM (PTDM) is a significant morbidity
that can occur after kidney transplantation. PTDM has a
significant impact on renal allograft outcomes, cardiovas-
cular diseases, and infection [9, 10]. The United States
Renal Data System (USRDS), which was the largest epi-
demiologic study to examine PTDM incidence in kidney
recipients, indicated an elevated incidence of PTDM
(14-16%) during the first posttransplant year, followed by
an annual incidence of 4-6% [11]. PTDM is influenced by
genetic background and immunosuppressive protocols
[12]. Joss et al. reported that the patients with PTDM had
5- and 10-year survival rates of 86.1% and 67.1%,
respectively, whereas those without DM had 5- and 10-year
survival rates of 90.0% and 81.9%, respectively [12].
Additionally, Siraj et al. demonstrated that relative to
patients without DM, patients with PTDM had a higher risk
of cardiovascular disease (22% vs. 6%, p = 0.033),
infection (52% vs. 30%, p = 0.036), and graft rejection
(47% vs. 23%, p = 0.018) [13].

The metabolic influences in pre-DM and PTDM patients
are similar, and the two groups have similar adverse out-
comes from allografts. We utilized the longitudinal results
of a 10-year follow-up study at a single Taiwanese tertiary
care university-affiliated hospital to compare the impact of
pre-DM and PTDM on the long-term outcomes of RTRs.

Materials and methods

For this retrospective observational cohort study, we
recruited 427 patients who had undergone renal trans-
plantation from December 1999 to January 2008. We based
the enrollment of patients on a two-sided type I error rate of
5%, 80% power, and a study that showed an 8-year patient
survival of 80% in the non-DM group, 63% in the PTDM
group, and 29% in the pre-DM group. Hjelmesaeth et al.
conducted that study, in which they observed 201 patients
from 1995 to 2004 in the Norwegian Renal Registry [14].

We enrolled 70 patients in the pre-DM group and 104
patients in the PTDM group and compared them to 253
patients in the non-DM group. Clinical data, including age,
sex, human leukocyte antigen, parental DM, follow-up
duration after transplantation, hypertension (HTN), car-
diovascular events—cerebrovascular accident (CVA),
coronary artery disease (CAD), peripheral artery occlusive
disease (PAOD)—and use of tacrolimus-based or cyclo-
sporine-based immunosuppressive regimens, were recor-
ded. HTN was defined as a systolic blood pressure
>140 mmHg, a diastolic blood pressure >90 mmHg, a

prior diagnosis of HTN, or treatment with anti-HTN
medications [15]. CVA was defined as having a history of a
transient ischemic attack or a CVA [16]. CAD was diag-
nosed by cardiac catheterization. PAOD was defined as a
confirmed ankle-brachial index of <0.9 [17]. HTN, CVA,
CAD, and PAOD were diagnosed before the patients
underwent renal transplantation. The follow-up period
began on the date of the kidney transplantation and con-
tinued until a primary outcome or the end of the study
(December 2009). The institutional review board of our
hospital approved this study.

Each patient was placed in a non-DM, pre-DM, or
PTDM group. Patients were defined as having pre-DM if
they met the criteria of type 2 DM or used an oral anti-DM
medication or insulin prior to renal transplantation. PTDM
was diagnosed according to the American Diabetes Asso-
ciation guidelines [18] using the criteria: fasting blood
glucose of at least 126 mg/dl; or symptoms of diabetes plus
plasma glucose concentration of at least 200 mg/dl at any
time of day; or 2-h postload glucose of at least 200 mg/dl
during an oral glucose tolerance test. Patients who did not
meet the definitions of pre-DM or PTDM were assigned to
the non-DM group.

Primary composite outcome

The primary outcome was a composite endpoint at the time
of first event, which comprised doubling of serum creati-
nine (SCr), graft failure, or patient death. Graft failure was
defined as the return to dialysis or retransplantation and
was censored for death. Doubling of SCr, graft failure, and
patient survival were chosen as the primary composite
outcome because they encompassed well-defined, clini-
cally relevant outcomes for both patients and physicians
[19, 20].

