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Abstract: Objective To discuss the regularity in fasting blood sugar variations following kidneytransplantation and evaluate
the PTDM morbidity and the effect of fasting blood sugar on survival and complications of patients. Method 422 patients
receiving kidneytransplantation in our hospital from January 2015 to December 2018 were collected. Based on the
pre-operative fasting blood sugar, the patients were divided into Group DM, IFG, and NFG. The variation trends of fasting
blood sugar in various groups were obtained by analysing the fasting blood sugar data of patients 3, 6, 9, 12, 24, 36, 48, and 60
months before and after operation. The PTDM occurrence conditions were analysed 3, 6, 9, 12, 36, and 60 months after
operation based on the fasting blood sugar of patients; a simplified OGTT was performed for patients with their fasting blood
sugar not meeting the diagnostic criteria for diabetes ≥3 years after kidneytransplantation to analyse the PTDM morbidity
among patients ≥3 years after kidneytransplantation and calculate the HOMA index. The patients were divided into Group DM,
IFG, and NFG based on fasting blood sugar before kidneytransplantation and PTDM Group and Non-PTDM Group. A
comparison was made for the difference in survival rate among various groups. Result The fasting blood sugar in the Group
DM decreased significantly compared with that before operation (P<0.05); the fasting blood sugar in the Group IFG and NFG
increased compared that before operation (P<0.05). The PTDM morbidity exhibited an overall decreasing trend with time and
reached as high as 52.82% 3 months after operation. HOMA-IR was the highest in Group IGR followed by Group PTDM.
HOMA-IR significantly increased in Group IGR compared with the group of normal blood sugar (P<0.05). HOMA-β in Group
PTDM decreased significantly compared with the group of normal blood sugar and Group IGR (P<0.05). The survival rate in
Group DM significantly decreased compared with that in Group NFG (P<0.05); the survival rate in Group IFG also decreased
significantly compared with that in Group NFG (P<0.05); the average survival time and survival rate in Group PTDM were
significantly lower than those in groups other than Group PTDM (P<0.05). Conclusion kidneytransplantation is able to
improve the fasting blood sugar of patients with diabetes and the blood sugar can significant affect the survival rate of
kidneytransplantation patients and lower the survival rate of patients.
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1. Introduction
The number of kidneytransplantation patients has
increased considerably with continuous popularization and
maturation of the kidneytransplantation technique since the
first kidneytransplantation was carried out in 1960s. The
survival time of patients also extends accordingly due to the
elevation of the survival rate during the perioperative period

and maturation of application of anti-rejection medicine.
Thus, increasing importance has been attached to the
long-term
complications
and
living
quality
of
kidneytransplantation patients. Post-transplant Diabetes
Mellitus (PTDM) has a huge impact on such complications
as cardiovascular, infection, neuropsychiatric system etc.,
which may lead to a higher case fatality rate and affect the
survival of transplants and the long-term survival of
recipients [1]. The PTDM morbidity has been reported
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different, approximately 7.2-35％, in various countries [2-3].
The hazards of PTDM have not been completely explained.
Based on reports, hepatitis C virus (HCV) infection, aging,
obesity, family history of diabetes, abnormal blood sugar
before transplantation, kidneycirrhosis hepatic dysfunction,
application of hormones and calcineurin inhibitor (CNI) etc.
would increase the risk of PTDM [4-5]. There is little
research on the long-term blood sugar variations and hazards
following kidneytransplantation in China and most research
focuses on a single factor analysis. Thus, it is particularly
important to study the factors related to the occurrence and
progression of PTDM for pathogenesis of PTDM and
prevention of PTDM.

