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ABSTRACT

Gestational diabetes mellitus (GDM) is one of the most common pregnancy
complications. It has been shown that a history of GDM is associated with an increased risk
of incident type 2 diabetes in women. In this project, we aim to investigate 1) the trend of
GDM incidence in Louisiana State University Health Care Services Division (LSUHCSD)
hospital system during 1997 to 2009; 2) the race-specific association between a history of
GDM and the risk of incident type 2 diabetes and how the risk changes over years after the
index pregnancy.

We conducted a retrospective study among women aged 13-50 years. Pregnancies,
GDM cases and type 2 diabetes cases were identified by using the International Classification
of Disease (ICD) -9 code from the Louisiana State University Hospital-Based Longitudinal
Study (LSUHLS) database. The annual incidence of GDM and it standard error (SE) were
calculated. Cox proportional hazards regression models were used to estimate the association
of a history of GDM with the risk of incident type 2 diabetes. The association between
previous GDM and the risk of type 2 diabetes in different postpartum periods was examined
using logistic regression.

The incidence of GDM increased in most years from 1997 to 2009 and reached a peak
in 2002. The incidence of GDM increased with age and reached the peak at 35-39 years of
age. Among the three study races, Asians had a significantly higher incidence of GDM than
Whites and African Americans. Between 1990 and 2009, 1,142 GDM women and 18,856
non-GDM women presented their first record of pregnancy in the LSUHLS database. During
a mean follow-up of 8.6 years, 1,067 women without a history of GDM and 327 women with
a history of GDM developed type 2 diabetes. The multivariable-adjusted (age, smoking,

income, postpartum body mass index (BMI), postpartum systolic blood pressure, and race)

vii



hazard ratio of type 2 diabetes suggested that a history of GDM is a strong predictor of
subsequent type 2 diabetes among Louisiana women, especially among African American

women. In addition, risk of type 2 diabetes was decreased by the time after the index delivery.
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INTRODUCTION

Gestational diabetes mellitus (GDM), defined as any degree of glucose intolerance
with onset or first recognition during pregnancy,(ADA, 2003) is a major health problem
affecting about 7% of pregnancies in the United States.(ADA, 2003) Recent data have shown
a substantial rise in the incidence of GDM among White, African American, and Asian
women (Dabelea et al., 2005b; Ferrara et al., 2004) along with the increase in the prevalence
of obesity (Flegal et al., 2010; Hedley et al., 2004; WHO, 2000). It has been estimated that
GDM increased national medical costs by $636 million in 2007 (Chen et al., 2009). Although
most women with GDM regain normal glucose tolerance after delivery, many of them are
featured with metabolic disorders in postpartum and later life. For instance, women with prior
GDM are at increased risk of subsequent type 2 diabetes, impaired glucose tolerance (IGT),
obesity, hypertension, dyslipidemia, and the metabolic syndrome (Carr et al., 2006; Flegal et
al., 2010; Hedley et al., 2004; Lauenborg et al., 2005; WHO, 2000). Offspring of women with
GDM also have increased risk of obesity and diabetes in childhood and early adulthood
(Dabelea, 2007). Recently, an increase in the prevalence of GDM was reported in Colorado
(Dabelea et al., 2005b) and California (Ferrara et al., 2004), the United States, and in
Tianjin(Zhang et al., 2011), China using locally available data.

Type 2 diabetes, a common and serious condition associated with reduced life
expectancy and considerable morbidity, has posed a great burden on patients, their families,
and health care systems.(ADA, 2011) Several studies have demonstrated that type 2 diabetes
can be prevented or delayed by implementing lifestyle modifications (Knowler et al., 2002;
Tuomilehto et al., 2001). In order to be cost-effective, lifestyle interventions to prevent or

delay type 2 diabetes should be directed toward individuals at increased risk for the disease



(Eddy et al., 2005; Herman et al., 2005). Therefore, it is of great importance to find clinical
predictors of type 2 diabetes.

The present study aims to assess the trends in the annual incidence of GDM and the
race-specific association between a history of GDM and incidence of type 2 diabetes and to
evaluate how the risk changes over years after the index pregnancy by using the well-
characterized Louisiana State University Hospital-Based Longitudinal Study (LSUHLS)

database.

Justification

Although long-term trends of GDM are available at the national level, they are less
clear for population subgroups especially those on middle or low income and also at high risk
of obesity. Furthermore, it is also unclear to what extent a history of GDM could predict
incident type 2 diabetes in the population of Louisiana which has the fourth highest
prevalence of diabetes in the United States and whether there is a racial difference between
the association of GDM and type 2 diabetes.

The present study, which is part of the LSUHLS, utilized a cohort design. The
subjects involved in this study were women served by Louisiana State University Health Care
Services Division (LSUHCSD) hospitals, most of which were from middle or low income
families. The present study would provide important information for understanding the scope
and burden of GDM and type 2 diabetes in Louisiana women especially those on middle or

low income.

Research Questions
1. What is the trend in the annual incidence of GDM in the women served by
LSUHCSD hospitals?
2. What is the association between a history of GDM and the risk of incident type 2

diabetes in the women served by LSUHCSD hospitals?
2



3. What is the racial difference between the associations of GDM and the risk of incident

type 2 diabetes in the women served by LSUHCSD hospitals?

Hypotheses
1. The incidence of GDM increased over years in the women served by LSUHCSD
hospitals.
2. A history of GDM predicted subsequent type 2 diabetes among the women served by
LSUHCSD hospitals.
3. Inthe LSUHCSD hospital system, African American women with a history of GDM
showed a higher relative risk for incident type 2 diabetes than White women with a

history of GDM.

Limitations

1. The results of the present study, to be conducted with women from middle or low-
income families in Louisiana, will not be generalized to other regions and socio-
economic groups in the United States.

2. Even though the analysis used to estimate the association between a history of GDM
and type 2 diabetes was adjusted for age, smoking, income, BMI, systolic blood
pressure, and race, residual confounding due to the measurement error in the
assessment of confounding factors, unmeasured factors such as physical activity,
education, dietary factors and a family history of diabetes, were not determined thus,

cannot be excluded.



REVIEW OF LITERATURE
GDM

GDM, defined by the American Diabetes Association (ADA) as any degree of
glucose intolerance with onset or first recognition during pregnancy, is a major health
problem affecting about 7% of pregnancies in the U.S.(ADA, 2003) Recent data have shown
a substantial rise in the incidence of GDM among women of various ethnic/racial
backgrounds.(Dabelea et al., 2005b; Ferrara et al., 2004) GDM is associated with adverse
maternal and fetal outcomes, such as cesarean delivery, embryopathy, birth trauma and fetal
macrosomia.(ADA, 2003; Ecker and Greene, 2008) Offspring of women complicated with
GDM have increased risk of obesity, glucose intolerance, and diabetes in childhood and early
adulthood.(Dabelea, 2007) Also, a history of GDM increases the risk of having subsequent
type 2 diabetes and IGT after pregnancy.(Bellamy et al., 2009; Dornhorst and Rossi, 1998;
Kim et al., 2002) In addition, women with prior GDM are also at increased risk of
cardiovascular disease risk factors, such as obesity, hypertension, dyslipidemia, and the
metabolic syndrome.(Carr et al., 2006; Lauenborg et al., 2005) Therefore, studying GDM

would facilitate people’s understanding on GDM as well as other diseases.

International Criteria for GDM Diagnosis

One critical issue in studying GDM is to understand the different diagnostic criteria of
GDM. The major diagnostic criteria of GDM used around the world are listed in Table 1.
O’Sullivan, a pioneer in the study of GDM, established the oral glucose tolerance test (OGTT)
for assessing the upper limit of glycemic normality in pregnancy in 1964.(O'Sullivan and
Mahan, 1964) The O’Sullivan criteria were endorsed by the National Diabetes Data Group
(NDDG) in 1979 and were regarded as the most appropriate diagnostic method for GDM.

(National Diabetes Data Group, 1979) In 1982, Carpenter and Coustan published new criteria



Table 1. GDM diagnostic criteria

Name, Year

Diagnostic Criteria

WHO, 1985 2-h 75 g OGTT: (One or more must be met or exceeded.)
(WHO, 1985) Fasting: > 140 mg/dl (7.8 mmol/l)

2-h: > 200 mg/dl (11.1 mmol/l)
WHO, 1999 2-h 75 g OGTT: (One or more must be met or exceeded.)

(Alberti and Zimmet, 1998)

Fasting: > 126 mg/dl (7.0 mmol/l)
2-h: > 200 mg/dl (11.1 mmol/l)
IGT: 2-h: 140-199 mg/dI

NDDG, 1979
(National Diabetes Data Group, 1979)

100 g OGTT: (Two or more must be met or exceeded.)
Fasting: > 105 mg/dl (5.8 mmol/l)
1-h: > 190 mg/dl (10.6 mmol/l)
2-h: > 165 mg/dl (9.2 mmol/l)
3-h: > 145 mg/dl (8.1 mmol/l)

O’Sullivan & Mahan, 1964 (O'Sullivan and
Mahan, 1964)

100 g OGTT: (Two or more must be met or exceeded.)
Fasting: > 104 mg/dl (5.8 mmol/l)
1-h: > 190 mg/dl (10.6 mmol/l)
2-h: > 166 mg/dl (9.2 mmol/l)
3-h: > 140 mg/dl (8.1 mmol/l)

Carpenter & Coustan, 1982
(Carpenter and Coustan, 1982)

100 g OGTT: (Two or more must be met or exceeded.)
Fasting: > 95 mg/dl (5.3 mmol/l)
1-h: > 180 mg/dl (10.0 mmol/l)
2-h: > 155 mg/dl (8.6 mmol/l)
3-h: > 140 mg/dl (7.8 mmol/l)

ADA, 2003
(ADA, 2003)

100 g OGTT: (Two or more must be met or exceeded.)
Fasting: > 95 mg/dl (5.3 mmol/l)
1-h: > 180 mg/dl (10.0 mmol/I)
2-h: > 155 mg/dl (8.6 mmol/l)
3-h: > 140 mg/dl (7.8 mmol/1)
Or 75 g OGTT: (Two or more must be met or exceeded.)
Fasting: > 95 mg/dl (5.3 mmol/l)
1-h: > 180 mg/dl (10.0 mmol/1)
2-h: > 155 mg/dl (8.6 mmol/l)
Or fasting > 126 mg/dl (7.0 mmol/I)
Or a casual >200 mg/dl (11.1 mmol/1)
Or 2-h: > 200 mg/dl (11.1 mmol/l)




