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Abstract Objective To analyze the risk factors of familial type 2 diabetes mellitus with diabetic retinopathy

DR . Methods The questionnaire survey was conducted to collect the clinical data of all subjects and the

biochemical indexes were detected. ELISA was used to measure the levels of true insulin and proinsulin and all

data were analyzed statistically. Results 1 Compared to the T2DM probands without DR age < 0.01

duration of diabetes FCP and PCP < 0.05 in T2DM probands with DR were statistically significant. The

results of binary logistic regression analysis suggested that age and duration of diabetes were both risk factors for

probands with DR. 2 Compared to the T2DM siblings without DR A1C Ca2+ and PCP < 0.05 in the

T2DM siblings with DR were statistically significant. The results of binary logistic regression analysis suggested that

Ca2+ was the only independent protective factor for the T2DM siblings with DR. Conclusion It suggested that age and

duration of diabetes were both risk factors for the T2DM probands with DR and Ca2+ was the only independent

protective factor for the T2DM siblings with DR in the population.
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2 [2] T2DM

first degree relatives FDRs
1 T2DM

2 impaired glucose

regulation IGR 1999

WHO IGR

impaired fasting gloucose IFG

impaired gloucose tolerance IGT

110 mg/dL 6.1 mmol/L 126

mg/dL 7.0 mmol/L

2 h 140 mg/dL 7.8 mmol/L 200 mg/dL

11.1mmol/L Normal

Gloucose Tolerance NGT

FPG 110 mg/dl 6.1 mmol/L OGTT

PPG 140 mg/dL 7.8 mmol/L

DR

DR [3]
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H W

BMI :

BMI kg/m2 W kg
H2 m2

10 h

FPG Ca2+ TC TG

HDL-C LDL-C HbA1c

FINS C FCP

PI TI
ELISA Groundwork Biotechnology

Diagnostic T2DM

82.5 g 2

h 2 h PPG 2 h

PINS 2 h C PCP

ISI =
FPG FINS

HOMA- IR = FPG FINS
22.5

HOMA- = 20 FINS
FPG-3.5

1.4

Excel SPSS

x s FINS PINS HOMA-

HOMA-IR FCP PCP

TG 10

LSD

Logistic

=0.05 0.05

2

2.1

19 2

T2DM 47 IGR 14

NGT 86 1.

1 1

T2DM NGT 0.05

659 2



2.2

2 2

1

0.05 FPG PINS

HOMA- 2 0.05

PPG HbA1c 2

0.01 2 TG LDL-C PINS PCP

0.05 SBP DBP BMI WC WHR

FPG PPG HbA1c HOMA-

0.01

3 SBP BMI WC

WHR FPG PPG HbA1c TC TG LDL-C

Ca2+ HOMA-

0.05

2.3

DR DR

FINS PINS PI TI ISI HOMA-IR HOMA- FCP PCP TG 10 NGT
** 0.01 * 0.05 IGR 0.01.

NGT n 86 IGR n 14 T2DM n 47

/ n 31/55 2/12 12/35

/ n 17/69 2/12 15/32

33.13 18.15 54.43 11.35** 56.15 11.98**

SBP mmHg 102.16 15.96 120.50 20.95** 123.85 19.07**

DBP mmHg 70.17 10.80 75.00 9.20 78.89 11.43**

BMI kg/m2 21.93 4.70 24.49 2.46* 24.57 3.07**

WC m 0.75 0.15 0.85 0.10** 0.88 0.08**

WHR 0.84 0.07 0.87 0.07 0.90 0.04**

FPG mmol/L 4.55 0.53 5.53 0.72* 6.84 2.38**

PPG mmol/L 4.91 0.99 9.88 1.00** 12.28 4.76**

HbA1c % 5.65 0.57 7.42 0.76** 8.94 2.24**

FINS mU/L 2.24 0.56 2.15 0.85 1.81 0.74**

PINS mU/L 3.72 0.62 3.64 0.79 3.31 0.76**

PI pmol/L 2.48 0.16 2.43 0.17 2.46 0.16

TI pmol/L 3.71 0.08 3.68 0.08 3.69 0.08

TC mmol/L 4.44 0.81 5.06 1.10* 4.69 0.84

TG mmol/L 0.08 0.26 0.32 0.42** 0.17 0.25

HDL-C mmol/L 1.45 0.58 1.55 0.87 1.36 0.57

LDL-C mmol/L 2.30 0.79 2.63 0.92 2.69 0.82*

Ca2+ mmol/L 2.36 0.14 2.33 0.11 2.30 0.11*

HOMA-IR 0.64 0.59 0.74 0.81 0.57 0.84

HOMA- 5.30 0.70 4.50 1.04** 3.82 0.95**

ISI -3.747 0.594 -3.852 0.808 -3.684 0.843

FCP 0.59 0.44 0.55 0.35 0.35 0.46**

PCP 1.75 0.44 1.63 0.27 1.41 0.56**

LDL-C Ca2+ 2

0.05 SBP DBP BMI WC WHR

FPG PPG HbA1c FINS PINS HOMA-
FCP PCP 2

0.01 2 BMI FPG TC IGR NGT

0.05 SBP WC

HbA1c PPG TG HOMA-

0.01 3 T2DM IGR
HbA1c FPG PPG HOMA-

0.01

1 T2DM x s
Tab. 1 Comparison of general clinical data and biochemical indexes among groups with different sugar

tolerances x s
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n 19 n 95 n 33

