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Abstract12
Purpose To estimate the burden of CNI-associated NODM, determine its characteristics, and identify13
the risk factors of CNI-associated NODM in CKD treatment. Our findings can thereby provide a14
reference for the rational use of CNIs.15
Methods16
This was a single-center retrospective study performed at ZhongShan Hospital. We retrospectively17
screened patients treated with CNIs in our hospital from January 2015 to December 2018. T18
The survey of patients with CNI-associated NODM was designed to include three steps (Figure 1).19
We initially screened patients treated with CNIs in our hospital. The inclusion criteria were as20
follows: (1) patients with a clear diagnosis of CKD and (2) those receiving CNI treatment. Patients21
were excluded if (1) they had undergone an organ transplant; (2) they received a diagnosis of DM or22
were using hypoglycemic agents prior to CNI treatment; (3) their initial immunosuppressive regimen23
included drugs other than CNIs combined with glucocorticoids; (4) the follow-up period was less24
than 6 months; or (5) medical history details were incomplete. Secondly, we recorded blood glucose25
levels in the included patients and separated these patients into two groups, namely, those with and26
without CNI-associated NODM. NODM was defined as newly diagnosed DM after CNI treatment27
according to the American Diabetes Association guidelines. Thirdly, for patients who developed28
NODM, we further analyzed the developments and outcomes.29
Results Ninety-eight of the 336 assessed patients met the inclusion criteria, 15 [15.3% (15/98)] of30
whom developed CNI-associated NODM. The initial immunosuppressive regimens were CSA31
combined with glucocorticoids in 10 (66.7%) patients and TAC combined with glucocorticoids in32
five (33.3%) patients (including two patients who initially received TAC and later switched to CSA).33
Multiple logistic regression analysis revealed that baseline HbA1c (OR = 4.141; 95% Cl., 1.024–34
16.743; p = 0.046) and CNI trough concentration (1 year) (OR = 1.028; 95% Cl., 1.009–1.047; p =35
0.004) were independent risk factors for NODM incidence. In contrast, glucocorticoid type36
(prednisone) (OR = 0.075; 95% Cl., 0.011–0.526; p = 0.009) was identified as an independent37
protective factor for NODM. Using a receiver operating characteristic curve, a cutoff cyclosporin A38
trough concentration of 102.1 ng/mL was identified as a predictive factor of NODM. The diagnosis39
time for NODM was 18.4 ± 4.8 months after CNI treatment. One NODM patient [6.7% (1/15)]40
recovered at 12.7 months after the onset of diabetes mellitus.41
Conclusions We recommend that more attention be paid to patients with poorly controlled baseline42
glycosylated hemoglobin during CKD treatment with CNIs. High trough concentrations of43
cyclosporin A, particularly those >102.1 ng/mL, contribute to NODM. CNI-associated NODM may44
be reversible in the treatment of CKD.45
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50
Introduction51
Calcineurin inhibitors (CNIs), including tacrolimus (TAC) and cyclosporine (CSA), are immune-52
modulating agents used in the treatment of autoimmune disorders and glomerulonephritis, and also53
after transplantation[1]. However, although CNIs are implicated as diabetogenic drugs, the underlying54
mechanisms have yet to be clearly elucidated[1]. Studies on CNIs conducted to date have tended to55
focus primarily on transplant recipients. The reported incidence of diabetes mellitus (DM) after liver56
transplantation (LT) ranges from 9% to 63.3%, and similar incidence rates of DM have been reported57
in renal transplantation[2]. New-onset diabetes mellitus (NODM) is associated with undesirable58
outcomes such as an increased incidence of graft failure, increased mortality rate, frequent59
occurrence of diabetic complications, and increased costs[1]. The risk factors for post-transplantation60
diabetes mellitus (PTDM) in patients receiving CNIs include male gender, old age, obesity, a high61
body mass index (BMI), large waist circumference, African–American ethnic background, genetic62
predisposition, a family history of diabetes, impaired fasting glucose levels, pre-transplantation high63
plasma glucose levels, TAC use, hepatitis C virus (HCV) infection, post-transplantation high blood64
pressure, dyslipidemia, and low pre-transplantation magnesium levels[2-7]. Most of the relevant65
studies to date have reported that TAC has a higher risk of inducing PTDM than CSA[8], with a high66
mean concentration of TAC being associated with an increased risk of PTDM[9]. This diabetogenic67
effect can, however, be minimized by targeting for low trough levels of TAC[10, 11].68
In addition to transplantation, CNIs are used as an initial therapy for idiopathic membranous69
nephropathy, and are recommended as a therapy for frequently relapsing/steroid-dependent minimal-70
change disease, steroid-resistant focal segmental glomerulosclerosis, and lupus nephritis[12-15]. A71
lower CNI dosage, lower target drug serum concentration, more rapid drug volume reduction, and72
shorter length of therapy have been reported in the treatment of kidney disease than after73
transplantation[15, 16]. However, CNI-associated NODM in the treatment of kidney disease has yet to74
be evaluated. In addition, it is unclear whether TAC has a higher risk of inducing NODM than CSA75
in CKD treatment. To the best of our knowledge, this is the first study to estimate the burden of CNI-76
associated NODM, determine its characteristics, and identify the risk factors of CNI-associated77
NODM in CKD treatment. Our findings can thereby provide a reference for the rational use of CNIs.78

