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Abstract

Purpose
To explore whether glycated albumin (GA) or fasting plasma glucose (FPG), both routinely monitored
during patients’ hospital stay, can be used to predict post-transplantation diabetes mellitus (PTDM).

Methods
All kidney transplantation recipients (KTRs) from January 2017 to December 2018 were followed-up for 1
year. PTDM was diagnosed from day 45 post-operation to 1 year. When the completeness was above 80%,
FPG or GA data on the day was selected, analyzed, and presented as range parameters and standard
deviation (SD) and compared between PTDM and non-PTDM groups in �uctuation and stable periods. The
predictive cut-off values were determined via receiver operating characteristic (ROC) analysis. The PTDM
combined predictive mode, formed by the independent risk factors derived from logistic regression
analyses, was compared with each independent risk factor with the independent ROC curve test.

Results
Among 536 KTRs, 38 patients developed PTDM up to 1 year post-operatively. The family history diabetes
mellitus (DM; OR, 3.21; P = 0.035), the FPG SD in �uctuation period > 2.09 mmol/L (OR, 3.06; P = 0.002), and
the FPG maximum in stable period > 5.08 mmol/L (OR, 6.85; P < 0.001) were the PTDM independent risk
factors. The discrimination of the combined mode (area under the curve = 0.81, sensitivity = 73.68%, and
speci�city = 76.31%) was higher than each prediction (P < 0.05).

Conclusions
The FPG SD during the �uctuation period, FPG maximum during the stable period, and family history DM
predicted PTDM with good discrimination and potential routine clinical use.

Introduction
Approximately 10–20% kidney transplant recipients (KTRs) develop post-transplantation diabetes mellitus
(PTDM) 3 months post-operation. Among these patients, 70% become mature diabetic patients with high
risk of cardiovascular morbidity, infections, graft failure, and mortality [1, 2]. Patients may bene�t from
early prediction of PTDM, because intervention and/or treatment can be implemented to reduce the risk of
the long-term consequences. Different from the insulin absolute de�ciency in type 1 diabetes, PTDM and
type 2 diabetes (T2DM) show insulin resistance and glucagon activity increase[3]. In comparison with
T2DM, the clinical manifestation of PTDM is stronger insulin resistance caused by the long-term effect of
immunosuppressants, post-transplant viral infections, and hypomagnesaemia[4]. The 1-hour plasma
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glucose > 8.4 mmol/L in pre-operative oral glucose tolerance test (OGTT) was reported as a PTDM
predictor[5], but this test is not yet permitted to be performed 4–12 months post-operation because of the
potential injury to kidney graft[6].

Glycated hemoglobin (HbA1c) is insensitive to re�ect glycemic �uctuations[7] and has the predictive bias
from the high anemia incidence (70–80%) in KTRs[8]. Glycated albumin (GA) can effectively indicate post-
prandial glycemic �uctuations[9, 10] and is hardly interfered by erythrocyte, hemoglobin characteristics,
renal function, diet, or bilirubin[7]. Abnormal GA is associated with insulin resistance and vascular
complications[11–13], the area under the receiver operating characteristic (ROC) curve of GA levels to
predict new-onset diabetes was 0.91[14]. However, only a few studies have addressed the association
between GA and PTDM. The FPG ≥ 5.6 mmol/L in post-operative 1 week was the PTDM risk factor [15]. In
comparison with non-PTDM patients, PTDM patients experienced drastic higher plasma glucose
�uctuation in post-operative 1 month [16, 17]. Accordingly, this case control study was conducted to
explore whether GA or FPG, both routinely monitored during patients’ hospital stay, can be used to predict
PTDM.

Methods

Study design and patients
All the KTRs were enrolled in this retrospective study from January 2017 to December 2018 in the First
A�liated Hospital Xi’an Jiaotong University. Ethics approval was obtained from the Institutional Review
Board/Ethics of the First A�liated Hospital of Xi’an Jiaotong University (XJTUIAF2019LSL–008) as
Supplementary. The inclusion criteria were (1) history of �rst kidney transplant under general anesthesia,
(2) age of 15–65 years, and (3) American Society of Anesthesiologists physical status classi�cation
system (ASA) grade I-IV. The exclusion criteria were (1) patients with the history of diabetes mellitus (DM)
before transplant, (2) multi-organ transplant, (3) graft loss before PTDM diagnosis, (4) death before PTDM
diagnosis, (5) loss to follow-up 1 year, and (6) absence of in-hospital GA and FPG data. All kidney
allografts were retrieved from the voluntary public donation by the multi-organ transplant program retrieval
team, which was the sole legal source of human organs for transplant use in China[18]. KTRs received
standard post-operative immunosuppressive therapy, including calcineurin inhibitors, mycophenolic acid,
and prednisone.