Table 1 continued

ADA, 2011 75 g OGTT: (One or more must be met or exceeded.)
(ADA, 2011) Fasting: > 92 mg/dl (5.1 mmol/l)
1-h: > 180 mg/dl (10.0 mmol/l)
2-h: > 153 mg/dl (8.5 mmol/l)
Or a casual > 200 mg/dl (11.1 mmol/l)
Or A1C>6.5%

ADA: American Diabetes Association; NDDG: National Diabetes Data Group;

for GDM based on the same testing procedure but with different thresholds. (Carpenter and
Coustan, 1982) There was an adjustment for the threshold because hexokinase method, a
more precise enzymatic method than the Somogyi-Nelson method, had developed to evaluate
the plasma glucose levels. The diagnostic guidelines for GDM of the ADA were based on
these criteria. Of note is that, in 2011, the Hemoglobin A1C test for the diagnosis of GDM
was officially accepted by the ADA.(ADA, 2011) The World Health Organization (WHO)
used a two step procedure: 2-hour 75 g OGTT to diagnose GDM.(WHO/IDF Consultation,
2006) In 1999, the thresholds were lowered in order to increase the sensitivity in detecting
glucose intolerance and have been used ever since. (Alberti and Zimmet, 1998)

Although several studies showed that the above GDM diagnostic criteria have
successfully predicted adverse maternal, fetal and neonatal outcomes,(Gokcel et al., 2002;
Pennison and Egerman, 2001; Retnakaran et al., 2009; Schmidt et al., 2001) large
discrepancies exist in these criteria in their ability to identify women with GDM. (Agarwal et
al., 2005; Ferrara et al., 2002) For example, the study conducted by Agarwal et al in 2005
(Agarwal et al., 2005), which aimed to highlight the variation between six well-accepted
international GDM diagnostic criteria, showed that GDM prevalence between any two
criteria was significantly different. In addition, the capacity of the six criteria to predict
adverse pregnancy outcome were also different.(Agarwal et al., 2005) Although it is

recognized that diagnostic criteria usually performed better in the population they were



developed in than in a different population because of different population characteristics, the
large discrepancies seen in this study suggested that more research is needed to help reach a

international consensus on optimal GDM diagnostic criteria.

Worldwide GDM Prevalence

GDM prevalence/incidence data were available for all six WHO regions. The reported
prevalence/incidence ranged from 1.7% to 22.3%.(Murgia et al., 2006; Ostlund and Hanson,
2004) The studies which reported GDM prevalence/incidence across at least one year are
listed in Table 2. (The studies conducted in the United States are listed in the next section)
Among these studies, one study conducted in the South-east Asia region reported the highest
GDM prevalence: 14.2%, followed by the study conducted in the Eastern Mediterranean
region which reported a GDM incidence of 13.5%. The prevalence of the Western Pacific
region only ranged from 2.6%-3.8%, which is similar with the reported prevalence in most of
the studies conducted in the European region. The reason might be that the Pacific islands
were not represented in this region. Underrepresentation was also a problem in the other 5
regions. Moreover, different criteria were used to diagnose GDM in these studies which make
it difficult to make comparison between studies and few population based studies were
available. Therefore, in order to clearly understand the economic burden caused by GDM,

future studies are needed to make the exact magnitude of GDM prevalence clear.

GDM Prevalence in the United States

GDM prevalence data were available for 17 states in the United States:
Alaska,(Murphy et al., 1993) California,(Esakoff et al., 2005a) (Ferrara et al., 2004)
(Lawrence et al., 2008) Colorado,(Dabelea et al., 2005a) Georgia,(Cho, 2008) Hawaii,(Pedula
et al., 2009) Illinois,(Dooley et al., 1991) Indiana,(Indiana State Department of Health, 2009)
Montana,(Taryn Hall et al., 2008) Nebraska, (Rettig, 2003) New York, (Rosenberg et al.,

2005a) North Carolina,(Jung, 2008) (Thorpe et al., 2005) Oklahoma, (Page, 2003) Oregon,
7



Table 2. Worldwide prevalence/incidence of GDM

WHO Region  Country Study GDM Sample Diagnostic
period  Prevalence/incidence Size Criteria
(years) (%)
Americas Brazil 1991- 7.6 5,004 WHO
(Schmidt et al., 2000) 1995
Canada 2000- 3.7 71,527 NDDG
(Aljohani et al., 2008) 2004
Europe Netherlands 1992- 2 1,640 WHO
(Weijers et al., 1998) 1997
Sweden 1991- 25 12,382  WHO
(Aberg et al., 2002) 1999
Italy 1995- 8.7 3,950 Carpenter &
(Di Cianni et al., 2003) 2001 Coustan
Denmark 1999- 24 5,235 WHO
(Jensen et al., 2003) 2000
Sweden 1994- 1.7 3,616 WHO
(Ostlund and Hanson, 2004) 1996
Finland 1996- 2.8 523 Carpenter &
(Poyhonen-Alho et al., 2005) 1998 Coustan
Switzerland 2000- 2.7 5,788 NDDG
(Noussitou et al., 2005) 2002
Turkey 1995- 3.1 3,548 Carpenter &
(Tanir et al., 2005) 2004 Coustan
Eastern Bahrain 2001- 135 10,495  Carpenter &
Mediterranean (Al Mahroos et al., 2005) 2002 Coustan
South-east Asia China 1990- 142 942 WHO
(Ko et al., 2002) 1994
Japan 1999- 29 749 ADA
(Maegawa et al., 2003) 2001
India 1999- 3.8 1,000 Carpenter &
(Zargar et al., 2004) 2002 Coustan
Pakistan 2003- 85 633 ADA
(Chandna et al., 2006) 2004
China 1999- 4.9 105,473 WHO
(Zhang et al., 2011) 2008
Western Pacific New Zealand 1994- 2.6 4,885 Carpenter &
(‘Yapa and Simmons, 2000) 1995 Coustan
Australia 1995- 3.8 950,747 Australian
(Anna et al., 2008) 2005 Criteria




(Lockwood, 2008) Pennsylvania, (Pennsylvania Department of Health, 2010)
Texas,(Ramadhani et al., 2004) Utah, (Barnard and Bloebaum., 2003) and West
Virginia,(Wise and Taylor, 2002). The state that reported the highest GDM prevalence is
Texas (7.9% 2001), while the state that reported the lowest GDM prevalence is Indiana (0.8%
in 2008). The differences in the GDM prevalence might be partly explained by the different
race/ethnicity composition and the different age composition of the study samples in these
studies. Since some of the studies were not performed on a state representative sample, the
studies were not conducted during the same period and prevalence data are still lacking in 33
states, further studies are needed to understand the magnitude of GDM across the United
States.

In the studies that explored the race/ethnicity difference in the prevalence of GDM in
the Unites States, most studies indentified Asian as the race with the highest GDM
prevalence followed by Hispanic then African American and White.(Berkowitz et al., 1992;
Dabelea et al., 2005b; Esakoff et al., 2005b; Getahun et al., 2008a; Green et al., 1990; Kieffer
et al., 2001; Rosenberg et al., 2005b; Savitz et al., 2008; Shen et al., 2005; Thorpe et al., 2005)
Only one study reported a lower GDM prevalence in Hispanic than in White, while two
studies showed a higher GDM prevalence in White than in African American. Higher
adiposity per unit BMI, poor medical care, short stature and genetic factors may contribute to
the higher GDM incidence in Asians.(Anastasiou et al., 1998; Chu et al., 2009; Groop and
Orho-Melander, 2001; Jang et al., 1998; WHO expert consultation, 2004)

The studies which provided the trends of GDM prevalence/incidence are listed in
Table 3. Among all of the studies there was a trend of increasing prevalence/incidence across
time with the relative increase ranging from 10% to 121%. Factors such as the diagnosis

criteria, the geographic location, the length of the study, and the changing demographics of



Table 3. Change of GDM prevalence/incidence in the United States

Setting Study period  Change of GDM Relative increase in GDM Sample Size Diagnostic Criteria
(years) Prevalence/incidence (%) prevelance/incidence (%)

United States 1989-2004 1.9-4.2 121 58,922,266 ADA (1997)/ADA (1997) /ADA

(Getahun et al., 2008a) (2000)

Utah 1990-2001 1.4-2.3 64 NA NA

(Barnard and Bloebaum., 2003)

New York City 1990-2001 2.6-3.8 46 125,663-110,340 NA

(Thorpe et al., 2005)

Northern California 1991-2000 5.1-6.9 35 21,655-30,135 ADA (2000)

(Ferrara et al., 2004)

Colorado 1994-2002 2.1-4.1 95 3,644-4,079 NDDG

(Dabelea et al., 2005b)

Montana 1995-2006 2.2-2.8 27 NA NA

(Taryn Hall et al., 2008)

Southern California 1999-2005 7.1-7.8 10 32,089-28,321 ADA (2004)

(Lawrence et al., 2008)
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the study samples may contribute to the difference in the estimates. Of note, none of these

studies focused on a middle or low income population.

History of GDM and Type 2 Diabetes Risk

The effect of previous GDM on subsequent type 2 diabetes has been studied
extensively worldwide (Albareda et al., 2003; Chodick et al., 2010; Feig et al., 2008;
Gunderson et al., 2007; Krishnaveni et al., 2007; Lee et al., 2007; O'Sullivan, 1991). These
studies consistently recognized GDM as an important risk factor for subsequent type 2
diabetes. One early meta-analysis of six controlled follow-up studies has indicated that the
overall relative risk for developing diabetes after GDM was 6.0 (Cheung and Byth, 2003). In
the more recent meta-analysis of 20 cohort studies (Bellamy et al., 2009), women with a
history of GDM were associated with at least a seven-fold increased risk of incident type 2
diabetes.