2. Material and Methods
2.1. Object of Study
422 patients who received kidneytransplantation in our
hospital from January 2015 to December 2018 were collected.
There were 307 males and 115 females. They were aged
18-75 years and 46.3±16.1 years on average. Any patients
who used glucocorticoid before operation, had incomplete
data, or died within 3 months were excluded. The primary
diseases of patients were primary kidneycancer accompanied
by kidneycirrhosis, 216 cases, primary kidneycancer, 103
cases, posthepatitic cirrhosis, 79 cases, and other rare types,
24 cases.
All patients were injected regularly with insulin by a
micropump 3-5 days after operation to control the blood
sugar and subsequently injected with insulin subcutaneously
to control the blood sugar. The dosage of insulin was
adjusted based on the blood sugar. Objective of blood sugar
control: fasting blood sugar 8.10mmol/L and 8.14mmol/L 2h
after a meal.
2.2. Method for Using Immunosuppression Medicines After
Operation
The preferred immunosuppressor was tacrolimus, FK506,
which was to be taken orally at 2 days after operation at a
dose of 8-20mg/day until the plasma drug concentration was
reached; (cyclosporine-A, CsA would be used at a dose
depending on the plasma concentration if the patients had
severe mental symptoms after FK506 was administered.
Rapamycin would be administered to partial patients if the
plasma concentration failed to reach the standard or
experienced renal insufficiency due to use of FK506. The
dose and target concentration were similar to FK506.
Considering the effect of rapamycin on wound healing, it

201

could be generally applied only at least 1 month after
transplantation.
2.3. Variation Trend of Fasting Blood Sugar
On the basis of pre-operative fasting blood sugar and in
combination with the medical history, the patients were
divided into Diabetes Mellitus (DM) Group, Group of
Impaired Fasting Blood Glucose (IFG), and Group of Normal
Fasting Blood Glucose (NFG). The 422 patients were
analysed. 106 cases fell into Group DM accounting for
25.12%; 118 cases fell into Group IFG accounting for
27.96%; 198 cases fell into Group NFG accounting for
46.92%. Based on analyses of the fasting blood sugar data 3,
6, 9, 12, 24, 36, 48, and 60 months after operation, the
variation trends of fasting blood sugar in various groups were
obtained. Comparisons were made for variations in fasting
blood sugar in various groups before and after operation to
determine presence or absence of any statistical difference.
2.4. Diagnostic Criteria for PTDM
Referring to the literature, [6], in the research, the
kidneytransplantation patients with fasting blood sugar <
5.6mmol/L were diagnosed as having normal fasting blood
sugar (NFG); the kidneytransplantation patients with fasting
blood sugar ≥5.6mmol/L but < 7. Ommol/L were diagnosed
as having impaired fasting glucose (IFG); the
kidneytransplantation patients with blood sugar >
17.8mmol/L but < 11.1mmol/L in the 2h glucose tolerance
test were diagnosed as having impaired glucose tolerance
(IGT); the kidneytransplantation patients with fasting blood
sugar ≥7.0mmol/L or with blood sugar 3h after a meal ( or
OGTT 2h blood sugar) ≥ 11.1mmol/L were diagnosed with
diabetes mellitus (DM). In addition, the patients were also
diagnosed with diabetes if they had normal blood sugar but
were using insulin or orally taking blood sugar lowering
medicines.
2.5. Data on Simplified Oral Glucose Tolerance Test
(OGTT)
Among the kidneytransplantation patients ≥3 years after
kidneytransplantation, the patients who were diagnosed with
diabetes, died, and lost to follow-up were excluded. A
simplified OGTT was conducted for the remaining 46
eligible patients with persistent long-term follow-up to detect
the fasting blood sugar and insulin and the blood sugar and
insulin 2h after a meal and glycosylated hemoglobin and
blood lipid and to calculate the HOMA index [7]. The
formulae are as follows:

HOMA-IR=fasting blood sugar (mmol/L)×fasting insulin (uU/mL)÷22.5
HOMA-β=20×fasting insulin (uU/mL)÷(fasting blood sugar (mmoVL)-3.5)
Based on the test results, the patients were divided into
Normal Group, Group of Impaired Glucose Regulation (IGR),
and Group of Post-Transplantation Diabetes Mellitus
(PTDM).

2.6. PTDM Occurrence and PTDM Pathogenesis
Based on the fasting blood sugar of patients, an analysis was
conducted for the PTDM occurrence 3 months, 6 months, 9
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months, 1 years, 3 years, and 5 years after operation; a glucose
tolerance test was conducted for patients with FPG not meeting
the diagnostic criteria for diabetes 3 ≥ years after
kidneytransplantation to determine fasting and 2h blood sugar and
insulin, evaluate the PTDM occurrence in kidneytransplantation
patients with FPG not meeting the diagnostic criteria for diabetes
3 ≥ years after operation, calculate the HOMA index, and
preliminarily discuss the PTDM pathogenesis.
2.7. Effect of Fasting Blood Sugar on the Survival Rate of
Kidneytransplantation Patients
Based on the preoperative fasting blood sugar and past
medical history, the patients were divided into Group DM,
Group IFG, and Group NFG. A survival curve was plotted to
compare the difference of the survival rates among the three
groups of patients.
2.8. Statistical Methods
The SPSS 13.0 was used as the statistical analysis software.
All of the measurement data were expressed with mean ±
standard deviation and the enumeration data were expressed
with numerical value and percentage. The t test and variance
analysis (One-Way ANOVA) were conducted for the
measurement data in the single factor analysis. P<0.05 was
considered statistically significant.