Data sources
All KTR data were obtained from the electronic records, telephone, and 1-year outpatient follow-up.
Patients’ demographic, operative, anesthetic, and post-operative variables, post-operative 1-year clinical
outcomes, and FPG and GA data were obtained from electronic medical records and recorded using the
EpiData 3.1 software system (The EpiData Association, Odense, Denmark). All the post-operative daily FPG
and GA data were checked for completeness. The post-operative data completeness consists of the
numbers of actual data received against numbers of expected data [19]. The �uctuation period
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completeness was calculated every day from post-operative 1 day to 2 weeks, and the stable period
completeness was calculated every week from 3 to 6 weeks post-operation. When the completeness
exceeded 80%, the FPG or GA data on the day were selected, analyzed, and presented as the range
parameters, including mean, maximum, minimum, median, and interquartile range (IQR), and standard
deviation (SD), and compared between PTDM and non-PTDM groups in the �uctuation and stable periods.
According to the international consensus of World Health Organization in 2014, PTDM is de�ned by
hyperglycemia after post-transplantation 45 days[20], including FPG ≥ 7.0 mmol/L on more than one
occasion, random plasma glucose (RPG) ≥ 11.1 mmol/L, OGTT 2-hour glucose ≥ 11.1 mmol/L, and
HbA1c ≥ 6.5%[21].

Statistical analysis
Patients’ demographic and clinical characteristics were presented as median (IQR) for continuous variables
or absolute number (proportions) for categorical data. Possible differences in continuous variables
between the groups were assessed by Mann-Whitney U test. The categorical variables were compared
using Chi square test. The ROC analysis determined the glycemic cut-off value. Logistic regression was
applied to obtain the independent risk factors, and the results were expressed as odds ratio (OR) and 95%
con�dence intervals (CI). The PTDM predictive combined mode was established with the independent risk
factors, the ROC curve was plotted, and the discrimination was compared with each independent risk factor
by using independent ROC curve test. Associations were considered to be signi�cant if the P value is ≤ 
0.05. Statistical analyses were carried out by using the SPSS 20.0 Software (NCSSLLC, Kaysville, UT) and
MedCalc statistical software (MedCalc Software Ltd, Ostend, Belgium).

Results
Patient selection and grouping

Data from 611 KTRs were collected and followed-up for 1 year, in which 608 patients met the inclusion
criteria, and 72 patients met the exclusion criteria, including 24 patients with history of DM before
transplant, 1 patient who received a multi-organ transplant, 17 patients with graft loss, 4 patients who died,
11 patients who were not followed-up, and 15 patients without in-hospital GA and FPG data. Among the
608 KTRs, 536 KTRs were eligible for �nal analysis and 38 (7.1%) of 536 patients developed PTDM
(Fig. 1). A total of 26 (68.4%) of 38 PTDM patients had hyperglycemia (FPG ≥ 7 mmol/L), which was �rst
detected in post-operative 3 months (Fig. 1.Supplementary).

Recipient characteristics
Recipients’ characteristics are shown in Table 1. In comparison with the non-PTDM group, patients in the
PTDM group were older (P < 0.001), had history of smoking (P = 0.046) and family history DM (15.8% vs
5.2%, P = 0.022), longer dialysis vintage (P = 0.007), and high pre-operative creatinine (CRE; P = 0.039). No
signi�cant differences were found between the two groups in terms of gender, body mass index (BMI), and
the causes of chronic kidney disease, blood urea nitrogen (BUN), uric acid (UA), RPG or cholesterol. The
surgical and anesthetic variables in PTDM and non-PTDM patients had no signi�cant difference (Table 1.
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Supplementary). Both groups received immunosuppressors such as tacrolimus, cyclosporine,
mycophenolate, and sirolimus. Patients in the PTDM group received more insulin therapy in post-operative
1 year (31.6% vs 17.1%, P = 0.025, Table 2. Supplementary).
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Table 1
Recipient characteristics and pre-transplant medical status

