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WOMEN WITH PRE-EXISTING DIABETES 

 

By 
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August 2014 

Chair: Almut G. Winterstein 
Major: Pharmaceutical Sciences 

 

Research exploring the risk of anti-diabetic agents on obstetric outcomes in 

diabetic women is limited. To enhance the utility of Medicaid Analytic eXtract (MAX) 

data for epidemiologic research in pregnancy, we validated a Medicaid Case ID number 

algorithm to link mothers and infants, and identified factors that influenced linkage. We 

described longitudinal trends and determinants of initiation of anti-diabetic treatment in 

the first trimester, and estimated the risk of obstetric outcomes (preterm birth, cesarean 

section delivery, preeclampsia) in pre-existing diabetic women treated with anti-diabetic 

agents in the first trimester of pregnancy.  

We established retrospective cohorts of pregnant women, age 12 to 55 years 

with continuous Medicaid eligibility before and during pregnancy from 29 US states in 

MAX. Using linear regression, we estimated the prevalence of pre-existing diabetes, 

anti-diabetic use, and secular trends across the study period (2000-2006). We used 

logistic regression models to identify characteristics associated with initiation of anti-
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diabetic agents in the first trimester. Logistic regression and Cox proportional hazard 

models estimated the risk of obstetric outcomes.   

3.6% of the 1,226,025 pregnancies in the pregnancy cohort had pre-existing 

diabetes. The utilization cohort included 658,485 deliveries with 2.4% prevalence of 

diabetes. The most commonly used anti-diabetics during pregnancy were insulin, 

metformin, sulfonylureas, and thiazolidinediones. Maternal characteristics associated 

with initiation of anti-diabetic agents in the first trimester were older age (women older 

than 40 years vs 20-29 years, odds ratio 1.60; 95% CI: 1.39, 1.84), and a diagnosis of 

hypertension (1.18; 95% CI: 1.05, 1.34).  

Compared to metformin, the adjusted odds ratio of preterm birth was 2.05 

(95%CI: 1.09, 3.83) for sulfonylureas and 2.59 (95% CI: 1.61, 4.17) for insulin. 

Deliveries exposed to insulin in the first trimester had 42% (95% CI: 1.08,1.85) higher 

odds of cesarean section delivery compared first trimester metformin exposure. The 

adjusted hazard ratio for sulfonylureas was 0.61 (95% CI: 0.36, 1.04) as compared to 

metformin. 

This study emphasizes the increasing prevalence of pre-existing diabetes in 

pregnancy. It points to diverse risk profiles of anti-diabetic agents when considering 

different obstetric outcomes, highlighting the need for further research to optimize 

treatment of pre-existing diabetes during pregnancy.  
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CHAPTER 1 
 INTRODUCTION 

 
Background 

In 2010, approximately 11% of women in the United States (US) aged 20 years 

or older had either diagnosed or undiagnosed diabetes.1 Diabetes mellitus is one of the 

most common medical conditions to complicate pregnancy.2-7 The general treatment of 

diabetes outside of pregnancy requires balancing complicated drug and dietary 

regimens. Pregnancy further increases the complexity of managing this chronic disease, 

as the developing fetus alters women’s insulin sensitivity in both diabetic and non-

diabetic women.  Pre-existing diabetes in pregnancy is associated with perinatal and 

neonatal morbidity and mortality, as well as increased risk of adverse outcomes for the 

mother including pregnancy induced hypertension, coronary artery disease, cesarean 

section delivery, and postpartum hemorrhage.2-12  

The management of glycemic levels in pregnancy is largely dependent on 

diabetes type and severity. Poorly controlled diabetes is linked to major birth defects, 

spontaneous abortions, and stillbirths, attributed to both hyperglycemia and 

hypoglycemia. The proper maintenance of glycemic levels is particularly critical during 

the early stages of pregnancy, because the first trimester is crucial for the development 

of fetal organs.2,13-16  It is therefore generally accepted by prescribers that acquiring and 

sustaining glucose control in diabetic women prior to conception is essential,17 because 

many women are unaware of their pregnancy until well into the first trimester.  

Research suggests the risk of adverse pregnancy outcomes in women with pre-

existing type 2 diabetes may actually be higher than in women with type 1 diabetes.2,15 

In the last 20 years, great strides have been made in improving pregnancy outcomes of 
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type 1 diabetic women. However, with the emergence of the diabetes epidemic, type 2 

diabetes has developed as a prominent chronic condition seen in pregnancy with lesser 

evidence and guidance on its management.2,3,11,18  

Need for Study 

Under the Code of Federal Regulations (CFR), pregnant women require 

additional protection in research (45CFR46.202). They are considered a vulnerable 

population in need of special consideration by the approving Institutional Review Board 

(IRB) to ensure the safety of the mother and fetus included in the study. For this reason, 

it is common practice to exclude pregnant women, fetuses, and neonates from 

randomized clinical trials. Drug effectiveness and safety studies for pregnant women are 

largely dependent on post-marketing observational studies and prospective drug 

registries. However, few pregnancy registries have the ability to study rare outcomes of 

pregnancy due to small sample size or incomplete patient data (lack of medication or 

medical history). Furthermore, no pregnancy registry curentley follows women with pre-

existing diabetes (particularly focusing on type 2 diabetic women). 

When retrospectively studying medication outcomes in pregnancy, it is generally 

required for researchers to employ multiple databases. The ideal way of linking multiple 

databases is to utilize unique patient identifiers, such as social security numbers (SSN). 

However, such unique identifiers have become increasingly difficult to employ because 

of stringent regulations regarding the use of identifiable information in research.  In the 

Medicaid Analytic eXtract (MAX) database, the state-assigned Medicaid Case ID 

number identifies family units.  This variable allows for the possible unique linkage of 

mothers to infants, which enables researchers to follow an entire pregnancy, including 

pregnancy outcomes, within one database. Furthermore, established mother-infant 
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pairs can be then linked to other databases using either the mother or child and thus, 

enhancing linkage performance.  Research using the Medicaid Case ID number is 

however limited, and prior research has not demonstrated the reliability or validity of the 

Medicaid Case ID number variable in uniquely linking mothers to infants.  

Little evidence exists regarding the safety of oral agents during pregnancy. The 

research that has been conducted on glucose management during pregnancy focuses 

on gestational diabetes, 14,19-22 and congenital malformations.7,23 Important clinical 

questions remain unanswered concerning the potential of adverse outcomes for both 

the mother and infant if glucose levels during pregnancy are uncontrolled. Presently, 

there are no comparative safety studies available that address the safety of oral anti-

diabetic agents use in pregnancy, with respect to obstetric outcomes such as cesarean 

section deliveries, preterm delivery or preeclampsia.  

Understanding the impact of oral anti-diabetic agent use on obstetric outcomes in 

light of the increasing prevalence of type 2 diabetes mellitus may help improve safety 

and effectiveness of treatment regimens. This will ultimately result in a healthier 

mothers and infants and more efficient use of health care resources. Moreover, 

because most studies do not assess the potential independent effects of anti-diabetic 

agents, it remains unclear to what extent poor obstetric outcomes are due to factors 

intrinsic to the disease state itself, to drugs used to treat the disease or to a combination 

of both. 

Purpose of Study 

This research aimed to explore the impact of anti-diabetic agents on adverse 

obstetric outcomes. The management of diabetes in pregnancy is dependent on the 

type and severity of the disease. Unlike type 1 diabetes management, management of 
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type 2 diabetes may be limited to life-style modifications, utilization of oral anti-diabetic 

agents, and/or insulin.  In order to investigate the safety of oral anti-diabetic agents 

used during pregnancy, we first identified the utilization pattern and explored the 

characteristics of women who used and/or initiated oral agents during pregnancy.  

To conduct this research we established and validated an algorithm within the 

MAX database that linked mothers to infants, maximizing the utility of administrative 

claims data in population-based pregnancy research. This linkage will make an 

important contribution to pregnancy research, as it enhances the evaluation of 

pregnancy outcomes even after delivery by providing access to the health information of 

both mother and child. 

This is to our knowledge, the first comparative safety study addressing the 

association of oral anti-diabetic agents and adverse obstetric outcomes. Evidence 

suggests a strong correlation between diabetes and adverse obstetric outcomes, but 

the extent to which these complications can be reduced through drug treatment 

interventions is unknown.23  

Research Questions and Hypotheses 

This dissertation is comprised of four parts. A statistical significance level of 0.05 

is assumed for α in all statistical hypothesis testing. The null hypothesis and alternative 

hypothesis are represented by H0 and HA, respectively.  

Part I: Validation of Mother-Infant Linkage Using the Medicaid Case ID Number 
Variable within the Medicaid Analytic eXtract Database 

Research Question 1a: Is the Case ID number variable in the Medicaid Analytic 

eXtract database able to link mothers to infants? 
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Hypothesis 1a-1: HA: The Case ID number variable has poor sensitivity (i.e. 

≤50%) in identifying linked mother-infant pairs. H0: The Case ID number variable is 

sensitive in identifying linked mother-infant pairs. 

Hypothesis 1a-2: HA: The Case ID number variable has poor specificity (i.e. 

≤90%) in identifying linked mother-infant pairs. H0: The Case ID number variable is 

specific in identifying linked mother-infant pairs. 

Research Question 1b: Can varying the Medicaid eligibility window of the 

mother increase the sensitivity and specificity of linking by Case ID number variable? 

Hypothesis 1b1: HA: Sensitivity of the linkage at  3, 6, 9, 12 or 15 continuous 

months before delivery for maternal Medicaid eligibility is significantly greater than 

sensitivity at the minimum requirement of one-month eligibility at delivery. H0: There is 

no significant difference.  

Hypothesis 1b-2: HA: Specificity of the linkage at 3, 6, 9,12, or 15 continuous 

months before delivery for maternal Medicaid eligibility is significantly greater than 

specificity at the minimum requirement of one-month eligibility at delivery. H0: There is 

no significant difference. 

Research Question 1c: Can varying the Medicaid eligibility window of the infant 

increase the sensitivity and specificity of linking by Case ID number variable? 

Hypothesis 1c-1: HA: Sensitivity of the linkage at birth, 1, 3, 6, 9, or 12 

continuous months after birth for infant Medicaid eligibility is significantly higher than 

sensitivity at the minimum requirement of one-month eligibility any month during the 

study period. H0: There is no significant difference.  
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Hypothesis 1c-2: HA: Specificity of the linkage at birth, 1, 3, 6, 9, or 12 

continuous months after birth for infant Medicaid eligibility is significantly higher than 

specificity at the minimum requirement of one-month eligibility any month during the 

study period. H0: There is no significant difference  

Research Question 1d: What are the determinants of a successful mother-

infant link? 

Part II: Epidemiology of Pre-existing Diabetes in Pregnancy from 2000-2006 
among Medicaid Patients in 29 US States 

Research Question 2a: What is the overall prevalence of pre-existing diabetes 

in pregnant women? 

Research Question 2b: What is the annual prevalence of pre-existing diabetes 

in pregnant women from 2000 to 2006? 

Part III: Utilization of Anti-diabetic Agents in Pregnancy from 2000-2006 among 
Medicaid Patients in 29 US States 

Research Question 3a: What are the overall trends in the utilization of anti-

diabetic agents before and during pregnancy in women with pre-existing diabetes? 

Research Question 3b: What are the annual trends in the utilization of anti-

diabetic agents before and during pregnancy in women with pre-existing diabetes from 

2000 to 2006? 

Research Question 3c: What factors predict the initiation of anti-diabetic agents 

during the first trimester of pregnancy in women with pre-existing diabetes? 

