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Introduction: Post-transplant diabetes mellitus (PTDM) is a known side effect in transplant recipients
administered immunosuppressant drugs, such as tacrolimus. This study aimed to investigate the risk fac-
tors related to PTDM, and establish a risk prediction model for PTDM. In addition, we explored the effect
of PTDM on the graft survival rate of kidney transplantation recipients.
Methods: Patients with pre-diabetes mellitus before kidney transplant were excluded, and 495 kidney
transplant recipients were included in our study, who were assigned to the non-PTDM and PTDM groups.
The cumulative incidence was calculated at 3 months, 6 months, 1 year, 2 years, and 3 years post-
transplantation. Laboratory tests were performed and the tacrolimus concentration, clinical prognosis,
and adverse reactions were analyzed. Furthermore, binary logistic regression analysis was used to iden-
tify the independent risk factors of PTDM.
Results: Age � 45 years (adjusted odds ratio [aOR] 2.25, 95% confidence interval [CI] 1.14–3.92;
P = 0.015), body mass index (BMI) > 25 kg/m2 (aOR 3.12, 95% CI 2.29–5.43, P < 0.001), tacrolimus
concentration > 10 ng/mL during the first 3 months post-transplantation (aOR 2.46, 95%CI 1.41–7.38;
P < 0.001), transient hyperglycemia (aOR 4.53, 95% CI 1.86–8.03; P < 0.001), delayed graft function
(DGF) (aOR 1.31, 95% CI 1.05–2.39; P = 0.019) and acute rejection (aOR 2.16, 95% CI 1.79–4.69;
P = 0.005) were identified as independent risk factors of PTDM. The PTDM risk prediction model was
developed by including the above six risk factors, and the area under the receiver operating characteristic
curve was 0.916 (95% CI 0.862–0.954, P < 0.001). Furthermore, the cumulative graft survival rate was sig-
nificantly higher in the non- PTDM group than in the PTDM group.
Conclusions: Risk factors related to PTDM were age � 45 years, BMI > 25 kg/m2, tacrolimus
concentration > 10 ng/mL during the first 3 months post-transplantation, transient hyperglycemia,
DGF and acute rejection.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Kidney transplantation is an effective treatment for end-stage
renal disease. However, kidney transplant recipients exhibit an
increased risk of poor outcomes (Suthanthiran and Strom, 1994).
They are at a substantial risk of cardiovascular diseases, dyslipi-
demia, hyperglycemia, hyperuricemia, severe infections, and even
premature death (Holmberg and Jalanko, 2016). With prolonged
survival time, cardiovascular complications have become an
important problem for recipients of solid organ transplantation.
Post-transplant diabetes mellitus (PTDM) is a common cardiovas-
cular adverse reaction in solid organ transplantation (Jenssen and
Hartmann, 2019). The incidence of PTDM is 7–39% in the first year,
and 10–30% in 3 years after kidney transplantation (Ahmed et al.,
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2020). PTDM can lead to graft rejection, dysfunction or even graft
loss, and is associated with severe infections and early cardiovas-
cular complications after transplantation, ultimately affecting the
long-term survival of patients, and is an independent lethal factor
after transplantation (Eide et al., 2016).

The pathogenesis of PTDM has not yet been fully elucidated,
and there are no effective prevention or treatment strategies for
PTDM. Therefore, a comprehensive evaluation of risk factors of
PTDM can provide an important reference point for the prevention
of PTDM. The risk factors of PTDM, including insulin resistance,
hypertension, hypertriglyceridemia, and obesity, are similar to
those of type 2 diabetes mellitus (T2DM), but some specific post-
transplantation predisposing factors are also involved
(Shivaswamy et al., 2016).The occurrence and progression of PTDM
are closely related to age, body mass index (BMI), family history of
diabetes mellitus, use of immunosuppressive drugs, hepatitis C
virus infection, cytomegalovirus infection, and acute rejection
(Han et al., 2016; Mizrahi et al., 2020). However, due to differences
in race, immunosuppressive regimen and other factors, the
reported risk factors related to PTDM may need to be verified in
specific country and regional populations.

