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There is no large data analysis reporting the outcome of Chinese kidney
transplant patients using mycophenolate mofetil (MMF). This study ana-
lyzed 6719 patients from the Chinese Scientific Registry of Kidney Trans-
plantation using MMF, which included 1153 from donation after cardiac
death (DCD), 1271 from donation after brain and cardiac death (DBCD),
and 4295 from living donor (LD). Compared with the transplants from
deceased donor (DD), better outcomes including 3-year graft survival
probabilities (LD = 95.8% vs. DD = 91.3%), incidence of delayed graft
function (DGF, LD = 2.4% vs. DD = 17.7%), infection (LD = 10.7% vs.
DD = 20.7%), graft loss (LD =23% vs. DD =6.3), and death
(LD = 1.3% vs. DD = 3.2%) were shown in the LD group, with similar
incidences of acute rejection (AR, LD = 3.7% vs. DD = 4.7%), hyper-
uricemia (LD = 21.7% vs. DD = 22.2%) within postoperative 1 year, and
serum creatinine (Scr) >133 pmol/l at 1 year (LD = 18.8% vs.
DD = 18.6%). Nonsignificant differences were found between the DCD
and DBCD group. The 5-year survival of patient and graft in the LD group
were 97.5% and 93.0%. Adjusted Cox model for graft loss showed signifi-
cant associations with DGF [hazard ratio 3.7 (95% CI: 2.4, 5.8)], AR [2.8
(1.7, 4.6)], Scr >133 umol/l at 1 year [2.6 (1.5, 4.2)], hyperuricemia [2.3
(1.6, 3.3)], and DD [1.6 (1.1, 2.4)].
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10 793 underwent kidney transplantation, which

means a considerable donor organ shortfall exists in

Kidney transplantation is an effective treatment for
end-stage renal disease (ESRD), and by the end of
2017 in China, 524 467 hemodialysis patients had
been reported. In the same vyear, 30 502 patients
were in the kidney transplant waiting list but only
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China [1]. Since organ procurement from executed
prisoners was banned by the Chinese government in
2015 to ensure sustainable and healthy development
of organ transplantation, voluntary organ donation
has been the only source of organ transplantation in
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China, among which deceased donation (DD) plays a
dominant role [2]. In China clinical practice, DD
could be categorized into donation after brain death
(DBD), donation after cardiac death (DCD), or
donation after brain and cardiac death (DBCD) [3].
However, laws defining brain death have not been
approved yet because the populace acknowledge
death only when one’s heart arrests. Therefore, the
DBCD category consists of potential donors who
meet both criteria of brain death and cardiac arrest
before organ donation is initiated. Encouragingly,
DBCD has been universally regarded as a suitable
strategy that respects national, cultural, and social
beliefs in China [4].

Potent immunosuppression agents that prevent organ
rejection have contributed to the success of organ trans-
plantation considerably [5]. At present, the most com-
mon triple immunosuppressive (IS) regimen involve the
combination of mycophenolate mofetil (MMF), cal-
cineurin inhibitor (preferring tacrolimus to cyclosporine
in China), and steroid. MMF is an inhibitor of inosine
monophosphate dehydrogenase and has been used in
organ transplantation for more than 20 years to sup-
press cell-mediated and humoral immune responses in
transplantation [6]. In China, more than 80% kidney
transplant recipients apply an MMF-based IS regimen
and the efficacy of MMF in improving graft and patient
survival has been well established [7]; however, no clini-
cal outcome based on large national kidney transplant
database has been reported yet.

The Chinese Scientific Registry of Kidney Transplan-
tation (CSRKT) is an only official and national data
acquisition system for kidney transplantation, which is
held and supervised by the National Health Commis-
sion of the People’s Republic of China. By October 30,
2019, there had been 135 tertiary hospitals authorized
to perform kidney transplantation, each of which
reports transplant-related data to this registry mandato-
rily. CSRKT provides not only the foundation for
national regulatory authorities to formulate relevant
transplantation policies and regulations, but also scien-
tific management tools of kidney transplant recipients
for transplant centers in Mainland of China. Nowadays,
CSRKT has become the most critical information sys-
tems in kidney transplantation and academic exchange
platforms for kidney transplantation in China.