Part IV: Comparative Safety of Anti-diabetic aAgents in Pregnancy 

Research Question 4: What is the comparative safety of selected anti-diabetic 

agents used during the first trimester of pregnancy in terms of obstetric outcomes 
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(preterm birth, cesarean section delivery, or preeclampsia) in pregnant women with pre-

existing diabetes?  

Hypothesis 4-1a: HA: Sulfonylureas are associated with an increased risk when 

compared to metformin concerning cesarean selection delivery. H0: Sulfonylureas are 

not associated with an increased risk when compared to metformin concerning 

cesarean selection delivery. 

Hypothesis 4-1b: HA: Sulfonylureas are associated with an increased risk when 

compared to metformin concerning preterm birth. H0: Sulfonylureas are not associated 

with an increased risk when compared to metformin concerning preterm birth. 

Hypothesis 4-1c: HA: Sulfonylureas are associated with an increased risk when 

compared to metformin concerning preeclampsia. H0: Sulfonylureas are not associated 

with an increased risk when compared to metformin concerning preeclampsia. 

Hypothesis 4-2a: HA: Thiazolidinediones are associated with an increased risk 

when compared to metformin concerning cesarean selection delivery. H0: 

Thiazolidinediones are not associated with an increased risk when compared to 

metformin concerning cesarean selection delivery. 

Hypothesis 4-2b: HA: Thiazolidinediones are associated with an increased risk 

when compared to metformin concerning preterm birth. H0: Thiazolidinediones not are 

associated with an increased risk when compared to metformin concerning preterm 

birth. 

Hypothesis 4-2c: HA: Thiazolidinediones are associated with an increased risk 

when compared to metformin concerning preeclampsia. H0: Thiazolidinediones are not 



 

21 

associated with an increased risk when compared to metformin concerning 

preeclampsia. 

Hypothesis 4-3a: HA: The combination of thiazolidinediones and metformin 

therapy are associated with an increased risk when compared to the combination 

sulfonylureas and metformin therapy concerning cesarean selection delivery. H0: The 

combination of thiazolidinediones and metformin therapy are not associated with an 

increased risk when compared to the combination sulfonylureas and metformin therapy 

concerning cesarean selection delivery. 

Hypothesis 4-3b: HA: The combination of thiazolidinediones and metformin 

therapy are associated with an increased risk when compared to the combination 

sulfonylureas and metformin therapy concerning preterm birth. H0: The combination of 

thiazolidinediones and metformin therapy are not associated with an increased risk 

when compared to the combination sulfonylureas and metformin therapy concerning 

preterm birth. 

Hypothesis 4-3c: HA: The combination of thiazolidinediones and metformin 

therapy are associated with an increased risk when compared to the combination 

sulfonylureas and metformin therapy concerning preeclampsia. H0: The combination of 

thiazolidinediones and metformin therapy are not associated with an increased risk 

when compared to the combination sulfonylureas and metformin therapy concerning 

preeclampsia. 
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CHAPTER 2 
LITERATURE REVIEW 

 
Diabetes Mellitus 

Diabetes mellitus (DM) is a common metabolic condition that imposes a large 

burden of morbidity and mortality on the individuals afflicted by this chronic disease. It is 

characterized by the manifestation of hyperglycemia due to a shortage in the production 

or secretion of insulin, the reduced tissue response to insulin, or both.24-26 Diabetes has 

reached epidemic levels in both developed and developing countries around the 

world.27,28 Within the United States (US), the prevalence of diabetes continues to grow 

with the number of people diagnosed with diabetes in 2010 estimated at over 26 million 

Americans. 27  

In 2012, the total cost of diabetes was approximately $245 billion, with $176 

billion in direct medical costs to treat diabetes, $105 billion in general medical costs, and 

$44 billion in prescription cost to treat diabetes-related chronic complications.29  Current 

estimates project that by 2025 one in three adults in the US will have diabetes.1 Thus, 

diabetes directly or indirectly, affects almost everyone in the US. Prevention of diabetes 

and its associated health care utilization is important to minimize morbidity and 

mortality, as well as the enormous economic burden associated with this chronic 

condition.  

Diagnosis and Classification of Diabetes Mellitus 

Until recently, the diagnosis of diabetes was based solely on plasma glucose 

criteria, including fasting plasma glucose levels (FPG) or the 75-g oral glucose tolerance 

test (OGTT).24,26,30-32 The standardization of glycated hemoglobin test (HbA1C) assay 

testing via methods certified by the National Glycohemoglobin Standardization Program 
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(NGSP) or the Diabetes Control and Complication Trial (DCCT), led to universal 

acceptance of A1C testing for diagnostic purposes.26 The criteria for the diagnosis of 

diabetes include the following: A1C ≥ 6.5% via certified methods, FPG ≥ 126 mg/dl, 2-

hour OGTT ≥200 mg/dl, or a person who presents with symptoms of hyperglycemia with 

a random plasma glucose measurement of at least 200 mg/dl.26,30 The American 

Diabetes Association strongly suggests the confirmation of a diabetes diagnosis with 

repeat testing, to minimize the potential for laboratory error.26,30  

There are four clinical classes of diabetes mellitus: (1) type 1 diabetes, (2) type 2 

diabetes, (3) other specific types of diabetes, and (4) gestational diabetes mellitus 

(GDM).24,26,30 It is important to note that some people cannot be clearly classified as 

type 1 or type 2 diabetic and some people may actually have both type 1 and 2 

diabetes.30  Type 1 diabetes, previously known as juvenile-onset diabetes or insulin-

dependent diabetes, occurs when there is autoimmune β-cell destruction of the 

pancreas that typically results in absolute insulin deficiency.26,30 People with type 1 

diabetes usually have autoantibodies, such as islet cell autoantibodies or autoantibodies 

to insulin, when initially diagnosed.26 It accounts for 5 to10% of individuals with 

diabetes.1,26  

Type 2 diabetes, previously known as adult-onset or non-insulin dependent 

diabetes, occurs when people have insulin resistance due to progressive insulin 

secretory defects.26,30 Type 2 diabetics, unlike type 1diabetics, do not need insulin 

treatment to survive the earlier stages of the disease. The risk of developing type 2 

diabetes is associated with obesity, age, and level of physical activity. Type 2 diabetes 

accounts for 90% to 95% of the disease and is frequently undiagnosed for many years 
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because the symptoms of hyperglycemia develop slowly.1,26  Other types of diabetes 

may result from infections, drugs, genetic defects, or endocrine disorders.24 Gestational 

diabetes (GDM) occurs in pregnant women, without a previous diagnosis of diabetes. 

Typically, it is diagnosed between 24 and 28 weeks gestation, using a 75-g 2-h OGTT 

of ≥153 mg/dl.24  

Diabetes Mellitus in Pregnancy 

Diabetes mellitus is one of the most common medical conditions that complicate 

pregnancy.2-7 Until the 1980s physicians usually advised against conception in women 

with pre-existing diabetes because of the severe adverse outcomes related to diabetic 

pregnancies. Today, diabetic pregnancies have a better prognosis due to the improved 

understanding of the disease and available treatment options. Despite these advances, 

it is still associated with perinatal and neonatal morbidity and mortality, and adverse 

outcomes for the mother.11,33 Studies have shown that pregnant diabetic women are at 

increased risk for: preterm labor, pregnancy induced hypertension, coronary artery 

disease, cesarean section delivery and postpartum hemorrhage.2,7-9,34  

 With the emergence of the diabetes epidemic, type 2 diabetes has only recently 

developed as the most prominent chronic condition seen in pregnancy, with most of the 

current available information about the impact of diabetes on pregnancy outcomes 

stemming from studies on type 1 or gestational diabetes.2,3,11,18 Research suggests  the 

risk of adverse pregnancy outcomes in women with pre-existing type 2 diabetes may be 

higher than in women with type 1 diabetes.2,15 Furthermore, while pregnancy outcomes 

of type 1 diabetic women have greatly improved, limited information about the safety 

and efficacy of the various treatment options for type 2 diabetes is available.  
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Use of Anti-diabetic Agents in Pregnancy 

Studies have linked poor management of diabetes in the first trimester to major 

birth defects, spontaneous abortions, and stillbirths.2,13-16 Therefore, it is generally 

accepted by physicians that acquiring and sustaining glucose control in diabetic women 

prior to conception is vital.17 Despite this well-established paradigm, one study found 

that more than 40% of women with pre-existing diabetes have difficulty managing their 

glycemic control before pregnancy, and more than 60% of women have maintenance 

issues during pregnancy.35-38 

The management of glycemic control in pregnancy is largely dependent on the 

type of diabetes and severity of the disease.  While type 1 diabetes management 

requires insulin and thus leaves little choice during pregnancy, managing type 2 

diabetes in its earlier stages may include life-style modifications, single or combination 

treatment of oral anti-diabetic agents, and/or insulin.  In general, the use of insulin to 

treat type 2 diabetes mellitus during pregnancy is accepted and recommended as safe 

and effective in achieving normal blood glucose levels.39,40 Currently, insulin is the only 

drug approved for management of diabetes during pregnancy by the Food and Drug 

Administration (FDA).41,42 However, insulin is difficult to administer because of the 

requirement for multiple daily injections. Furthermore, hypoglycemia occurs in 71% of 

women who use insulin during their pregnancy.43  

Formerly, oral anti-diabetic agents were not recommended to be given during 

pregnancy.42,44 However, the high risk of hypoglycemia associated with insulin use and 

the growing prevalence of type 2 diabetes, which can be managed with oral anti-

diabetic agents in its early stages, has changed drug utilization patterns. As a result, 

treatment regimens of pregnant women with pre-existing or gestational diabetes now 
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incorporate the use of oral anti-diabetic agents. This change is embraced by many 

women and prescribers, as it is believed that oral agents increase adherence to 

treatment because of the ease of the treatment regimen (e.g. no injections and no 

refrigeration needed).45 These advantages notwithstanding, the increase in use of oral 

anti-diabetic agents raises various questions related to safety and effectiveness of these 

agents during pregnancy. 

Metformin 

Metformin was first approved in the US in 1995 and is the only biguanide 

available in the US market today.46 Metformin improves insulin sensitivity by reducing 

insulin concentrations and fasting plasma glucose.43,46-49 Unless contraindicated (i.e. 

individuals with reduced kidney function), guidelines recommend initiation of metformin 

and lifestyle interventions at the time of diagnosis of type 2 diabetes.30 There are a 

variety of additional positive metabolic outcomes attributed to the use of metformin, 

including weight reduction, improvement of lipid profile, and positive vascular 

effects.30,46,49 Furthermore, improvements in insulin sensitivity have been shown to 

restore ovulation in cases of polycystic ovary syndrome (PCOS), a co-morbid condition 

commonly seen in type 2 diabetic women.50  

Metformin is used in combination therapy with other oral anti-diabetic classes or 

insulin or as mono-therapy and is classified under pregnancy category B (Table 2-1).51 

A major concern in the use of metformin during pregnancy is its ability to cross the 

placenta, thereby increasing the risk of neonatal hypoglycemia.  It has been 

hypothesized that, since it acts as an insulin sensitizer for peripheral tissue rather than 

an insulin analogue, metformin is less likely to affect fetal and neonate metabolism.52 

Additionally, several studies have shown that maternal glycemic control plays a large 
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role in neonatal hypoglycemia after delivery.53-58 These studies did not find an increased 

risk of congenital anomalies in infants born to mothers treated with metformin, 

compared to those treated with insulin.53-58  

There are additional concerns in the use of metformin to maintain glycemic 

control. Outside of pregnancy, the risk of hypoglycemia in a diabetic patient treated with 

metformin ranges from 0% to over 20%  when compared to other oral anti-diabetic 

agents.59 Although mild, the adverse risks associated with metformin are especially 

important for pregnant diabetic women because varying glycemic control is associated 

with an increased risk of congenital anomalies.11,60-63   

A systematic review of 216 controlled trials and cohort studies noted that 

metformin was typically associated with more gastrointestinal side effects (i.e. 

flatulence, diarrhea, nausea, abdominal cramping, and vomiting) when compared to 

other oral anti-diabetic agents.59 The most serious potential side effect of metformin use 

is lactic acidosis, which can be fatal.64  The rate of lactic acidosis in metformin users is 

reported to be between 0-9 cases per 100,000 person years.47,65-68 Although rare, the 

possible occurrence of lactic acidosis still influences the treatment strategies in patients 

with type 2 diabetes. 