Early identification of high-risk patients with PTDM may even-
tually lead to risk stratification of patients, to effectively prevent
the occurrence of PTDM, including lifestyle modifications and early
drug treatment, which has great guiding significance for the pre-
vention and treatment of PTDM. Therefore, our study aimed to
explore the clinical risk factors related to PTDM, and establish a
risk prediction model, to provide a reference for early detection
of kidney transplant recipients at a high-risk of showing PTDM.
2. Materials and methods

2.1. Patient selection

This study included 495 kidney transplantation recipients
admitted to Tongji Medical College, Huazhong University of
Science and Technology from January 1, 2015 to May 1, 2021.
The enrolment criteria were as follows: (a) first-time kidney trans-
plant recipients (b) 18–70 years, (c) complete clinical data avail-
able, and (d) patients who were followed up regularly for more
than 1 year. Exclusion criteria were age less than 18 years, patients
with a history of diabetes, or a history of hypoglycemic drugs use,
fasting blood glucose � 7.0 mmol � L-1, hemoglobin Alc � 6.5%
before kidney transplantation, combined any other organ trans-
plantation, co-administration of azole antifungal agents, or
patients lost to follow-up. This study was approved by Institutional
Ethics board of Tongji Medical College, Huazhong University of
Science and Technology (Wuhan, China) ([2018] S331). Verbal
informed consent was obtained from all the participants prior to
the study. Our research conformed to the ethical standards of the
Declaration of Helsinki.

2.2. Data collection

Clinical information collected from the electronic medical
record system included demographic data, comorbidities, labora-
tory tests (routine blood and blood biochemical examination)
and pre-transplant medications. Clinical outcomes, adverse reac-
tions, and graft function were assessed during the follow-up
period.

2.3. Immunosuppressive regimen

All patients received a triple immunosuppressive regimen
based on calcineurin inhibitors (tacrolimus or cyclosporine A,
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mycophenolate mofetil [MMF] and corticosteroids). Tacrolimus
was administered orally twice daily on the second day post-
transplantation, with an initial dose of 3.0–5.0 mg. Cyclosporine
A was administered orally 12 h before kidney transplantation, at
an initial dose of 10–15 mg/kg, twice daily. The dose was adjusted
according to therapeutic drug monitoring. MMF was administered
at a dose of 0.5–1.0 g twice daily. All patients were administered
methylprednisolone (500 mg/d) intravenously three days after kid-
ney transplantation, and 60 mg/d oral methylprednisolone from
the fourth day, which gradually reduced to a maintenance dose
(20 mg/d). In cases of acute rejection, rabbit anti-human thymo-
cyte immunoglobulin or anti-human T cell rabbit immunoglobulin
was administered for 3-7d, or methylprednisolone pulse therapy
was administered.

2.4. Tacrolimus therapeutic drug monitoring

Tacrolimus concentration is generally measured twice a week. If
rejection or adverse events are suspected, the measurement fre-
quency can be higher. A Roche Cobas� e411 electrochemilumines-
cence analyzer was used to measure the tacrolimus concentration
in whole blood. Tacrolimus concentration was measured twice a
week within 1 month, once a week from 1 to 3 months, once a
month from 3 to 12 months, and once three months 1 year post-
transplantation. When tacrolimus concentration fluctuates for
any reason, the monitoring frequency should be increased. The tar-
get trough concentration (C0) range of tacrolimus in the 1–
3 months, 3–6 months, 7–12 months, and >1 year were 8–10, 7–
9, 5–7 and 4–6 ng/mL, respectively.

2.5. Diagnosis of PTDM

According to the diagnostic criteria of the American Diabetes
Association (Hur et al., 2007), PTDM is defined as one or more of
the following conditions after transplantation (�1 month): (1) fast-
ing blood glucose � 7.0 mmol�L�1 at least twice; (2) random blood
glucose � 11.1 mmol�L�1 at least twice; (3) receiving diet control
or hypoglycemic medication. The first month after transplantation
was selected to diagnose PTDM, but posttransplant transient
hyperglycemia caused by surgical stress and high-dose corticos-
teroid treatment needs to be excluded. Posttransplant transient
hyperglycemia is defined as: random fasting blood glucose � 7.0
mmol�L�1 in the early 2–4 weeks post-transplantation caused by
medications or changes in clinical status, and blood glucose can
return to normal levels without hypoglycemic treatment at 1 year
after transplantation(Polsky and Ellis, 2015). According to the diag-
nostic criteria for PTDM, the recipients who met the inclusion cri-
teria were divided into two groups: PTDM and non- PTDM groups.