In light of a growing body of evidence, it is generally accepted that the progression to
type 2 diabetes of parous women with previous GDM is faster than that of parous women
without previous GDM (Albareda et al., 2003; Bellamy et al., 2009; Cheung and Byth, 2003;
Chodick et al., 2010; Di Cianni et al., 2010; Feig et al., 2008; Kim et al., 2002; Lee et al.,
2007; O'Sullivan, 1991). However, the exact mechanism linking GDM to type 2 diabetes is
not well understood. Because GDM and type 2 diabetes share the same risk factors such as
obesity, physical inactivity, advanced age, ethnic group and family history of diabetes, and
the two conditions are strongly associated with each other, GDM and type 2 diabetes are now
regarded to share a common genetic background more than ever before (Cho et al., 2009; Di
Cianni et al., 2010; Lauenborg et al., 2009). This hypothesis was confirmed by two recent
studies which showed that women with previous GDM more frequently display some alleles
associated with the high risk of type 2 diabetes (Cho et al., 2009; Lauenborg et al., 2009).

Since several intervention studies have showed that it is possible to delay or prevent the

11



development of type 2 diabetes among those at high risk (Knowler et al., 2002; Tuomilehto et
al., 2001), and a recent clinic trial (Ratner et al., 2008) proved that women with a history of
GDM who remained at a high risk of developing diabetes benefited from either lifestyle or
pharmacologic interventions, determining the true risk of type 2 diabetes in women with a
history of GDM and researching into the mechanism behind this association will continue to

be important.

12



METHODS

Subjects

LSUHCSD operates 7 public hospitals and affiliated clinics in different areas in
Louisiana which provide quality medical care to residents of Louisiana, regardless of their
income or insurance coverage. Overall, LSUHCSD facilities have served about 1.6 million
unique patients (35% of the Louisiana population) since 1990. In the population served by the
LSUHCSD hospitals, about 46% of patients qualify for free care (by virtue of being low
income and uninsured), about 10% of patients are self-pay (uninsured, but incomes not low
enough to qualify for free care), about 20% of patients are covered by Medicaid, about 14%
of patients have Medicare, and about 10% of patients are covered by commercial insurance.
The LSUHCSD, the division responsible for the management of the LSUHCSD facilities, has
access to the administrative, anthropometric, laboratory, and the clinical diagnosis data
collected at these facilities. All these data are available in electronic form since 1990 for both
inpatients and outpatients (the LSUHCSD Disease Management Evaluation Database). Using
these data, we have set up the LSUHLS database to follow patients with major chronic
diseases. Patients’ information on birth date, race, sex, address, types of insurance, family
income, smoking habits, date of examination, measurements of height, weight and blood
pressure for each visit, diagnosis of various diseases and date of diagnosis, laboratory tests,
and medication history were all included in the LSUHLS database. The cohort of pregnancies,
which is part of the LSUHLS Study, was identified through the LSUHLS database between
January 1, 1990, and December 31, 2009. After excluding participants with incomplete data
on any required variables, the trend analyses include a total of 2,751 GDM incident cases
among 62,685 pregnancies between 1997 and 2009. After excluding participants with a

history of diabetes at baseline and participants with incomplete data on any required variables,
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the association analyses include 1,142 women with a history of GDM and 18,856 women
without a history of GDM who presented their first record of pregnancy in the LSUHLS
database between 1990 and 2009. The study was approved by both Pennington Biomedical

Research Center and LSU Health Sciences Center Institutional Review Boards.

Assessments

The gestational women’s characteristics, such as age, race-ethnicity, postpartum blood
pressure, postpartum BMI, smoking status, and family income, date of pregnancy, and

reproductive history were also extracted from the computerized hospitalization records. In the
LSUHLS dataset, race-ethnicity was classified as White, African American, Asian, Hispanic,
American Indian, native Hawaiian or Pacific Islander, other, and unknown. In the trend
analyses, maternal age was categorized as 15.0-19.9, 20.0-24.9, 25.0-29.9, 30.0-34.9, 35.0-
39.9, and 40.0-50.0 years. The analyses by race-ethnicity specific incidence were restricted to
the White, African American and Asian because the sample sizes of other races are too small
(e.g. 229 for American Indian) for meaningful analyses (i.e. stratified by age and year). In the
association analyses, maternal age was categorized as 13.0-29.9, 30.0-49.9, and 40.0-50.0
years. The analyses were restricted to the White, African American, Asian, Hispanic, and
American Indian. Smoking information was recorded as yes or no based on the answers to the
question: "Have you used tobacco in the past 30 days?" Family income was categorized into
quartile, ranked from the lowest to the highest. BMI was categorized into normal (<25.0

kg/m?), overweight (<25.0-29.9 kg/m?) and obesity (>30.0 kg/m?).

Ascertainment of Pregnancy and GDM
Only the first record of pregnancy diagnosis and GDM diagnosis of women aged 13-
50 years were included in the present analyses due to the design of cohort study. Pregnancies

were identified by using the Ninth Revision of the International Classification of Disease
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(ICD) Code v22, v72.42,v23 and 761.5 (ICD-9). GDM cases were identified by using the

ICD-9 code 648.8.

Screening and Testing of GDM

Since 1990, all LSUHCSD hospitals have routinely screened for GDM in all non-
diabetic pregnancies using a two-step standard protocol. At 24-28 weeks, all pregnant
women including women with previously diagnosed diabetes were offered screening for
GDM with a 50-g 1-hour OGTT. If pregnant women had a value >140 mg/dl, they 1)
underwent a 100-g 3-hour or a 75-g 2-hour OGTT; 2) had fasting plasma glucose measured,

or 3) had 2-hour postprandial or random plasma glucose levels measured.

Validation of GDM

We conducted a validation study on GDM cases among those who had the laboratory-
documented hyperglycemia identified during pregnancy. The laboratory data were used to
validate the GDM cases identified by using the ICD-9 code 648.8. Hyperglycemia was
defined as follows: 1) at least 2 plasma glucose measurements during a 100-g 3-hour or a 75-
g 2-hour OGTT equal or greater than the cutoffs recommended by the ADA (fasting >95
mg/dL; 1-hour >180 mg/dL; 2-hour >155 mg/dL; 3-hour >40 mg/dL);(ADA, 2003) 2) 2-hour
plasma glucose or random plasma glucose concentration >200 mg/dL according to the WHO
(WHO Consultation, 1999) and ADA recommendation (Genuth et al., 2003); or 3) fasting
plasma glucose >126 mg/dL, 2-hour plasma glucose after a 75-g OGTT between 140 and 199
mg/dL (IGT), or fasting plasma glucose between 110 (from 1997 to 2003)/100 (from 2003)
and 125 mg/dL (impaired fasting glucose [IFG]) according to WHO (WHO Consultation,
1999) and ADA criteria (Expert Committee on the Diagnosis and Classification of Diabetes
Mellitus, 1997; Genuth et al., 2003). Plasma glucose testing results were extracted from the

LSUHCSD Disease Management Evaluation Database laboratory database, which captures
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the results of all laboratory tests performed at all LSUHCSD facilities. All the plasma glucose

measurements were performed by using the hexokinase method at each facility’s laboratory.

Prospective Follow-up

Follow-up information was obtained from the LSUHLS database by using the unique
number assigned to every patient who visits the LSUHCSD hospitals. ICD-9 Code 250.*0
and 250.*2 were used to identify type 2 diabetes cases during follow-up. Since 1990,
LSUHCSD’s internal diabetes disease management guidelines call for physician confirmation
of diabetes diagnoses by applying the ADA(Genuth et al., 2003) or the WHO criteria(Alberti
and Zimmet, 1998): a fasting plasma glucose level >140 mg/dL (>126 mg/dL from 1998); 2-
hour glucose level >200 mg/dL after a 75-g 2-hour OGTT; one or more classic symptoms
plus a random plasma glucose level >200 mg/dL. Follow-up of each cohort member
continued until the date of the diagnosis of type 2 diabetes, the date of the last visit if the

subject stopped using LSUHCSD hospitals, or May 31%, 2010.

Statistical Analyses

The number of pregnancies and GDM cases of each study years among each age
group were reported. The yearly age-specific incidence of GDM and the yearly race-
ethnicity-specific incidence of GDM were calculated by using General Linear Model (logistic
regression). The linear trend in incidence across time was tested using incidence GDM as the
outcome variable and year as a continuous variable in the model after adjustment for age. The
age-standardized incidence was calculated by the direct method to the year 2000 Census
population using the age groups 15.0-19.9, 20.0-24.9, 25.0-29.9, 30.0-34.9, 35.0-39.9, and
40.0-50.0 years.(U.S.CensusBureau, 2000)

Differences in risk factors at baseline of GDM women and non-GDM women were
tested using General Linear Model after adjustment for age. Cox proportional hazards

regression models were used to estimate overall the association of a history of GDM with the
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risk of incident type 2 diabetes. The analyses were first carried out adjusting for age, and
further for smoking, income, BMI, systolic blood pressure, and race. The association between
a history of GDM and the risk of type 2 diabetes in different postpartum periods was
examined using logistic regression with adjustment for the above confounding factors.
Postpartum year was categorized as <1, 1.0-3.9, 4.0-5.9, 6.0-7.9, 8.0-9.9, and >10.0 years.
Statistical significance was considered to be P < 0.05. Statistical analyses were performed
with PASW for Windows, version 19.0 (IBM SPSS Inc, Chicago, I11) or SAS for Windows,

version 9.12 (SAS Institute, Cary, NC).
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RESULTS AND DISCUSSION

Results

GDM Incidence in Louisiana

Table 4 shows the number of pregnancies and GDM cases by years and age groups.
From 1997 to 2009, 62,685 women aged 15-50 years with their first record of pregnancy
were identified. Among them, a total of 2,751 women had pregnancies complicated by GDM.
The mean age of pregnancy was 24.3 + 0.02 (standard error [SE]) years and did not change
by year.