the variation was the most significant 12 months after
operation. The comparison between fasting blood sugar after
operation and that before operation was statistically
significant (P<0.05); the fasting blood sugar in Group NFG
significantly rose after 3 months and tended toward stability
subsequently. The comparison between fasting blood sugar at
different times after operation and that before operation was
statistically significant (P<0.05). Pairwise comparisons of the
variation trends among three groups (P<0.05).
Variation trend of fasting blood sugar in patients before
operation and within 5 years after operation: within 1 year
after operation, the fasting blood sugar in Group DM
decreased significantly (P<0.05) and then exhibited an
increasing trend, which reached the highest 3 years after
operation and decreased 5 years after operation compared
with that before operation; but no statistical significance was
reached (P>0.05); the fasting blood sugar in Group IFG
increased significantly 1 year after operation compared with
that before operation (P<0.05) and then exhibited a
slowdown trend; there was no statistical difference between
fasting blood sugar 3 years after operation and that 5 years
after operation (P>0.05); the fasting blood sugar in Group
NFG increased significantly 1 year after operation compared
with that before operation (P<0.05) and then maintained
stability; it still increased significantly 5 years after operation
compared with that before operation (P<0.05).
3.2. Judging PTDM Occurrence After
Kidneytransplantation Based on Fasting Blood Sugar

3. Results
3.1. Variation Trend of Fasting Blood Sugar After
Kidneytransplantation
Variation trend of fasting blood sugar in patients before
operation and within 1 year after operation: within 1 year
after kidneytransplantation, the fasting blood sugar in Group
DM decreased significantly compared with that before
operation and the comparison between fasting blood sugar 6,
9, and 12 months after operation and that before operation
was statistically significant (P<0.05); the fasting blood sugar
in Group IFG rose compared with that before operation and

Diabetes occurrence in pre-operative non-diabetic patients
(i.e. preoperative Group IFG and NFG combined) 3, 6, 9, 12,
36, and 60 months is shown in Table 1. The PTDM morbidity
exhibited an overall decreasing trend with time. It reached
the highest, 52.82%, 3 months after operation; it significantly
decreased to 30.95% 6 months after operation and decreased
slowly subsequently; it decreased to 20.75% 3 years after
operation and maintained stable subsequently. The
chi-squared test for trend indicated that the PTDM morbidity
exhibited an overall decreasing trend (P<0.05).

Table 1. PTDM Occurrence in Non-Diabetic Patients before kidneyTransplantation.
Post-Operation Time (months)
3
6
9
12
36
60

Total Number of Cases
195
126
107
81
53
37

Number of Patients
103
39
31
24
11
8

PTDM Morbidity (%)
52.82
30.95
28.97
29.63
20.75
21.62

3.3. Preliminary Evaluation of PTDM Pathogenesis Baed on the HOMA Index
Table 2. OGTT Results of Partial Patients with Fasting Blood Sugar Failing to Meet the Diagnostic Criteria for Diabetes ≥3 years after
kidneyTransplantation.
Item
Fasting Blood Sugar (mmol/L)
Fasting Insulin (Uu/ml)
2h-Blood Sugar (mmol/L)
2h-Insulin (Uu/ml)

Normal Group (n=13)
5.26±0.33
5.13±0.29
5.30±0.37
27.16±4.31

Legend: Compared with the Normal group, *P<0.05.