2.6. Clinical outcomes

Acute rejection is defined as an acute deterioration of graft
function in the first year after transplantation, which is related to
specific pathological changes in graft biopsy. Chronic kidney allo-
graft dysfunction (CKAD) was defined in according with the guide-
lines of the Chinese Society of Organ Transplantation of the
Chinese Medical Association (Hara, 2015). Graft failure was defined
as return to dialysis, or re-transplantation.

2.7. Statistical analysis

Categorical variables were expressed as frequencies and per-
centages, and compared using the v2 test. When the amount of
data was less than 5, Fisher’s exact test was selected. If the contin-
uous variables were normally distributed, the means of the two
groups were compared using an independent t-test and presented



Table 1
Demographic characteristics of kidney transplant recipients.

Non-PTDM
(n = 440)

PTDM
(n = 55)

P.value

Gender(male) 288(65.5) 36(65.5) 1.000
Age, years, median (IQR) 37(30–46) 46(31–52) 0.036
Age, >45 years 135(30.7) 30(54.5) <0.001
BMI, kg/m2, median (IQR) 20.99

(18.75–
23.18)

23.03
(23.03–
25.18)

<0.001

BMI, >25 kg/m2 46(10.5) 23(41.8) <0.001
Follow-up time (months), median

(IQR)
34.1(26.4–
42.3)

31.5(36.5–
41.0)

0.492

Comorbidity
Hypertension 359(81.6) 42(76.4) 0.351
Anemia 191(43.4) 25(45.5) 0.773
Hepatitis B 46(10.5) 5(9.1) 0.754
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as the mean ± standard deviation. Otherwise, the Mann-Whitney
test was performed, and the results are presented as the median
and interquartile range values. Baseline variables that were consid-
ered clinically relevant or showed a univariate relationship with
PTDMwere entered into the multivariate logistic regression model.
Variables for inclusion were carefully chosen to ensure the parsi-
mony of the final model, given the number of available events.
Logistic regression analysis was used to examine the association
between potential risk factors and PTDM, after adjustingt for
potential confounding factors. Interactions between PTDM and
potential confounders were tested by the addition of sex, pre-
hypertension, pre-anemia, and pre-coronary heart disease in the
regression model. A stepwise forward logistic regression model
was used to determine the independent risk factors of PTDM,
and a risk prediction model was established.
Coronary heart disease 9(2.0) 1(1.8) 0.912
Arthrolithiasis 14(3.2) 2(3.6) 0.868
Immunosuppressive regimens
Cyclosporine-based group, n (%) 44 (97.8) 1(2.2)
Tacrolimus concertation during first

3 months, median (IQR)
8.7(7.6–
9.8)

11.2(9.3–
13.1)

Tacrolimus concertation > 10 ng/mL
during first 3 months, n (%)

75(17.0) 38(69.1) <0.001

Induction agent, n (%)
Basiliximab 52(11.8) 6(10.9) 0.793
Antithymocyte globulin 388(88.2) 49(89.1)
Antiproliferative agent, n (%)
Mycophenolate 422(95.9) 52(94.5) 0.815
Azathioprine 18(4.1) 3(5.5)
First year cumulative corticosteroids

dose (g), median (IQR)
4.10(3.70–
4.50)

3.90(3.60–
4.20)

0.056

Abbreviations: BMI, body mass index; IQR, inter-quartile range; PTDM, post-
transplant diabetes mellitus.
3. Results

3.1. Patient characteristics

A total of 577 kidney transplantation patients were enrolled in
this study, including 37 patients with pre-operative diabetes mel-
litus, three patients with combined organ transplantation, six
patients with secondary organ transplantation and 36 patients lost
to follow-up. Finally, 495 kidney transplant recipients were
included in our study, which PTDM occurred in 55(11.1%) patients
from 1 month and 1 year after kidney transplantation (median
time: 3 months). During follow-up, the cumulative incidence of
PTDM increased over time, with 49 (9.9%) at 3 months, 53
(10.7%) at 6 months, 55(11.1%) at 1 year, 68 (13.7%) at 2 years,
and 76 (15.3%) at 3 years, respectively. The inclusion and exclusion
process illustrated in Fig. 1.