The annual incidence of GDM by age groups is presented in Table 5. The crude
incidence of GDM increased from 4.1% (SE 0.3) in 1997 to 5.3% (SE 0.3) in 2002 (increased
by 29.3%) and then declined from 4.8% (SE 0.3) in 2003 to 4.4% (SE 0.4) in 2009. Exclusion
of the women who were diagnosed with diabetes before they were diagnosed with GDM did
not appreciably change the observed trend: the crude incidence of GDM increased from 4.0%
(SE 0.2) in 1997 to 4.8% (SE 0.3) in 2002 (increased by 20%) and then declined from 4.4%
(SE 0.3) in 2003 to 4.2% (SE 0.4) in 2009. The age-standardized incidence of GDM
increased from 5.8% in 1997 to 8.3% in 2002 (increased by 29.3%) and then changed from
6.7% in 2003 to 7.5% in 2009. The total crude and age-standardized average incidences of
GDM were 4.4% and 6.3%, respectively. The incidence of GDM increased with age and
reached the peak at 35-39 years of age (9.1%) and then decreased in women who were 40-50
years old (7.4%). Compared with women aged 15-19 years, women aged 30-34 years had 2.6
times higher risk of GDM, and women aged 35-39 had 2.9 times higher risk of GDM. The

trend of GDM incidence in the six age groups did not change appreciably (all p >0.1).
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Table 4. Number of first time pregnancies and incidence of GDM by age and year in the LSUHCSD Hospitals from 1997 to 2009*

Age groups Year of first pregnant

(yrs) 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Total
No. of first time pregnancies

15-20 2029 2783 2079 2239 1923 1597 1348 963 714 480 681 698 592 18126
20-24 2308 2950 2236 2427 2217 1840 1687 1303 999 772 1003 966 958 21666
25-29 1233 1530 1212 1271 1088 926 842 688 581 429 605 563 500 11468
30-34 780 918 707 753 668 523 487 370 276 259 313 293 252 6599
35-39 365 451 408 427 338 326 284 175 174 132 158 142 130 3510
40-50 121 161 101 140 141 142 122 88 62 44 69 73 52 1316
Total 6836 8793 6743 7257 6375 5354 4770 3587 2806 2116 2829 2735 2484 62685

No. of incident GDM

15-20 47 66 36 48 39 52 32 17 16 9 12 13 11 398
20-24 72 77 80 90 73 65 70 56 38 27 24 32 31 735
25-29 65 66 70 77 62 66 49 33 33 31 38 43 31 664
30-34 62 69 48 56 65 44 42 44 25 17 24 21 18 535
35-39 24 35 39 40 25 42 29 12 18 14 13 17 13 321
40-50 9 6 8 14 9 15 9 5 4 2 5 6 6 98
Total 279 319 281 325 273 284 231 167 134 100 116 132 110 2751

*GDM: gestational diabetes mellitus; LSUHCSD: Louisiana State University Health Care Services Division.
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Table 5. Incidence (%) of GDM by age and year in the LSUHCSD Hospitals from 1997 to 2009*

Age groups Year of first pregnant P value
(yrs) 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Total Adjusted
total ¥

15-19 2.3 24 1.7 2.1 2.0 3.3 24 1.8 2.2 1.9 1.8 1.9 1.9 2.2 2.3(0.2) 0.31
(0.4) (04) (04 (04 (0.5) (0.6) (06) (0.7) (0.8) (L.0) (0.8) (0.8 (0.8) (0.2

20-24 3.1 2.6 3.6 3.7 3.3 3.5 4.1 4.3 3.8 3.5 24 3.3 3.2 34 3.4(0.1) 0.15
(0.4) (0.3) (04) (0.4 0.9) (05) (05 (06) (0.7) (0.8) (0.6) (0.7) (0.7) (0.1)

25-29 5.3 4.3 5.8 6.1 5.7 7.1 5.8 4.8 5.7 7.2 6.3 7.6 6.2 5.8 5.7(0.2) 0.16
(0.6) (0.5) (0.6) (0.6) (0.6) (7 (07) (08 (09 (1.0) (0.8 (09 (09 (0.2

30-34 7.9 7.5 6.8 7.4 9.7 8.4 8.6 11.9 9.1 6.6 7.7 7.2 7.1 8.1 8.0 (0.3) 0.29
(0.7) (06) (0.8) (0.8) (0.8) (10) (0 (1) (@3) (@©3) (11 @12 @13 (03

35-39 6.6 7.8 9.6 94 7.4 12.9 10.2 6.9 10.3 10.6 8.2 12.0 10.0 9.1 9.1(0.3) 0.27
(1.0) (0.9 (1.0) (1.0 (1.1) (12) (13) (16) (16) (18 (16) (1.8 (18 (0.3

40-50 7.4 3.7 7.9 10.0 6.4 10.6 74 5.7 6.5 4.5 7.2 8.2 115 74 7.5(0.6) 0.69
(1.8) (15 (20 (1.7 1.7) (199 @19 @2 @7 (G2 (24 (25 (28 (0.6

Total 4.1 3.6 4.2 4.5 4.3 5.3 4.8 4.7 4.8 4.7 4.1 4.8 4.4 4.4 0.017
(03) (02) (03) (0.2 (0.3) (03) (03) (03 (04 (05 (@©4 (@©4 (04 (03)

Age- 5.8 4.7 6.4 5.9 5.9 8.3 6.7 5.9 6.4 5.6 6.0 7.1 7.5 6.3 0.019

standardizedi

*Data are given as percentage (SE); GDM: gestational diabetes mellitus; LSUHCSD: Louisiana State University Health Care Services Division.
+Adjusted for race and year.
1Age adjusted by the direct method to the year 2000 Census population using the age groups 15-19, 20-24, 25-29, 30-34, 35-39, and 40-50 years.
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The annual race-ethnicity-specific incidence of GDM is presented in Table 6. Overall,
Asian women had a significantly higher age-standardized incidence of GDM (8.6%, P<0.001)
than White women (6.7%) and African American women (5.4%).

To assess the accuracy in defining GDM based on ICD 648.8 (ICD 9) in the LSUHLS
database, we conducted a validation by using the plasma glucose testing results extracted
from our laboratory database. Of the 2,751 GDM women who were diagnosed with GDM by
using ICD 648.8, 1,536 GDM women that had electronic records of glucose testing values
(the electronic records of glucose testing values were available from 2002). This validation
was conducted among the 1,536 GDM women. Of the 1,536 women, 1,158 (75.4%) had
GDM by using ADA GDM or diabetes diagnosis criteria.(ADA, 2003; Expert Committee on
the Diagnosis and Classification of Diabetes Mellitus, 1997; Genuth et al., 2003), 103 (6.7%)
had IGT, and 66 (4.3%) had IFG by using WHO (WHO Consultation, 1999) or ADA diabetes
diagnosis criteria (Expert Committee on the Diagnosis and Classification of Diabetes
Mellitus, 1997; Genuth et al., 2003) (Figure 1). In LSUHCSD, pregnancies complicated with
IGT and IFG were also defined as GDM. Therefore, the agreement between the laboratory

tests and the ICD diagnoses was 86.4% for the GDM cases.

History of GDM and the Risk of Incident Type 2 Diabetes

From 1990 to 2009, 19,998 women aged 13-50 years with their first record of
pregnancy were identified from LSUHLS database. Among them, a total of 1,142 women had
pregnancies that were complicated by GDM. During a mean follow-up of 8.6 years, 1,067
women without a history of GDM and 327 women with a history of GDM developed diabetes.
The general characteristics of the study population at baseline by GDM status are presented
in table 7. After adjustment for age, GDM women had significantly higher average

postpartum BMI and systolic blood pressure when compared with non-GDM women.
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Table 6. Annual race/ethnicity-specific incidence (%) of GDM in the LSUHCSD Hospitals from 1997 to 2009*

Year pregnant White African American Asian P value
N/NT Incidence N/NF Incidence N/NT Incidence
1997 64/1580 4.1 (0.5) 189/4884 3.9(0.3) 6/71 8.5(0.2) 0.14
1998 69/2007 3.4(0.4) 222/6300 3.5(0.2) 6/90 6.7 (0.2) 0.27
1999 68/1632 4.2 (0.5) 189/4704 4.0 (0.3) 8167 11.9 (2.4) 0.005
2000 91/1896 4.8 (0.5) 198/4833 4.1(0.3) 4/80 5.0 (0.2) 0.42
2001 72/1543 4.7 (0.5) 159/4336 3.7(0.3) 6/75 8.0 (2.3) 0.045
2002 72/1308 5.5 (0.6) 169/3531 4.8 (0.4) 4/66 6.1(2.8) 0.55
2003 56/1125 5.0 (0.6) 120/3097 3.9(0.4) 9/53 17.0 (2.9) <0.001
2004 34/864 3.9(0.7) 79/2169 3.6 (0.5) 5/58 8.6 (2.8) 0.14
2005 24/716 3.4(0.8) 56/1541 3.6 (0.5) 4/54 7.4(2.9) 0.31
2006 25/657 3.8(0.8) 30/986 3.0(0.7) 6/40 15.0 (3.3) <0.001
2007 41/828 5.0 (0.7) 37/1350 2.7 (0.5) 0/30 0 0.014
2008 60/742 8.1(0.8) 39/1506 2.6 (0.6) 0/20 0 <0.001
2009 38/746 5.1(0.8) 43/1351 3.2(0.6) 3120 15.0 (4.6) 0.004
Total 714/15,644 4.6 (0.2) 1530/40,588 3.8(0.1) 61/724 8.4 (0.8) <0.001
Age-standardizedi 714/15,644 6.7 1530/40,588 5.4 61/724 8.6 <0.001
P value (trend) <0.001 <0.001 0.18

*Data are given as percentage (SE); GDM: gestational diabetes mellitus; LSUHCSD: Louisiana State University Health Care Services Division.
TNumber of gestational diabetes mellitus/number of first time pregnancies.
1Age adjusted by the direct method to the year 2000 Census population using the age groups 15-19, 20-24, 25-29, 30-34, 35-39, and 40-50 years.
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Table 7. Baseline and follow-up characteristics of women with and without previously diagnosed GDM who delivered a baby in LSUHCSD

hospitals*

Characteristics Non-GDM women GDM women P value for trend
Participants, n 18,856 1,142

Incident DM case, n 1,067 327

Gestational age,y 24.3 (0.0) 26.8 (0.2) <0.001
Postpartum BMI, kg/m2 41.1(0.4) 48.2 (1.7) <0.001
Postpartum systolic blood pressure, mmHg 128 (0.1) 131 (0.6) <0.001
Postpartum diastolic blood pressure, mmHg 76 (0.1) 76 (0.4) 0.24

Current smoker, % 195 17.9 0.18

Annual family income, $ 21,049 (452) 24,494 (1747) 0.056

*GDM: gestational diabetes mellitus, LSUHCSD: Louisiana State University Health Care Services Division, DM: diabetes mellitus.