79
Methods80
Study design and population81
This was a single-center retrospective study performed at ZhongShan Hospital, which is a 2005-bed82
comprehensive teaching hospital affiliated to FuDan University, Shanghai, China. We recruited all83
inpatients treated with CNIs at our hospital from January 2015 to December 2018.84
The survey of patients with CNI-associated NODM was designed to include three steps (Figure 1).85
We initially screened patients treated with CNIs in our hospital. The inclusion criteria were as86
follows: (1) patients with a clear diagnosis of CKD and (2) those receiving CNI treatment. Patients87
were excluded if (1) they had undergone an organ transplant; (2) they received a diagnosis of DM or88
were using hypoglycemic agents prior to CNI treatment; (3) their initial immunosuppressive regimen89
included drugs other than CNIs combined with glucocorticoids; (4) the follow-up period was less90
than 6 months; or (5) medical history details were incomplete. Secondly, we recorded blood glucose91
levels in the included patients and separated these patients into two groups, namely, those with and92
without CNI-associated NODM. NODM was defined as newly diagnosed DM after CNI treatment93
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according to the American Diabetes Association guidelines[17]. Thirdly, for patients who developed94
NODM, we further analyzed the developments and outcomes.95

96
Data collection97
We retrieved the following information for the included patients: demographic information (gender,98
age, and BMI); basic disease status [basic CKD stage, renal puncture pathology type, baseline serum99
magnesium, baseline glycosylated hemoglobin (HbA1c), baseline proteinuria, and family history of100
diabetes]; concomitant diseases [anemia, coronary heart disease, hypertension, hyperlipidemia,101
hyperuricemia, cancer, hepatitis b virus (HBV) infection, and osteoporosis]; medication [CNI types102
(TAC vs. CSA), CNI trough concentrations (1 month, 3 months, and 1 year), CNI daily total dose,103
CNI course (month), glucocorticoid type (prednisone vs. methylprednisolone), glucocorticoid course104
(months), and switch CNI type]; prognosis and follow-up [last follow-up proteinuria, last follow-up105
stage of CKD, length of follow-up (months), and initial diagnosis of DM].106

107
Data analysis108
Normally distributed continuous variables were expressed as the means ± standard deviation (SD),109
and groups were compared using an independent t-test. Non-normally distributed continuous110
variables were presented as the medians [interquartile range (IQR)], and groups were compared using111
a rank-sum test. In addition, categorical variables were expressed as numbers (percentages) and112
analyzed using a chi-square test or Fisher’s exact test. Logistic regression models were used to assess113
independent risk factors for NODM incidence. Multiple logistic regression models were used to114
identify variables with a p value of less than 0.3 in descriptive analysis. These variables were further115
examined in multivariate analysis to identify the independent risk factors. The covariates included in116
multiple logistic regression analysis of CNI-associated NODM included gender (male vs. female),117
age (years), BMI (kg/m2), basic CKD stage (stages 1, 2, 3, 4, and 5), baseline HbA1c (%), baseline118
24-h proteinuria quantification (g), renal puncture pathology type (membranous nephropathy vs.119
other type), hypertension (yes or no), total daily dose of CNIs (mg), CNI trough concentration (1120
month; ng/mL), CNI trough concentration (1 year; ng/mL), glucocorticoid type (prednisone vs.121
methylprednisolone), glucocorticoid dose (mg), and glucocorticoid course (months). A forward122
logistic model was used for the selection of variables. The best cut-off of CNI trough concentration123
(1 year) after CNI treatment was determined using a receiver operating characteristic (ROC) curve.124
All p values were two-sided, and a p value of less than 0.05 was deemed significant. Statistical125
analyses were conducted using the Statistical Package for Social Sciences version 23.0 (IBM, 187126
Chicago, Ill, USA).127