Variable PTDM Non-PTDM P value

(n = 38) (n = 498)

Age, y 41.5 (27.5–44.3) 32.0 (28.0–40.0) < 0.001

Male, n (%) 31 (81.5%) 345 (69.3) 0.110

Height, m 1.7 (1.6–1.8) 1.7 (1.6–1.8) 0.692

Weight, kg 62.3 (52.9–64.5) 58.0 (50.0–63.0) 0.296

BMI, kg/m2 21.5 (19.0–22.7) 20.3 (18.3–22.8) 0.224

Smoking history, n (%) 17 (44.7) 146 (29.3) 0.046

Family history DM, n (%) 6 (15.8) 26 (5.2) 0.022

History of CVD, n (%) 1 (2.6) 16 (3.2) 1.000

History of HCV, n (%) 2 (5.3) 27 (5.4) 1.000

ASA grade , n (%) 22 (57.9) 276 (55.4) 0.767

Causes of chronic kidney disease, n (%)     0.336

Chronic glomerulonephritis 29 (76.3) 379 (76.1)  

Nephrotic syndrome 0 (0) 4 (0.8)  

Vascular disease 0 (0) 8 (1.6)  

Polycystic kidney disease 3 (7.9) 11 (2.2)  

Autoimmune 5 (13.2) 86 (17.3)  

Others 1 (2.6) 10 (2.0)  

Dialysis prior to transplantation, n (%)     0.302

HD 35 (92.1) 410 (82.3)  

PD 2 (5.3) 60 (12.1)  

HD and PD 1 (2.6) 28 (5.6)  

Dialysis vintage, mo 13.0 (11.3–18.5) 18.0 (10.0–29.8) 0.007

Data are presented as median (IQR) or patient’s number (%).

BMI, body mass index; DM, diabetes mellitus; CVD, cardiovascular disease; HCV, hepatitis C virus; ASA,
American Society of Anesthesiologists physical status classi�cation system; HD, hemodialysis; PD,
eritoneal dialysis; BUN, blood urea nitrogen; CRE, creatinine; UA, uric acid; RPG, random plasma glucose;
IQR, interquartile range.
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Variable PTDM Non-PTDM P value

(n = 38) (n = 498)

Biochemical data      

BUN, mmol/L 14.8 (11.7–34.2) 18.6 (14.7–23.0) 0.260

CRE, µmol/L 832.0 (682.8–1253.5) 873.5 (698.5–1035.8) 0.039

UA, µmol/L 377.0 (273.3–490.5) 331.3 (264.5–419.3) 0.199

RPG, mmol/L 5.1 (4.4–6.3) 5.3 (4.9–5.9) 0.684

Cholesterol, mmol/L 4.2 (3.6–4.6) 4.1 (3.5–4.6) 0.350

Data are presented as median (IQR) or patient’s number (%).

BMI, body mass index; DM, diabetes mellitus; CVD, cardiovascular disease; HCV, hepatitis C virus; ASA,
American Society of Anesthesiologists physical status classi�cation system; HD, hemodialysis; PD,
eritoneal dialysis; BUN, blood urea nitrogen; CRE, creatinine; UA, uric acid; RPG, random plasma glucose;
IQR, interquartile range.
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Table 2
Indices of glycemic range parameters and glycemic standard deviation

    PTDM (n = 38)   Non-PTDM (n = 498)      

    �uctuation
period

stable
period

*P
value

�uctuation
period

stable
period

§P
value

†P
value

‡P
value

FPG Mean,
mmol/L

6.81
(4.93–
8.54)

5.12
(4.38–
6.45)

0.001 5.13
(4.63–
5.86)

4.38
(4.08–
4.71)

< 
0.001

< 
0.001

< 
0.001

Maximum,
mmol/L

10.21
(7.56–
14.26)

5.48
(4.73–
7.44)

< 
0.001

7.81
(6.49–
9.61)

4.68
(4.39–
5.02)

< 
0.001

< 
0.001

< 
0.001

Minimum,
mmol/L

4.37
(3.66–
5.29)

4.47
(3.81–
5.49)

0.607 3.66
(3.23–
4.13)

4.10
(3.69–
4.41)

< 
0.001

< 
0.001

0.002

Median,
mmol/L

6.16
(4.82–
7.82)