Taking use of this national registry, we retrospectively
analyzed the clinical outcome of DCD, DBCD, and
related-living donor (LD) transplant recipients with an
initial MMEF-based IS regimen. Risk factors of all-cause
graft loss were also explored.
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Kidney transplantation in China

Data source and patient population

It is reported that the total kidney transplants from
large transplant centers (defined as >100 kidney trans-
plants per year) have exceeded 80% of nation’s total
number in 2017 in China [1]. As it is generally consid-
ered that large transplant centers are more experienced
in the management of transplantation and do better in
postoperative follow-up, after evaluating data quality
according to the uniform scoring rule of CSRKT, we
screened 41 large organ transplant centers across 21
cities in China to achieve representative and compre-
hensive kidney transplant-related data. A total of 9040
cases who underwent DCD, DBCD, or LD kidney trans-
plantation between January 2010 and December 2016
were initially screened. Patients were included with age
>18 years and an MMF (CellCept, Roche)-based IS
strategy. Patients who converted from MMF to EC-
MPA or other maintenance therapy during follow-up
were also enrolled in this analysis. As China banned the
use of prisoners’ organs in 2015, DCD and DBCD
transplants between January 2010 and December 2014
were excluded. Patients with previous kidney transplan-
tation, multiple transplant organs, and ABO-incompati-
ble transplant organs were also excluded. Finally, a total
of 6719 recipients were included and analyzed, and the
patient selection process was presented (Fig. 1). Follow-
up information was reported manually at postoperative
1, 3, 6, and 12 months, after which the data were
reported every 6 months. This study was approved by
the National Health Commission of the People’s Repub-
lic of China. No data sourced from executed prisoner’s’
donation was included in this study in accordance with
international human rights guidelines of the Declaration
of Helsinki and the Declaration of Istanbul.

Outcomes and variable definition

The primary outcomes of this study were patient and
graft survival. The secondary outcomes included the
incidences of major complications within 1 year post-
transplant such as delayed graft function (DGF), acute
rejection (AR), primary nonfunction (PNF), hyper-
uricemia, and renal function assessed by serum crea-
tinine (Scr) levels. All-cause graft loss was defined as
patient death, graft failure (a return to chronic dialysis),
nephrectomy, and re-transplantation. Graft survival is
the time from transplantation to graft loss, patient
death, or last follow-up (August Ist, 2018), whichever
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DCD, DBCD, LD transplants with MMF

(CellCept, Roche) from Jan 2010 to Dec 2016

Selection from 41 large centers (>100

kidney transplants per year) in CSRKT

Patient excluded

duplicates removed (N = 124)

Deceased donor between Jan 2010 and

Total 9040 cases
N = 1747

V

Vv

Dec 2014 (N = 1623)

Dec 2016 (N = 2824)
LD transplants (N = 4469)

DCD, DBCD transplants between Jan 2015 and

Without survival follow-up (N = 42)

Patient excluded

With previous kidney transplant (N = 212)
With multiple transplant organs (N = 93)

Total 7293 cases
N =574

\4

Vv

ABO-incompatible transplant (N = 48)
Age < 18 year (N = 179)

DCD transplants (N = 1153)
DBCD transplants (N = 1271)
LD kidney transplants (N = 4295)

Figure 1 Defining the study population. We reviewed the medical records of 9040 individuals and collected data from 7293 recipients.
According to the exclusion criterion, 6719 patients remained in the final analysis.

occurred first. Three-year survival probability was com-
paratively evaluated in DCD, DBCD, and LD kidney
transplants, while 5-year survival probability was addi-
tionally explored in LD transplants between January
2010 and December 2016. Sensitivity analyses and com-
paration were performed in the LD subgroups (trans-
plantation in 2015-2016 vs. in 2010-2014). AR was
defined by the need for antirejection treatment, with or
without biopsy confirmation on the CSRKT follow-up
form. Primary nonfunction (PNF) was defined as graft
not functioning from the time of transplantation,
excluding premature graft failure from known causes
[8]. DGF was defined as need for dialysis in the first
week after transplantation [9] and Scr were examined in
patient with a functioning graft. Infection was diag-
nosed by clinical manifestation, imaging, or laboratory
examination but urinary tract infection excluded. Post-
operative hyperuricemia was biologically defined as
mean serum uric acidic (calculated from uric acid val-
ues tested for multiple times after transplant in order to
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assure UA exposure) >420 pmol/l regardless of gender
[10]. Dyslipidemia was defined as serum total choles-
(TC) =>6.2 mol/l, or low-density lipoprotein
(LDL-C) >4.1 mol/l, or high-density
lipoprotein cholesterol (HDL-C) <1.0 mol/l, or triglyc-
eride (TG) >2.3 mol/l. HLA mismatches were calculated
as the sum of the mismatches in A, B, and DR. Patients
lacking biopsy-proven primary kidney disease for ure-
mia but only having a history of glomerular nephritis,
are classified as “non-biopsy-proven glomerular nephri-
tis” in CSRKT.