Of the 495 patients, 324 (65.5%) were male. There were 440 and
55 patients in the non-PTDM and PTDM group, respectively. The
clinical characteristics of the patients were shown in Table 1. The
median ages of the two groups (non-PTDM group: 37 years
[IQR = 30.0–46.0 years]; PTDM group: 46 years [IQR = 37.0–52.0 y
ears]) showed statistically significant differences, and 54.5% of
patients with PTDM were > 45 years compared to 30.7% in the
Fig. 1. Flowchart of patie
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non-PTDM group (P < 0.001). The median BMI in the PTDM group
was significantly higher than that in the non-PTDM group
(20.99 kg/m2 vs 23.03 kg/m2, P < 0.001), and patients in the PTDM
group had a higher rate of BMI > 25 kg/m2 than those in the non-
PTDM group (41.8% vs 10.5%; P < 0.001). However, there were no
significant differences in the sex, follow-up time, or pre-existing
conditions between the two groups.
nt inclusion process.
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3.2. Immunosuppressive therapy

The majority of patients (90.9%) used a tacrolimus-based
immunotherapy regimen, 45 patients (9.1%) received cyclosporine
A treatment, and only one patient developed PTDM among the
patients treated with cyclosporine A. The cumulative corticosteroid
dose was higher in the PTDM group in the first year after trans-
plantation, while no significant difference was observed between
the PTDM and non-PTDM groups. However, other immunosup-
pressive drugs, including basiliximab, azathioprine, anti-
thymocyte globulin, and MMF, are not related to the occurrence
of PTDM. Patients who developed PTDM had a significantly higher
tacrolimus concentration than non-PTDM patients at 3 months
post-transplantation (P < 0.001), and more PTDM patients had
tacrolimus concentrations > 10 ng/mL during 3 months post-
transplantation (69.1% vs 17.0%, P < 0.001) than non-PTDM
patients.
3.3. Risk factors of PTDM

The crude and adjusted associations between independent risk
factors and PTDM was shown in Table 2. The results showed that
age � 45 years (aOR 2.25, 95% CI 1.14–3.92; P = 0.015),
Table 2
Logistic regression analyses of the risk factors associated with PTDM and bootstrap valida

Final model

OR (95%CI)

Age, �45 years 2.25(1.16–3.84)
BMI, >25 kg/m2 3.16(2.47–5.66)
Tacrolimus concertation > 10 ng/mL during first 3 months 2.43(1.29–7.04)
Posttransplant transient hyperglycaemia 4.58(2.03–8.18)
DGF 1.33(1.05–2.66)
Acute rejection 2.15(1.82–4.58)

a adjusted for gender, pre-hypertension, pre-anemia, and pre-coronary heart disease.
Abbreviations: BMI, body mass index, OR, odds ratio, aOR, adjusted odds ratio, CI, confid

Table 3
Models for the prediction of PTDM.

Model

Model 1
Age, >45 years old
BMI, >25 kg/m2

Model 2
Age, >45 years old
BMI, >25 kg/m2

Tacrolimus concertation > 10 ng/mL during first 3 months
Model 3
Age, >45 years old
BMI, >25 kg/m2

Tacrolimus concertation > 10 ng/mL during first 3 months
Posttransplant transient hyperglycaemia
Model 4
Age, >45 years old
BMI, >25 kg/m2

Tacrolimus concertation > 10 ng/mL during first 3 months
Posttransplant transient hyperglycaemia
DGF
Model 5
Age, >45 years old
BMI, >25 kg/m2

Tacrolimus concertation > 10 ng/mL during first 3 months
Posttransplant transient hyperglycaemia
DGF
Acute rejection

Abbreviations: BMI, body mass index; OR, odds ratio; CI, confidence interval; DGF, dela
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BMI > 25 kg/m2 (aOR 3.12, 95% CI 2.29–5.43, P < 0.001), tacrolimus
concentration > 10 ng/mL during the first 3 months post-
transplantation (aOR 2.46, 95%CI 1.41–7.38; P < 0.001), transient
hyperglycemia (aOR 4.53, 95% CI 1.86–8.03; P < 0.001) and DGF
(aOR 1.31, 95% CI 1.05–2.39; P = 0.019) and acute rejection (aOR
2.16, 95% CI 1.79–4.69; P = 0.005) were independent risk factors
of PTDM. The results showed that potential confounding factors,
such as sex, pre-hypertension, pre-anemia, or pre-coronary heart
disease did not significantly interfere with the final model.
3.4. Risk prediction models of PTDM