Several studies that have evaluated the safety and efficacy of metformin during 

pregnancy are noteworthy.19,53-55 The MiG trial was the first clinical trial to investigate 

the comparative safety of metformin in pregnancy.19 This trial provided evidence that 

metformin is non-inferior to insulin in relation to neonatal safety (e.g. neonatal 

hypoglycemia, respiratory distress, birth trauma, or preterm birth).19 Furthermore, a 
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meta-analysis of eight studies found no evidence of increased risk of birth defects when 

metformin was taken in the first trimester of pregnancy.69 

However, several studies also indicate that there are potential drawbacks to the 

use of metformin in pregnant women.  An analysis of a small consecutive sample of 25 

type 2 diabetic women in Demark found that women treated with metformin during the 

first trimester of pregnancy had an increased prevalence of preeclampsia when 

compared to women treated with insulin.70 The increase risk of preeclampsia was also 

observed in another Danish study of 118 women with gestational diabetes or type 2 

diabetes treated with oral anti-diabetic agents for varying periods of their pregnancy.21 

However, there was no difference  in pregnancy-induced hypertension, placental 

abruption or cesarean section rates in women treated with metformin compared to 

insulin users. 21   

Overall, several metformin safety studies have been completed in women with 

polycystic ovarian syndrome or gestational diabetes investigating neonatal outcomes 

(including congenital malformations).19,53,56,69,71 However, few studies include women 

with pre-existing diabetes, or distinguish between pre-existing and gestational 

diabetes.14,19-22 There is a gap in the literature regarding obstetric outcomes (preterm 

birth, cesarean section delivery, or preeclampsia) as primary safety endpoints.  

Sulfonylureas 

Sulfonylureas have been successfully used to treat type 2 diabetes for almost 50 

years.46 They decrease blood glucose levels by stimulating insulin secretion in the 

pancreas and increasing insulin sensitivity in peripheral tissues.43,46 Second-generation 

sulfonylureas, including glyburide, gliclazide, glipizide, and glimepiride, entered the 

market in the1970s and are still commonly used today.41,46   
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Sulfonylureas were the initial anti-diabetic agents prescribed for newly diagnosed 

type 2 diabetics, but lost market share after the introduction of metformin, in parts 

because weight gain is a common undesirable side-effect of sulfonylureas.46 Therefore, 

these drugs are not recommended for overweight or obese patients. Sulfonylureas can 

be used with other classes of anti-diabetic agents, except other insulin secretagogues.46 

Research suggests that adding a second anti-diabetic drug class is typically more 

effective than increasing the sulfonylurea dose in patients with insufficient glycemic 

control.72  Using sulfonylureas in combination with insulin can decrease insulin 

requirements by 40-50%, and decrease fasting blood glucose and HbA1c.46,73,74 

Sulfonylureas should always be introduced at a low dose and blood glucose levels 

should be carefully monitored due to the increased risk of hypoglycemia.43 

The pregnancy categorization of sulfonylureas is not uniform (Table 2-1). First-

generation sulfonylureas (tolbutamide and chlorpropamide) are contraindicated in 

pregnancy as they are known to cross the placenta and can adversely affect fetal 

metabolism.52 Second-generation sulfonylureas (glyburide) have received significant 

attention in recent years for the treatment of gestational diabetes. Although a definitive 

conclusion has yet to be made, second-generation sulfonylureas are believed to cross 

the placenta to a much lesser extent than first-generation sulfonylureas.20,45,75 

   Several studies have found no harmful effects and report acceptable glycemic 

control with the use of second-generation sulfonylureas during pregnancy.20,76-78 Among 

this class of drugs, glyburide has been determined to be a clinically effective alternative 

to insulin in women with gestational diabetes in a randomized clinical trial.20 This trial did 

not find an increase in fetal complications in women who used glyburide in the second 
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and third trimesters of pregnancy compared with women who used insulin.20 However, 

this clinical trial may have been underpowered to prove equivalence in perinatal 

outcomes, especially in women with pronounced hyperglycemia.79 

A retrospective study in a large managed care organization compared the use of 

glyburide with insulin for the treatment of gestational diabetes in women who were 

unresponsive to diet therapy.76 This study also found that glyburide was at least as 

effective as insulin in obtaining glycemic control and normal birth weights, but resulted 

in an increased risk of preeclampsia.76 The authors suggested that this finding deserves 

further investigation, as this was the first report of adverse pregnancy outcomes with the 

use of glyburide.22,76  

No clinical trials have been conducted on glyburide use in pregnant women with 

type 2 diabetes.79 There is a noticeable gap in the evidence on the safety and efficacy 

of sulfonylureas use in pregnancy.20,52,80  

Thiazolidinedione (TZDs) 

Thiazolidinediones (TZDs) improve whole-body insulin sensitivity through the 

stimulation of a nuclear receptor, peroxisome proliferator-activated receptor-ˠ (PPAR- 

ˠ).45,46 Like metformin, TZDs require sufficient availability of insulin to generate a 

significant lowering of blood glucose.46 TZDs were first introduced to the US market in 

1997 with troglitazone, which was subsequently withdrawn from the market in 2000 due 

to fatal events of idiosyncratic hepatotoxicity.46 Pioglitazone and rosiglitazone were 

brought to the US market in 1999, and are still used today, even though rosiglitazone’s 

utilization has dropped significantly after it was associated with major cardiovascular 

events.41,46 TZDs are typically used as second line therapy when a patient fails to obtain 

glycemic control using metformin or  sulfonylureas.30 This class of drugs can be used as 
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mono-therapy in non-obese type 2 diabetes, or in combination with variety of other oral 

anti-diabetic agents (e.g. metformin or glimepiride). Combination therapy of insulin with 

TZDs is a possible treatment option; however, caution is suggested with this regimen. 

TZDs are also manufactured in combination preparations of TZD plus metformin or 

glimepiride (i.e. Avandamet ®, Avandaryl ®, Actoplus Met ®, Actoplus Met XR ®, and 

Duetact®). In general, TZDs are well tolerated, but caution is suggested in people with 

active liver disease or heart failure.46   

The literature recommends prudence in diabetic women with PCOS because 

TZDs have been found to cause ovulation in women with hyperandrogenism and 

chronic anovulation.46,81 The treatment of anovulation and improvement of obstetric 

outcomes has typically defaulted to metformin.56,57,82,83 Recently, studies have shown 

that TZDs stimulate ovulation, indicating a potential to serve as an alternative treatment 

choice when metformin is intolerable due to gastrointestinal side effects. 46,81,84 The use 

of TZDs in pregnancy is considered experimental, as no controlled data are available 

regarding its use during pregnancy. The only available study is a case series that 

investigated the safety of rosiglitazone, by observing eight women with PCOS who were 

unable to tolerate metformin.84 The women elected to continue the use of rosiglitazone 

during the first 12 weeks of pregnancy. All of the pregnancies ended in term deliveries, 

with no congenital malformations or pregnancy complications reported.   

The FDA categorizes TZDs as pregnancy category C (Table 2-1). The reported 

use and safety of TZDs during pregnancy is limited to a small number of case reports 

and cases series that include a negligible sample of women exposed to TZDs during 

pregnancy.84-86 In 2004, the first case of inadvertent exposure in the first trimester to 
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rosiglitazone was reported. Upon the discovery of pregnancy, the type 2 diabetic 

woman was switched to regular insulin after the 8th week of gestation for the duration of 

her pregnancy. She gave birth to a healthy baby via cesarean section delivery at 36 

weeks gestation.85 The second case occurred in a woman only exposed to rosiglitazone 

for the first 3 weeks of her second trimester of pregnancy.  She was switched to regular 

insulin in the 17th week of gestation and at 37 weeks gestation, gave birth to a healthy 

boy by cesarean section delivery.86 Lastly, the third case occurred in a newly diagnosed 

type 2 diabetic woman (6 diabetic months history), who was exposed to rosiglitazone in 

the first 8 weeks of pregnancy. 87 She also switched to regular insulin when her 

pregnancy was diagnosed and vaginally delivered a health boy at 40 weeks gestation.87    

In 2005, researchers identified 31 women who planning surgical termination of 

pregnancy between 8 and 12 weeks gestation.88 Each woman received two doses of 

rosiglitazone before the procedure. Next, the fetal tissue, coelomic fluids, and amniotic 

fluids were tested for the concentration of rosiglitazone. The authors concluded that the 

risk of placental transfer of rosiglitazone is much higher in pregnancies at 10 or more 

gestation weeks.88 Rosiglitazone was detectable in only two of the amniotic fluid 

samples, even though it was found in 19 samples of the fetal tissue, suggesting that 

fetuses may have the capability to metabolize rosiglitazone. 88     

There is a scarce amount of research available on the safety of TZD use during 

pregnancy. No studies have looked at the utilization or safety of both rosiglitazone and 

pioglitazone in pre-existing diabetics during pregnancy.  
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Obstetric Outcomes 

Preterm Birth 

In general, births occurring prior to 37 completed weeks of gestation are 

considered preterm births. Since 1990, the rate of preterm birth has risen by 21%, and 

in 2006, the preterm birth rate was estimated at 12.8% of all US births.89-91 Preterm birth 

is associated with high rates of infant morbidity including bronchopulmonary dysplasia, 

congenital heart disease, anemia, jaundice, hypoglycemia, and infection.91  About 75% 

of perinatal deaths occur in preterm infants, with the majority of deaths occurring in 

infants born at less than 32 weeks gestation.92 

There are three general obstetric causes of preterm birth: maternal or fetal 

conditions, spontaneous preterm labor, or preterm premature rupture of the membranes 

(PPROM).93 Black women have higher rates of preterm births when compared to white 

women (16-18% v. 5-9%).93 Other maternal demographic characteristics associated 

with preterm birth include single marital status, both low and high maternal age, and low 

education and socioeconomic status.93 Obese women are more likely to have an infant 

with a birth defect and are at increased risk of preterm delivery.93,94 Diabetes, 

hypertension, or obesity frequently persists within pregnancies that end in a preterm 

delivery.    