terol
cholesterol

Potential risk factors for graft loss

The baseline characteristics potentially associated with
all-cause graft loss include: (i) patient characteristics:
age, gender, body mass index, primary disease for
transplantation, duration of dialysis before transplanta-
tion, dialysis technique, hyperuricemia history, dyslipi-
history,  diabetes  history; (ii)

demia donor
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characteristics: age, gender, male recipient of a female
donor, donor type (DD or LD); and (iii) transplant-
related variables: ischemia time, human leukocyte anti-
gen (HLA) mismatches, antibody induction, initial
concomitant IS agents (cyclosporine or tacrolimus).
Except for regarding DGF as a baseline variable, the
transplant outcomes such as AR (yes/no), postoperative
hyperuricemia (yes/no), Scr >133 pmol/l at 1 year
post-transplant  (yes/no), explored the
impacts on the graft loss as time-dependent variables.
However, patient with PNF were excluded in the pro-
cess of risk factor evaluation.

were also

Statistical method

Statistical analyses were performed using sas version
9.4 (SAS Institute, Cary, NC, USA). Descriptive sum-
maries included count, sample size, and categorical
variables which were shown in groups by donor type.
Continuous variables were summarized using mean,
standard deviation or median, minimum, and maxi-
mum. Mann—Whitney rank sum tests and Pearson’s
chi-squared tests were used to compare continuous
and categorical variables respectively between groups.
The Kaplan—Meier method was used to determine the
graft survival probability, tested with the log-rank
statistics. Cox proportional hazards regression model
was used to assess variables associated with graft loss
based on the 6719 recipients which were eligible for
this study. Missing observations were assumed to be
missing at random, and partial deletion was used to
handle missing observations. The exploratory analysis
of univariable Cox regression used all possible data
(i.e., information from patients with both complete
and incomplete data) to screen potential influencing
factors of graft survival, but the formal univariable and
multivariable analysis involved cases that were evalu-
able for each single variable only. The hypothesis of
proportional hazards was checked with graphical diag-
nostics and a test based on the scaled Schoenfeld-
weighted residuals, which showed no evidence of non-
proportionality of hazards. The selection of variables
into the multivariable model was based on the forward
selection method with an entry P value of 0.1. The
inclusion of interaction terms was checked based on
the P values of all possible interaction terms. No inter-
action terms will be included if none of the interaction
term is statistically significant. Hazard ratios (HRs)
and their 95% confidence intervals (CIs) are calculated,
and statistical significance was defined as a two-sided
P value <0.05.
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Kidney transplantation in China

Baseline characteristics

This study consisted of 6719 transplant patients, includ-
ing 1153 cases of DCD, 1271 of DBCD, and 4295 of LD
kidney transplants. Baseline characteristics
described and compared by donor type (Table 1). Com-
pared with the DD group (DCD and DBCD transplant
patients combined), the LD group presented better phys-
ical states and donor kidney qualities overall, including
younger recipient age, shorter dialysis duration and
ischemia time, less proportion of high HLA mismatches
(>4), and fewer concomitant diseases such as diabetes,
preoperative hyperuricemia, and dyslipidemia. Com-
pared with the DD group, the LD group had more donor
aged >60 years, female donors, and male transplant
recipients from female donors. Most patients used tacro-
limus as a concomitant IS agent instead of cyclosporine,
especially in the DD group. It was notable that immune-
induction therapy was more commonly used in the DD
group than in the LD group, particularly antihuman thy-
mocyte globulin (ATG). The LD subgroups (transplanta-
tion in 2015-2016 vs. in 2010-2014) had comparable
demographic characteristics (Table S1).