Secondary outcomes

The secondary outcomes included individual components
of the primary outcome: biopsy-proven acute rejection
(BPAR) and biopsy-proven interstitial fibrosis and/or
tubular atrophy (IF/TA). BPAR and IF/TA were confirmed
histologically. For patients who underwent several biopsies
with repeated reports of acute rejection or chronic IF/TA,
the time of the first biopsy was recorded. Diagnoses of
BPAR and biopsy-proven IF/AT were based on the Banff
classification [21].

Statistical analysis
The Kruskal-Wallis H test and the %> test were used for

analysis of continuous and categorical data, respectively.
Results are presented as means =+ standard deviations or as
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percentages. Graft survival was calculated from the date of
transplantation until the date of graft loss (i.e., first re-
transplantation, graft nephrectomy, maintenance dialysis).
Patients who were alive or who died with a functioning
graft at the date of the last-known follow-up were right
censored. The cumulative incidence and difference
between time-to-event probabilities of primary and sec-
ondary outcomes were analyzed by the Kaplan—Meier
method and the log-rank test. The adjusted Cox regression
model considered confounders of HTN and those with
p < 0.05 in demographic comparison—age, sex, hepatitis
C virus (HCV) infection, parental DM, CVA, CAD,
PAOD, and duration of renal replacement therapy—for
calculating the adjusted hazard ratio (aHR) of pre-DM and
PTDM relative to non-DM. A value of p <0.05 was
considered statistically significant. All data were analyzed
using Medcalc version 11.2 statistical software.

Results

There were 427 eligible patients who received renal trans-
plants from December 1999 to January 2008 (Table 1). A
total of 240 patients (56%) were male and 187 patients
(44%) were female, and the mean age at surgery was
54.3 £ 10.7 years. Prior to renal transplantation, 69.1% of
the patients underwent hemodialysis, 15.2% had peritoneal
dialysis, and the others (15.7%) had medical therapy with-
out dialysis. The mean duration of renal replacement ther-
apy was 25.9 months (range 0-204 months). Based on
American Diabetes Association (ADA) criteria, 70 patients
(16.4%) and 104 patients (24.2%) were diagnosed with pre-
DM and PTDM, respectively. The prevalences of HTN,
CVA, CAD, PAOD, hepatitis B virus (HBV) and HCV
infections were 82.7% (353/427), 3% (13/427), 6.1% (26/
427), 4.2% (18/427), 11.5% (49/427), and 9.8% (42/427),
respectively. The average posttransplant follow-up duration
was 72.7 £ 23.3 months (range 11.2-124.6 months). There
were significant differences in age (p < 0.001); sex (p <
0.001); the presence of CVA (p = 0.013), CAD (p <
0.001), PAOD (p = 0.004), HCV infection (p = 0.027),
parental DM (p < 0.001); and duration of dialysis
(p = 0.01) among the groups.

Primary composite outcome

A total of 9.9% of patients (25/253) in the non-DM group,
25.7% of patients (18/70) in the pre-DM group, and 16.3%
of patients (17/104) in the PTDM group reached the primary
outcome (Table 2). Kaplan—-Meier analysis indicated a
significant difference in the percentage of patients reaching
the primary outcome (p = 0.003, log rank test) (Fig. 1).
Subgroup analysis indicated that patients in the pre-DM
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group were more likely to develop the primary outcome
than those in the non-DM group (p < 0.001, log-rank test),
but the difference between the pre-DM and PTDM groups
was not significant. Cox proportional regression analysis
indicated that relative to the non-DM group there was a
6.36-fold increased risk for developing the primary out-
come in the pre-DM group (95% CI 2.43-16.63; p < 0.001)
and a 2.00-fold increased risk in the PTDM group (95% CI
1.08-3.73; p = 0.029) (Table 3).

Secondary outcomes

A total of 65 patients (15.2%), 53 patients (12.4%), 54
patients (12.6%), 12 patients (2.8%), and 17 patients
(4.0%) were diagnosed with BPAR, biopsy-proven IF/AT,
doubling of SCr, graft failure, and patient death, respec-
tively. Table 2 compares the percentage of patients of each
group who reached each component of the secondary
outcomes. A ” test indicated significant differences in SCr
doubling (p = 0.014), IF/TA (p = 0.015), and graft failure
(p = 0.043) for the three groups. The BPAR (p = 0.284)
and patient survival (p = 0.077) were similar for the three
groups.