Pre-existing diabetes is associated with an increased risk of preterm delivery.42 A 

retrospective study conducted in singleton pregnancies found that pre-existing diabetes 

was associated with a 19.4% incidence of preterm birth with an adjusted odds ratio 

(OR) of 2.4 (95% CI: 1.9-3.0).95 The MiG trial suggested that women with gestational 

diabetes who were treated with metformin had an unadjusted relative risk (RR) of 1.60 

(95% CI: 1.02-2.52) for preterm birth.19 In contrast, a clinical trial conducted in women 
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with gestational diabetes found no statistically significant difference in risk of preterm 

birth in the women treated with metformin compared to glyburide.96 Furthermore, a 

retrospective study performed in a subset of women treated with glyburide or insulin for 

gestational diabetes found no difference in risk of preterm birth in mothers exposed to 

glyburide.97 Importantly, most of the available studies investigated the risk of preterm 

birth in gestational diabetic women, and it was typically a secondary outcome.19,76,95-97      

Cesarean Section Delivery 

For years, cesarean delivery rates have created interest as a clinical measure of 

quality of care and health outcomes. This interest stems from increased maternal 

morbidity (e.g. thromboembolic events) and mortality, large cost, and lack of data 

indicating better perinatal outcomes associated with this surgical procedure.98-101 

Cesarean section deliveries are the most common major surgical procedure for women 

in the US. In 2009, 33.5% of the hospital stays associated with childbirth, in women 

aged 15-44 years old, were due to cesarean section deliveries.99  

Studies have shown that the primary cesarean section delivery rates varied 

directly with socioeconomic status, institutional type, race/ethnicity, and type of 

practitioner.98,99,102  Several other maternal and birth characteristics were found to be 

independent risk factors for cesarean section deliveries, including maternal age (≥35 

years old), non-Hispanic African-Americans race, parity, and medical (e.g. anemia, 

renal disease, cardiac disorder, chronic diabetes, gestational diabetes, lung disease, 

chronic hypertension, pregnancy induced hypertension, and genital herpes) and 

pregnancy-related complications (e.g. eclampsia, preeclampsia, breech, placental 

abruption, placenta previa, and hydramnios).99,101-103  
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The prevalence of cesarean section delivery is consistently higher in pre-existing 

diabetic pregnancies than in non-diabetic pregnancies.42,99 Cesarean delivery rates are 

reported to be 3 to 5 times higher in women with pre-existing diabetes than in non-

diabetic pregnancies.23,104 Limited information is available on the independent risks 

associated with cesarean section deliveries in diabetic women. It is believed that risk 

increases with the presence of diabetes complications; however, no study has explored 

the independent risk of oral anti-diabetic agents as a primary safety outcome.  

Preeclampsia 

Preeclampsia is defined as the new onset of hypertension and proteinuria 

occurring after the 20th week of gestation.105 Preeclampsia can be classified into early 

on-set and late onset. Early onset is associated with more severe maternal and 

neonatal outcomes (e.g. fetal growth restriction (FGR), eclampsia, or cardiovascular 

disease).106 On the other hand, late onset is correlated with a milder disease state and a 

lower risk of adverse neonatal outcomes. Regardless of onset, preeclampsia is a 

serious complication of pregnancy estimated to affect between 2-5% of all pregnancies 

and endangers the health of both the mother and infant.105,106 Furthermore, between 

1990 and 1999 the rate of preeclampsia has increased over 40%.107  

Several known risk factors for preeclampsia include a history of preeclampsia, 

nulliparity, new paternity, age, race, obesity, multiplet pregnancy, chronic hypertension, 

chronic kidney disease, lupus, rheumatoid arthritis, and chronic or gestational 

diabetes.107-109 A population based study in Sweden found that preeclampsia and 

pregnancy induced hypertension occurred 3-4 times more frequently in women with pre-

existing diabetes than in non-diabetic women.110 A study conducted in the United 



 

36 

Kingdom  followed 182 pregnancies of women with type 2 diabetes and found that 

preeclampsia was two times more common in diabetic than non-diabetic women.23  

Two small observational studies found that women treated with metformin during 

the first trimester of pregnancy had an increased prevalence of preeclampsia when 

compared to women treated with insulin.21,70 Similar findings were reported by a cohort 

study that compared glyburide to insulin (12% vs. 6%, p=0.02).76 Finally, a clinical trial 

conducted in women with gestational diabetes found no difference in the incidence of 

preeclampsia in the women treated with glyburide compared to metformin (4% vs. 2.7%, 

p>0.5).96  

Overall, the small number of published studies were conducted in small samples 

with limited ability to explore the association between oral anti-diabetic agents used in 

pre-existing diabetics during pregnancy and the risk of preeclampsia.  
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Table 2-1.  Safety and teratogenicity classification for use of selected oral anti-diabetic 
agents during pregnancy and lactation. a 

Drug class Mechanism 
of action 

Medication 
 (brand name)  

Pregnancy 
class 

b,c
 

Lactation  Fetal 
exposure 

Biguanides Reduce 
hepatic 
glucose 
production 

Metformin 
(Glucophage XR®, 
Carbophage SR®, 
Riomet®, Fortamet®, 
Glumetza®, Obimet®, 
Gluformin®, Dianben®, 
Diabex®, and 
Diaformin®) 

B Unsafe Crosses 
placenta 

Sulfonylureas Increases 
insulin 
secretion  

Glipizide  
(Glucotrol®) 

C Unsafe Crosses 
placenta 

Glyburide  
(DiaBeta®, Glynase®, 
Micronase®) 

B Unsafe Crosses 
placenta 

Glimepiride  
(Amaryl®) 

C Unsafe Crosses 
placenta 

Thiazolidinediones Enhances insulin 
sensitivity 

Rosiglitazone 
 (Avandia®) 

C Safety 
unknown  

Crosses 
placenta 

Pioglitazone 
 (Actos®) 

C Safety 
unknown  

Unknown 

a 
Data from the table are composed from the FDA drug-prescribing guidelines from the Physician’s Desk 

Reference.  
b
 Category B: Animal studies have indicated no evidence of harm to the fetus, but there are no adequate 

and well-controlled studies in pregnant women. Or animal studies have shown an adverse effect, but 

adequate and well-controlled studies in pregnant women have failed to demonstrate a risk to the fetus.
51

 
c
 Category C: Animal studies have indicated an adverse effect and there are no adequate and well-

controlled studies in pregnant women. Or no animal studies have been conducted and there are no 

adequate and well-controlled studies in pregnant women.
51
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CHAPTER 3 
METHODS 

 
There are four parts of our analysis. In part I, we aimed to establish and validate 

an algorithm with the Medicaid database to link mothers to infants. In part II, we 

examined the prevalence of pre-existing diabetes in pregnant women (overall and 

secular trends). In part III, we determined the anti-diabetic utilization drug pattern before 

and during pregnancy in women with live births. In the final part of this analysis (part IV), 

we evaluated the safety of the most commonly utilized drug classes of anti-diabetic 

agents in women with pre-existing diabetes in the first trimester of pregnancy in terms of 

risk of obstetric outcomes.  

Data Sources 

This study utilized two data sources. The first included Medicaid administrative 

claims data that was supplied by the Centers for Medicare and Medicaid Services 

(CMS), in the form of the Medicaid Analytic eXtract (MAX) database for 29 US states 

from 1999 to 2006 (Figure 3-1). The second data source included Vital Birth Certificate 

Records (BCR) from Florida, which was one of the states for which MAX data was 

available. MAX data contains enrollment information and the final action claims for all 

Medicaid beneficiaries. This included eligibility, inpatient claims, outpatient claims, 

pharmacy claims, long-term care claims, and the date of death auxiliary file. The patient 

summary file contains patient demographic and eligibility information, collected for every 

beneficiary enrolled for at least one day during the year. MAX also supplied SSN and 

Medicaid ID numbers, which allowed linkage to the BCR data. The BCR provided 

clinical parameters concerning the birth, such as gestational age and a comprehensive 

medical and social history obtained through parent self-report. 
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Medicaid Analytic eXtract (MAX) 

The Medicaid Analytic eXtract (MAX) data used in this study included Medicaid 

fee-for-service (FFS) data from 29 US states for 1999-2006: Alabama, Arkansas, 

Florida, Georgia, Iowa, Idaho, Illinois, Indiana, Kansas, Louisiana, Massachusetts, 

Maryland, Minnesota, Missouri, Mississippi, North Carolina, Nebraska, New, 

Hampshire,  New Jersey, New York, Ohio, Pennsylvania, South Carolina, Tennessee, 

Texas, Virginia,  Vermont, Wisconsin, and West Virginia. These states were included 

because of low managed care penetration and high Medicaid enrollment numbers, as 

reported by the Centers for Medicare and Medicaid Services (CMS). We restricted the 

analysis to beneficiaries who received care through for fee-for-service (FFS) or primary 

care case management programs. This restriction assures comprehensive access to all 

medical claims that were reimbursed by Medicaid.  Furthermore, FFS data went quality 

and validity checks in MAX data, whereas encounter data (as submitted by providers 

under capitated arrangements) did not.111 

Criticism surrounding the use of Medicaid data in epidemiologic research 

includes the limited generalizability to higher-income individuals and the limited clinical 

and socio-demographic information (as available in medical charts or through 

prospective data ascertainment), which can result in unmeasured confounding. 

However, Medicaid, as a health care utilization database, offers a number of 

advantages for studies of medications in pregnancy when compared to registries and 

prospective cohort studies.112,113 First, Medicaid data facilitated establishing a large 

population-based cohort, allowing for the study of rare outcomes, which is particularly 

relevant for many maternal and neonatal safety or effectiveness studies. MAX data 

provided detail of all pharmacy-dispensed and Medicaid reimbursed medications, which 
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minimized exposure classification errors and resulting biases, such as recall bias 

through parental self-report. In addition, MAX data are available at relatively low cost 

compared to the expense associated with prospective data collection.  

Medicaid covers 12% of US adult women of reproductive age ( 

Figure 3-2).114,115 It is the largest payer of maternity related health services, 

covering 4 in 10 births across the US, and in several states paying for more than half of 

total births (Figure 3-3).116-118 Pregnancy related and neonatal hospitalizations make up 

almost 50% of all hospitalizations covered by Medicaid.119 Depending on state, income 

eligibility limits for pregnant women in Medicaid range from 133% of the federal poverty 

level (FPL) to 300%  of FPL.90,115,116 Forty-two states and Washington DC provide 

continuous coverage during the course of pregnancy, including the first 60 days post-

partum.116  

Internal Validity 

Medicaid prescription drug claims are consistent over time, complete, and have a 

high proportion of valid National Drug Codes (NDC) (used in the US to identify drug, 

strength and dose of dispensed medications in claims data).120 It has also been 

concluded that gross miscoding in MAX is rare, and occurs less often in in-patient 

claims than in out-patient claims.120 Hennessy et al. (2003) examined several general 

categories for potential data errors including: the completeness of claims (inpatient, 

outpatient, prescription drug) for certain time periods, incomplete hospitalization data for 

beneficiaries over 65 years old, and diagnostic codes.121 The authors identified a 

varying degree of completeness for in-patient and prescriptions claims. Limited gaps in 

out-patient claims suggested satisfactory completeness, however the authors caution 

that the suggestion of completeness in out-patient claims requires further examination 
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because there was no external reference for the data.121 Furthermore, the authors 

highlighted the need for macro-level descriptive analyses when using Medicaid data to 

assure data quality.121  

Diagnostic codes used in in- and out-patient claims may contain a number of 

errors that can influence code accuracy.122 Identifying potential sources of coding bias 

and validating the codes can strengthen the interpretations and conclusions made by 

researchers. Oftentimes, researchers rely on multiple diagnoses or procedure codes to 

operationalize an outcome or exposure. A number of studies have validated diagnoses 

claims based algorithms for several different disease states. Pertinent to this study, the 

proposed algorithm to identify diabetes mellitus was validated in several administrative 

databases, including Medicare and the HMO Research Network (sensitivity: 50.1-

74.4%, specificity: 99.3-99.4%, PPV: 91%-92.9%).123-125  

In addition, studies in administrative claims databases have validated some of 

the outcomes employed in this study (i.e. preterm birth and preeclampsia).126-128 In a 

validation study of hospital discharge codes, the PPV for specific forms of preeclampsia 

and eclampsia ranged from 41.7% to 84.8%.128 Andrade et al. found that the overall 

PPV for preterm birth was 87% (ICD-9-CM codes: 644.21,765.0-765.28).126 Margulis et 

al. developed and validated algorithms to estimate the gestational age at birth based on 

ICD-9-CM codes identified in administrative claims.129 We modified this algorithm, to 

use only maternal claims, and validated an algorithm to identify premature delivery 

(sensitivity: 46.0%, specificity: 97.0% and PPV 72.8%) in the Florida and Texas Vital 

Birth Certificates and MAX databases (Appendix: Preterm). Our previous research also 
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validated an algorithm to identify cesarean section deliveries (sensitivity: 54.3%, 

specificity: 99.5% and PPV 98.1%) in the MAX database (Appendix: Cesarean Section). 