were

Outcome of transplantation

13.2% (912/6719) of patients with initial MMF usage
switched to EC-MPA (10%, 676/6719), mizoribin (3.3%,
219/6719), and azathioprine (0.25%, 17/6719) before the
last follow-up data were acquired. Gastrointestinal reac-
tion, leukopenia, and cytomegalovirus infection were the
most common reasons for MMF discontinuation. The
survival probabilities of graft and patient in the LD group
within 3 years after transplant was higher than the DD
group (Table 2, Fig. 2a,b), and the 5-year survival proba-
bilities of graft and patient were 93.0% and 97.5% in the
LD group (Fig. 3), respectively. Compared with the DD
group, the LD group showed lower incidences of DGF,
PNF, graft loss, death, and infection within 1 year post-
transplant, but similar morbidity of AR, hyperuricemia,
and Scr >133 pumol/l at postoperative 1 year (Table 3).
Compared with the DD group, renal function indicated
by Scr were similar at postoperative 1, 2 years but slightly
elevated in the LD group at 3 years, and maintained
stable after that (Table 4). No significant differences in
clinical outcomes mentioned above were found between
the DCD and the DBCD group. Sensitivity analyses
showed that the LD subgroups had similar post-trans-
plant outcomes (Table S2-54).
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diac death; DD, DCD, and DBCD transplant patients combined; HD, hemodialysis; HLA, human leukocyte antigen; IL-2 RA, interlukin-2 receptor antagonist; LD, living

donor; MMF, mycophenolate mofetil; SD, standard deviation.

Patients with missing data are deleted for calculation. All the comparison between the DD and LD groups were statistical significance, with the exception of incidences

of focal segmental glomerulosclerosis, IL-2 RA use, other or none report of immunosuppressive regimen.

Kidney transplantation in China

Risk factor for graft loss

Univariate Cox analysis showed that diabetes history of
recipients, HLA-mismatches >4, DD (versus LD), no use
of cyclosporine, DGF, AR, Scr >133 pmol/l at 1 year,
hyperuricemia negatively impacted the graft survival.
After adjustment for major time-dependent and fixed
confounding factors, multivariate stepwise Cox regression
analysis retained DD, DGF, AR, Scr >133 pmol/l at
1 year, postoperative hyperuricemia as the independent
factors associated with all-cause graft loss (Table 5).
Table S5 showed that the characteristics of the complete
cases (n = 2488) resembled the total dataset (n = 6719).

Since the beginning of the voluntary organ donation trial
in 2010 and banning on the use of prisoners’ organs in
2015 [11], the Chinese government has been striving to
establish a legal, ethical and sustainable system in organ
donation and transplantation and has made a successful
transformation, with opportunity and challenge coexist-
ing. This study is a comprehensive analysis of outcomes
in kidney transplant recipients from DCD, DBCD, LD,
and risk factor for all-cause graft loss, providing some
notable findings that with Chinese characteristics, espe-
cially patient demographics and transplant characteristics.
First, more than half of transplant candidates have non-
biopsy-proven primary kidney disease, which might
because that currently, pathological diagnosis is not a
routine diagnostic process for patient with ESRD from a
variety of reasons in China. Second, cold ischemia time of
graft is short on death donors, which might because that
donated organs are usually procured and allocated
regionally and the Chinese government has established
the green channel for human organs transport since May
2016 to shorten the cold ischemia time and avoid unnec-
essary organ damage or waste. Third, compared with the
USA, the proportion of high HLA-antigen mismatches is
comparable in DD transplants [12] but lower in LD
transplants, which might be attributed to the legal prohi-
bition of unrelated living donor transplant in China [13].

This study also revealed promising clinical outcomes
in kidney transplants with MMF-based IS strategy in
China. It was reported that the 1- and 3-year graft sur-
vival probabilities were 95.7%, 92.4% [14] in a Chinese
study of 71 DCD transplants, and 97.7%, 94.5% in
another study of 128 DBCD transplants [15]. Our results
revealed a similar 1-, 3-year graft survival in the DCD
transplants (93.9%, 91.6%) but a slightly lower graft sur-
vival in the DBCD group (93.6%, 91.1%), while the
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Table 2. Graft and patient survival probabilities by Kaplan—Meier analysis (%, 95% Cl).