128
129

Ethics130
The study was conducted in accordance with the Declaration of Helsinki, and was approved by the131
Ethics Committee of Zhongshan Hospital, FuDan University (Approval No.: B2019-236). Data132
obtained for the purposes of the study were based on medical records of discharged patients. Patient133
data were anonymized prior to analysis by an independent researcher who did not participate in this134
study. Consequently, the ethics committee waived the requirement of written informed consent for135
participation.136

137
138
139

Results140

141
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Included and excluded patients142
Ninety-eight of the initially assessed 336 patients met the inclusion criteria. Among the 238 patients143
who were excluded, the most common reason was that the initial immunosuppressive regimen144
included drugs other than CNIs combined with glucocorticoids (35.7%, 85/238) (Supplement Figure145
1). Of the 98 patients included, 82.1% (78/95) received a diagnosis of membranous nephropathy146
based on a renal biopsy (Supplement Figure 2). The initial immunosuppressive regimens were CSA147
combined with glucocorticoids in 76.5% (75/98) of patients and TAC combined with glucocorticoids148
in 23.5% (23/98). Thirteen (13.3%) patients switched CNI type during hospitalization (one patient149
initially received CSA and later switched to TAC; 12 patients who initially received TAC switched to150
CSA).151

152
Clinical character istics of CNI-associated NODM153
A total of 15 patients [15.3% (15/98)] developed CNI-associated NODM. The initial154
immunosuppressive regimens were CSA combined with glucocorticoids in 10 (66.7%) patients and155
TAC combined with glucocorticoids in five (33.3%) patients (including two patients who initially156
received TAC and later switched to CSA). There were no significant differences in CNI types157
between patients with and without NODM. Similarly, we detected no significant differences with158
respect to gender, age, BMI, baseline serum magnesium, baseline HbA1c, baseline proteinuria, basic159
CKD stage, renal puncture pathology type, last follow-up proteinuria, last follow-up stage of CKD,160
or length of follow-up between the two groups (Table 1). Moreover, there were no significant161
differences in CNI daily total dose, drug strength grading, CNI trough concentration (1 month),162
cCNIs (3 months), CNI course, glucocorticoid type, prednisone equivalent dose, glucocorticoid163
course, or switch CNI type. Patients with NODM were, however, more likely to have concomitant164
hypertension (60 vs. 32.5%, p = 0.042) (Table 1.) and high CNI trough concentrations (1 year) (121.4165
vs. 80.6 ng/mL, p = 0.008) (Table 2).166

167
Risk factors for NODM168
Multiple logistic regression analysis revealed that baseline HbA1c (OR = 4.141; 95% Cl., 1.024–169
16.743; p = 0.046) and CNI trough concentration (1 year) (OR = 1.028; 95% Cl., 1.009–1.047; p =170
0.004) were independent risk factors for NODM incidence. In contrast, glucocorticoid type171
(prednisone) (OR = 0.075; 95% Cl., 0.011–0.526; p = 0.009) was identified as an independent172
protective factor for NODM (Table 3).173

174
Cutoff mean concentration of CNIs after 12 months175
In our hospital, although concentrations of CNIs were measured, measurement were not taken at each176
visit. The findings of this study indicate that the CNI trough concentrations were higher in patients177
with NODM (121.4 ng/mL) than in patients without NODM (80.6 ng/mL, p < 0.05) (Table 2). A178
cutoff CSA trough concentration of 102.1 ng/mL was identified as being predictive of NODM based179
on ROC curve analysis (Figure 2). The diagnostic value of the cutoff value indicated that the area180
under the curve (AUC) was 0.786 (95%CI: 0.657–0.915, p = 0.003), with a sensitivity of 0.909 and181
specificity of 0.608. Similarly, a cutoff TAC trough concentration of 5.05 ng/mL was identified as182
being predictive of NODM based on ROC curve analysis (Figure 3). The diagnostic value indicated183
that the AUC was 0.833 (95%CI: 0.616–1.000, p = 0.136), with a sensitivity of 1.0 and specificity of184
0.733.185

186
Situation and outcome of NODM187
The diagnosis time for NODM was 18.4 ± 4.8 months after CNI treatment. The most rapid diagnosis188
of DM was made at 2.1 months after administration, whereas the slowest was made at 69.5 months.189
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NODM occurred in 40.0% (6/15) of the patients within 6 months (Table 4). In total, 6.7% (1/15) of190
patients with NODM had recovered at 12.7 months after the onset of DM.191