Data are means (SD) unless otherwise indicated; all data, except age, adjusted for age.
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In age-adjusted analysis, women with a history of GDM had 7.02 (95% confidence interval
[C1] 6.18-7.96) times higher risk of type 2 diabetes compared with non-GDM women (Table
8). Additional adjustment for smoking, income, BMI, systolic blood pressure and race did not
appreciably alter the results. Stratification by age, race, and BMI gave similar results (Table

8).

Anyone abnormal, 3.1% GCT>140, 9.9% Known DM. 11.7% PG_2h>=200, 0.2%

FPG>126, 11.9%

GLU>200, 16.9%

Two ormore abnormal
35.5%

Figure 1. Incidence (%) of GDM (ICD-9:648.8) based on different glucoses levels and
diagnosed criteria in the Louisiana State University Health Care Services Division Hospitals
from 1997 to 2009. (GDM, gestational diabetes mellitus; Known DM, known diabetes
mellitus; PG_2h, 2-hour plasma glucose by OGTT; FPG, fasting plasma glucose; GLU,
random plasma glucose; IGT, impaired glucose tolerance; IFG, impaired fasting glucose;
OGTT, oral glucose tolerance test; GCT, glucose challenge test)
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Table 8. Hazard rations for type 2 diabetes according to GDM status for total study samples and stratified by age, BMI and race*

No. of case / No. of sample Person-years Hazard ratios (95% ClIs) P value p for

Non-GDM women  GDM women Non-GDM women GDM women Non-GDM women  GDM women for trend  interaction

Total sample
Adjustment for age 1,067/18,856 327/1,142 163,703 6,503 1.00 7.02 (6.18-7.96) <0.001
Multivariate adjustment*  1,067/18,856 327/1,142 163,703 6,503 1.00 6.71 (5.91-7.63) <0.001
Age (y)* <0.001
13.0-29.9 669/15,233 183/776 132,139 4,204 1.00 9.31 (7.87-11.0) <0.001
30.0-39.9 325/3,136 131/337 27,626 2,131 1.00 5.22 (4.24-6.42) <0.001
40.0-50.0 73/487 13/29 3,938 167 1.00 4.43 (2.43-8.09) <0.001
BMI (kg/m2)* >0.50
<25.0 114/4,933 25/170 39,984 1,008 1.00 7.06 (4.51-11.1) <0.001
25.0-29.9 161/4,511 40/236 39,109 1,495 1.00 5.53 (3.86-7.91) <0.001
>30.0 792/9,412 262/736 84,610 4,000 1.00 6.76 (5.85-7.81) <0.001
Race* >0.10
African American 733/12,484 206/638 112,511 3,758 1.00 7.41 (6.33-8.68) <0.001
White 300/5,145 89/337 43,954 2,036 1.00 5.23 (4.10-6.67) <0.001
Asian American 2/114 1/20 863 109 1.00 9.84 (0.39-249) 0.165
Hispanic 13/452 14/71 2,826 293 1.00 9.92 (4.01-24.5) <0.001
Indian 8/101 4/13 939 64 1.00 6.09 (1.70-21.8) 0.005
Race*} <0.025
African American 733/12,484 206/638 112,511 3,758 1.00 7.41 (6.33-8.68) <0.001
White 300/5,145 89/337 43,954 2,036 1.00 5.23 (4.10-6.67) <0.001

*GDM: gestational diabetes mellitus, BMI: body mass index.
+Adjusted for age, smoking, income, BMI, systolic blood pressure, race, other than the variable for stratification.
1The analysis was restricted to African American women and white women, ¥2=5.51, 1df, p <0.025.
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There was no significant interaction of BMI and a history of GDM on the risk of type 2
diabetes. However, there was a significant interaction between age and a history of GDM on
risk of type 2 diabetes, which suggested that the extent of risk was stronger among women
with gestational age 13.0-29.9 years than 30.0-50.0 years.

In race stratified analysis, White women tended to have the lowest risk to develop
type 2 diabetes if they had a history of GDM (Table 8). Although there was no overall
significant interaction between race and a history of GDM on the risk of type 2 diabetes, the
risk was significantly different between African American women and White women
(x?=5.51, df=1, p <0.025), suggesting that the relative risk for developing type 2 diabetes was
higher in African American women with a history of GDM than in White women with a
history of GDM (Table 8).

The incident rate of type 2 diabetes was declined over years during the postpartum
period in both GDM and non-GDM women (Table 9), however, GDM women had higher
incident rate at any given years compared to non-GDM women. Also, compared with non-
GDM women compartments, GDM women after delivery for <1, 1.0-3.9, 4.0-5.9 , 6.0-7.9, 8-
9.9, and >10.0 years had 5.31 (95% CI 3.43-8.23), 6.86 (Cl 5.14-9.14), 4.92 (C1 3.27-7.39),
3.41 (C1 2.17-5.36), 4.81 (CI 3.06-7.57), and 3.54 (2.24-5.58) times higher risk of having

type 2 diabetes, respectively.

Discussion

The present study involved 62,685 pregnancies, among which 19,998 were free of
type 2 diabetes at baseline. This study constitutes the first investigation of the GDM
incidence and the influence of a history of GDM on subsequent type 2 diabetes in Louisiana.
This study suggested that, among women who received medical care from the LSUHCSD
hospitals, the incidence of GDM increased in most years from 1997 to 2009 and reached a

peak in 2002. The incidence of GDM was highest among women at 35.0-39.9 years of age, as
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well as in Asian Americans. This study also suggested a direct association between a history
of GDM and the risk of type 2 diabetes. African American women with a history of GDM
showed a higher relative risk for incident type 2 diabetes than White women with a history of
GDM. In addition, risk of type 2 diabetes was decreased by the time after index delivery.

In the present study, the age-standardized incidence of GDM increased from 5.8% in
1997 to 7.5% in 2009 (increased by 29.3%), suggesting an increase in GDM incidence in
Louisiana. According to the Department of Health and Hospitals of Louisiana, the population
in Louisiana has a high prevalence of physical inactivity, overweight/obesity (Louisiana has
the 4™ highest rate of adult obesity (Lloyd, 2010)), diabetes, high blood cholesterol, high
blood pressure, tobacco use, and poor nutrition (Hospitals., 2009). All these factors may
contribute to the increasing incidence of GDM in Louisiana. Due to the differences in the
diagnostic criteria used in defining GDM, variables included in analyses, the study period and
the study population, it is difficult to compare our results to other studies.

Advanced age had been identified as an important risk factor of GDM by several
studies.(Anna et al., 2008; Dabelea et al., 2005b; Ferrara et al., 2004; Getahun et al., 2008a;
Zhang et al., 2011) While most of these studies found out that the prevalence/incidence of
GDM increased with age, the study conducted by Zhang et al(Zhang et al., 2011) showed that
the prevalence of GDM peaked in the 30-34 age group and declined in the group who aged
over 35. Similarly, in the current study, the highest incidence of GDM was observed in the
35.0-39.9 age group instead of the 40.0-50.0 age group. Of note, the observations in both
studies were based on much fewer pregnancies and GDM cases identified in the oldest age
group compared with other age groups. This might explain the inconsistency between the two
studies and other studies.

Like previous studies (Anna et al., 2008; Dabelea et al., 2005b; Ferrara et al., 2004),

the present study found that the incidence of GDM was higher among Asian women than
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Table 9. Odds ratio for type 2 diabetes according to different follow-up times after delivery*

Participants, n Incident DM case, n Person-years Incidence rate/1,000 Incidence rate ratio Odds Ratio¥
person-years GDM/Non-GDM
Non-GDM GDM Non-GDM GDM Non-GDM GDM Non-GDM GDM Non-GDM GDM
GDM <1.0y 538 149 108 77 505 96 213.9 802.1 3.75 1.00 5.31(3.43-8.23)
GDM 1.0-39y 3,131 366 202 119 10,033 965 20.1 123.3 6.13 1.00 6.86 (5.14-9.14)
GDM 4.0-59y 2,553 158 174 44 14,537 826 12.0 53.3 4.44 1.00 4.92 (3.27-7.39)
GDM 6.0-79y 3,020 166 171 29 23,174 1,215 7.4 23.9 3.23 1.00 3.41(2.17-5.36)
GDM 8.0-9.9y 3,477 135 158 32 33,575 1,235 4.7 25.9 551 1.00 4.81 (3.06-7.57)
GDM >10.0y 6,137 168 254 26 81,879 2,166 31 12.0 3.87 1.00 3.54 (2.24-5.58)

*DM: diabetes mellitus, GDM: gestational diabetes mellitus.

tAdjusted for age, smoking, income, BMI, systolic blood pressure and race.
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among White women and African American women. This race difference of GDM risk
cannot be fully explained by the difference in age, family income, BMI, and smoking among
races. A recent combined analysis of 7,414 Asian American and 140,291 non-Hispanic White
adults indicated that Asian Indians, Chinese, and Filipinos were each more likely to develop
diabetes than non-Hispanic Whites (Oza-Frank et al., 2009). It has been hypothesized that
Asians have higher adiposity per unit BMI compared with other race/ethnic groups, leading
to an increased risk of type 2 diabetes at lower BMI (WHO expert consultation, 2004).
Besides adiposity, poor medical care, short stature and genetic factors may also contribute to
the higher GDM incidence in Asian women.(Anastasiou et al., 1998; Chu et al., 2009; Groop
and Orho-Melander, 2001; Jang et al., 1998) The difference of GDM rate between non-
Hispanic Whites and African Americans is inconsistent in the literature. Several studies,
including the current one,(Chu et al., 2009; Getahun et al., 2008a; Williams et al., 1999)
found the GDM rate was lower in African Americans as compared with Whites, while others
reported the opposite findings.(Dabelea et al., 2005b; Esakoff et al., 2005b; Rosenberg et al.,
2005b) However, the reason for such discrepancy is unclear and certainly deserves further
investigations.