Based on the above risk factors, six risk prediction models of
PTDM were constructed (Table 3), and the ROC curve was shown
in Fig. 2. Risk prediction model 1 included age � 45 years and
BMI > 25 kg/m2, and the area under the receiver operating charac-
teristic curve (AUROC) was 0.722 (95% CI 0.645–0.800, P < 0.001);
risk prediction model 2 included tacrolimus concentration > 10 ng/
mL during the first 3 months post-transplantation on the basis of
risk prediction model 1, with an AUROC of 0.835 (95% CI 0.771–
0.898, P < 0.001); risk prediction model 3 included posttransplant
transient hyperglycemia on the basis of risk prediction model 2,
with an AUROC of 0.898 (95% CI 0.842–0.931, P < 0.001); DGF
tion in kidney transplant recipients.

Bootstrap (n = 1000)

P aORa P OR (95%CI) P

0.013 2.25(1.14–3.92) 0.015 2.26(1.17–3.85) 0.011
<0.001 3.12(2.29–5.43) <0.001 3.15(2.46–5.65) 0.001
<0.001 2.46(1.41–7.38) <0.001 2.43(1.27–7.08) 0.001
<0.001 4.53(1.86–8.03) <0.001 4.57(2.02–8.17) 0.001
0.022 1.31(1.05–2.39) 0.019 1.32(1.04–2.65) 0.021
0.004 2.16(1.79–4.69) 0.005 2.14(1.81–4.58) 0.006

ence interval, DGF, delayed graft function, PTDM, post-transplant diabetes mellitus.

OR(95%CI) P.value

2.43(1.22–3.76) 0.005
3.18(1.48–5.28) <0.001

2.46(1.24–3.87) 0.018
3.22(1.51–5.45) <0.001
2.11(1.16–6.43) <0.001

2.42(1.21–3.82) 0.018
3.18(1.48–5.41) <0.001
2.26(1.25–6.62) <0.001
4.39(2.04–7.52) <0.001

2.39(1.19–3.81) 0.012
3.18(1.49–5.42) <0.001
2.21(1.25–6.23) <0.001
4.36 (2.04–8.19) <0.001
1.30(1.02–2.34) 0.009

2.25(1.16–3.84) 0.013
3.16(2.47–5.66) <0.001
2.43(1.29–7.04) <0.001
4.58(2.03–8.18) <0.001
1.33(1.05–2.66) 0.022
3.15(1.82–4.58) 0.004

yed graft function; PTDM, post-transplant diabetes mellitus.



Fig. 2. Receiver operating characteristic (ROC) curve of the post-transplant diabetes
mellitus (PTDM) risk prediction model.
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was included in risk prediction model 4, the AUROC was 0.902
(95% CI 0.854–0.949, P < 0.001). When age � 45 years, BMI > 25,
tacrolimus concentration, transient hyperglycemia, DGF and acute
rejection were all included in the risk prediction model 5, the
AUROC increased to 0.916 (95% CI 0.862–0.954, P < 0.001). The
bootstrap method is often used as a diagnostic tool for the internal
validation of model results (Jaki et al., 2018). The bootstrap method
(1000 bootstrap samples were obtained by repeated sampling with
returns from the original data) was used to evaluate the accuracy
of the model internally. The results showed that the model had
good ability to predict the risk of PTDM.
3.5. Clinical outcomes of PTDM and non-PTDM groups

The clinical outcomes of the two groups were shown in Table 4.
CKAD was observed in 30 (54.5%) individuals in the PTDM group,
and 115 (26.1%) individuals in the non-PTDM group, which was
significantly different from each other (P < 0.001). The rates of graft
loss (16.4% vs 5.9%, P = 0.001) was significantly different between
Table 4
Clinical outcomes of the non-PTDM and PTDM groups.

Non-PTDM (n = 440) PTDM (n = 55) P.value

CKAD 115(26.1) 30(54.5) <0.001
Graft loss 26(5.9) 9(16.4) 0.005
Patient death 5(1.1) 1(1.8) 0.663

Abbreviations: CKAD, chronic kidney allograft dysfunction; PTDM, post-transplant
diabetes mellitus.

Fig. 3. Cumulative graft survival rates of the PTDM and non-PTDM groups.
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the groups. However, no significant differences were observed in
the incidence of patient death (1.8% vs 1.1%, P = 0.663) between
the two groups.