192
Discussion193
In this study, we aimed to identify the risk factors of CNI-associated NODM in CKD treatment and194
accordingly found that poorly controlled baseline HbA1c and a high trough concentration of CSA,195
particularly >102.1 ng/mL, contributed to NODM. Our findings revealed that the incidence of CNI-196
associated NODM was 15.3%, which is considerably lower than the incidence of NODM after organ197
transplantation[2]. This finding is consistent with our expectations and may have been attributed to198
differences in the exposure to diseases and drug treatment plans. Although the unique post-199
transplantation milieu in susceptible patients may be one of the main mechanisms underlying the200
development of PTDM[1], this risk factor is not applicable in the case of CKD treatment.201

Treatment with glucocorticoids can contribute to the development of steroid diabetes, and202
studies have shown that glucocorticoid-free immunosuppressive regimens, or even low doses of203
glucocorticoids, can reduce the incidence of NODM[18, 19]. Nevertheless, glucocorticoids are the basis204
of CKD treatment, and the 15.3% incidence of CNI-associated NODM may be over-estimated by205
concomitant therapy with glucocorticoids. To avoid the effects of other immunosuppressive drugs206
that may cause diabetes, we excluded patients in whom the initial treatment regimen included drugs207
other than CNIs combined with glucocorticoids. We showed that the type of glucocorticoids may208
have an important influence on the development of NODM. Logistic regression analysis revealed that209
prednisone is an independent protective factor for NODM, indicating that the use of210
methylprednisolone is associated with a higher risk of developing NODM than using prednisone. On211
the basis of the findings of our literature search, we believe that the present study is the first to report212
this observation. Methylprednisolone is a synthetic intermediate-acting glucocorticoid characterized213
by methylation at the 6th position of prednisolone, and has a stronger anti-inflammatory effect, which214
could be one of the reasons why it is more likely to induce NODM[20]. A further possibility is that215
among those patients who received methylprednisolone, a high proportion received high-dose shock216
treatment during the early stages of treatment, which can cause insulin secretion disorders, insulin217
resistance, and the release of counter-regulatory hormones, as well as changes in the secretion and218
action of incretins, thereby increasing the risk of diabetes[21].219
No significant differences were observed with respect gender, age, BMI, baseline HbA1c, basic CKD220
stage, or CNI daily total dose between patients with and without CNI-associated NODM, thus221
indicating that there may be good comparability between the two groups. A previous study showed222
that TAC is an independent risk factor for PTDM when compared with CSA[1], and it has also been223
established that glucose-stimulated insulin sensitivity and overall glucose tolerance are significantly224
improved after conversion from TAC to CSA in HCV-positive renal transplant recipients[8].225
However, Yu et al. reported that the use of TAC is not associated with the development of PTDM[5].226
In the present study, we detected no significant differences in the types of CNIs between the two227
patient groups, which we believe may be related to the characteristics of the drug treatment plan. This228
is the first study that has examined the use of CNIs for the treatment of CKD, and compared with229
their use post-transplantation, the target concentration of CNIs in the treatment of CKD is lower, the230
drug volume is reduced more rapidly, and the course of treatment is relatively shorter[15, 16].231

The findings of the present study indicate that baseline HbA1c is an independent risk factor232
for NODM. HbA1c can reflect the blood glucose status of patients in the previous 3 months. In this233
regard, Li et al., who conducted a meta-analysis involving 4580 liver transplant patients, reported that234
impaired fasting glucose prior to transplantation is an independent risk factor for NODM[2].235
Similarly, Yu et al. showed that a high pre-transplantation plasma glucose level is an independent236
risk factor for NODM in a Korean population[5]. Basic glycemic control is important in controlling237
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the development of NODM, and consequently, in clinical practice, patients with poorly controlled238
HbA1c who are treated with CNIs need to be carefully monitor for the side effects of NODM.239