For the secondary outcomes, Kaplan—Meier analysis
indicated that the three groups had significantly different
time-to-event probabilities of the SCr doubling time,
biopsy-proven IF/TA, and death-censored graft failure
(»p = 0.018, 0.014, and 0.037, respectively; log rank tests).
Patients in the pre-DM group had a 6.73-fold (95% CI
2.46-18.42; p < 0.001), 4.56-fold (95% CI 1.77-11.78;
p =0.002), and 13.95-fold (95% CI 2.96-65.75;
p < 0.001) increased risk for the development of SCr
doubling, biopsy-proven IF/TA, and death-censored graft
failure, respectively. Patients in the PTDM group had a
2.09-fold (95% CI 1.1-3.99; p = 0.025) increased risk for
the developing SCr doubling (Table 3), but was comparable
to the non-DM group in regard to developing biopsy-proven
IF/TA (aHR 1.29; 95% CI 0.63-2.65; p = 0.49) and graft
failure (aHR 0.44; 95% CI 0.05-3.73; p = 0.456). The
BPAR and patient survival of the three groups were com-
parable (p = 0.238 and 0.401, respectively, log-rank tests).

Subgroup analysis demonstrated that the pre-DM group
had a higher probability for developing SCr doubling,
IF/TA, and death-censored graft survival than the non-DM
group (p = 0.004, 0.004, and 0.039, respectively; log-rank
tests). The pre-DM group had higher probabilities for
developing biopsy-proven IF/TA and death-censored graft
failure than the PTDM group (p = 0.046 and 0.029,
respectively; log-rank tests). All components of the sec-
ondary outcomes in the PTDM and the non-DM groups
were comparable (Fig. 2). The risk of all-cause mortality of
the three groups were comparable (p = 0.401, log-rank
test) (Fig. 3).



World J Surg (2011) 35:2818-2825 2821
Table I Demographic and Variable Non-DM DM PTDM »
clinical characteristics of renal
transplant recipients without Patients 253 70 104
DM, with DM, and with
posttransplantation DM Sex (male) 126 (49.8%) 55 (78.6%) 59 (56.7%) < 0.001
Age (years) 524 £ 11.5 595+ 7.7 554 £09.1 < 0.001
HLA
<3 144 (63.4%) 40 (61.5%) 51 (54.8%) 0.357
>3 83 (36.6%) 25 (38.5%) 42 (45.2%)
Cardiovascular event
CVA 5(2%) 6 (8.6%) 2 (1.9%) 0.013
CAD 4 (1.6%) 14 (20%) 8 (7.7%) <0.001
PAOD 6 (2.4%) 8 (11.4%) 4 (3.8%) 0.004
Hypertension 205 (81.0%) 63 (90.0%) 85 (81.7%) 0.205
Parental DM 23 (9.1%) 52 (75.4%) 15 (14.4%) <0.001
Medication
Tacrolimus 193 (76.3%) 52 (74.3%) 86 (82.7%) 0.456
Results are the number of .
patients unless otherwise Cyclosporine 56 (22.1%) 18 (25.7%) 17 (16.3%)
specified Dialysis mode
DM diabetes mellitus, PTDM Hemodialysis 174 (68.8%) 50 (71.4%) 71 (68.3%) 0.344
posttransplantation DM, HLA Peritoneal dialysis 44 (17.4%) 6 (8.6%) 15 (14.4%)
human leukocyte antigen, CVA
cardiovascular accident, CAD HBV 24 (9.5%) 9 (12.9%) 16 (15.4%) 0.262
coronary artery disease, PAOD HCV 21 (8.3%) 13 (18.6%) 8 (7.7%) 0.027
peripheral artery occlusive Follow-up time (months) 74 £ 22.8 71.5 £ 235 70.3 £ 245 0.298
disease, HBV hepatitis B virus,  pjajysis time (months) 28.8 £ 32.9 17.7 & 209 23 £ 292 0.01
HCYV hepatitis C virus
Table 2 Numbers of patients in Variable Non-DM DM PTDM »
the three groups who reached
primary and secondary Primary endpoint 25 (9.9%) 18 (25.7%) 17 (16.3%) 0.003
outcomes .
Secondary endpoint
BPAR 35 (13.8%) 15 (21.4%) 15 (14.4%) 0.284
SCr doubling 23 (9.1%) 15 (21.4%) 16 (15.4%) 0.014
BPAR biopsy-proven acute IF/TA 26 (10.3%) 16 (22.9%) 11 (10.6%) 0.015
rejection, SCr serum creatinine, Graft failure 6 (2.4%) 5 (7.1%) 1 (1.0%) 0.043
IF/TA interstitial fibrosis/tubular Patient death 9 (3.6%) 6 (8.6%) 2 (1.9%) 0.077