Vital Birth Certificate Records 

The Vital Birth Certificate Records (BCR) dataset used in this work represents all 

births in the state of Florida from 1999 until 2004. State law requires the creation of 

BCRs for all births. Each state health department collects BCRs separately. Birth data is 

composed of all births occurring in the United States for both residents and 

nonresidents. BCRs include demographic characteristics of the infant, mother, and 

father (e.g. age, race, education), as well as clinical characteristics of the mother and 

infant (e.g. APGAR score, weight gained during pregnancy, co-morbid conditions).  

From 1989 to 2002, the BCR identified the clinical estimation of gestational age 

as the length of gestation estimated by the attendant and not calculated from last 

menstrual period (LMP).130 In 2003, the obstetric estimation of gestation was add to the 

BCR, which identifies the infant’s gestational age by the attendant as determined from 

all perinatal factors and assessments (e.g. ultrasound). The clinical or obstetric 

estimation of gestational age provides improved accuracy relative to the LMP 

calculation of gestational age.131,132  

Source Population 

Our analysis employed a retrospective cohort of pregnant women aged 12-55 

years old. In part one, we identified all live births that occurred in the Florida MAX and 

Florida BCR database from 1999-2004. The unit of analysis was pregnancies, and the 

number of birth certificates and live birth claims identified within the cohort determined 

the count of pregnancies. In the second part of this analysis, women were included if 

they had a pregnancy claim within MAX (Appendix-Pregnancy) and had 12 months 
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continuous eligibility before their index date, which was defined as the calculated start of 

pregnancy. Within the pregnancy cohort, we identified the pre-existing diabetic 

pregnancy cohort as women with ≥1 in- or ≥2 outpatient claims with ICD-9-CM code 

250.XX before pregnancy. In part 3 of this analysis, we employed a fixed retrospective 

cohort of women with pre-existing diabetes who maintained 12 months of continuous 

eligibility before their index date (calculated start of pregnancy) until delivery. In part 4 of 

this analysis, we again employed a fixed retrospective cohort of women with pre-

existing diabetes who maintained 6 months of continuous eligibility before their index 

date until delivery. We identified the delivery date from the MAX database (Appendix-

Delivery) in women with a live birth claim. Note that the prevalence estimates for the 

1999 calendar year were not reported (in parts 2 and 3) because eligibly information 

preceding 1999 was not available. 

Source Population Measures 

We identified the delivery date from the first claim for live birth for each woman 

from MAX during the study period. We calculated pregnancy trimesters as 13-week 

segments starting from the index date (0-13 weeks, 14-27 weeks, and 28 weeks to 

birth). Baseline characteristics of the cohort were determined by analyzing the 12 

months (or 6 months for Part 4) preceding the index date, as was the presence of pre-

existing diabetes. The latter was defined as presence of ≥1 in- or ≥2 out-patient claims 

for diabetes (ICD9-CM 250.xx) during the 12-months baseline period (pre-conception 

period) that were at least 1 day apart.123-125 The National Drug Code (NDC), which 

identifies unique medications in the MAX prescription drug claims, was cross-walked to 

generic names using the Multum Drug Product Information Database (Multum, Denver, 

Co).   
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The following methods section addresses methodological detail for each of the 

four study parts. The institutional review and privacy boards (IRB) of the University of 

Florida, CMS, Florida Department of Health, and Texas Department of Health approved 

this study. All the data analyses used SAS 9.4 (SAS Institute, Cary, NC) and Microsoft 

Excel 2010 (Microsoft Corp., Redmond, WA). 

Part I: Validation of Mother-Infant Linkage Using the Medicaid Case ID Number 
Variable within the Medicaid Analytic eXtract Database 

Sample Population 

We identified all live births that occurred in the Florida MAX and Florida BCR 

database. Births were included in this analysis if the infant’s date of birth fell within the 

study period. We required a minimum of one-month MAX eligibility at any point for 

infants. Mothers were required to have a minimum of one-month MAX eligibility with at 

least one delivery claim. Women could contribute multiple pregnancies throughout the 

study period, but each delivery had to occur at least 24 weeks apart. If the multiple 

pregnancies were not 24 weeks apart, the second pregnancy was excluded from the 

analysis. We were only able to obtain infants’ and mothers’ SSNs in BCR through re-

use of a pre-existing data user agreement with the Florida Department of Health. 

Therefore, this validation study was restricted to only Florida MAX and Florida BCR data 

from 1999 to 2004.  

Data Analysis 

Mother-infant link 

In Medicaid, it is possible to identify family units using the state-assigned 

Medicaid Case ID number, which not only includes mothers and infants, but possibly 

other family members eligible under the same criteria. To establish unique mother-infant 
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linkages via Medicaid Case ID numbers, later called the Medicaid Case ID number 

algorithm, we required the mother-infant pairs to have matching Medicaid Case ID 

numbers, as well as the infant’s date of birth (DoB) to fall within the delivery date range. 

Since women could have multiple delivery claims for one delivery, and the delivery 

claim might not necessarily have one specific date associated with it, it was necessary 

to identify delivery ranges for inpatient and outpatient deliveries. The in-patient delivery 

range was the window between the mother’s admission date and the mother’s 

discharge date and the out-patient delivery range was the window between the mother’s 

service begin date and the service end date. The literature used a delivery range +/-5 

days of the maternal start and end dates of the delivery claim.133 We explored the 

impact of modifying the range from +/-5 days to -30 days of the delivery claim. We 

excluded all infants who were linked to more than one mother based on the Medicaid 

Case ID number algorithm. 

To establish the validity of the mother-infant link using the Medicaid Case ID 

number, we created a mother-infant linkage (gold standard) within the BCR, which was 

subsequently linked to MAX. To create the BCR linked cohort, we first linked all infants 

in MAX to their respective BCR via their SSN and DoB. We then identified the mothers 

by extracting the corresponding mothers’ SSN from the linked infants’ BCR. To identify 

mothers in MAX, we used the mothers’ SSNs and DoB found in the infants’ BCR for 

linkage to the MAX database.  

We estimated the annual proportion of live births detected in MAX claims by 

calculating the number of live births found in MAX, and dividing it by the total number of 

births identified in the BCR by delivery year. Then, we calculated the proportion of 
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mother-infant pairs identified in the BCR that were linked to MAX via SSN and DoB. The 

calculation was repeated to identify the proportion of MAX births that could be linked to 

BCR via only the mothers’ SSN and DoB and only the infants’ SSN and DoB. The 

number of unique mothers who were linked to unique infants was determined after 

applying the Medicaid Case ID number algorithm (Medicaid Case ID number, DoB of 

the infant, and delivery date range as identified from the maternal delivery claim in 

MAX).  

Validation of Medicaid Case ID number linkage 

For validity testing of the mother-infant linkage, we addressed two concepts 

separately: 

 Is the Medicaid Case ID number able to correctly link mothers to infants in 
MAX? 
 

 Which Medicaid eligibility window (mother and/or infant) increases the 
sensitivity and specify for accurate mother-infant links? 

 
Using the BCR linked cohort, we determined the sensitivity of the Medicaid Case 

ID number algorithm linkage as the proportion of correctly linked mother-infant pairs (i.e. 

pairs linked by Medicaid Case ID algorithm and linked in BCR) over the total mother-

infant pairs identified in the BCR. Specificity was calculated as the proportion of 

correctly non-linked infants by the Medicaid Case ID number algorithm and BCR over 

the total mother-infant pairs that should not be linked according to the BCR. Positive 

predictive values (PPVs) were identified as the proportion of correctly linked mother-

infant pairs (i.e. pairs linked by Medicaid Case ID number algorithm and linked in BCR) 

divided by the total number of mother-infant pairs linked via Medicaid Case ID number 

algorithm (Table 3-1).  
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To assess the impact of MAX eligibility on the sensitivity and specificity of linking 

mothers to infants by the Medicaid Case ID number algorithm, we varied the required 

continuous eligibility window in MAX of the mother to include only 3 months, 6 months, 

9 months, 12 months, and 15 months immediately prior to the month of delivery. We 

then varied the continuous eligibility window in MAX for only the infant to include a 

minimum of 3 months, 6 months, 9 months, and 12 months subsequently following the 

birth month of the infant. Lastly, various combinations of continuous eligibility windows 

for both the mother and infant pair were tested. 

Predicting linkage within a validated algorithm that identifies mother-infant pairs 
within the Medicaid Analytic eXtract (MAX) database. 

We used a multivariate logistic regression model to identify factors influencing 

true mother-infant linkage in the MAX data when using the validated Medicaid Case ID 

number algorithm (equation 3-1).  

Logit [P (Y=1)] = α + β1X1 + β2X2 … + β16X16  
(3-1) 

Where: 
Y: Probability of accurate mother-infant linkage via Medicaid Case ID Number 
X1: Calendar year of delivery (1999-2004) 
X2: Region (North, Northwest, Central, Southwest, Southeast) 
X3: Length of delivery hospitalization (days) 
X4: Type of delivery claim (in-patient/out-patient) 
X5: Maternal age (under 20, 20-29, 30-39, 40+) 
X6: Maternal race/ethnicity (White, Black, Asian, Hispanic, Unknown) 
X7: Maternal education (<high school, high school graduate, some college, college 
graduate, graduate school, unknown) 
X8:  Maternal MAX eligibility (1 month, 3 months, 6 months, 9 months, 12 months, 15 
months) 
X9: Maternal eligibility for cash assistance (yes/no) 
X10: Maternal poverty status (yes/no) 
X11: Number of prenatal visits (1 to 9, 10 to 14, 15 to 20, 21 to 30, 31+, None/unknown) 
X12: Siblings (0, 1, 2 to 4, 5+) 
X13: Preterm birth (yes/no) 
X14: Infant gender (male/female) 
X15: Infant MAX eligibility (1 month, 3 months, 6 months, 9 months, 12 months)  
X16: Infant birth weight (< 2500g, ≥2500g) 
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The model created (t-1) dummy variables (where t = the number of levels) for each 
categorical variable. 
 

We chose the predictor variables for this model based on prior experience using 

MAX data. For example, we assumed that the reporting of the Medicaid Case ID 

number would improve as the study years progressed. Also, preterm infants are quicker 

to receive their own Medicaid ID because they incur hospital costs sooner and to a 

larger extent than term infants do. Term infants are more likely to have their birth cost 

absorbed by their mother’s Medicaid plan.  

Calendar year of delivery was defined from either the delivery date range, or if 

the infant was not linked to a mother, the infant’s date of birth, as identified from the 

MAX patient summary file. Region (Table B-1), type of delivery claim, maternal age, 

maternal race/ethnicity, maternal MAX eligibility, maternal eligibility for case assistance, 

maternal poverty status, infant gender, infant race/ethnicity, and infant MAX eligibility 

were all identified and defined from the MAX patient summary file. We ascertained the 

maternal education level from the FL BCR. Sibling status was defined from the FL BCR 

live birth living variable and number of prenatal visits was categorized from the FL BCR 

prenatal total visits variable. We created the preterm birth and infant birth weight 

variables, >37 weeks gestation for preterm birth, <2500g birth weight, respectively, as 

identified from the FL BCR.  