The target trough concentration of CNIs is lower in CKD therapy than in organ240
transplantation. For example, in the treatment of membranous nephropathy, the target trough241
concentration of CSA is 120–200 ng/mL, whereas that of TAC is 3–5 ng/mL[15]. Comparatively, for242
kidney transplant patients, the target trough concentration of CSA is 200–300 ng/mL for 1–3 months243
after transplantation and that of TAC is 7–10 ng/mL for the first month[22]. For liver transplant244
patients, the target trough concentration of CSA in the first 3 months is typically 200–250 ng/mL and245
that of TAC is 7–10 ng/mL[23], whereas for heart transplant patients, the target trough concentration246
of CSA in the first year after transplantation is maintained at 200–350 ng/mL and that of TAC for the247
first 6 months is generally 10–15 ng/mL[24]. The findings of the present study indicate that the248
concentration of CNIs is an independent risk factor for the development of NODM. Which is249
consistent with the findings of numerous studies that have shown that a high concentration of CNIs is250
a risk factor for NODM[10,11]. In this regard, Song et al. found that minimizing the trough251
concentration of TAC reduced the risk of NODM development after liver transplantation[11], whereas252
Jouve et al. showed that minimizing the trough concentration of TAC improved its safety profile and253
reduced the risk of NODM in kidney transplant recipients[10]. In the present study, our ROC results254
indicated that the cutoff value of CSA trough concentration was 102.1 ng/mL, with a significant255
difference (p = 0.003). This indicates that a CSA trough concentration >102.1 ng/mL may increase256
the risk of NODM. Although the mechanism of action of CSA on glucose metabolism has yet to be257
fully elucidated, it is believed to be primarily associated with a reduction in insulin secretion. In this258
respect, a previous in vitro study has revealed that CNIs have a direct dose-dependent effect on259
pancreatic β-cells, resulting in morphological changes and reduced insulin and C-peptide release [25].260
Thus, in clinical practice, close attention should be paid to the risk of NODM in patients with a CSA261
trough concentration >102.1 ng/mL. On the basis of further evaluations of the occurrence of CNI-262
associated NODM, we found that 40% of NODM occurred within 6 months, which is higher than the263
occurrence of PTDM[9, 11]. This may be related to the higher initial dose and more rapid dose264
reduction of CNIs in CKD treatment than in PTDM treatment. In previous studies, the prognostic265
indicators of CNIs for organ transplantation have mainly been shown to be mortality rate and graft266
failure, whereas in contrast, the recovery of DM is rarely evaluated[1]. Given that CKD is a chronic267
disease, we evaluated the recovery of DM, and accordingly found that 6.7% of patients recovered268
during low-dose maintenance therapy, thereby indicating that the NODM that develops during the269
treatment of CKD may be reversible. Thus, during treatment, it may be beneficial to reduce the dose270
of CNIs as soon as possible, whilst continuing to ensure efficacy. In addition, blood sugar should be271
actively controlled during the treatment of CKD .272
The strengths of this study are as follows. First, on the basis of the findings of a literature search, we273
assume this study to be the first that has examined CNI-associated NODM during CKD treatment.274
We believe that our findings on CNI-associated NODM, including incidence and risk factors, will275
have good reference value for clinical practice. Second, we quantified the trough baseline HbA1c276
levels and CSA trough concentrations, which are conducive to determining the precise treatment of277
CKD in clinical practice. Third, the median follow-up period for the NODM group was 39.7 months,278
which is notably longer than that of most studies.279
The study does, nevertheless, have certain limitations, namely the fact that this was a single-center280
retrospective study. Moreover, values were missing for some data, which may have influenced281
statistical performance. In addition, although we analyzed data for 4 years, the final sample size was282
not particularly large owing to the strict inclusion and exclusion criteria. Accordingly, in future,283
studies including larger sample sizes should be performed.284

285
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Conclusions286
On the basis of the findings of this study, we recommend that during CKD treatment using CNIs,287
more attention should be paid to patients with poorly controlled baseline HbA1c. High trough288
concentrations of cyclosporin A, particularly those >102.1 ng/mL, contribute to NODM. However,289
CNI-associated NODM that develops during the treatment of CKD may be reversible.290
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Table 1. Comparison of clinical characteristics between patients with and without CNIs associated NODM396

Without NODM
(N = 83)

