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Table 1.1 Previous studies which suggested risk factors for future development of

diabetes mellitus in women with previous gestational diabetes mellitus

year

authors

study type

suggested risk factors

1999

Buchanan et al (10)

Cohort study

Prediction model : (antepartum variables)

1) OGTT indices (1 hr plasma glucose level, 30
min incremental insulin:glucose)

2) hyperinsulinemic euglycemic clamp test index
(basal glucose production)

3) FSIVGTT index (Sy)

2002

Kim et al (2)

Systematic

review

Fasting plasma glucose level

2003

Jang et al (12)

Cohort study

Prediction model: (antepartum variables)

1) pre-pregnancy weight

2) gestational age at diagnosis

3) 2 hr glucose concentration at diagnostic OGTT
4) 3 hr insulin concentration at diagnostic OGTT

2006

Cho et al (3)

Cohort study

Postpartum waist circumference

2009

Golden et al (11)

Systematic

review

Antepartum variables at diagnostic OGTT
1) fasting glucose concentration

2) 2 hr glucose concentration

3) AUC

2010

Xiang et al (13)

Cohort study

Prediction model:

at postpartum 15-30 months

1) OGTT indices (AUC, 30 min incremental
insulin)

2) hyperinsulinemic euglycemic clamp test index
(incremental glucose clearance)

3) FSIVGTT index (disposition index)

2010

Xiang et al (14)

Cohort study

Postpartum weight gain (specifically fat gain)

2012

Tura et al (15)

Cohort study

Deterioration of insulin sensitivity

2012

Ekelund et al (16)

Cohort study

1) TCF7L2 rs7903146 polymorphism
2) FTO 158050136 polymorphism
3) type 2 diabetes risk alleles

OGTT: oral glucose tolerance test, FSIVGTT: frequently sampled intravenous glucose

tolerance test, S: insulin sensitivity index, AUC: area under the curve
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Figure 2.1 Study protocol

27 + 3.6 week 6 week 1year 2 year 3year
100 g OGTT 75gOGIT 75gOGIT  75gOGIT 75gOGIT

OGTT: oral glucose tolerance test
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Table 2.1 Indices of insulin secretion and insulin sensitivity obtained by 75 g

OGTT
Indices of insulin secretion
HOMABR (%) 360 x insulin / (glucose - 63) (23)
IGI 30 (insulin30' - insulin0") / (glucose30' - glucose0') (9)
Indices of insulin sensitivity
Reverse
fasting insulin 1 / insulinQ' (24)
Fasting
glucose to glucose0' / insulinQ' (25)

insulin ratio

HOMA-IS 405 / (glucose0' x insulin0') (23)
(1/ HOMA-IR)

QUICKI 1 / (log(fasting insulin pU/mL) + log(fasting glucose mg/dL)) (26)

Reverse 2 hour 1 / insulin120' (27)
insulin
10000
Matsuda index \/ (glucose 0’ x insulin 0’ x
(mean glucose OGTT x mean insulin OGTT))

(28)

insulin : plasma insulin concentration, glucose: plasma glucose concentration, 0': 0 minute, 15':
15 minute, 30" 30 minute, 120' : 120 minute, IGI: insulinogenic index, QUICKI : quantitative
insulin sensitivity check index, HOMA : homeostatic model assessment), IS : insulin sensitivity,
IR : insulin resistance, OGTT: oral glucose tolerance test, , S;: insulin sensitivity index, AIRg:

acute insulin response to glucose, insulin unit: pU/ml, glucose unit: mmol/L

12
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Figure 3.1 Scatter plot for AIRg and IGI 30 of postpartum 1 year

IG1 30 at postparum 1 year

050

100
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200

1.00

050

000

o ° r=0.707,p <0.01

T T T T T
1000 2000 3000 40.00 5000

AIRg at postpartum 1 year

T
6000

All values were transformed by Box-Cox transformation. IGI: insulinogenic index, AIRg: acute

insulin response to glucose, y axis unit: ((pUsL)/(ml « mmol))