The result of Kaplan-Meier analysis indicated that the cumula-
tive graft survival rate was significantly higher in the non-PTDM
group than in the PTDM group (P < 0.001; Fig. 3).
4. Discussion

PTDM is a common complication of kidney transplantation, and
its risk factors vary depending on the type and race of organ trans-
plantation. We investigated the incidence rate and risk factors for
PTDM in Chinese patients underwent kidney transplantation.
However, the incidence rate of PTDM in our hospital was lower
than that reported in the United States (Cosio et al., 2005) and
South Korea (Paek et al., 2019), which may be due to differences
in PTDM diagnostic criteria, immunosuppressive therapy, follow-
up time, and study population. In addition, we found that
age � 45 years, BMI > 25 kg/m2, tacrolimus concertation > 10 ng/
mL during the first 3 months post-transplantation, posttransplant
transient hyperglycemia, DGF and acute rejection were identified
as crucial risk factors for PTDM.

Elderly recipients are a well-established risk factor for PTDM,
which may be attributed to the progressive decline in islet b-cell
function with increasing age (Sinangil et al., 2017; de Lucena
et al., 2020). A large number of studies have reported that age is
a risk factor for PTDM, which selected the age of 45 years as the
cutoff to study the relationship between age and PTDM. Studies
have reported that kidney transplant patients aged� 45 years have
a higher risk of developing PTDM than patients aged < 45 years in
Chinese heart transplant (Zhang et al., 2019). In addition,
age � 45 years increases PTDM risk 2.2 times when compared to
individuals of 18–44 years old in American kidney transplant
recipients (Cosio et al., 2001). In our study, we found that
age � 45 years was an independent risk factor for PTDM. Therefore,
blood glucose should be monitored routinely for the early detec-
tion of PTDM and timely intervention should be implemented to
reduce the incidence rate of PTDM in elderly patients after kidney
transplantation.

BMI was also an important risk factor for PTDM in the present
study. A previous study showed that the risk of PTDM in kidney
transplant recipients with BMI > 25 kg/m2 increased by 3.46 times
(Yu et al., 2016). A prospective cohort study of 481 kidney trans-
plant patients followed up for 57 months indicated that
BMI > 25 kg/m2 was a risk factor for PTDM (Gaynor et al., 2015).
This may be related to the pathogenesis of PTDM, in which obesity
stimulates islet b-cells to induce insulin resistance, thereby reduc-
ing the blood glucose clearance (Glatz et al., 2018). Lifestyle mod-
ifications (dietary advice, physical activity, and weight loss
encouragement) in kidney transplant recipients has been reported
to facilitate the reversal of impaired glucose tolerance to normal
glucose tolerance within 6-months (Sharif et al., 2008). Therefore,
lifestyle modifications to reduce PTDM risk in kidney transplant
recipients should be actively encouraged.

Our study also found that another important risk factor for
PTDM was post-transplant transient hyperglycemia. A study in
kidney transplant recipients indicated that transient hyper-
glycemia in hospitalized patients significantly increased the risk
of PTDM (Chakkera et al., 2010). It is worth noting that some
patients with transient hyperglycemia in our study may have had
impaired insulin sensitivity, insulin resistance, and subclinical dia-
betes before kidney transplantation. Non-diabetic patients with
these conditions before transplantation were more likely to
develop PTDM after kidney transplantation (Nagaraja et al.,
2013), which may explain why patients with transient hyper-



F. Cheng, Q. Li, J. Wang et al. Saudi Pharmaceutical Journal 30 (2022) 1088–1094
glycemia had a higher risk of PTDM in our study. Post-transplant
transient hyperglycemia is recommended to be reversed, and insu-
lin remains the first choice.

Immunosuppressive regimens have a significant impact on
blood glucose parameters, and risk of PTDM and cardiovascular
disease (Porrini et al., 2016). However, the regulation of immuno-
suppressive therapy and its role in PTDM development remain
unclear. Compared to cyclosporine A, tacrolimus is more closely
associated with a higher incidence of PTDM, and switching from
tacrolimus to cyclosporine A is considered an effective strategy
to reduce the risk of PTDM (Jenssen and Hartmann, 2019). How-
ever, only 45 patients (9.1%) received cyclosporine A treatment,
while 1 patient developed PTDM among the patients with cyclos-
porine A in our study. To avoid bias in the results, we only per-
formed a descriptive analysis of cyclosporine-based
immunosuppressive regimen, and did not investigate the relation-
ship between tacrolimus, cyclosporine and PTDM.