5.04
(4.54–
6.34)

0.019 4.69
(4.12–
5.37)

4.38
(4.09–
4.71)

< 
0.001

< 
0.001

< 
0.001

IQR,
mmol/L

1.66
(1.07–
2.91)

0.44
(0.23–
0.62)

< 
0.001

1.50
(0.92–
2.34)

0.25
(0.14–
0.47)

< 
0.001

0.128 0.003

  SD,
mmol/L

2.14
(1.04–
3.35)

0.43
(0.24–
0.69)

< 
0.001

1.47
(1.03–
2.01)

0.26
(0.15–
0.47)

< 
0.001

0.006 0.002

GA Mean, % 13.3
(11.8–
14.5)

/   12.7
(11.8–
13.6)

/   0.016 /

Maximum,
%

14.2
(12.6–
15.6)

/   13.4
(12.4–
14.3)

/   0.009 /

Data are presented as median (IQR).

FPG, fasting plasma glucose; GA, glycated albumin; IQR, interquartile range; SD, standard deviation.

*P value of pair-wise comparison of FPG between in �uctuation period and stable period, within the
PTDM group.

§P value of pair-wise comparison of FPG between in �uctuation period and stable period, within the
non-PTDM group.

†P value of pair-wise comparison of FPG between in the PTDM group and the non-PTDM group, within
�uctuation period.

‡P value of pair-wise comparison of FPG between in the PTDM group and the non-PTDM group, within
stable period.
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    PTDM (n = 38)   Non-PTDM (n = 498)      

Minimum,
%

12.6
(11.5–
14.1)

/   12.1
(11.1–
13.0)

/   0.031 /

Median, % 13.3
(11.7–
14.5)

/   12.7
(11.8–
13.6)

/   0.026 /

IQR, % 0.6 (0.4–
0.9)

/   0.5 (0.3–
0.8)

/   0.274 /

  SD, % 0.5 (0.4–
0.7)

/   0.4 (0.3–
0.6)

/   0.054 /

Data are presented as median (IQR).

FPG, fasting plasma glucose; GA, glycated albumin; IQR, interquartile range; SD, standard deviation.

*P value of pair-wise comparison of FPG between in �uctuation period and stable period, within the
PTDM group.

§P value of pair-wise comparison of FPG between in �uctuation period and stable period, within the
non-PTDM group.

†P value of pair-wise comparison of FPG between in the PTDM group and the non-PTDM group, within
�uctuation period.

‡P value of pair-wise comparison of FPG between in the PTDM group and the non-PTDM group, within
stable period.

 

Glycemic indices and diagnostic performance of PTDM
According to 80% of the completeness rate, the FPG and GA data in day 1 to day 11 and the data of FPG in
outpatient follow-up from week 3 to week 6 post-operation were analyzed (Fig. 2A). In comparison with the
non-PTDM group, the PTDM group had signi�cantly higher FPG from post-operative day 3 to week 6
(Fig. 2B; P < 0.05), in which the post-operative day 3 to day 11 and the post-operative week 3 to week 6 were
�uctuation and stable periods, respectively. In within groups, except for the minimum FPG in the PTDM
group, all the parameters in the �uctuation period were higher than those in the stable period. Between
groups, the FPG parameters (e.g., mean, maximum, minimum, and median) in the �uctuation and stable
periods were signi�cantly higher than those in the non-PTDM group. The PTDM group had signi�cantly
higher GA median in �uctuation period (from postoperative day 4 to day 11; Fig. 2C; P < 0.05), in which the
GA parameters (e.g., mean, maximum, minimum, and median) were signi�cantly higher in the PTDM group
(Table 2).

All the above signi�cantly different variables were used to calculate the cut-off values by ROC analysis.
The cut-off point of FPG SD in the �uctuation period was 2.09 mmol/L, whose area under the curve (AUC)
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was 0.63 (95% CI: 0.59–0.68, P = 0.012), the cut-off point of FPG maximum in stable period was 5.08
mmol/L, and its AUC was 0.73 (95% CI: 0.69–0.77, P < 0.001; Table 3).