Our model used forward stepwise selection with an alpha-error entry criterion of 

0.20 and identified the predicted model with the best net fit using the Bayesian 

Information Criterion (BIC).  We evaluated the predicted model’s ability to discriminate 
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between linked and non-linked mother-infant pairs by using the area under the curve 

(AUC) of the receiver operator curves with 95% confidence intervals.134,135  

Part II: Epidemiology of Pre-existing Diabetes in Pregnancy from 2000-2006 
among Medicaid Patients in 29 US States 

Study Design 

We conducted a cross-sectional analysis of women aged 12-55 years to estimate 

the prevalence of pregnancy in conjunction with pre-existing diabetes mellitus for seven 

consecutive years. We followed women from 12 months before their index date 

(calculated start of pregnancy) until the end of their pregnancy (e.g. spontaneous 

abortion, abortion, stillbirth, live birth, or censored). Note that the prevalence estimates 

for the 1999 calendar year are not reported because eligibly information preceding 1999 

was not available. 

Sample Population 

Women were eligible for the pregnancy cohort if they had ≥2 ICD-9-CM codes for 

pregnancy or ≥1 ICD-9-CM codes for delivery in MAX (Appendix-Pregnancy). We 

required women to have at least 12 months continuous Medicaid eligibility before their 

index date (beginning of pregnancy) and continuous Medicaid eligibility until the end of 

pregnancy (Figure 3-4).  

Without the requirement of live birth, it was necessary to use a new algorithm to 

calculate the start of pregnancy.129,136,137  Toh et al. validated a pregnancy-indicator 

algorithm, which uses the first claim indicating pregnancy as the conception date.136,137  

Within our linked cohort of FL BCR data and FL MAX, we saw that the majority of 

pregnancies within MAX did not have a pregnancy code within the first trimester of 

pregnancy.  Thus, it was inappropriate for us to use this algorithm to calculate the start 
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of pregnancy for our exploratory analysis, as we would misclassify the 1st trimester. 

Thus, we used the delivery date algorithm to calculate the index date based on the end 

of the pregnancy claim. If a woman had a delivery claim, the index date was set at 270 

days before the delivery claim. If there was a delivery claim and a claim for preterm 

birth, the index date was 245 days before delivery. For women identified as having a 

stillbirth or abortion, the end of pregnancy was calculated based on average length of 

pregnancies according to the literature (i.e. 196 days for stillbirth and 105 days for 

abortion).138-142 If a woman did not have a termination of pregnancy claim (e.g. no claim 

for delivery or other terminal pregnancy outcome); we used the date of the first 

pregnancy claim to identify the index date. Pre-existing diabetes was identified based 

on ≥1 in- or ≥2 outpatient claims at least 1 day apart with ICD-9-CM 250.XX during the 

12-months pre-index look-back period.  

Previous research states that current ICD-9CM coding practices do not provide 

sufficient accuracy to identify the type of diabetes from solely the fifth digit of the ICD-9-

CM code.122,143 Therefore, we conducted a stratified analysis to identify women with a 

high propensity to have type 2 diabetes.144 We assumed the presence of type 2 

diabetes if 100% of diabetes claims in the baseline period indicated type 2 diabetes 

(ICD-9-CM 250.x0 or 250.x2).144 Accordingly, type 1 diabetes was assumed if 100% of 

the diabetes claims in the baseline period indicated type1 diabetes, and the “mixed 

diabetes” subgroup included all women with mixed or unspecific claims (i.e., missing the 

5th digit).  

Data Analysis 

For each state, we estimated the annual prevalence and 95% confidence 

intervals (CIs) of pre-existing diabetes in pregnancy by calculating the number of 
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pregnancies affected by pre-existing diabetes divided by the total number of 

pregnancies in a given calendar year. We described the demographic (e.g. age, 

race/ethnicity, and state) and clinical characteristics (i.e. delivery outcomes [abortion 

(elective and spontaneous) or stillbirth] and co-morbid conditions (Table A-1) [e.g. 

polycystic ovary syndrome (PCOS), hypertension, and obesity]) in all pregnancies 

eligible for Medicaid in 29 states. We modeled the secular trends (Ptrends) of pre-existing 

diabetes in pregnancy prevalence using linear regression.  

We calculated the age-standardized and the age and race/ethnicity-standardized 

annual prevalence of pre-existing diabetes using the direct standardization method.145 

We used the distribution of age and race/ethnicity of the entire pregnancy cohort as the 

standard population for the standardized annual prevalence estimates.  The annual 

trend was modeled by fitting year as a continuous variable in a linear regression model 

using the empirical sandwich estimator, adjusting for race/ethnicity and/or age where 

appropriate. We considered p-values <0.05 indicative of a significant trend. 

Part III: Utilization of Anti-diabetic Agents in Pregnancy from 2000-2006 among 
Medicaid Patients in 5 US States 

Study Design 

We conducted a cross-sectional analysis of women aged 12-55 years old to 

estimate anti-diabetic agent use throughout pregnancy in pre-existing diabetic women 

for seven consecutive years. In addition, we examined variations in anti-diabetic agent 

use by patient characteristics and state. Women were required to have continuous 

Medicaid eligibility 12 months before their index date (calculated start of pregnancy) 

until their MAX claim for live birth. Women who contributed multiple pregnancies were 

included, as long as they met continuous eligibility requirements (12 months before their 
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index date until delivery) and their baseline period (12 months immediately preceding 

their index date) did not overlap with a prior pregnancy (i.e. include a pregnancy or 

delivery claim). If multiple pregnancies overlapped, (e.g. second pregnancy baseline 

period overlapped first pregnancy period), then the second pregnancy was excluded 

from the analysis. Note that the prevalence estimates for the 1999 calendar year are not 

reported because eligibility information preceding 1999 was not available. 

Sample population 

Women were eligible for inclusion into this cohort if they had a claim for live birth 

(Appendix-Delivery), continuous Medicaid eligibility from 12 months before pregnancy 

until delivery, and were identified has having pre-existing diabetes (Figure 3-5). We 

calculated the index date (calculated start of pregnancy) by subtracting 270 days from 

the identified delivery date.129,137 If we identified a preterm delivery, we subtracted 245 

days to identify the index date.129,137  The baseline period was identified as 12 months 

immediately preceding the calculated start of pregnancy (index date). Pre-existing 

diabetes was defined as the presence of ≥1 in- or ≥2 outpatient claims at least 1 day 

apart for diabetes (ICD9-CM 250.xx) during the 12-months baseline period.123-125 

We categorized diabetes type as previously described in part II of this 

analysis.144 A delivery was assumed to be affected by type 2 diabetes if 100% of the 

diabetes claims, in the baseline period, were identified as type 2 diabetes (i.e. ICD-9-

CM 250.x0 or 250.x2).144 Type 1 diabetes was assumed if 100% of the diabetes claims 

in the baseline period indicated type1 diabetes, and the “mixed diabetes” subgroup 

included all women with mixed or unspecific claims (i.e., missing the 5th digit).  
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Exposure definitions 

We identified exposure windows (pregnancy periods), as 3 months preceding the 

index date (or pre-conception period), first trimester, second trimester, third trimester. 

The unit of analysis was delivery, i.e. women were allowed to contribute multiple 

pregnancies throughout the study period. For annual drug utilization prevalence 

estimates we considered each drug class, regardless of mono- or combination therapy. 

Thus, deliveries could contribute to multiple exposures categories. We also classified 

overall deliveries into oral only treatment, insulin only treatment, mixed treatment (i.e. 

oral and insulin), and no treatment.   

Exposure drug class categories included metformin hydrochloride, sulfonylureas 

(i.e. glimepiride, glyburide, glipizide, and micronized glyburide), thiazolidinediones (i.e 

pioglitazone hydrochloride and rosiglitazone maleate), single combination pill (i.e. 

metformin hydrochloride-pioglitazone hydrochloride, metformin hydrochloride-

rosiglitazone maleate, glimepiride-pioglitazone hydrochloride, glimepiride-rosiglitazone 

maleate, glipizide-metformin hydrochloride, and glyburide-metformin hydrochloride), and 

insulin.  We also examined if there was any anti-diabetic therapy (e.g. exposure to any 

of the specified anti-diabetic drug classes), oral anti-diabetic therapy only, and no 

therapy.  

We defined the period of drug exposure starting with the date the anti-diabetic 

agent prescription was dispensed (dispensing date) and using the total days’ supply for 

the dispensing. For each pregnancy period, we then classified exposure based on a 

majority rule (i.e. total days’ supply accounted for at least 45 days of the respective 

pregnancy period), except for the insulin classification. The days’ supply variable was 

unreliable with insulin, due to the varying dose requirements associated with its use. 
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Therefore, we categorized a period as exposed to insulin if there was at least one claim 

that occurred in the identified period.  Initiation of an anti-diabetic agent was assumed if 

the pre-conception period did not have pharmacy claims for any anti-diabetic agents 

and the first trimester had claims for an oral anti-diabetic agent or insulin.  

Data Analysis 

We first identified the number of deliveries affected by pre-existing diabetes and 

allocated their follow-up time in to the respective pregnancy periods. We then measured 

the prevalence and 95% CIs of anti-diabetic agent utilization (overall and by the 

previously described categories) for each pregnancy period. We calculated prevalence 

of anti-diabetic agents used as the proportion of deliveries with pre-existing diabetes 

with at least 45 days of drug coverage, as identified by days’ supply, divided by the total 

number of deliveries with pre-existing diabetes, for each pregnancy period. Secular 

trends (Ptrends) in drug utilization were estimated with using linear regression.  We then 

evaluated patient characteristics stratified by diabetes type. 

 We used univariable  generalized estimating equations (GEE) models to identify 

characteristics associated with initiation of anti-diabetic drug treatment compared to 

those who remain untreated in the first trimester of pregnancy. We included the 

variables from the univariable models with a p-value <0.30 in the multivariate prediction 

model, and those variables with a p-value <0.10 in the final adjusted model (equation 3-

2). We fitted a model with GEE to account for clustering of multiple pregnancies within 

the same woman.  

 

Logit [P (Y=1)] = α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6+…+ β11X11 
(3-2) 

Where: 
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Y: Probability of initiation of anti-diabetic agent use in the first trimester of pregnancy.  
 
X1: Maternal age at baseline (under 20, 20-29, 30-39, 40+) 
X2: Maternal race/ethnicity (White, Black, Native American, Asian, Hispanic, Unknown) 
X3: Region (Northeast, Midwest, South, West) 
X4: Calendar year of index date (2000-2006) 
X5: Use of in-vitro fertilization during baseline (yes/no) 
X6: Alcohol use during baseline (yes/no) 
X7: Cigarette smoking during baseline (yes/no) 
X8: Illicit drug use during baseline (yes/no) 
X9: Obese during baseline (yes/no) 
X10: Chronic hypertension during baseline (yes/no) 
X11: Polycystic ovary syndrome (PCOS) during baseline (yes/no) 
 
The model created (t-1) dummy variables (where t = the number of levels) for each 
categorical variable. 
 

We choose the determinant variables for this model based on variables identified 

from the literature that may indicate the need for pharmaceutical intervention (e.g. 

additional comorbidities). Calendar year of index date was defined from the calculated 

start of pregnancy (index date) as identified from the MAX in- or out-patient claims. 

Region (Table B-2), maternal age, and maternal race/ethnicity were all ascertained from 

the MAX patient summary file. We identified the comorbid conditions (Table A-1) based 

on ≥1 in- or out-patient claims during the 12-month baseline period.  

Part IV: Comparative Safety of Oral Anti-diabetic Agents in Pregnancy from 2000-
2006 among Medicaid Patients in 29 US States 

Study Design 

We conducted a retrospective cohort study of women with pre-existing diabetes 

aged 12-55 years old. Our objective was to estimate the risk of obstetric outcomes (i.e. 

cesarean section delivery, preterm birth, or preeclampsia) in women exposed to various 

oral anti-diabetic agents in the first trimester of pregnancy. Women were required to 

have continuous Medicaid eligibility 6 months before their index date until delivery. 