1,0.5
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Figure 3.2 Scatter plots for S; and OGTT indices associated with insulin

sensitivity of postpartum 1 year
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Table 3.1 Comparison of characteristics between the women who

remained non-diabetes and the women who developed to diabetes

Non-diabetes Diabetes p-value
(N=77) (N=29)
Age (year) 32.4+3.4 32.4+4.4 0.960
Height (cm) 157.844.9 157.2+4.4 0.547
Body weight (kg)
pre-pregnancy 54.6+6.8 57.0+£6.7 0.095
before delivery 65.5£8.0 66.2+6.7 0.677
postpartum 6 week 56.0£7.1 56.8+7.1 0.597
postpartum 1 year 55.3+7.8 56.448.1 0.541
postpartum 2 year 55.9+7.7 57.3£6.9 0.382
postpartum 3 year 55.4+7.5 57.347.6 0.298
BMI (kg/m?)
pre-pregnancy 21.9+2.5 23.1+£2.7 0.031
before delivery 26.3£2.8 26.842.8 0.368
postpartum 6 week 22.5+2.5 23.0+2.7 0.312
postpartum 1 year 22.242.8 22.843.3 0.311
postpartum 2 year 22.442.7 23.242.8 0.166
postpartum 3 year 22.3+2.7 23.4+3.0 0.119
Weight gain during pregnancy (kg) 11.0+3.5 9.2+3.6 0.022
BMI gain during pregnancy (kg/m?) 4.4+1.3 3.7+1.5 0.026
HOMAB at postpartum 6 week 133.0+47.6 112.9+44.5 0.083
IGI 30 at postpartum 6 week 0.7+0.5% 0.51%0.7 0.193
HOMARB at postpartum 1 year 119.5+56.3 88.7+45.7 0.092
IGI 30 at postpartum 1 year 0.7+£0.4% 0.4+0.2 0.002
S 4.9+£2.0 42423 0.176
AIRg 301.3+194.8 194.1+168.6 0.008
Disposition index 1324.8+876.2 639.9+465.2 0.000

All data were shown in meantstandared deviation. 1N=70, {N=38, BMI: body mass index,

HOMA: homeostatic model assessment, IGI: insulinogenic index, S;: insulin sensitivity index,

AlRg: acute insulin response to glucose, HOMAP and IGI unit: (pUsL)/(ml « mmol), S; unit:

(mmol - min™" - m™ per pU/ml « 10*), AIRg unit: (mmol - I"' - min—"), DI = AIRg * S;
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Table 3.2 Demographic predictors of diabetes in 3 years postpartum by univariate logistic regression

Odds ratio (95% CI)

p-value

Odds ratio (95% CI)

p-value

Age (year)
Height (cm)

Weight before pregnancy (kg)

BMI before pregnancy (kg/m?)

Weight (kg)

at 50 g OGTT

before delivery

at postpartum 6 week

at postpartum 1 year

BMI (kg/m®) before delivery

at postpartum 6 week

at postpartum 1 year

Waist circumference

Waist/hip at

at postpartum 6 week
at postpartum 1 year

postpartum 6 week

at postpartum 1 year

1.003 (0.896, 1.123)
0.973 (0.892, 1.062)
1.052(0.991, 1.117)
1.189 (1.012, 1.397)
1.014 (0.961, 1.069)
1.012 (0.959, 1.068)
1.016 (0.957, 1.079)
1.017 (0.965, 1.071)
1.071 (0.923, 1.244)
1.088 (0.925, 1.280)
1.076 (0.934, 1.241)

1.059 (0.980, 1.145)
1.032 (0.970, 1.098)

2.7 x 1075 (0.28, 2.7 x 10"11)

1.1 x 1072 (0.032, 3.8 x 10"5)

0.955
0.543
0.099
0.036
0.619
0.674
0.594
0.537
0.365
0.310
0.309

0.145
0.316
0.076

0.257

Apgar score 1 minute
Apgar score 5 minute
Weight gain (kg) during pregnancy
BMI gain (kg/mz) during pregnancy
Family history of diabetes
Family history of hypertension
Birth weight (kg) of baby
Sex of baby
Fat free mass (kg) at postpartum 6 week
at postpartum 1 year

Fat mass (kg) at postpartum 6 week

at postpartum 1 year
Body fat percentage (%)

at postpartum 6 week

at postpartum 1 year)