Table 3
Diagnostic performance of indices of glycemic range parameters and glycemic standard deviation

Variable Area under curve (95% CI) Cut-off point P value

FPG - �uctuation period  

Mean, mmol/L 0.72 (0.68–0.76) 6.07 < 0.001

Maximum, mmol/L 0.69 (0.65–0.73) 8.78 < 0.001

Minimum, mmol/L 0.73 (0.69–0.77) 4.01 < 0.001

Median, mmol/L 0.75 (0.72–0.79) 5.62 < 0.001

SD, mmol/L 0.63 (0.59–0.68) 2.09 0.012

FPG - stable period      

Mean, mmol/L 0.74 (0.70–0.77) 4.82 < 0.001

Maximum, mmol/L 0.73 (0.69–0.77) 5.08 < 0.001

Minimum, mmol/L 0.65 (0.61–0.69) 4.59 0.008

Median, mmol/L 0.74 (0.70–0.78) 4.90 < 0.001

IQR, mmol/L 0.66 (0.61–0.70) 0.41 < 0.001

SD, mmol/L 0.66 (0.62–0.70) 0.54 0.001

GA - �uctuation period  

Mean, % 0.62 (0.57–0.66) 14.37 0.026

Maximum, % 0.63 (0.59–0.67) 13.80 0.016

Minimum, % 0.61 (0.56–0.65) 13.90 0.038

Median, % 0.61 (0.57–0.65) 13.45 0.043

FPG, fasting plasma glucose; GA, glycated albumin; 95% CI, 95% con�dence interval; SD, standard
deviation; IQR, interquartile range.

 

Multivariate logistic regression and ROC analysis for PTDM
The FPG SD in the �uctuation period > 2.09 mmol/L (OR, 3.06; P = 0.002), FPG maximum in the stable
period > 5.08 mmol/L (OR, 6.85; P < 0.001), and combined family history DM (OR, 3.21; P = 0.035) were the
independent risk factors of PTDM (Table 4) and formed the predictive combined mode of PTDM. The AUC
was 0.81 (95% CI: 0.77–0.84), the sensitivity was 73.68%, and the speci�city was 76.31% (P < 0.001). Each
independent risk factor predicted PTDM, in which the FPG SD in the �uctuation period (the area under the
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receiver operating characteristic curve [aROC] = 0.65, 95% CI: 0.61–0.69, sensitivity = 52.63%, speci�city = 
77.71%, P < 0.001) and the FPG maximum in the stable period (aROC = 0.73, 95% CI: 0.69–0.77, sensitivity 
= 65.79%, speci�city = 80.32%, P < 0.001) had signi�cant prediction, but family history DM had no
signi�cant prediction (aROC = 0.55, 95% CI: 0.51–0.60, sensitivity = 15.79%, speci�city = 94.78%, P = 0.082).
The predictive performance (regression coe�cient) of combined mode was signi�cantly greater than
family history DM (Z = 5.95, P < 0.001), FPG SD in the �uctuation period (Z = 3.62, P < 0.001), and FPG
maximum in the stable period (Z = 2.90, P = 0.004; Fig. 3).

Table 4
Multivariate logistic regression analysis for predicting PTDM

Variable OR 95% CI P value

Family history DM      

No * *  

Yes 3.21 1.09–9.47 0.035

The FPG SD in �uctuation period      

≤ 2.09 mmol/L * *  

> 2.09 mmol/L 3.06 1.50–6.22 0.002

The FPG maximum in stable period      

≤ 5.08 mmol/L * *  

> 5.08 mmol/L 6.85 3.32–14.13 < 0.001

*Reference category; FPG, fasting plasma glucose; OR, odds ratio; 95% CI, 95% con�dence interval; SD,
standard deviation.

Discussion
Our data demonstrated that family history DM (OR, 3.21; 95% CI: 1.09–9.47), FPG SD > 2.09 mmol/L in the
�uctuation period (OR, 3.06; 95% CI: 1.50–6.22), and FPG maximum > 5.08 mmol/L in the stable period
(OR, 6.85; 95% CI: 3.32–14.13) were the PTDM independent risk factors (Table 4) and formed the PTDM
predictive combined mode. The AUC was 0.81, the sensitivity was 73.68%, and the speci�city was 76.31%,
which were superior to any of the independent risk factor as single predictor (Fig. 3). The PTDM predictive
combined mode had good discrimination, sensitivity, and speci�city, showing the great potential for the
clinical use.