Group IGR (n=22)
6.21±0.35
7.38±0.46
7.81±0.59
48.07±9.22*

Group PTDM (n=12)
7.16±0.81
5.36±0.41
8.67±0.93
50.25±11.34*
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A simplified OGTT was performed for 46 patients with
their fasting blood sugar not meeting the diagnostic
criteria for diabetes ≥3 years after kidneytransplantation
and the results were shown in Table 2. The fasting insulin
level was the highest in Group IGR and the lowest in the
normal blood sugar group. There was no significant
difference based on pairwise comparisons among three
groups but the fasting insulin level in Group IGR
exhibited an increasing trend compared with the normal
blood sugar group. No statistical significance was reached
(P>0.05). The 2h-insulin was progressively increasing in
the normal blood sugar group, Group IGR, and Group
PTDM and there was a significant difference only between
Group IGR and the normal blood sugar group (P<0.05).
HOMA-IR was the highest in Group IGR followed by
PTDM. It significantly increased in Group IGR compared
with the normal blood sugar group (P<0.05), indicating
that insulin resistance was present at the early stage of
abnormal glucose metabolism after kidneytransplantation.
HOMA-β was progressively decreasing in the normal
blood sugar group, Group IGR, and Group PTDM and
HOMA-β significantly decreased in Group PTDM in
contrast to the normal blood sugar group and Group IGR
(P<0.05), indicating that the functions of pancreatic β cells
were declining with aggravation of abnormal glucose
metabolism after kidneytransplantation.
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3.4. Comparison of Survival Rates of Group DM, IFG, and
NFG
The average survival time and survival rate of Group NFG,
IFG, and DM were decreasing in sequence. The survival rate
of Group DM decreased significantly compared with that of
Group NFG (P<0.05). The survival rate of Group IFG also
decreased significantly compared with that of Group NFG
(P<0.05). The survival rate of Group DM decreased
compared with Group IFG but no statistical difference was
reached (P>0.05).
3.5. Comparison of Survival Rates and Post-operative
Complications Between Group PTDM and Non-PTDM
Groups
The average survival time and survival rate of Group
PTDM were significantly lower than those of non-PTDM
groups (P<0.05). Compared with non-PTDM groups, the
incidence rates of post-operative bacterial infection and
chronic renal insufficiency were higher in Group PTDM and
no statistical significance was reached (P<0.05). There was
no significant difference in incidence rate among fungal
infection, cytomegalovirus infection, post-operative fatty
kidney (P>0.05). Table 3.

Table 3. Comparison of Complications between Group PTDM and Non-PTDM Groups.
Post-Operative Complications
Bacterial Infection
Fungal Infection
Chronic Renal Insufficiency
Biliary Complication
Cytomegalovirus Infection
Postoperative Fatty Liver

Non-PTDM Group
68
57
41
35
10
8

4. Discussion
Based on the variation trend of fasting blood sugar, it is
observed in the research that the fasting blood sugar of
patients in Group DM before operation decreases compared
with that before operation and the decrease in fasting blood
sugar 6-24 months after operation exhibits a statistical
difference, indicating that kidneytransplantation is good for
improving patients' glycometabolism. In China, the majority
of kidneytransplantation recipients are patients with chronic
kidneydiseases. Chronic kidneydiseases are characterized in
that various kidneydiseases lead to substantive damage to the
kidneyand induce disturbance of carbohydrate metabolism,
clinically manifested by hyperglycemia and decrease in
glucose tolerance. The diabetes secondary to hepatic
substantive damage is called hepatic diabetes [8-9]. The
pathogenesis of hepatic diabetes is primarily insulin
resistance. Insulin secretion insufficiency may occur with
progression of the disease. Hyperinsulinemia is accompanied
by endogenous insulin sensitivity decline. The decline in use