1.054 (0.826, 1.345)
1.050 (0.840, 1.312)
0.863 (0.759, 0.982)
0.694 (0.498, 0.965)
0.957 (0.416, 2.201)
0.633 (0.229, 1.750)
1.000 (0.999, 1.001)
1.394 (0.599, 3.241)
1.161 (0.953, 1.415)
1.042 (0.934, 1.164)
1.039 (0.899, 1.200)
1.026 (0.937, 1.124)

0.995 (0.860, 1.151)
1.025 (0.939, 1.118)

0.675
0.668
0.025
0.030
0.918
0.378
0.913
0.440
0.138
0.460
0.607
0.580

0.946
0.582
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Table 3.3 Metabolic predictors of diabetes in 3 years postpartum by univariate logistic regression

75 g OGTT at postpartum 6 week

Odds ratio (95% CI)

p-value

75 g OGTT at postpartum 1 year

Odds ratio (95% CI)

p-value

Fasting plasma glucose (mmol/L)

15 min plasma glucose (mmol/L)
30 min plasma glucose (mmol/L)
60 min plasma glucose (mmol/L)

90 min plasma glucose (mmol/L)

120 min plasma glucose (mmol/L)

Fasting plasma insulin (uU/mL)
15 min plasma insulin (uU/mL)
30 min plasma insulin (uU/mL)
60 min plasma insulin (uU/mL)
90 min plasma insulin (1U/mL)
120 min plasma insulin (1U/mL)
HOMASB

IGI 15

IGI 30

1 / fasting insulin

Fasting glucose to insulin ratio

HOMA-IS

1.073 (1.025, 1.123)
1.013 (0.952, 1.078)
1.024 (1.004, 1.045)
1.030 (1.014, 1.047)
1.028 (1.013, 1.042)
1.035 (1.018, 1.053)
0.998 (0.896, 1.111)
0.780 (0.592, 1.028)
0.982 (0.959, 1.007)
0.987 (0.969, 1.006)
0.996 (0.982, 1.011)
1.009 (0.992, 1.025)
0.988 (0.977, 1.000)
0.124 (0.004, 3.787)
0.434 (0.122, 1.541)

7.6 (0.001, 7.0 x 10"3)

1.065 (0.963, 1.178)
0.776 (0.107, 5.606)

0.002
0.684
0.018
0.000
0.000
0.000
0.972
0.078
0.151
0.192
0.631
0.305
0.042
0.232

0.197
0.664

0.219
0.801
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Fasting plasma glucose (mmol/L)

15 min plasma glucose (mmol/L)

30 min plasma glucose (mmol/L)

60 min plasma glucose (mmol/L)
90 min plasma glucose (mmol/L)

120 min plasma glucose (mmol/L)

Fasting plasma insulin (uU/mL)
15 min plasma insulin (1U/mL)
30 min plasma insulin (uU/mL)
60 min plasma insulin (uU/mL)
90 min plasma insulin (1U/mL)
120 min plasma insulin (1U/mL)

HOMAB
IGI 15

IGI 30
1 / fasting insulin

Fasting glucose to insulin ratio

HOMA-IS

1.106 (1.052, 1.163)
NC

1.017 (0.999, 1.035)
1.028 (1.014, 1.043)
1.036 (1.019, 1.053)
1.032 (1.015, 1.049)
1.057 (0.950, 1.177)

NC

0.985 (0.962, 1.010)
1.002 (0.989, 1.014)
1.004 (0.992, 1.017)
1.005 (0.994, 1.016)

0.988 (0.974, 1.002)

0.000 (0.000, 3.5 x 10”13

0.059 (0.005, 0.653)

2.079 (0.003, 1.3 x 10"3)

1.031 (0.960, 1.107)
0.825 (0.182, 3.735)