DCD (n = 1153) DBCD (n = 1271) DD (n = 2424) LD in 2010-2016 (n = 4295)
Graft survival
1 year 93.9 [92.3-95.2] 93.6 [92.1-94.9] 93.8 [92.7-94.7] 97.7 [97.2-98.1]
2 year 92.8 [91.0-94.3] 92.0 [90.2-93.5] 92.4 [91.2-93.4] 96.9 [96.3-97.4]
3 year 91.6 [89.3-93.6] 91.1 (88.9-92.9) 91.3 (89.7-92.7) 95.8 [95.2-96.4]
P value 0.600 (DCD versus DBCD) <0.001 (DD versus LD)
Patient survival
1 year 97.2 [96.0-98.1] 96.1 [94.9-97.1] 96.7 [95.8-97.3] 98.8 [98.4-99.0]
2 year 96.9 [95.7-97.8] 95.1 [93.6-96.2] 96.0 [95.0-96.7] 98.5 [98.1-98.8]
3 year 96.3 [94.2-97.6] 95.1 [93.6-96.2] 95.6 [94.4-96.6] 98.2 [97.7-98.5]
P value 0.058 (DCD versus DBCD) <0.001 (DD versus LD)

Cl, confidence interval.

probabilities were higher than the results previously
reported from the UK [16]. Undoubtedly, the LD group
had much better survival outcomes than the DD group
within 3-year follow-up, and the 5-year survival proba-
bilities for patients and grafts were satisfying (97.5% and
93.0%, respectively). Although overall survival outcomes
in LD kidney transplantation were optimistic, it is clear
that considerable variability exists between different
studies. For example, an analysis of 3124 LD transplant
patients in the UK Transplant Registry reported 5-year
survival probabilities of patients and grafts as 97% and
89%, respectively [17]. Another Chinese study of 1109
LD kidney transplants reported a 5-year patient survival
probability of 97%, which was similar to ours [18].

(a) Graft survival
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Studies have shown that clinical outcomes within
1 year after transplantation are essential parameters that
can influence long-term graft survival [19]. In China,
some single-center studies have shown different clinical
outcomes between DCD and DBCD kidney transplanta-
tion. For instance, Xue et al. [20] reported that the inci-
dence of DGF in DBCD group was significantly lower
than in DCD group (12% vs. 27%), and the incidence
of AR within postoperative 1 year was lower in DBCD
transplants than DCD transplants (6% vs. 18%). How-
ever, another Chinese retrospective analysis [21] of 338
DBCD kidney transplants reported a DGF incidence of
19.3%. Variations in the definition of DGF and demo-
graphic variables might explain the fluctuation of these

(b) Patient survival
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Figure 2 Graft and patient survival of the donation after cardiac death (DCD), donation after brain and cardiac death (DBCD), and living donor
(LD) transplants. (a). There are no significant difference in 3-year graft survival between DCD (n = 1153) and DBCD group (n = 1271), but
much better graft survival in the LD group (n = 4295). (b). Similar results are shown at the 3-year patient survival.
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Figure 3 Graft and patient survival of the living donor transplants
(n = 4295). The 5-year survival probabilities for grafts and patients
were 93.0% and 97.5%, respectively.

previously reported [22]. In this study, DGF incidence
in the DD group was much higher than in the LD
group (17.7% vs. 2.4%). PNF incidence in the DD
group was about 1%, which was slightly lower than the
incidence reported previously [23], and was rarely
encountered in the LD group.

Taken in to consideration of better survival probabili-
ties and fewer complications (i.e., DGF, PNF, graft loss,
death, and infection) within 1 year after transplant, our
result demonstrated a much better clinical outcomes of
the LD group. However, it seemed that there is no supe-
riority from AR, hyperuricemia, Scr >133 pmol/l in the
LD group over the DD group. As shown in Table 1, the
large age difference is another prominent characteristic
of living donor kidney transplantation in China, which
might associate with the large proportion of donation
between parents and their children. However, it was
reported that kidney transplant from an older donor to

Kidney transplantation in China

a younger recipient had a higher risk of acute rejection
early after transplant, but did not affect graft or patient
survivals [24]. On the other hand, a high percentage of
recipients of the DD group in this study received aggres-
sive induction regimens, which could account for the
low AR incidence. Scr at 1 and 2 years after transplant
were comparable between groups, with a slight ascend-
ing in the LD group but a descending in the DD group
at postoperative 3 years. This might be attributed to
individual variability and older donor age in the LD
group, which suggests that more extended observations
are required to further understand long-term clinical
outcomes [25].