Group PTDM
127
68
89
38
15
14

P Value
0.018
0.615
0.012
0.823
0.711
0.682

of insulin by the surrounding tissues is more severe than the
increase in endogenous glucose generated [10-11].
kidneytransplantation is able to improve insulin resistance
resulted from kidneycirrhosis but not able to completely
restore the normal functions [12-13]. Partial patients with
pre-operative diabetes were diagnosed as having normal
fasting blood sugar or damaged fasting blood sugar after
operation, which is consistent with that reported in the
literature [14-15]. The fasting blood sugar of patients in
Group IFG and NFG exhibits an increasing trend after
operation, which is significant 3 months after operation.
Considering the use of hormones 3 months after operation, it
is consistent with the variation trend of the PTDM morbidity.
The PTDM morbidity has been reported different in the
literature, which is associated with the diagnostic criteria
adopted in different studies. The course of disease may be 1
month or 6 months and the majority are judged on the basis of
fasting blood sugar [16-17]. In the research, the ADA standard is
used to make a judgement based on fasting blood sugar. The
PTDM morbidity in kidneytransplantation patients reached the
highest, 52.82％, 3 months after operation, 29.63％ 1 year after
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operation, and 20.75 ％ 3 years after operation. With the
prolonged time after transplant ion, the PTDM morbidity
exhibits a decreasing trend and PTDM frequently occurs at an
early stage after transplantation. A gradual decline in the PTDM
morbidity may be due to the fact that the dosage of hormones
and immunosuppressor is decreasing; the kidneyfunctions are
recovering gradually following transplantation; stress factors are
being relieved gradually etc.[18-19]. The definite causes still
remain to be studied further.
The pathogenesis of PTDM has been reported different in
the literature. The majority of the scholars have opined that
the potential low insulin secretion of PTDM patients are
aggravated by the immunosuppressor and their B cells are
susceptible to anti-rejection medicines [20-22]. Research has
also indicated that the state of insulin resistance is present in
patients with terminal kidneydiseases; application of
hormones further lowers the sensitivity of the peripheral
insulin following transplantation; in addition, the insulin
secretion defect caused by calcineurin inhibitor also
accelerates the progression of PTDM [23-24]. Dukes et al.
have conducted an OGTT for 36 renal transplantation
patients treated with trimodality therapy dominated by CsA
and found that the incidence rate of insulin resistance of
patients with post-operative abnormal glucose metabolism is
much higher than the incidence rate of B cell hypofunction
and the minimum concentration of CsA is significantly
associated with IR, which indicates that insulin resistance
plays a more important role in PTDM than pancreatic B cell
hypofunction. Similar conditions may also be present in
kidneytransplantation patients [25]. In the research, it is
observed that the HOMA-IR in Group IGR is significantly
higher than that in the normal blood sugar group and also
higher than that in Group PTDM, which indicates that insulin
resistance is present at an early stage of abnormal glucose
metabolism; however, the HOMA-β is decreasing in
sequence in the normal blood sugar group, Group IGR, and
Group PTDM and the HOMA-β decreases significantly in
Group PTDM compared with the normal blood sugar group
and Group IGR, which indicates that the functions of
pancreatic B cells are declining progressively with
aggravation of abnormal glucose metabolism.
There is a controversy over the effect of blood sugar on
survival. Veroux et al. have reported that there is no
significant difference in survival rate between Group PTDM
with age and sex matching and the control group at 1, 2, and
5 years, which may be associated with the small sample size
[26]. A retrospective analysis by Dostalek et al. for 778
kidneytransplantation patients (half of them were
complicated with Hepatitis C) has indicated that the survival
rates of transplants and patients in Group PTDM decrease
significantly [27]. Lorho et al. have reported that there is no
significant difference in survival rate between diabetic and
non-diabetic patients before kidneytransplantation but the
survival rate in Group PTDM decreases significantly
compared with that in Non-PTDM Groups [28]. Our research
indicates that the survival rates in Group DM and IFG
decrease significantly compared with that in Group NFG

before operation; the survival rate in Group PTDM also
decreases significantly compared with that in non-PTDM
groups after operation, indicating that both the existing
diabetes before kidneytransplantation and the emerging
diabetes after kidneytransplantation significantly decrease the
survival rate of patients and the pre-operative fasting blood
sugar abnormality can reduce the survival rate of patients
after operation.
Blood sugar can be affected by various factors such as
infection, hormones, various stresses, and various medicines,
including hypoglycemic agents etc. [29-30]. The fasting
blood sugar collected may be partial if the above conditions
are not recorded in detail. The research data are clinical
follow-up visit data. The data on blood sugar 2h after a meal
is not subject to the analysis due to its incompleteness. The
incidence rate of abnormal glucose metabolism may be
underestimated to some extent. In conclusion, monitoring of
the blood sugar of kidneytransplantation patients should not
be
ignored.
With
extensive
application
of
kidneytransplantation in our hospital, the survival time of
patients is extending gradually.

5. Conclusion
Research on large samples and long-term follow-up visits
may be conducted on the basis of observation of
glycometabolism status of kidneytransplantation patients to
guide the prevention of PTDM in kidneytransplantation
patients and long-term ideal control of blood sugar.
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