Again, women were allowed to contribute multiple pregnancies, as long as they retained 
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continuous Medicaid eligibility with 6 months before their calculated start of pregnancy 

(index date) until their claim for live birth and their baseline period (6 months 

immediately preceding their index date) did not overlap with a prior pregnancy (i.e. 

include a pregnancy or delivery claim).  

Sample population  

Women were eligible for this cohort if they had a claim for live birth (Appendix-

Delivery), continuous Medicaid eligibility as defined above, and were identified as 

having pre-existing diabetes. We required use of an oral anti-diabetic agent, as either 

mono-therapy or dual therapy, during the first trimester of pregnancy to be included in 

this analysis. We defined use of an oral anti-diabetic agent as before, based on the 

estimated days’ supply of a pharmacy dispensing claim, as having drug supply for at 

least 45 days in the first trimester. To approximate similar disease severity among the 

diabetic women, we restricted study inclusion to women who did not have a pharmacy 

claim for insulin in their pre-conception period.  

Exposure definitions 

Our analysis focused on the safety of the three most commonly utilized oral anti-

diabetic drug classes in women with pre-existing diabetes: biguanides (metformin), 

sulfonylureas, and thiazolidinediones. The exposure categories included mono-therapy 

only (sulfonylureas v. metformin or thiazolidinediones v. metformin) and dual therapy 

exposure (sulfonylureas and metformin v. thiazolidinediones and metformin). In an 

attempt to explore the non-inferiority of metformin as compared to insulin, we created a 

third mono-therapy group in which we compared women who were on only oral anti-

diabetic drugs in the baseline period and switched to insulin only in the first trimester. 

We defined the period of exposure to an anti-diabetic agent for each woman by the date 
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the prescription was dispensed (dispensing date) and the total days’ supply for the 

prescription. Dual therapy was defined as having 45 days or more of two target anti-

diabetic agents overlap in the first trimester of pregnancy, or 45 days or more of a single 

combination product.   

The exposure window was restricted to the first trimester of pregnancy (0-13 

weeks gestation). We focused on the first trimester of pregnancy for several reasons. 

Most importantly, research has shown that it is a critical period for fetal development 

and the determination of obstetric outcomes.146-148 In addition, pregnancy related 

increasing insulin resistance typically does not present in the first trimester and 

therefore does not affect glycemic control. This allowed us to assume that changes in 

glycemic control in the first trimester did not affect the choice of the anti-diabetic drug, 

thus limiting the impact of time-dependent confounding. Furthermore, it was important to 

set the exposure window before the diagnosis of the outcomes (cesarean section, 

preterm birth, or preeclampsia), to avoid potential reverse causation.  

Outcome assessment 

The outcomes of interest were the following obstetric outcomes: cesarean 

section delivery, preterm birth, and preeclampsia. We used the MAX claims to identify 

cesarean section delivery (Appendix-Cesarean section delivery) and preterm birth 

(Appendix-Preterm Birth). Preeclampsia was defined by the presence of at least 1 in- or 

out-patient claim (Appendix-Preeclampsia) occurring between gestation week 21 and 

delivery.105,128 

Active comparison group 

We chose an active comparison group (metformin either as mono-therapy or in 

combination) for several reasons. First, by choosing an active comparator, we 
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minimized confounding by indication, because all subjects had pre-existing diabetes.  

Second, by restricting to comparable treatment regimens with an identical number of 

anti-diabetic agents (e.g., mono-therapy to mono-therapy) we reduced confounding by 

severity. Finally, metformin was consistently the most highly utilized oral anti-diabetic 

agent during pregnancy in previous research, supporting its position as reference 

drug.149,150 

Data Analysis 

Intention-to-treat (ITT) analysis 

Intention-to-treat (ITT) analysis was employed with regard to women’s exposure 

to anti-diabetic agents during the first trimester to alleviate the issue of time-dependent 

confounding, as it was likely that prescribers adjust women’s anti-diabetic treatment 

regimen according to changing glucose management requirements throughout 

pregnancy. ITT maintains the original balance generated by the use of propensity 

scores.  

Propensity scores 

A propensity score is a number between 0 and 1 that represents the conditional 

probability that a person is exposed to a certain group, given a select number of 

variables that have been identified as potential confounders. Propensity scores offer a 

method of matching on multiple confounding variables, without the limitations of 

covariate matching methods (i.e. restriction of the number of included confounders due 

to sample size limitations).  

 Propensity scores for each exposure class were separately calculated for both 

mono- and dual therapy comparisons, used generalized estimating equations (GEE) 

regression analysis to account for clustering of multiple pregnancies within the same 
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woman. We identified the dependent variable as a binary variable representing the two 

targeted exposure classes (e.g. mono-therapy with metformin versus mono-therapy with 

sulfonylureas). Predictor variables identified during the baseline period included 

maternal age, race/ethnicity, pregnancy year, and a number of co-morbidities 

(equations 3-3, 3-4, 3-5).  

For each obstetric outcome model we modified the selection of covariates for the 

propensity score models to reflect specific risk factors for the respective outcome (i.e. 

equation 3-3 was for premature delivery, 3-4 was for cesarean section delivery, and 3-5 

was for preeclampsia).91,99,101,104,105,151,152  

Logit [P (Y=1)] = α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6+…+ β25X25 
(3-3) 

Where: 
Y: Sulfonylureas only versus metformin only (Model 1), thiazolidinediones only  versus 
metformin only (Model 2), insulin only versus metformin only (model 3), metformin and 
thiazolidinediones versus to metformin & sulfonylureas (Model 4) 
 
X1: Maternal age at baseline (<20, 20-29, 30-39, 40+) 
X2: Maternal race/ethnicity (White, Black, Native American, Asian, Hispanic, Unknown) 
X3: Region (Northeast, Midwest, South, West) 
X4: Calendar year of calculated LMP (2000-2006) 
X5: Alcohol use during baseline 
X6: Cigarette smoking during baseline 
X7: Illicit drug use during baseline 
X8: Chronic hypertension during baseline 
X9: Obese during baseline 
X10: Polycystic ovary syndrome (PCOS) during baseline 
X11: VTE during baseline 
X12: Chronic kidney disease during baseline 
X13: Diabetic nephropathy during baseline 
X14: Claims indicating mild uncontrolled diabetes during baseline 
X15: Claims indicating severe uncontrolled diabetes during baseline 
X16: Anemia during baseline 
X17: Depression during baseline 
X18: Anti-depressant exposure during baseline 
X19: Statin exposure during baseline 
X20: Beta-blocker exposure during baseline  
X21: Alpha-agonist exposure during baseline 
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X22: ACE-inhibitor exposure during baseline 
X23: ARB exposure during baseline 
X24: Calcium-channel blocker exposure during baseline 
X25: Diuretic exposure during baseline 
 
The model created (t-1) dummy variables (where t = the number of levels) for each 
categorical variable. 
 

Logit [P (Y=1)] = α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6+…+ β26X26 
(3-4) 

Where: 
Y: Sulfonylureas only versus metformin only (Model 1), thiazolidinediones only  versus 
metformin only (Model 2), insulin only versus metformin only (model 3), metformin and 
thiazolidinediones versus to metformin & sulfonylureas (Model 4) 
 
X1: Maternal age at baseline (<20, 20-29, 30-39, 40+) 
X2: Maternal race/ethnicity (White, Black, Native American, Asian, Hispanic, Unknown) 
X3: Region (Northeast, Midwest, South, West) 
X4: Calendar year of calculated LMP (2000-2006) 
X5: Alcohol use during baseline 
X6: Cigarette smoking during baseline 
X7: Illicit drug use during baseline 
X8: Chronic hypertension during baseline 
X9: Obese during baseline 
X10: Polycystic ovary syndrome (PCOS) during baseline 
X11: VTE during baseline 
X12: Chronic kidney disease during baseline 
X13: Diabetic nephropathy during baseline 
X14: Claims indicating mild uncontrolled diabetes during baseline 
X15: Claims indicating severe uncontrolled diabetes during baseline 
X16: Anemia during baseline 
X17: Depression during baseline 
X18: Herpes simplex virus during baseline 
X19: Anti-depressant exposure during baseline 
X20: Statin exposure during baseline 
X21: Beta-blocker exposure during baseline  
X22: Alpha-agonist exposure during baseline 
X23: ACE-inhibitor exposure during baseline 
X24: ARB exposure during baseline 
X25: Calcium-channel blocker exposure during baseline 
X26: Diuretic exposure during baseline 
 
The model created (t-1) dummy variables (where t = the number of levels) for each 
categorical variable. 
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Logit [P (Y=1)] = α + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6+…+ β26X26 
(3-5) 

Where: 
Y: Sulfonylureas only versus metformin only (Model 1), thiazolidinediones only  versus 
metformin only (Model 2), insulin only versus metformin only (model 3), metformin and 
thiazolidinediones versus to metformin & sulfonylureas (Model 4) 
 
X1: Maternal age at baseline (<20, 20-29, 30-39, 40+) 
X2: Maternal race/ethnicity (White, Black, Native American, Asian, Hispanic, Unknown) 
X3: Region (Northeast, Midwest, South, West) 
X4: Calendar year of calculated LMP (2000-2006) 
X5: Alcohol use during baseline 
X6: Cigarette smoking during baseline 
X7: Illicit drug use during baseline 
X8: Chronic hypertension during baseline 
X9: Obese during baseline 
X10: Polycystic ovary syndrome (PCOS) during baseline 
X11: Rheumatoid arthritis during baseline 
X12: Chronic kidney disease during baseline 
X13: Diabetic nephropathy during baseline 
X14: Claims indicating mild uncontrolled diabetes during baseline 
X15: Claims indicating severe uncontrolled diabetes during baseline 
X16: Anemia during baseline 
X17: Depression during baseline 
X18: Systemic lupus erythematosus (SLE) during baseline 
X19: Anti-depressant exposure during baseline 
X20: Statin exposure during baseline 
X21: Beta-blocker exposure during baseline  
X22: Alpha-agonist exposure during baseline 
X23: ACE-inhibitor exposure during baseline 
X24: ARB exposure during baseline 
X25: Calcium-channel blocker exposure during baseline 
X26: Diuretic exposure during baseline 
 
The model created (t-1) dummy variables (where t = the number of levels) for each 
categorical variable. 
 

The generalized estimating equations for binary data with logit link functions 

produced an empirically derived formula, which discriminated between the respective 

exposure groups, producing a predicted exposure score (propensity score) for a given 

individual. We plotted the propensity score distribution to evaluate its overlap between 
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exposure groups, and truncated at the margins of the propensity score distributions that 

did not overlap to ensure exclusion of women who would be expected to always receive 

one treatment over the other. The propensity scores were included in the regression 

models for each outcome as a covariate.  

Statistical analysis 

 We calculated both crude and adjusted odds ratios (OR) and their 95% CIs 

using conditional multivariate logistic regression (equation 3-6) to assess the risk of 

cesarean section delivery and preterm birth in each exposure category. We calculated 

two adjusted models: 1) only adjusted for age as a categorical variable and 2) only 

adjusting for the propensity scores as a continuous variable. Risk factors that emerge 

during pregnancy were purposely ignored, because they might be direct consequences 

of initial diabetes treatment choice.  