With NODM
(N = 15) P value

Male 49 (59.0) 10 (66.7) 0.578
Age (year) 48 ± 2 52 ± 3 0.383
BMI (kg m-2), n=93 23.9 ± 0.4 24.6 ± 0.7 0.416
Family history of diabetes 0 (0) 1 (6.7) 0.153**
Baseline serum magnesium (m mol L-1), n=80 0.82 ± 0.01 0.80 ± 0.02 0.474
Baseline glycosylated hemoglobin (%), n=83 5.5 (0.4) 5.7(1.4) 0.085
Baseline proteinuria (g), n=95 5.97 (4.47) 4.50 (5.98) 0.264
Basic CKD stage, n=96
0 1 (1.2) 0 (0) 0.232
1 39 (48.1) 12 (80.0)
2 32(39.5) 3 (20.0)
3 8 (9.9) 0 (0)
4 0 (0) 0 (0)
5 5 (1.2) 0 (0)
Renal puncture pathology type, n=95 0.109*
Membranous nephropathy 63 (78.7) 15 (100)
Other types 17 (21.3) 0 (0)
Anemia 4 (4.5) 1 (6.7) 0.572**
Coronary heart disease n (%) 3 (3.6) 1 (6.7) 0.491**
Hypertension 27 (32.5) 9 (60.0) 0.042
Hyperlipidemia 7 (8.4) 2 (13.3) 0.905*
Hyperuricemia 4 (4.8) 1 (6.7) 0.572**
Cancer 2 (2.4) 0 (0) 1.0**
HBV infection 1 (4.8) 0 (0) 1.0**
Osteoporosis 0 (0) 2 (13.3) 0.022**
Last follow-up proteinuria, n=77 0.72 (1.85) 0.53 (1.76) 0.867
Last follow-up stage of CKD, n=78 0.757
0 7 (10.8) 0 (0)
1 21 (32.2) 6 (46.2)
2 22 (33.8) 4 (30.8)
3 10 (15.4) 2 (15.4)
4 3 (4.6) 1 (7.7)
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5 2 (3.1) 0 (0)
Length of follow-up (months) 28 (30) 39.7 (57) 0.314

NODM = new-onset diabetes mellitus, BMI = Body Mass Index, CKD = Chronic kidney disease, HBV= Hepatitis397
B Virus, CNIs = Calcineurin inhibitors, CSA = Cyclosporin a, TAC = Tacrolimus.398
* = Continuity correctionb , ** = Fisher Exact Test399

400
401
402
403
404
405
406

Table 2. Comparison of medication characteristics between patients with and without CNI-associated NODM407
408

Without NODM
(N = 83)

With NODM
(N = 15) P value

CNIs variety 0.517
CSA 65 (78.3) 10 (66.7)
TAC 18 (21.7) 5 (33.3)
CNIs daily total dose (mg/g) 200 (50) 150 (196) 0.289
Drug strength grading 0.906
1 24 (28.9) 4 (26.7)
2 45 (54.2) 9 (60.0)
3 14 (16.9) 2 (13.3)
CNIs trough concentration (1 month)
(ng ml-1), n = 42 112.3 ± 10.8 109.8 ± 15.6 0.917

CNIs trough concentration (3 months)
(ng ml-1), n = 47 117.9 ± 8.2 86.2 ± 16.2 0.095

CNIs trough concentration (1 year)
(ng ml-1), n = 79 80.6 (79.5) 121.4 (50.0) 0.008

CNIs course (month) 26.9 (33) 27.8 (59) 0.76
Glucocorticoid variety (prednisone) 64 (88.9%) 8 (11.1) 0.091*
Glucocorticoid dose (mg) 30 (10) 28 (6) 0.071
Glucocorticoid course (month) 20.1 (21) 27.8 (59) 0.284
Adjust CNIs variety 13 (86.7) 2 (13.3) 1.000*

NODM = new-onset diabetes mellitus, CKD = Chronic kidney disease, CNIs = Calcineurin inhibitors, CSA=409
Cyclosporin A, TAC = Tacrolimus.410
* =Continuity correctionb, **=Fisher Exact Test411

412
Table 3. Risk factors for CNI-associated NODM.413
Factors Sig. Exp. (B) 95% Cl.
Baseline glycosylated hemoglobin (%) 0.046 4.141 1.024 - 16.743
CNIs trough concentration (1 year)(ng ml-1) 0.004 1.028 1.009 - 1.047
Glucocorticoid variety (prednisone) n (%) 0.009 0.075 0.011 - 0.526
NODM= new-onset diabetes mellitus, CNIs = Calcineurin inhibitors414

415
Table 4. The time of diabetes diagnosed416
Time N %
In six months 6 40.0%
In one year 1 6.7%
In two years 4 26.7%
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In three years 4 26.7%
417
418

Figure captions419
Figure 1. The three steps - survey of CNI-associated NODM420
Figure 2 Receiver operating characteristic curve for mean trough concentration of CSA after 12 months to predict421
NODM after CNIs treatment.422
Figure 3 Receiver operating characteristic curve for mean trough concentration TAC after 12 months to predict423
NODM after CNIs treatment.424
Figure S1. Patients excluded.425
Figure S2 Patients' pathological type by renal biopsy.426