/ n 5/14 30/65 11/22

/ n 6/13 27/68 2/31

52.58 10.27 47.65 17.17 21.94 14.32**

SBP mmHg 118.47 16.69 113.38 19.54 99.15 19.92**

DBP mmHg 78.89 10.48 74.20 10.88 68.03 12.08**

BMI kg/m2 23.72 3.28 24.82 3.65 20.27 5.22**

WC m 0.85 0.08 0.83 0.12 0.70 0.16**

WHR 0.89 0.04 0.86 0.07 0.83 0.06**

HbA1c % 9.22 2.49 6.81 1.82** 5.72 0.90**

FPG mmol/L 6.53 2.06 5.44 1.79* 4.55 0.83**

PPG mmol/L 12.20 4.44 7.66 4.33** 5.40 2.38**

FINS mU/L 1.93 0.87 2.08 0.67 2.21 0.54

PINS mU/L 3.24 0.91 3.59 0.68* 3.74 0.60

PI pmol/L 2.47 0.17 2.46 0.16 2.49 0.16

TI pmol/L 3.70 0.08 3.70 0.08 3.71 0.08

TC mmol/L 4.53 0.74 4.75 0.89 4.11 0.69

TG mmol/L 0.11 0.21 0.20 0.30 0.07 0.20*

HDL-C mmol/L 1.32 0.59 1.47 0.64 1.41 0.51

LDL-C mmol/L 2.60 0.75 2.54 0.86 2.06 0.64*

Ca2+ mmol/L 2.33 0.14 2.32 0.12 2.39 0.15

HOMA-IR 0.65 0.93 0.63 0.68 0.60 0.62

HOMA- 4.05 1.14 4.66 1.04* 5.40 0.71**

ISI -3.767 0.932 -3.740 0.681 -3.712 0.617

FCP 0.35 0.57 0.51 0.44 0.60 0.39

PCP 1.45 0.66 1.61 0.46 1.77 0.43*

2 T2DM x s
Tab. 2 Comparison of general clinical data and biochemical indexes among groups with different blood

relationships x s

FINS PINS PI TI ISI HOMA-IR HOMAB FCP PCP TG 10
** 0.01 * 0.05 0.01.