Our results are consistent with previous studies and are in the same magnitude of the
risk estimates: women with a history of GDM have an overall of 5.7-fold increased risk of
type 2 diabetes compared with non-GDM women after the index pregnancy. Therefore,
adequate emphasis should be attached to preventing type 2 diabetes in women with a history
of GDM in Louisiana.

Although several studies assessing the association between a history of GDM and
type 2 diabetes included mixed ethnic origin subjects (Feig et al., 2008; Gunderson et al.,
2007; Lee et al., 2007; Vambergue et al., 2008), no previous study has compared the relative

risk of developing future type 2 diabetes between African American women and White
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women with a history of GDM. In the current study, African American women with a history
of GDM were more prone to developing subsequent type 2 diabetes than White women with
a history of GDM, which may partly explain the much higher prevalence of diabetes in
African American women than that of White women (Cowie et al., 2009) even though the
rate of GDM is a little lower in African American women than in White women (Getahun et
al., 2008b). This is also supported by our data which indicated that the incident rate of type 2
diabetes was similar in African American and White women who did not have a history of
GDM.

In the current study, parous women with a history of GDM had a marked risk of
progressing to diabetes: 802.1 incident rate per 1000 person-years over the subsequent year,
and 53.3-123.3 incident rate per 1000 person-years over the following 1-5 years, which is in
line with the finding from others that the cumulative incidence of type 2 diabetes increased
markedly in the first 5 years postpartum (Kim et al., 2002). However, there is no sign of
plateau after 10 years (12.0 incident rate per 1000 person-years). This may be partly
explained by different duration of follow-up, different definition of cohort, ethnic variation as
well as difference in diagnosis criteria of GDM and type 2 diabetes. Nevertheless, our results
provide important data to suggest the cost-effectiveness interventions among women with a

history of GDM may need to be introduced as early as possible postpartum.
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SUMMARY AND CONCLUSION

In the current study, in women served by the LSUHCSD hospitals, the incidence of
GDM increased in most years from 1997 to 2009 (from 5.8% to 7.5%) and reached a peak in
2002 (8.3%). GDM has become an important public health problem, particularly among
women aged 35.0-39.9 years. Furthermore, in this cohort, a history of GDM is a strong
predictor of incident type 2 diabetes later in life. African American women with a history of
GDM showed a higher relative risk for incident type 2 diabetes than White women with a
history of GDM. Therefore, more effort should be put into planning and implementation of
effective prevention and control strategies for GDM in Louisiana especially in the middle and
low income women. A lifestyle intervention targeting women, especially for African
American women, with a history of GDM may be effective in reducing the burden of type 2

diabetes in Louisiana.

31



REFERENCES

Aberg, A.E., Jonsson, E.K., Eskilsson, I., Landin-Olsson, M., Frid, A.H., (2002) . Predictive
factors of developing diabetes mellitus in women with gestational diabetes. Acta Obstet
Gynecol Scand 81, 11-16.

ADA, (2003) . Gestational diabetes mellitus. Diabetes Care 26 Suppl 1, S103-105.

ADA, (2011). Standards of medical care in diabetes--2011. Diabetes Care 34 Suppl 1, S11-
61.

Agarwal, M., Dhatt, G., Punnose, J., Koster, G., (2005) . Gestational diabetes: dilemma
caused by multiple international diagnostic criteria. Diabetic Medicine 22, 1731-1736.

Al Mahroos, S., Nagalla, D., Yousif, W., Sanad, H., (2005) . A population-based screening
for gestational diabetes mellitus in non-diabetic women in Bahrain. Annals of Saudi medicine
25, 129.

Albareda, M., Caballero, A., Badell, G., Piguer, S., Ortiz, A., de Leiva, A., Corcoy, R.,
(2003) . Diabetes and abnormal glucose tolerance in women with previous gestational
diabetes. Diabetes Care 26, 1199-1205.

Alberti, K.G., Zimmet, P.Z., (1998) . Definition, diagnosis and classification of diabetes
mellitus and its complications. Part 1: diagnosis and classification of diabetes mellitus
provisional report of a WHO consultation. Diabet Med 15, 539-553.

Aljohani, N., Rempel, B., Ludwig, S., Morris, M., McQuillen, K., Cheang, M., Murray, R.,
Shen, G., (2008) . Gestational diabetes in Manitoba during a twenty-year period. Clinical &
Investigative Medicine 31, E131.

Anastasiou, E., Alevizaki, M., Grigorakis, S.J., Philippou, G., Kyprianou, M., Souvatzoglou,
A., (1998). Decreased stature in gestational diabetes mellitus. Diabetologia 41, 997-1001.

Anna, V., van der Ploeg, H.P., Cheung, N.W., Huxley, R.R., Bauman, A.E., (2008).
Sociodemographic Correlates of the Increasing Trend in Prevalence of Gestational Diabetes
Mellitus in a Large Population of Women Between 1995 and 2005. Diabetes Care 31, 2288-
2293.

32



Barnard, P., Bloebaum., L., (2003). An Overview of Gestational Diabetes Mellitus in Utah.
Utah Department of Health.

Bellamy, L., Casas, J.P., Hingorani, A.D., Williams, D., (2009) . Type 2 diabetes mellitus
after gestational diabetes: a systematic review and meta-analysis. Lancet 373, 1773-1779.

Berkowitz, G.S., Lapinski, R.H., Wein, R., Lee, D., (1992) . Race/ethnicity and other risk
factors for gestational diabetes. Am J Epidemiol 135, 965-973.

Carpenter, M.W., Coustan, D.R., (1982). Criteria for screening tests for gestational diabetes.
Am J Obstet Gynecol 144, 768-773.

Carr, D.B., Heckbert, S.R., Utzschneher, K.M., Boyko, E.J., Hull, R.L., Fujimoto, W.Y .,
Tong, J., Kahn, S.E., Wallace, T.M., Kodama, K., Shofer, J.B., (2006) . Gestational diabetes
mellitus increases the risk of cardiovascular disease in women with a family history of type 2
diabetes. Diabetes Care 29, 2078-2083.

Chandna, A., Zuberi, L., Munim, S., (2006) . Threshold values for the glucose challenge test
in pregnancy. International Journal of Gynaecology and Obstetrics 94, 119-120.

Chen, Y., Quick, W.W., Yang, W., Zhang, Y., Baldwin, A., Moran, J., Moore, V., Sahai, N.,
Dall, T.M., (2009). Cost of gestational diabetes mellitus in the United States in 2007. Popul
Health Manag 12, 165-174.

Cheung, N.W., Byth, K., (2003). Population health significance of gestational diabetes.
Diabetes Care 26, 2005-2009.

Cho, P., (2008) . Prevalence of Diabetes During Pregnancy in Georgia. Georgia
Epidemiology Report 24.

Cho, Y.M., Kim, T.H., Lim, S., Choi, S.H., Shin, H.D., Lee, H.K,, Park, K.S., Jang, H.C.,
(2009) . Type 2 diabetes-associated genetic variants discovered in the recent genome-wide

association studies are related to gestational diabetes mellitus in the Korean population.
Diabetologia 52, 253-261.

Chodick, G., Elchalal, U., Sella, T., Heymann, A.D., Porath, A., Kokia, E., Shalev, V.,
(2010) . The risk of overt diabetes mellitus among women with gestational diabetes: a
population-based study. Diabet Med 27, 779-785.

Chu, S.Y., Abe, K., Hall, L.R., Kim, S.Y., Njoroge, T., Qin, C., (2009) . Gestational diabetes
mellitus: All Asians are not alike. Prev Med 49, 265-268.

33



Cowie, C.C., Rust, K.F., Ford, E.S., Eberhardt, M.S., Byrd-Holt, D.D., Li, C., Williams, D.E.,
Gregg, E.W., Bainbridge, K.E., Saydah, S.H., Geiss, L.S., (2009) . Full accounting of

diabetes and pre-diabetes in the U.S. population in 1988-1994 and 2005-2006. Diabetes Care
32, 287-294.

Dabelea, D., (2007). The predisposition to obesity and diabetes in offspring of diabetic
mothers. Diabetes Care 30 Suppl 2, S169-174.

Dabelea, D., Snell-Bergeon, J., Hartsfield, C., Bischoff, K., Hamman, R., McDuffie, R.,
(2005a) . Increasing prevalence of gestational diabetes mellitus (GDM) over time and by
birth cohort. Diabetes care 28, 579.

Dabelea, D., Snell-Bergeon, J.K., Hartsfield, C.L., Bischoff, K.J.,, Hamman, R.F., McDuffie,
R.S., (2005b) . Increasing prevalence of gestational diabetes mellitus (GDM) over time and

by birth cohort - Kaiser permanente of Colorado GDM screening program. Diabetes Care 28,
579-584.

Di Cianni, G., Ghio, A., Resi, V., Volpe, L., (2010). Gestational diabetes mellitus: an
opportunity to prevent type 2 diabetes and cardiovascular disease in young women. Womens
Health (Lond Engl) 6, 97-105.

Di Cianni, G., Volpe, L., Lencioni, C., Miccoli, R., Cuccuru, 1., Ghio, A., Chatzianagnostou,
K., Bottone, P., Teti, G., Del Prato, S., (2003). Prevalence and risk factors for gestational
diabetes assessed by universal screening. Diabetes research and clinical practice 62, 131-137.

Dooley, S., Metzger, B., Cho, N., (1991) . Gestational diabetes mellitus. Influence of race on
disease prevalence and perinatal outcome in a US population. Diabetes 40, 25-29.

Dornhorst, A., Rossi, M., (1998) . Risk and prevention of type 2 diabetes in women with
gestational diabetes. Diabetes Care 21 Suppl 2, B43-49.

Ecker, J.L., Greene, M.F., (2008) . Gestational diabetes--setting limits, exploring treatments.
N Engl J Med 358, 2061-2063.

Eddy, D.M., Schlessinger, L., Kahn, R., (2005) . Clinical outcomes and cost-effectiveness of
strategies for managing people at high risk for diabetes. Annals of Internal Medicine 143,
251-264.