The DM family history, as the common pathogenesis of PTDM and T2DM[22], was the PTDM independent
risk factor both in the present study (Table 4) and the previous living donor KT (OR, 1.898; 95% CI: 1.051–
3.258; P = 0.034)[23]. The pre-operative PTDM independent risk factors also included metabolic syndrome,
BMI > 28 kg/m2, and FPG > 5.6 mmol/L in Chinese KT[24], and high density lipoprotein (HDL) in
Philadelphia’s KT[25]. The post-operative PTDM independent risk factors included protecting β-cells
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function index of HDL cholesterol e�ux[26] and the insulin secretion and sensitivity index of post-
transplant OGTT 2-hour serum C-peptide index in Chinese KT[27]. However, the above PTDM independent
risk factors had not shown the predictive e�ciency in previous reports [24–27]. The pre-transplant OGTT at
0.5, 1, 1.5, and 2 h showed signi�cant PTDM predictive e�ciency with AUC values of 0.73, 0.74, 0.75, 0.78,
respectively[5], but OGTT was not routinely followed-up and did not undergo review examination for
potential kidney injury.

Different from T2DM, PTDM showed drastic �uctuation in post-operative 2 weeks for
immunosuppressants[16]. Post-operative day 7th hyperglycemia (FPG ≥ 5.6 mmol/L) was a strong risk
factor for PTDM[28]. Approximately 14% patients had impaired fasting glucose in the post-operative 1
week developed PTDM at 1 year, while only 3% patients with euglycemic in the post-operative 1 week had
PTDM after 1 year[28]. Different from 24-h plasma glucose, FPG was less disturbed by diet and treatment,
and the FPG SD values (1.29 mmol/L [IQR 0.93–1.73]) in the present study were smaller than the 24-h
plasma glucose SD values (2.14 ± 0.70 mmol/L) in the previous study[17]. Meanwhile, the FPG SD in the
�uctuating period demonstrated the drastic �uctuation from hormonal shock, and the maximum FPG in
stable period demonstrated the balance between immunosuppressor and glycometabolism. The 24-h
plasma glucose SD and its maximum level had no signi�cant difference between PTDM and control
groups[16], while the present study demonstrated that the PTDM group had signi�cantly higher FPG SD in
the �uctuation period and higher FPG maximum value in the stable period than the non-PTDM group
(Table 2). Therefore, the PTDM group has a lower tolerance for hormonal shock and weaker
glycometabolism capacity than the non-PTDM group. In addition, GA, re�ects the average plasma glucose,
and it has been used to prevent diabetes missed diagnosis[29]. In the present study, GA values (e.g., mean,
maximum, minimum, and median) in the �uctuation period predicted PTDM (AUC = 0.62, 0.63, 0.61, and
0.61, respectively), but this parameter cannot be used as an independent predictor in the logistic regression
(Table 3).

For the strengths of this study, both DM family history and post-operative FPG were clinically routine items,
and their combined predictive mode had good discrimination. However, this study is a retrospective study
with a relatively small sample size. Thus, further study is required to con�rm the results.

In conclusion, the combined mode formed with the KTR’s clinically routine items, including FPG SD during
the post-operative �uctuation period, FPG maximum level during the stable period, and family history DM,
can be used for the early prediction of PTDM with a good discrimination and can be used in routine clinical
use, although validation studies are needed.
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Figure 1

Study �owchart for inclusion and exclusion criteria for study sample. KTRs, kidney transplant recipients;
DM, diabetes mellitus; FPG, fasting plasma glucose; GA, glycated albumin; PTDM, post-transplantation
diabetes mellitus.
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Figure 2

Completeness of fasting plasma glucose (FPG) and glycated albumin (GA) data among 536 kidney
transplantation recipients and pro��les of FPG and GA in the PTDM and non-PTDM group. (A)
completeness of FPG and GA; (B) pro��les of FPG; (C) pro��les of GA. KT, kidney transplantation; PTDM,
post-transplantation diabetes mellitus. * P< 0.05 versus non-PTDM group.
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Figure 3

Areas under the receiver operating characteristic curves associated with post-transplantation diabetes
mellitus for the fasting plasma glucose (FPG) standard deviation in �uctuation period alone (orange line),
the FPG maximun in stable period alone (green line), family history diabetes mellitus alone (red line), and
the combined mode (blue line). SD, standard deviation; DM, diabetes mellitus.
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