S—

0.000
NC

0.069
0.000
0.000
0.000
0.310
NC

0.236
0.800
0.505
0.384
0.087
0.226
0.021
0.824
0.403
0.803



1 /insulin 120 1.466 (0.000, 7.0 x 10"12) 0.980 1 /insulin 120 0.000 (0.000, 1.3 x 10°10) 0.259
Matsuda index 1.016 (0.823, 1.254) 0.883 Matsuda index 0.844 (0.626, 1.137) 0.265
QUICKI 0.012 (0.000, 1.027 x 10n7)  0.674 QUICKI .000 (0.000, 9.9 x 10"4 0.370
Fasting cholesterol level (mg/dL) 0.998 (0.983, 1.014) 0.817 Fasting cholesterol level (mg/dL) 1.006 (0.991, 1.021) 0.454
Fasting triglyceride level (mg/dL) 0.999 (0.993, 1.004) 0.690 Fasting triglyceride level (mg/dL) 1.002 (0.997, 1.007) 0.381
Fasting HDL level (mg/dL) 0.988 (0.953, 1.025) 0.520 Fasting HDL level (mg/dL) 0.979 (0.946, 1.014) 0.231
FSIVGTT at postpartum 1 year Odds ratio (95% CI) p-value

S 0.845 (0.677, 1.056) 0.139

AIRg 0.996 (0.993, 0.999) 0.005

Disposition index 0.998 (0.997, 0.999) 0.000

OGTT: oral glucose tolerance test, FSIVGTT: frequently sampled intravenous glucose tolerance test, NC: not calculable, HOMA: homeostatic model
assessment; IS: insulin sensitivity, IGL: insulinogenic index, QUICKI: quantitative insulin sensitivity check index, HDL: high density lipoprotein, S;:

insulin sensitivity index, AIRg: acute insulin response to glucose, HOMA B and IGI unit: (uUeL)/(ml » mmol), S; unit: (mmol » min™ * m™ per pU/ml

10%) AIRg unit: (mmol « "' « min—"); DI=AIRg » S
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Table 3.4 Prediction model of diabetes in 3 years postpartum by

multivariate logistic regression using postpartum 6 week OGTT

indices
Odds ratio (95% CI) p-value
BMI before pregnancy (kg) 1.446 (1.138, 1.838) 0.003
Weight gain during pregnancy (kg) 0.821 (0.684, 0.985) 0.033
HOMASB ((nUeL)/(ml » mmol)) 0.986 (0.972, 1.000) 0.046
120 min plasma glucose (mg/dL) 1.039 (1.014, 1.064) 0.002
Constant 0.000 0.003

Figure 3.3 ROC curve for prediction model of diabetes in 3 years

postpartum by multivariate logistic regression using postpartum 6

week OGTT indices

ROC Curve

V Source of the Curve

I Prediction Model

- BMI before pregnancy
WWeight gain during
pregnancy

[ HOMAR

120 min plasma
glucose

— Reference Line

Sensitivity

AUC = 0.867, p<0.001

0.0- T T T T T
0.0 0.2 0.4 08 0.8 1.0

1 - Specificity
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Table 3.5 Prediction model of diabetes in 3 years postpartum by
multivariate logistic regression wusing four variables with

postpartum 1 year OGTT indices

Odds ratio (95% CI) p-value

BMI before pregnancy (kg) 1.435 (0.954, 2.159) 0.083
Weight gain during pregnancy (kg) 0.874 (0.636, 1.202) 0.408
IGI 30 ((nUe-L)/(ml  mmol)) 0.034 (0.002, 0.732) 0.031
120 min plasma glucose (mg/dL) 1.046 (1.009, 1.085) 0.014
Constant 0.000 0.026

IGI: insulinogenic index

Table 3.6 Prediction model of diabetes in 3 years postpartum by
multivariate logistic regression using three variables with

postpartum 1 year OGTT indices

Odds ratio (95% CI) p-value

BMI before pregnancy (kg) 1.420 (0.957, 2.107) 0.082
IGI 30 ((nUe-L)/(ml  mmol)) 0.037 (0.002, 0.851) 0.039
120 min plasma glucose (mg/dL) 1.045 (1.009, 1.081) 0.014
Constant 0.000 0.0122

IGI: insulinogenic index
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Table 3.7 Prediction model of diabetes in 3 years postpartum by

multivariate logistic regression using postpartum 1 year AIRg

Odds ratio (95% CI) p-value

BMI before pregnancy (kg) 1.262 (1.050, 1.518) 0.013
Weight gain during pregnancy (kg) 0.848 (0.727, 0.990) 0.037
AIRg 0.994 (0.990, 0.998) 0.001
Constant 0.039 0.142

AIRg unit: (mmol « 1" ' + min—")