Tacrolimus-induced PTDM may involve various changes
through different mechanisms, including decreased insulin secre-
tion, increased insulin resistance and increased insulin resistance
b changes in cell function and peripheral insulin resistance (Dai
et al., 2020). A previous study indicated that higher tacrolimus con-
centration was closely associated with PTDM (Alghanem et al.,
2020). It has been reported that tacrolimus concentration > 15–2
0 ng/mL within the first month post-transplantation was an impor-
tant risk factor for PTDM (Ajabnoor et al., 2020). Another study
found that tacrolimus concentrations > 15 ng/mL were closely
associated with PTDM in kidney transplant (Maes et al., 2001). In
our study, the incidence rate of PTDM was the highest in the first
3 months after transplantation, and the target trough concentra-
tion range of tacrolimus in the 1–3 months was 8–10 ng/mL, we
selected the median tacrolimus concentration of 10 ng/mL in the
first 3 months as the cut-off value to explore the relationship
between tacrolimus concentration and PTDM. We found that a
tacrolimus concentration > 10 ng/mL was an important risk factor
for PTDM. Therefore, patients should monitor tacrolimus concen-
tration more frequently in the early stages after kidney transplan-
tation to ensure that it is within the target concentration range.

Acute rejection was another risk factor for PTDM in kidney
transplant, which was consistent with the results of previous stud-
ies (Cole et al., 2008; Matas et al., 2008). The increase in blood glu-
cose levels induced by acute rejection may be related to the
following mechanisms. Firstly, high-dose corticosteroid therapy
was needed for acute rejection, in which corticosteroids could
increase the blood glucose levels. In addition, corticosteroids can
increase insulin resistance, reduce the sensitivity of peripheral tis-
sues to insulin, and cause an increase in blood glucose (De Lucena
and Rangel, 2018). Moreover, acute rejection was a type of stress
response, that can mobilize the secretion of catecholamine, gluco-
corticoids, growth hormones, glucagon and other insulin antago-
nistic hormones, and further increase the level of plasma glucose
(Rekers et al., 2016). Therefore, clinicians may prefer to minimize
steroid use after transplantation because of the potential risk of
rejection. It is also suggested that urine volume and renal function
should be monitored closely in the early stage after kidney trans-
plantation, and countermeasures should be taken to reduce the
occurrence of acute rejection. In our study, the association between
DGF and PTDM may be related to the susceptibility of DGF to acute
rejection.

Our study has some limitations. Firstly, this study was con-
ducted at a single center and only recruited a relatively limited
number of patients, and different immunotherapy regimens may
affect the incidence of PTDM, multicenter and long-term studies
are required to further prove the validity of our results. In addition,
we did not obtain the patients’ family history of T2DM, thus
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increasing the risk of coincidence bias in the overall results. Fur-
thermore, to better realize the clinical practicability and extrapola-
tion of the model, it is necessary to recollect patient data for
external verification. We have also been collecting new patient
data, but follow-up will take a very long time. Because of the lim-
ited number of cases affected by the COVID-19 epidemic, it is very
difficult to implement, but we will continue to collect data to com-
plete the model verification in the future, and we will further study
the relationship between tacrolimus trough to dose ratio and
PTDM.

5. Conclusion

In conclusion, age � 45 years, BMI > 25 kg/m2, tacrolimus
concentration > 10 ng/mL during the first 3 months post-
transplantation, transient hyperglycemia, DGF and acute rejection
were determined as the independent risk factors of PTDM. Our
study also established a risk prediction model for PTDM, to provide
a reference for the early detection of high-risk PTDM groups in kid-
ney transplant recipients. Understanding the risk factors of PTDM
can help transplantation teams better manage the patients accord-
ing to their risk profiles. Screening and monitoring should be
strengthened for high-risk groups of PTDM, including elderly or
overweight patients, especially in the early stages after transplan-
tation. In addition, patients could benefit from achieving a lower
tacrolimus concentration (<10 ng/mL) in the first 3 months post-
transplantation. In the future, we will continue to follow up these
patients to explore the relationship between PTDM and long-term
outcomes (such as overall death). In addition, we will explore the
optimal immunosuppressive regimen for patients who are at a
high risk of PTDM.
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