atrophy

Discussion

This 10-year observational cohort study used a composite
endpoint for comparing long-term allograft outcomes
among the pre-DM, non-DM, and PTDM populations. Our
results indicate that RTRs with pre-DM had the highest risk
(aHR 6.36, 95% CI 2.43-16.63) for developing the primary
composite outcome (SCr doubling, graft failure, patient
survival), and that RTRs with PTDM had a higher sec-
ondary risk (aHR 2.0, 95% CI 1.08-3.73) than the non-DM
RTRs. Moreover, analysis of the secondary outcomes
indicated that the three groups also had significantly dif-
ferent risks for development of SCr doubling, biopsy-pro-
ven IF/TA, and graft survival, but not BPAR.

Increasing evidence indicates that type 2 DM leads to an
elevated risk for developing chronic kidney disease and
long-term mortality and morbidity following a diagnosis of
ESRD [2-4, 22, 23]. Also, long-term hyperglycemia is
associated with the development of microvascular and
cardiovascular diseases. In particular, the atherogenic
properties of hyperglycemia are particularly significant in
RTRs, who have marked predispositions for CVD [10, 24].
Previous studies have suggested implementation of better
glucose control for these patients because RTRs with DM
have poorer survival, poorer graft survival [7], and delayed
graft function [8].

Joss et al. conducted a retrospective observational study
of 787 RTRs from 1994 to 2004 in western Scotland [12].
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Table 3 Risks of reaching primary and secondary outcomes of patients with non-DM, pre-DM, and PTDM

@ Springer

Secondary outcomes

Primary outcome (n = 60)

Group

Patient death (n = 17)

Graft failure (n = 12)

SCr doubling (n = 54)

IF/TA (n = 53)

BPAR (1 = 65)

p

aHR (95% CI)

p

aHR (95% CI)

aHR (95% CI) » aHR (95% CI) »

p

aHR (95% CI)

p

aHR (95% CI)

1

Non-DM
Pre-DM

PT

1.81 (0.23-14.38)  0.575

0.63 (0.13-2.97)

<0.001
0.456

13.95 (2.96-65.75)

0.44 (0.05-3.73)

<0.001
0.025

0.002 6.73 (2.46-18.42)

0.49

0.206 4.56 (1.77-11.78)

1.79 (0.73-4.38)
1.07 (0.58-1.98)

<0.001

0.029

6.36 (2.43-16.63)
2.00 (1.08-3.73)

0.562

2.09 (1.1-3.99)

1.29 (0.63-2.65)

0.828

DM

The hazard ratio was adjusted by age, sex, parental DM, HCV, duration of renal replacement therapy, CVA, CAD, PAOD, and hypertension

CI confidence interval, aHR adjusted hazard ratio

p < 0.05 indicates significance

Among patients who died with functional grafts, 14.0% had
pre-DM, 10.9% had PTDM, and 7.7% had no DM
(»p = 0.01). These results indicate that DM patients (pre-
DM and PTDM) had poorer survival than non-DM patients
[12]. Wiesbauer et al. suggested that an elevated glucose
level is independently associated with higher patient mor-
tality in pre-DM RTRs and that tight glycemic control is
necessary to prevent the typical pathohistologic changes
associated with diabetic nephropathy in these patients [5].