Table 3.8 Prediction model of diabetes in 3 years postpartum by
multivariate logistic regression using postpartum 1 year

disposition index

Odds ratio (95% CI) p-value

BMI before pregnancy (kg) 1.204 (0.998, 1.452) 0.052
Weight gain during pregnancy (kg) 0.877 (0.754, 1.020) 0.090
Disposition index 0.998 (0.997, 0.999) 0.000
Constant 0.123 0.368

S; unit: (mmol » min ' « m* per pU/ml « 10°), AIRg unit: (mmol + 1" ' « min—"),

disposition index = S; * AIRg
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Figure 3.4 ROC curve for prediction model of diabetes in 3 years

postpartum by multivariate logistic regression using postpartum 1

year AIRg

Sensitivity

ROC Curve

AUC = 0.789, p<0.001

Source of the Curve

— Prediction model
| BMI befare
pragnancy
Weight gain during
pregnancy
—AlRg
Reference Line

T T T
04 08 08

1 - Specificity

Figure 3.5 ROC curve for prediction model of diabetes in 3 years

postpartum by multivariate logistic regression using postpartum 1

year disposition index

Sensitivity

ROC Curve

AUC = 0.826, p<0.001

Source of the Curve

[~ Prediction model

 BMI before
pregnancy
Weight gain during
pregnancy

— AlRg

Reference Line

T T T
0.4 06 08

1 - Specificity
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Abstract

Prediction of future development of
diabetes mellitus using postpartum
oral glucose tolerance test in Korean
women with previous gestational

diabetes mellitus

Yeong G1 Kim
College of Medicine

Seoul National University

Introduction: Gestational diabetes mellitus is an important risk factor of
diabetes mellitus in women. In this study, our first purpose was analysis of
correlation among postpartum oral glucose tolerance test(OGTT) indices and
postpartum frequently sampled intravenous glucose tolerance test(FSIVGTT)

indices in Korean women with gestational diabetes mellitus. Our second
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purpose was development of prediction model for long term occurrence of
diabetes mellitus using postpartum oral glucose tolerance test indices and
clinically important anthropometric measures and comparing with previous
studies.

Methods: One hundred and fifty-eight women with gestational diabetes
mellitus underwent 75 g OGTT at postpartum 6 week, 1 year, 2 year and 3
year. They also underwent FSIVGTT at postpartum 1 year. Indices of insulin
secretion and insulin sensitivity obtained by 75 g OGTT were converted to
normal distribution by Box-Cox transformation. Acute insulin response to
glucose (AIRg) and insulin sensitivity index (S;) obtained by FSIVGTT were
also transformed the same way. Correlations among them were proved by
Pearson’s correlation. The group of women who had occurred postpartum
diabetes mellitus was compared to the group of women who did not occurred
postpartum diabetes mellitus by Student’s t-test to discover risk factors of
postpartum diabetes mellitus. Again, univariate logistic regression analysis
was performed using initial clinical characteristics, anthropometric measures,
indices obtained by 75 g OGTT and indices obtained by FSIVGTT. Later,
multivariate logistic regressions were conducted using risk factors confirmed
during previous steps to develop prediction models for postpartum occurrence
of diabetes mellitus. Usefulness of the prediction models was evaluated by
ROC curves.

Results: AIRg obtained by FSIVGTT at postpartum 1 year was related
(r=0.707, p<0.01) to insulinogenic index (IGI) 30. S; obtained by FSIVGTT

was related to several indices of insulin sensitivity obtained by 75 g OGTT at
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postpartum 1 year and was related to Matsuda index with largest correlation
coefficient (r=0.496, p<0.01). A model to predict occurrence of diabetes
mellitus in 3 years of postpartum was developed using BMI before pregnancy,
weight gain during pregnancy, HOMA B and 120 minute plasma glucose
obtained by 75 g OGTT at postpartum 6 week. AUC of ROC curve was 0.867
(p<0.001).

Conclusions: Correlation was proved among postpartum OGTT indices and
postpartum IVGTT indices. Based on this, prediction model for occurrence of
diabetes mellitus in 3 years postpartum using postpartum OGTT indices and
simple anthropometric measures was developed. Our model is clinically
useful compared to previous studies and predict long term occurrence of

diabetes mellitus.

Keywords: gestational diabetes mellitus, oral glucose tolerance test, diabetes
mellitus, prediction model
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