In this study, patients showed good tolerance to
MMEF that only about 13% of patients withdrew MMF.
Although some studies have reported better gastroin-
testinal tolerance of enteric-coated mycophenolate
sodium than MMF, there is no evidence from blinded
studies confirming this advantage, suggesting that other
demographic factors may account for these results [26].
For example, tacrolimus is associated with a higher inci-
dence of gastrointestinal adverse events compared to
cyclosporine [27]. Hence, in this nonrandomized, large-
sample, real-world study, it is difficult to identify the
MMF-related adverse events.

Factors associated with outcomes of kidney trans-
plants are well studied but varied in many studies. To
our knowledge, this is the first large-sample study based
on a China national database, evaluating the potential
factors influencing outcome in kidney graft survival.
After multivariable adjustment for major time-varying
and fixed confounding factors in the large cohort of
transplant patients with initial MMF use, the result
showed that the independent risk factors for all-cause
graft loss were DD, DGF, AR, hyperuricemia, and Scr
>133 umol/l at 1 year post-transplant. Some researches
demonstrated that DGF and AR are important risk fac-
tors for graft failure in both young and old renal

Table 3. Outcomes of transplantation within 1 year after transplant, n (%).

DCD (n = 1153) DBCD (n = 1271) DD (n = 2424) LD (n = 4295) P value (LD versus DD)
DGF 212/1153 (18.4)  217/1271 (17.1)  429/2424 (17.7)  96/3980 (2.4) <0.001
PNF 12/1153 (1.0) 15/1271 (1.2) 27/2424 (1.1) 2/3980 (0.1) <0.001
AR 69/1153 (6.0) 44/1271 (3.5) 113/2424 (4.7) 159/4295 (3.7) 0.055
Infection 252/1153 (19.5)  220/1271 (21.9)  472/2424 (20.7) 427/3989 (10.7) <0.001
Hyperuricemia 254/1039 (24.4) 223/1108 (20.1) 477/2147 (22.2) 864/3983 (21.7) 0.920
Graft loss 71/1153 (6.2) 82/1271 (6.4) 153/2424 (6.3) 99/4295 (2.3) <0.001
Death 30/1153 (2.6) 48/1271 (3.8) 78/2424 (3.2) 56/4295 (1.3) <0.001
Scr >133 pumol/l at 1 year 156/864 (18.0) 185/969 (19.1) 341/1833 (18.6) 668/3545 (18.8) 0.831

AR, acute rejection; DGF, delayed graft function; PNF, primary nonfunction; Scr, serum creatinine.
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Table 4. Serum creatinine levels in patient with a functioning graft by donor type (umol/l, n).

Postoperation P value

(year) DCD (n = 1153) DBCD (n = 1271) DD (n = 2424) LD (n = 4295) (LD versus DD)
1 110.6 £ 58.8 (854) 116.1 £ 61.9 (971) 112.3 £ 55.6 (1825) 113.2 £ 60.1 (3390) 0.348

2 114.7 £+ 61.1 (407) 112.0 £+ 65.9 (498) 113.2 £+ 63.7 (902) 113.8 + 48.5 (2239) 0.262

3 107.9 £ 33.3(170) 105.4 4+ 43.4 (190) 106.5 + 38.8 (360) 117.4 + 63.9 (2612) <0.001

4 Unavailable Unavailable Unavailable 117.6 £ 51.8 (1174)

5 Unavailable Unavailable Unavailable 116.7 £ 48.2 (1372)

Patients with missing data or with a nonfunctioning graft are deleted for calculation. Scr values at 4 and 5 years in DD group

are unavailable owing to the limited follow-up duration.

transplant patients [28], although others showed that
AR has no association with graft loss [29]. Our findings
show that DGF and AR are strongly associated with graft
loss, presumably because DGF and AR can result in
functional and structural damage to the graft, which
subsequently causes poor graft outcomes. Previous anal-
yses have demonstrated that renal function, measured by
Scr at 1 year post-transplant, is a consistent predictor of
graft survival, patient survival, and cardiovascular mor-
tality [30]. Here, we used a cutoff point of 133 pmol/l
to evaluate the impact of renal function on graft survival
and showed that Scr >133 pmol/l at 1 year post-trans-
plant was an independent risk factor for graft loss [31].
This indicates a potential association between Scr abso-
lute level and graft survival probabilities.