The prevalence of PTDM in the present study was about
24.2%, somewhat higher than that reported by several
previous observational studies (9.0-103.8 months), which
reported ranges of 7.4% to 23.0% [13, 25]. The median
onset time of PTDM in our RTRs was 5.3 months (25-75%
IQR: 1.4-35.6 months). Based on the DIRECT study con-
ducted by Vincenti et al. [26], however, the prevalence of
PTDM in the non-DM population (no DM before trans-
plantation) at 6 months after transplantation was 26% (73/
281) in cyclosporine-treated patients and 33.6% (95/286) in
tacrolimus-treated patients (p = 0.046). The overall prev-
alence of PTDM in their study was 29.6% (168/567). In our
study, the overall prevalence of PTDM was 24.2% (104/
427). However, after excluding those who were diagnosed
to have DM before undergoing renal transplantation, the
prevalence was 29.1% (104/357), which was similar to the
DIRECT study. The previously identified risks that pre-
dispose patients to PTDM are advanced age, obesity, male
sex, non-Caucasian race, family history of diabetes, use of
immunosuppressive medications, and HCV infection [10,
13, 27]. These risk factors are all related to inherited or
acquired defects in insulin sensitivity and beta cell function,
which contribute to glucose dysregulation [27, 28]. The
atherogenic property of hyperglycemia contributes to a
marked predisposition to CVD in RTRs [10]. Recently, we
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Fig. 1 Kaplan—-Meier curves for primary composite outcomes of the
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transplantation DM (PTDM) groups
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Fig. 3 Kaplan—-Meier curves for all-cause mortality of the non-DM,
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reported that homozygosity of the 5G allele of the PAI-1
gene provides protection against the development of PTDM
[29], similar to the results of another study of gestational

DM [30]. Moreover, Hjelmesaeth et al. reported that PTDM
patients were at higher risk for major cardiovascular events
than non-DM patients [14]. PTDM patients are also at
higher risk of adverse graft effects and poorer patient sur-
vival [9, 10, 12, 13]. In the present study, RTRs with PTDM
had greater primary composite outcome and SCr doubling
than RTRs with no DM (aHR 2.0, 95% CI 1.08-3.73 and
aHR 2.09, 95% CI 1.1-3.99, respectively) after adjusting
with the confounders of age, sex, HCV infection, parental
DM, HTN, CVA, CAD, PAOD, and duration of renal
replacement therapy.

Analysis of the USRDS registry demonstrated that pre-
DM and PTDM were independent risk factors for myo-
cardial infarction within the first 36 months after trans-
plantation [31]. Cosio et al. showed that RTRs with pre-
DM had a significantly higher incidence of posttransplant
cardiovascular events and all-cause mortality than non-DM
patients [32]. Hjelmesaeth et al. reported that the 8-year
survival was 80% for non-DM patients, 63% for PTDM
patients, and 29% for pre-DM patients [14]. Additionally,
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in the First National Health and Nutrition Examination
Survey (U.S. population, 1971-1993), Gu et al. reported
that in a general population the mortality rates were highest
for those with at least 15 years of DM [33]. In the present
study, we found that RTRs with pre-DM had the poorest
long-term outcome and that those with PTDM had inter-
mediate risk of poor outcome. These differences appear to
be associated with the duration of exposure to the hyper-
glycemia milieu.

Previous studies have reported that the mortality rates of
DM patients in Taiwan and the United States were 39.0 and
141.8 per 1000 person-years, respectively, higher than in
the general populations without DM; they also found
that DM patients who are elderly and male had poorer
outcomes [32-34]. We found significant differences
among our three groups based on sex (p < 0.001), age
(p < 0.001), and parental DM (p < 0.001); in contrast, in
patients with CVA (p = 0.013), CAD (p < 0.001), PAOD
(p = 0.004), or HCV infection (p = 0.027), the all-cause
death rate was comparable between groups after adjusting
for these risk factors. It is unknown whether these com-
parable patient survival rates are due to the improved
metabolic control by newly developed multiagents or to the
lower mortality rate of DM patients in Taiwan than in the
United States.

The limitations of this study include its retrospective
observational characteristics and the limited number of
enrolled patients in only one center. For example, it is
possible that in patients with DM various changes might
have occurred in their immunosuppression in attempts to
achieve better diabetic control during the course of the
follow-up. Such events might have an impact on the results
of a retrospective study.

Conclusions

Our results indicate that patients with pre-DM or PTDM
have a more adverse long-term primary composite out-
come. Also, we infer that the duration of DM appears to
play a major role in the susceptibility to a deleterious
allograft outcome.
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