Esakoff, T., Cheng, Y., Caughey, A., (2005a). Screening for gestational diabetes: Different
cut-offs for different ethnicities? American journal of obstetrics and gynecology 193, 1040-
1044,

34



Esakoff, T.F., Cheng, Y.W., Caughey, A.B., (2005b) . Screening for gestational diabetes:
different cut-offs for different ethnicities? Am J Obstet Gynecol 193, 1040-1044.

Expert Committee on the Diagnosis and Classification of Diabetes Mellitus, (1997). Report
of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. Diabetes
Care 20, 1183-1197.

Feig, D.S., Zinman, B., Wang, X., Hux, J.E., (2008) . Risk of development of diabetes
mellitus after diagnosis of gestational diabetes. CMAJ 179, 229-234.

Ferrara, A., Hedderson, M.M., Quesenberry, C.P., Selby, J.V., (2002) . Prevalence of
gestational diabetes mellitus detected by the national diabetes data group or the carpenter and
coustan plasma glucose thresholds. Diabetes Care 25, 1625-1630.

Ferrara, A., Kahn, H.S., Quesenberry, C.P., Riley, C., Hedderson, M.M., (2004) . An increase
in the incidence of gestational diabetes mellitus: Northern California, 1991-2000. Obstet.
Gynecol. 103, 526-533.

Flegal, K.M., Carroll, M.D., Ogden, C.L., Curtin, L.R., (2010). Prevalence and Trends in
Obesity Among US Adults, 1999-2008. Jama-Journal of the American Medical Association
303, 235-241.

Genuth, S., Alberti, K., Bennett, P., Buse, J., DeFronzo, R., Kahn, R., Kitzmiller, J., Knowler,
W.C., Lebovitz, H., Lernmark, A., Nathan, D., Palmer, J., Rizza, R., Saudek, C., Shaw, J.,
Steffes, M., Stern, M., Tuomilehto, J., Zimmet, P., (2003) . Follow-up report on the diagnosis
of diabetes mellitus. Diabetes Care 26, 3160-3167.

Getahun, D., Nath, C., Ananth, C.V., Chavez, M.R., Smulian, J.C., (2008a) . Gestational
diabetes in the United States: temporal trends 1989 through 2004. American Journal of
Obstetrics and Gynecology 198.

Getahun, D., Nath, C., Ananth, C.V., Chavez, M.R., Smulian, J.C., (2008b) . Gestational
diabetes in the United States: temporal trends 1989 through 2004. Am J Obstet Gynecol 198,
525 e521-525.

Gokeel, A., Bagis, T., Killicadag, E.B., Tarim, E., Guvener, N., (2002) . Comparison of the
criteria forgestational diabetes mellitus by NDDG and Carpenter and Coustan, and the
outcomes of pregnancy. J Endocrinol Invest 25, 357-361.

35



Green, J.R., Pawson, I.G., Schumacher, L.B., Perry, J., Kretchmer, N., (1990) . Glucose
tolerance in pregnancy: ethnic variation and influence of body habitus. Am J Obstet Gynecol
163, 86-92.

Groop, L., Orho-Melander, M., (2001) . The dysmetabolic syndrome. J Intern Med 250, 105-
120.

Gunderson, E.P., Lewis, C.E., Tsai, A.L., Chiang, V., Carnethon, M., Quesenberry, C.P., Jr.,
Sidney, S., (2007). A 20-year prospective study of childbearing and incidence of diabetes in
young women, controlling for glycemia before conception: the Coronary Artery Risk
Development in Young Adults (CARDIA) Study. Diabetes 56, 2990-2996.

Hedley, A.A., Ogden, C.L., Johnson, C.L., Carroll, M.D., Curtin, L.R., Flegal, K.M., (2004).
Prevalence of overweight and obesity among US children, adolescents, and adults, 1999-2002.
Jama 291, 2847-2850.

Herman, W.H., Hoerger, T.J., Brandle, M., Hicks, K., Sorensen, S., Zhang, P., Hamman, R.F.,
Ackermann, R.T., Engelgau, M.M., Ratner, R.E., (2005). The cost-effectiveness of lifestyle
modification or metformin in preventing type 2 diabetes in adults with impaired glucose
tolerance. Ann Intern Med 142, 323-332.

Hospitals., L.D.o.H.a., (2009). The Louisiana State Plan for the Prevention and Treatment of
Heart Diease and Stroke 2007-2012.

Indiana State Department of Health, (2009). Indiana Facts at a Glance. Indiana State
Department of Health.

Jang, H.C., Min, H.K., Lee, H.K., Cho, N.H., Metzger, B.E., (1998). Short stature in Korean
women: a contribution to the multifactorial predisposition to gestational diabetes mellitus.
Diabetologia 41, 778-783.

Jensen, D., M Isted-Pedersen, L., Beck-Nielsen, H., Westergaard, J., Ovesen, P., Damm, P.,
(2003) . Screening for gestational diabetes mellitus by a model based on risk indicators: a
prospective study. American journal of obstetrics and gynecology 189, 1383-1388.

Jung, B., (2008) . Gestational Diabetes Mellitus Surveillance in Connecticut Issue Brief
Connecticut Department of Health.

Kieffer, E.C., Carman, W.J., Gillespie, B.W., Nolan, G.H., Worley, S.E., Guzman, J.R.,
(2001) . Obesity and gestational diabetes among African-American women and Latinas in

36



Detroit: implications for disparities in women's health. J Am Med Womens Assoc 56, 181-
187, 196.

Kim, C., Newton, K.M., Knopp, R.H., (2002) . Gestational diabetes and the incidence of type
2 diabetes: a systematic review. Diabetes Care 25, 1862-1868.

Knowler, W.C., Barrett-Connor, E., Fowler, S.E., Hamman, R.F., Lachin, J.M., Walker, E.A.,
Nathan, D.M., (2002) . Reduction in the incidence of type 2 diabetes with lifestyle
intervention or metformin. N Engl J Med 346, 393-403.

Ko, G., Tam, W., Chan, J., Rogers, M., (2002) . Prevalence of gestational diabetes mellitus in
Hong Kong based on the 1998 WHO criteria. Diabetic Medicine 19, 80.

Krishnaveni, G.V., Hill, J.C., Veena, S.R., Geetha, S., Jayakumar, M.N., Karat, C.L., Fall,
C.H., (2007). Gestational diabetes and the incidence of diabetes in the 5 years following the
index pregnancy in South Indian women. Diabetes Res Clin Pract 78, 398-404.

Lauenborg, J., Grarup, N., Damm, P., Borch-Johnsen, K., Jorgensen, T., Pedersen, O.,
Hansen, T., (2009). Common type 2 diabetes risk gene variants associate with gestational
diabetes. J Clin Endocrinol Metab 94, 145-150.

Lauenborg, J., Mathiesen, E., Hansen, T., Glumer, C., Jorgensen, T., Borch-Johnsen, K.,
Hornnes, P., Pedersen, O., Damm, P., (2005). The prevalence of the metabolic syndrome in a
danish population of women with previous gestational diabetes mellitus is three-fold higher
than in the general population. J Clin Endocrinol Metab 90, 4004-4010.

Lawrence, J.M., Contreras, R., Chen, W., Sacks, D.A., (2008) . Trends in the prevalence of
preexisting diabetes and gestational diabetes mellitus among a racially/ethnically diverse
population of pregnant women, 1999-2005. Diabetes Care 31, 899-904.

Lee, A.J., Hiscock, R.J., Wein, P., Walker, S.P., Permezel, M., (2007) . Gestational diabetes
mellitus: clinical predictors and long-term risk of developing type 2 diabetes: a retrospective
cohort study using survival analysis. Diabetes Care 30, 878-883.

Lloyd, J., (2010) . Heart Disease and Stroke Statistics-2010 Update: A Report From the
American Heart Association (vol 121, pg e46, 2010). Circulation 121, E260-E260.

Lockwood, C., (2008) . Oregon Progress Report on Diabetes. Oregon Diabetes Coalition.

37



Maegawa, Y., Sugiyama, T., Kusaka, H., Mitao, M., Toyoda, N., (2003). Screening tests for
gestational diabetes in Japan in the 1st and 2nd trimester of pregnancy. Diabetes research and
clinical practice 62, 47-54.

Murgia, C., Berria, R., Minerba, L., Malloci, B., Daniele, C., Zedda, P., Ciccotto, M.G., Sulis,
S., Murenu, M., Tiddia, F., Manai, M., Melis, G.B., (2006) . Gestational diabetes mellitus in
Sardinia: results from an early, universal screening procedure. Diabetes Care 29, 1713-1714.

Murphy, N., Bulkow, L., Schraer, C., Lanier, A., (1993). Prevalence of diabetes mellitus in
pregnancy among Yup'ik Eskimos, 1987-1988. Diabetes care 16, 315.

National Diabetes Data Group, (1979). Classification and diagnosis of diabetes mellitus and
other categories of glucose intolerance. National Diabetes Data Group. Diabetes 28, 1039-
1057.

Noussitou, P., Monbaron, D., Vial, Y., Gaillard, R., Ruiz, J., (2005) . Gestational diabetes
mellitus and the risk of metabolic syndrome: a population-based study in Lausanne,
Switzerland. Diabetes & metabolism 31, 361-369.

O'Sullivan, J.B., (1991). Diabetes mellitus after GDM. Diabetes 40 Suppl 2, 131-135.

O'Sullivan, J.B., Mahan, C.M., (1964). Criteria for the Oral Glucose Tolerance Test in
Pregnancy. Diabetes 13, 278-285.

Ostlund, 1., Hanson, U., (2004) . Repeated random blood glucose measurements as universal
screening test for gestational diabetes mellitus. Acta Obstet Gynecol Scand 83, 46-51.

Oza-Frank, R., Ali, M.K., Vaccarino, V., Narayan, K.M., (2009) . Asian Americans: diabetes
prevalence across U.S. and World Health Organization weight classifications. Diabetes Care
32, 1644-1646.

Page, M., (2003). The Burden of Diabetes in the Sooner State. Oklahoma State Department
of Health.

Pedula, K.L., Hillier, T.A., Schmidt, M.M., Mullen, J.A., Charles, M.A., Pettitt, D.J., (2009).
Ethnic differences in gestational oral glucose screening in a large US population. Ethn Dis 19,
414-419.