Serum  uric  acid  concentration  increases
in chronic kidney disease and is associated with kidney
function. Kidney transplant recipients, particularly those
with impaired kidney function, often have abnormal uric
acid [32]. These were practically confirmed in our study
that hyperuricemia occurred in more than 50% of kidney
transplant candidates and about 20% of transplant recipi-
ents within postoperative 1 year. However, we did not
see significant difference in the morbidities of hyper-
uricemia between the DD and LD groups. The association
between hyperuricemia and kidney graft outcome
remains controversial. Kim et al. [33] have previously
suggested that uric acid level is associated with the risk of
total graft failure, but not as an independent risk factor.
Nevertheless, studies also showed that post-transplant

Table 5. Cox regression analysis for graft loss free survival with evaluable covariate values (n = 2488).

Univariable Multivariable
HR (95% Cl) P value HR (95% Cl) P value
Recipient
Gender (M/F) 1.1 [0.8-1.6] 0.500
Diabetes history of recipient (Y/N) 1.9 [1.2-3.1] 0.005
HLA mismatches >4 (Y/N) 1.8 [1.3-2.6] 0.001
Duration of dialysis per year increase 1.1 [1.0-1.2] 0.098
Donor
DD versus LD 2.3 [1.6-3.3] <0.001 1.6 [1.1-2.4] 0.012
CIT >12 h (Y/N) 1.0 [0.4-2.7] 0.986
Transplant related
Antibody induction (Y/N) 1.3 [0.9-1.9] 0.136
Cyclosporine (Y/N) 0.7 [0.5-0.9] 0.009
Tacrolimus (Y/N) 1.3 [0.9-1.9] 0.142
DGF (Y/N) 6.2 [4.4-10.1] <0.001 3.7 [2.4-5.8] <0.001
AR (Y/N) 4.5 [2.8-7.3] <0.001 2.8 [1.7-4.6] <0.001
Scr >133 umol/l at 1 year (Y/N) 3.6 [2.2-6.0] <0.001 2.6 [1.5-4.2] <0.001
Hyperuricemia (Y/N) 3.3 [2.4-4.8] <0.001 2.3 [1.6-3.3] <0.001

CIT, cold ischemia time; HR, hazard ratio; Scr, serum creatinine; Y/N, Yes/No.

Cox regression analysis only involves data that are evaluable for each single variable. Percentage of censored was 93.6%, and

the number of graft loss was 160.

726

Transplant International 2020; 33: 718-728
© 2019 Steunstichting ESOT



elevation of serum uric acid is an independent predictor
of long-term graft survival and graft function [34], which
might because that hyperuricemia plays a role in progres-
sion of cardiovascular event and renal disease at cellular
and molecular level [35]. Accordingly, our analysis also
revealed that hyperuricemia was an independent predic-
tor of all-cause graft loss.

One of major advantages of this study is that up to
now, this is the first large-sample, real-world study based
on the China’s national database to analyze the detailed
clinical outcomes of DCD, DBCD, and LD kidney trans-
plantation. However, limitations always exist. First, miss-
ing data and incomplete records of donor demographic
characteristics or recipient follow-up events in the
CSRKT should not be ignored. It will influence the assess-
ment of patient outcomes, increase the complexity of the
analysis, and cause bias of results and so on. This also
includes complicating cardiac and cerebrovascular events,
potential drug nephrotoxicity, tumor, metabolic diseases,
and viral infections (especially cytomegalovirus and BK
virus), which may also influence the observed associa-
tions between independent risk factors and graft survival.
Second, details of IS therapy adjustment are not analyzed
in this study and we are unable to precisely comment on
the relationship between IS regimen and outcomes.
Third, there was a large proportion of nonbiopsy-proven
glomerular nephritis in our cohort, which is a potential
confounder given the association between primary kidney
disease and graft survival.

In summary, this large-sample and retrospective
study based on China’s national database indicates good
outcomes after DCD, DBCD, and LD kidney transplant
with initial MMF-based IS regimen. Patient and graft
survival, as well as the overall morbidities of major
complications within 1 year after transplant, were com-
parable between DCD and DBCD kidney transplants,
but higher than those in the LD group. DGF, AR, and
Scr >133 pmol/l at 1 year post-transplant, hyper-
uricemia, and DD were identified as independent risk
factors for graft survival.
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