679 2

3 3 DR

DR 0.01

FCP PCP 0.05 DR

0.05

DR Logistic

4 DR

FCP PCP

Logistic

DR
2.4

NGT IGR

T2DM DR DR

5 5 1

NGT IGR SBP

0.05 PPG HbA1c

0.01 T2DM DR SBP

DBP HbA1c PCP 0.05

WC FPG PPG HOMA-

0.01 T2DM DR

HOMA-IR ISI 0.05

FPG PPG HbA1c Ca2+ HOMA-

0.01 . 2 IGR

T2DM DR DBP

HOMA- 0.05 WC

0.01 T2DM

DR WC ISI HOMA-IR

0.05 HOMA-

0.01 . 3 T2DM DR

T2DM DR HbA1c Ca2+

PCP 0.05



B S.E. Wald df Sig. Exp(B) 95%CI

0.305 0.194 2.476 1 0.116 1.357 0.928 1.986

a 0.771 0.576 1.791 1 0.181 2.163 0.699 6.691

-17.245 10.777 2.561 1 0.110 0

ISI HOMA-IR HOMAB FCP PCP TG 10 3 DR

DR 0.01 FCP PCP 0.05 DR

DR n 8 DR n 11

/ n 2/6 3/8 0.912

/ n 2/6 4/7 0.599

45.00 8.52 58.09 7.71 0.003

1.69 1.33 4.55 3.01 0.023

SBP mmHg 112.00 11.11 123.18 18.89 0.155

DBP mmHg 78.50 12.73 79.18 9.17 0.427

BMI kg/m2 24.45 2.46 23.20 3.80 0.893

WC m 0.86 0.05 0.85 0.10 0.971

WHR 0.88 0.05 0.90 0.04 0.267

HbA1c % 8.89 2.10 9.45 2.82 0.638

FPG mmol/L 5.75 1.40 7.10 2.33 0.165

PPG mmol/L 10.14 3.95 13.71 4.31 0.083

PI pmol/L 2.50 0.21 2.46 0.14 0.625

TI pmol/L 3.71 0.10 3.69 0.07 0.451

TC mmol/L 4.57 0.90 4.50 0.66 0.828

TG mmol/L 0.08 0.26 0.13 0.17 0.630

HDL-C mmol/L 1.42 0.67 1.24 0.53 0.525

LDL-C mmol/L 2.58 0.89 2.61 0.68 0.918

Ca2+ mmol/L 2.31 0.11 2.34 0.17 0.580

HOMA-IR 0.49 0.77 0.77 1.05 0.524

HOMA- 4.33 1.11 3.85 1.17 0.383

ISI -3.601 0.772 -3.887 1.054 0.524

FCP 0.05 0.28 0.56 0.64 0.036

PCP 1.07 0.57 1.73 0.60 0.026

3 DR DR x s
Tab. 3 Comparison of clinical data and biochemical indexes between probands with and without DR x s

4 DR Logistic

Tab. 4 The results of binary logistic regression analysis of the related risk factors for DR in the T2DM probands

T2DM DR Lo-

gistic 6 T2DM

DR HbA1c Ca2+ PCP

Logistic

Ca2+ Ca2+ DR

3

DR

DR DCCT

UKPDS DR
[4 5] DR

2 h

2 DR [6]

DR

2 h DR
[7] [8] DR
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NGT

26

IGR

11

T2DM DR

5

T2DM DR

11

/ 9/17 2/9 3/2 4/7

/ 9/17 2/9 3/2 5/6

51.04 9.66 51.55 8.37 47.20 9.52 56.09 3.99

- - 1.40 1.34 4.55 3.21

SBP mmHg 108.77 13.17 120.55 22.46* 127.60 16.99* 114.27 12.14

DBP mmHg 75.15 8.56 75.09 10.24 87.80 13.97* 78.00 10.42

BMI kg/m2 24.32 2.94 24.68 2.76 26.14 1.29 25.37 3.93

WC m 0.84 0.08 0.83 0.10 0.95 0.04* 0.90 0.08

WHR 0.88 0.09 0.85 0.07 0.92 0.04 0.90 0.04

HbA1c % 5.80 0.67 7.75 1.20** 6.92 0.56* 8.17 1.25**

FPG mmol/L 4.84 0.50 5.49 0.70 7.08 1.27** 6.80 3.26**

PPG mmol/L 5.15 1.07 9.73 1.01** 12.12 3.24** 11.73 5.02**

PI pmol/L 2.43 0.19 2.45 0.15 2.46 0.13 2.46 0.11

TI pmol/L 3.68 0.08 3.69 0.07 3.70 0.07 3.68 0.05

TC mmol/L 5.05 0.67 5.10 1.25 4.70 0.67 4.89 1.19

TG mmol/L 0.30 0.20 0.32 0.45 0.41 0.49 0.18 0.25

HDL-C mmol/L 1.61 0.79 1.64 0.97 1.30 0.72 1.20 0.28

LDL-C mmol/L 2.65 1.00 2.64 1.03 2.65 0.74 2.86 0.99

Ca2+ mmol/L 2.36 0.11 2.34 0.10 2.37 0.14 2.86 0.07**

HOMA-IR 0.76 0.58 0.83 0.84 0.61 0.49 0.19 0.47*

HOMA- 5.07 0.70 4.61 1.09 3.55 0.71** 3.56 0.74**

ISI -3.876 0.580 -3.947 0.841 -3.719 0.495 -3.303 0.473*

FCP 0.62 0.51 0.56 0.39 0.22 0.28 0.51 0.39

PCP 1.75 0.45 1.59 0.27 1.27 0.23* 1.73 0.44

5 x s
Tab. 5 Comparison of clinical data and biochemical indexes among groups with different siblings x s

ISI HOMA-IR HOMAB FCP PCP TG 10 NGT
** 0.01 * 0.05 IGR 0.01 0.05 T2DM DR 0.05.

B S.E. Sig. Exp(B) 95%CI

Ca2+ -12.503 7.068 0.077 0 0 3.861

29.610 16.356 0.070 7.238E12

Wald df

3.129 1

3.278 1

6 T2DM DR Logistic

Tab. 6 The results of binary logistic regression analysis of the related risk factors for DR in the T2DM siblings of

probands

699 2

10 a
[9] DR

[10] DR
DR

PDR [11]

FPG PPG HbA1c DR

DR

2 h

DR
.

10 a

60% DR 15 a 80%[12]

T2DM [13]

DR [14 15] 40

DR 33.3%



40 15.6% 2

DR DR

DR Logis-

tic DR

DR

Ca2+

[16]

Ca2+

Ca2+

DR
[17]

M ller

Ca2+

M ller Ca2+

DR M ller

Ca2+ DR

T2DM DR

T2DM DR HbA1c Ca2+ PCP

0.05 Ca2+

DR Ca2+

Pearson Ca2+

[18] Ca2+ 2.25

mmol/L T2DM
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