Pennison, E.H., Egerman, R.S., (2001) . Perinatal outcomes in gestational diabetes: a
comparison of criteria for diagnosis. Am J Obstet Gynecol 184, 1118-1121.

38



Pennsylvania Department of Health, (2010). The Burden of Diabetes in Pennsylvania.
Pennsylvania Department of Health.

Poyhonen-Alho, M.K., Teramo, K.A., Kaaja, R.J., Hiilesmaa, V.K., (2005). 50gram oral
glucose challenge test combined with risk factor-based screening for gestational diabetes. Eur
J Obstet Gynecol Reprod Biol 121, 34-37.

Ramadhani, T., Canfield, M., Waller, D., Case, A., (2004) . Medical records vs. interview
responses: A comparative analysis of selected variables for linked birth defect cases. Birth
Defects Research Part A: Clinical and Molecular Teratology 70, 592-596.

Ratner, R.E., Christophi, C.A., Metzger, B.E., Dabelea, D., Bennett, P.H., Pi-Sunyer, X.,
Fowler, S., Kahn, S.E., (2008) . Prevention of diabetes in women with a history of gestational
diabetes: effects of metformin and lifestyle interventions. J Clin Endocrinol Metab 93, 4774-
4779.

Retnakaran, R., Qi, Y., Sermer, M., Connelly, P.W., Zinman, B., Hanley, A.J., (2009).
Comparison of National Diabetes Data Group and American Diabetes Association diagnostic
criteria for gestational diabetes in their identification of postpartum risk of glucose
intolerance. Diabetes Res Clin Pract 85, 40-46.

Rettig, B., (2003). The Burden of Diabetes in Nebraska. Nebraska Diabetes Prevention and
Control Program.

Rosenberg, T., Garbers, S., Lipkind, H., Chiasson, M., (2005a) . Maternal obesity and
diabetes as risk factors for adverse pregnancy outcomes: differences among 4 racial/ethnic
groups. American journal of public health 95, 1545.

Rosenberg, T.J., Garbers, S., Lipkind, H., Chiasson, M.A., (2005b) . Maternal obesity and
diabetes as risk factors for adverse pregnancy outcomes: differences among 4 racial/ethnic
groups. Am J Public Health 95, 1545-1551.

Savitz, D.A., Janevic, T.M., Engel, S.M., Kaufman, J.S., Herring, A.H., (2008) . Ethnicity
and gestational diabetes in New York City, 1995-2003. BJOG 115, 969-978.

Schmidt, M., Duncan, B., Reichelt, A., Branchtein, L., Matos, M., Costa e Forti, A., Spichler,
E., Pousada, J., Teixeira, M., Yamashita, T., (2001) . Gestational diabetes mellitus diagnosed
with a 2-h 75-g oral glucose tolerance test and adverse pregnancy outcomes. Diabetes Care
24, 1151.

39



Schmidt, M., Matos, M., Reichelt, A., Forti, A., de Lima, L., Duncan, B., (2000) . Prevalence
of gestational diabetes mellitusfido the new WHO criteria make a difference? Diabetic
Medicine 17, 376-380.

Shen, J.J., Tymkow, C., MacMullen, N., (2005). Disparities in maternal outcomes among
four ethnic populations. Ethn Dis 15, 492-497.

Tanir, H., Sener, T., G,rer, H., Kaya, M., (2005). A ten-year gestational diabetes mellitus
cohort at a university clinic of the mid-Anatolian region of Turkey. Clinical and experimental
obstetrico & gynecology 32, 241-244.

Taryn Hall, Dorothy Gohdes, Carrie S. Oser, g., Helen Amundson, Todd S. Harwell, Steven
D. Helegerson, (2008). Diabetes: The Burden in Montana. Montana Department of Public
Health and Human

Services.

Thorpe, L.E., Berger, D., Ellis, J.A., Bettegowda, V.R., Brown, G., Matte, T., Bassett, M.,
Frieden, T.R., (2005). Trends and racial/ethnic disparities in gestational diabetes among
pregnant women in New York City, 1990-2001. Am J Public Health 95, 1536-1539.

Tuomilehto, J., Lindstrom, J., Eriksson, J.G., Valle, T.T., Hamalainen, H., llanne-Parikka, P.,
Keinanen-Kiukaanniemi, S., Laakso, M., Louheranta, A., Rastas, M., Salminen, V., Uusitupa,
M., (2001). Prevention of type 2 diabetes mellitus by changes in lifestyle among subjects
with impaired glucose tolerance. N Engl J Med 344, 1343-1350.

U.S.CensusBureau, (2000). U.S. Interim Projections by Age, Sex, Race, and Hispanic Origin:
2000-2050. http://www.census.gov/population/www/projections/usinterimproj/.

Vambergue, A., Dognin, C., Boulogne, A., Rejou, M.C., Biausque, S., Fontaine, P., (2008).
Increasing incidence of abnormal glucose tolerance in women with prior abnormal glucose
tolerance during pregnancy: DIAGEST 2 study. Diabet Med 25, 58-64.

Weijers, R., Bekedam, D., Oosting, H., (1998) . The prevalence of type 2 diabetes and
gestational diabetes mellitus in an inner city multi-ethnic population. European journal of
epidemiology 14, 693-699.

WHO, (1985) . Diabetes mellitus. Report of a WHO Study Group. World Health Organ Tech
Rep Ser 727, 1-113.

WHO, (2000). Obesity: preventing and managing the global epidemic. Report of a WHO
consultation. World Health Organ Tech Rep Ser 894, i-xii, 1-253.

40


http://www.census.gov/population/www/projections/usinterimproj/

WHO Consultation, (1999). Definition, diagnosis and classification of diabetes mellitus and
its complications. Part 1: diagnosis and classification of diabetes mellitus. World Health
Organisation, Geneva.

WHO expert consultation, (2004) . Appropriate body-mass index for Asian populations and
its implications for policy and intervention strategies. Lancet 363, 157-163.

WHO/IDF Consultation, (2006). Definition and diagnosis of diabetes mellitus and
intermediate hyperglycemia: report of a WHO/IDF consultation. World Health
Organisation/International Diabetes Federation, Geneva.

Williams, M.A., Emanuel, I., Kimpo, C., Leisenring, W.M., Hale, C.B., (1999). A
population-based cohort study of the relation between maternal birthweight and risk of
gestational diabetes mellitus in four racial/ethnic groups. Paediatr Perinat Epidemiol 13, 452-
465.

Wise, B., Taylor, H., (2002). THE BURDEN OF DIABETES IN WEST VIRGINIA. West
Virgina Diabetes Control Program.

Yapa, M., Simmons, D., (2000). Screening for gestational diabetes mellitus in a multiethnic
population in New Zealand. Diabetes research and clinical practice 48, 217-223.

Zargar, A., Sheikh, M., Bashir, M., Masoodi, S., Laway, B., Wani, A., Bhat, M., Dar, F.,
(2004) . Prevalence of gestational diabetes mellitus in Kashmiri women from the Indian
subcontinent. Diabetes research and clinical practice 66, 139-145.

Zhang, F., Dong, L., Zhang, C.P., Li, B., Wen, J., Gao, W., Sun, S., Lv, F., Tian, H.,
Tuomilehto, J., Qi, L., Zhang, C.L., Yu, Z., Yang, X., Hu, G., (2011). Increasing prevalence
of gestational diabetes mellitus in Chinese women from 1999 to 2008. Diabet Med 28, 652-
657.

41



APPENDIX: IRB FORM

LOUISIANA STATE UNIVERSITY SYSTEM

I; Pennington Biomedical Research Center

PBRCIRB FWA 00006218 ACTION ON PROTOCOL APPROVAL REQUEST
TO: Gang Hu, Ph. D.

FROM; Paula J. Geiselman, Ph.D., Chairman
PBRC Institutional Review Board for Research with Human Subjects

RE: IRB #PBRC 29035 DATE: November 19, 2010

Title: Gestational Diabetes, Type 2 Diabetes, Cardiovascular Diseases and Death: The
Relationship, the Course, and the Opportunity for Prevention.

New Protocol/Modification: Continuing Review ,
Continuing Review Report 10/28/10; Study Summary; Protocol, No Informed Consent with this study — Limited Data Set.

Review Type: Full X Expedited Review Date: November 17, 2010

Approved _ X Disapproved

Date of Approval: _November 17,2010 Approval Expiration Date: November 16, 2011

Re-review frequency: (annual unless otherwise stated) Continuing Review report due: 9/30/11
Number of subjects approved: N/A - Limited Data Set

By: Paula Geiselman, Ph. D., IRB Chair Signature > 2

Continuing Approval is CONDITIONAL on:

1. Adherence to the approved protocol, familiarity with and adherence to the ethical standards of
the Belmont Report and PBRC’s Assurance of Compliance with DHHS regulations for the protection
of human subjects.

2. Prior approval of a change in protocol, including an increased number of volunteers over that
approved. :
3. Obtaining renewed approval (or submittal of a termination report), prior to the approval

expiration date, upon request by the IRB Office (regardless of when the project actually begins};
notification of project termination.

4. Retention of documentation of informed consent and study records for at least 3 years after the
study ends.

5. Continuing attention to the physical and psychological weil-being and informed consent of the
individual participants including notification of new information that might affect consent.

6. A prompt report to the IRB of any adverse event affecting a participant and potentially arising
from the study.

7. Notification of the IRB of a serious compliance failure.
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VITA

Yujie Wang was born in Chongqing, People’s Republic of China. She is the only daughter
of Kaihua Wang and Minfeng Gao. Yujie received her Bachelor of Science Degree in
Pharmacy in July 2003 from Chongging Medical University, China. From 2003 to 2005, she
worked in the Pharmacy Department of Chongging Medical University as an Assistant
Experimentalist. She was the only graduate selected to work in the department that year. In
2005, she was successfully admitted into a master program in pharmaceutics in Shanghai Jiao
Tong University based on her excellent performance in the national entrance examination for
master degree and her work experience. During her two-and-a-half year study, she
participated in research projects, involving method development for the quality control of an
important botanical drug under development. Yujie began a master’s program in the spring of
2010 at Louisiana State University in the School of Human Ecology with a concentration in
human nutrition and food. She is also a member of Phi Kappa Phi. After graduation, Yujie

will continue working in nutritional epidemiology field.

43