Logit [P (Y=1)] = α + β1X1 + β2X2  
(3-6) 

Where: 
Y: Probability of cesarean section delivery compared to vaginal delivery (Model 1), 
Probability of preterm birth compared to term birth (Model 2) 
 
X1: Drug exposure (i.e. sulfonylureas vs. metformin, thiazolidinediones vs. metformin, 
insulin vs. metformin, metformin & thiazolidinediones vs. metformin & sulfonylureas) 
X2: Exposure propensity score (i.e. continuous variable) 
 

We employed time-to-event analyses for the number of gestational days at the 

onset of preeclampsia. The onset (in gestational days) of preeclampsia is important, as 

early onset is associated with poor pregnancy outcomes and infant morbidity (e.g. 

cesarean section delivery or extreme prematurity). The hazard functions [h (t)] applied 

to preeclampsia were the conditional probabilities that preeclampsia occurred in the 

interval (t, t+dt) given that they had not occurred before (equation 3-7). Similar to the 

logistic regression models, within our time-to-event analyses, we calculated two 
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adjusted models: 1) only adjusted for age as a categorical variable and 2) only adjusting 

for the propensity scores as a continuous variable. 

Log [h (t, X)] = log [h0 (t)] + β1X1 + β2X2 
(3-7)  

Where: t denotes days until event preeclampsia (Model), log [h (t)] represents the 
baseline hazard, and X=(X1, X2, X3,..., X10) signifies the collection of predictor variables 
that are being modeled to predict an individual’s hazard. 
 
 
X1: Drug exposure (i.e. sulfonylureas vs. metformin, thiazolidinediones vs. metformin, 
insulin vs. metformin, metformin & thiazolidinediones vs. metformin & sulfonylureas) 
X2: Exposure propensity score (i.e. continuous variable) 
 

Under the assumption of proportional hazards, a single hazard ratio expresses 

the probability of preeclampsia throughout pregnancy, with a 95% CI.  The hazard ratio 

measured the different risk associated with anti-diabetic agents (e.g. sulfonylureas vs. 

metformin) and represented the ratio of the hazard function of the two treatments, 

assuming that the ratio remained constant throughout pregnancy (proportional hazards).  

The outcomes models included the conditional probability of cesarean section 

delivery compared to vaginal delivery (Model 1), the conditional probability of preterm 

birth compared to term birth (Model 2), and the hazard rate of preeclampsia (Model 3). 

For each of the outcome models, we employed the recommendation for model building 

in epidemiologic studies, and retained covariates if they changed the point estimate for 

the given outcome by 10%.153  

Exploratory analysis 

Preterm birth and cesarean section deliveries can occur due to a number of 

causes (e.g. maternal demographic characteristics, nutritional status, pregnancy history, 

psychological characteristics, infection, or hemorrhage), many that are also known to 

causes stillbirth or spontaneous abortions.91,93,101,139,154 Thus if the analyzed exposures 
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affect the causes (e.g. increases the risk of placental hemorrhage which causes a 

spontaneous abortion); it will affect both the outcomes included in the comparative 

safety analysis, as well as the probability to have another pregnancy outcome (stillbirth 

or abortion). Since our analysis required that women have a live birth, we have the 

potential to introduce bias into the results of our comparative safety analysis, as we are 

assuming that the analyzed exposures did not have a differential effect on the 

probability of live birth.155 In order to assess the impact of requiring a live birth in the 

comparative safety analysis, we relaxed our inclusion criteria to allow women into the 

analysis if they had a live birth or other pregnancy outcomes claims (i.e. abortion or 

stillbirth) (Appendices: Abortion, Stillbirth, and Delivery)).  

Without a valid algorithm to calculate the start of pregnancy for both successful 

and other pregnancy outcomes, we chose to use the delivery date algorithm and 

modified it for the other pregnancy outcomes and preterm birth.137,156 Furthermore, 

approximately 90% of our exploratory analysis cohort was classified as a live birth; 

therefore, we employed high sensitivity and specificity for the majority of our cohort and 

minimized the possible misclassification of the 1st trimester.  

We used the same methods identified in part II, in which we used the variations 

of the delivery date algorithm to identify the start of pregnancy for live birth, preterm 

birth, abortion and stillbirth. However, since the delivery date algorithm has not been 

validated, we varied the assumptions of the average pregnancy length for the 

pregnancies resulting in an abortion or stillbirth to test the impact on the risk estimates. 

The varied lengths for the pregnancies that resulted in abortion or stillbirth were 

calculated based on the literature to identify periods of “low”, “medium”, and “high” 
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average lengths of pregnancies.138-142  We identified the “low” length of pregnancy as 91 

days for abortions and 168 days for stillbirths, “medium” was calculated the same as it 

was in part II (i.e. 105 days for abortions and 196 days for stillbirth), and “high” as 168 

days for abortions and 238 days for stillbirths.  

We required 6 months continuous eligibility from the index date in MAX until the 

end of the pregnancy (Figure 3-6). We used the same methods used in the safety 

analysis to identify drug exposure categories, and used the trimmed propensity scores 

within the outcome models. We used hierarchical modeling to fit two level models for 

the safety outcomes (preterm birth, cesarean section delivery, and preeclampsia). For 

preterm birth and cesarean section delivery, we fit models with generalized estimating 

equations (GEE) to account for clustering of multiple pregnancies within the same 

woman. For preeclampsia, we again used a time-to-event analysis within hierarchical 

models, to examine the hazard of preeclampsia.  

We used this exploratory analysis to identify if there was a difference in the risk 

of target outcomes, (i.e. mono or dual oral anti-diabetic therapy) given the risk of other 

pregnancy outcomes (stillbirth, spontaneous or elective abortions). This analysis 

explores the magnitude of the bias due to our requirement of live birth in the 

comparative safety analysis.  
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Figure 3-1.  Medicaid Analytic eXtract (MAX) data included in pregnancy cohort from 29 
US states. 
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Figure 3-2.  Health Insurance Coverage of Women of Reproductive Age (15-44), 
2006.115   

 
 

 
 

Figure 3-3.  Medicaid Coverage of Birth. 2008.116   
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Figure 3-4.  Pregnancy cohort study timeline, Medicaid Analytic eXtract data (MAX), 

1999-2006.  

  

Figure 3-5.  Anti-diabetic drug utilization study timeline, Medicaid Analytic eXtract data 
(MAX), 2000-2006.  
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Figure 3-6.  Comparative safety sensitivity analysis study timeline, Medicaid Analytic 
eXtract data (MAX), 2000-2006. 2nd, 2nd trimester. 

Table 3-1.  Calculation of linkage characteristics. 

 Florida Birth Certificate Record linked 
cohort (gold standard)* 

 

Yes No 

Medicaid linked 
cohort (Case ID 
number 
algorithm)▲ 

Yes A- True positive B-False positive PPV: A/(A+B) 
No C- False 

negative 
D-True negative NPV: D/(C+D) 

 Sensitivity: A/(A+C) Specificity: D/(B+D)  
*Florida Birth Certificate Record linked cohort consists of mother-infant pairs as identified from 
the birth certificates (i.e. certificate number and year of birth match). 
▲Medicaid linked cohort consists of mother-infant pairs as identified from the Medicaid Case ID 
number algorithm (i.e. matching Case ID numbers and the infant’s date of birth falls within the 
mother’s delivery date range). 
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CHAPTER 4 
RESULTS 

 
Part I: Validation of Mother-Infant Linkage Using the Medicaid Case ID Number 

Variable within the Medicaid Analytic eXtract Database 

Sample Characteristics 

Analyzing the FL BCR database from 1999 to 2004, we identified 1,239,148 

distinct live births in Florida with valid SSNs (Figure 4-1). Of these, 678,209 infants and 

488,807 mothers were matched to the FL MAX database on SSN and date of birth. 

Mother and infants were linked within the FL BCR based on matching birth certificate 

numbers and year of birth. The total number of mothers and infants pairs, in the FL BCR 

that could be linked to FL MAX, were 434,179 (Figure 4-1).  

We identified 485,828 deliveries from women aged 12 to 55 in the FL MAX 

database, from 1999 to 2004 using at least 1 ICD-9-CM or CPT code for delivery and 

requiring a valid SSN and date of birth, and eligibility for Medicaid during the month the 

delivery claim was issued (Figure 4-2). Of these deliveries, 267,270 had a valid non-

missing Medicaid Case ID number. We identified 605,920 infants born in FL MAX 

between 1999 to 2004 with at least 1 month Medicaid eligibility during the study period, 

and 466,537 infants had a valid non-missing Medicaid Case ID number. We excluded 

27,842 infants because their Medicaid Case ID number linked to more than one woman 

within the cohort.  A total of 130,228 mothers and infants were matched in the FL MAX 

database by Medicaid Case ID number algorithm (Figure 4-2).  

Overall, FL MAX captured between 57.1% and 59.6% of all FL BCR deliveries 

(linked either based on the mothers’ or infants’ SSN and date of birth) in 1999 and 2004, 

respectively (Table 4-1). We could link both mothers and infants to FL MAX in 
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approximately 35% of all FL BCR deliveries, and 41% of these linked mothers and 

infants had a valid Medicaid Case ID number.   

Validation of Medicaid Case ID Number Linkage 

After applying our exclusion criteria, we identified a total of 732,837 distinct infant 

and mother records from the FL BCR database from 1999 to 2004. In the same time 

period, we identified 575,737 women with a delivery claim or infants with a date of birth 

in the MAX database.  

We saw much shorter delivery ranges for the outpatient claims, as approximately 

70% of the ranges included a difference of 0 days from the start date to the end date. 

We modified the delivery range to explore the possibility of capturing additional mother-

infant pairs, and 85% of the mother’s delivery ranges captured the infants’ date of birth 

with a range of +/-5 days of the maternal start and end dates of the delivery claim. 

Extending the delivery range (i.e. +/-5 days to -30 days) slightly increased the number of 

mother-infant pairs, but minimally changed the sensitivity, or the specificity. Due to the 

limited variability of the sensitivity or specificity, we identified our delivery range solely 

based on of the start and end dates associated with the delivery claims.  

When compared to mother-infant pairs identified from the FL BCR (gold 

standard, the Medicaid Case ID number algorithm (matching of the mother to infant 

based on the Medicaid Case ID number, delivery date range and infant date of birth), 

we found a sensitivity ranging from 57.1% to 73.7% (Table 4-2) with specificity of 98.0 

to 99.9% (Table 4-3); the positive predictive value (PPV) ranged from 86.6% to 88.2% 

(Table 4-4), when varying the required MAX eligibility of both the mothers and/or infants. 

If you change the required MAX eligibility period for mothers from 1-month continuous 

eligibility before delivery to 12 months continuous eligibility before delivery, we are able 
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to increase the sensitivity from 57.1% to 71.0%. We saw that varying the infant’s 

eligibility had minimal effect on the sensitivity of the algorithm. The specificity and PPV 

saw a marginal change when varying the eligibility of the mother or infant (+/-1%). 

Predicting Linkage within a Validated Algorithm that Identifies Mother-Infant Pairs 
within the Medicaid Analytic eXtract (MAX) Database. 

We explored the determinants of true mother-infant linkage using the Medicaid 

Case ID algorithm. There were a total of 434,179 linked live births in FL BCR and FL 

MAX, and we assessed 179,103 lives births after excluding those that did not meet the 

eligibility requirements (e.g. non-valid Medicaid Case ID number). We linked 72.7% of 

the identified live births via Medicaid Case ID number and delivery/birth dates, with 

92.6% of these linkages as true links. The final regression model exploring the 

determinants of true linkage, showed good discriminative ability with an AUC of 0.8614.  

The characteristics associated with true linkage are listed in Table 4-5. 

Interestingly, characteristics associated with healthier infants (i.e. higher birth weight or 

term infants) indicated a higher likelihood for true linkage by the Medicaid Case ID 

number algorithm (e.g. term infants [OR 2.09; 95% CI: 1.99, 2.21]). The Medicaid Case 

ID number is a variable that is supposed to identify family units within states. However, 

we saw that infants classified as not having a living sibling, as identified from their birth 

certificate, had increased odds of true linkage as compared to infants with 1 sibling (OR 

2.96; 95% CI: 2.81, 3.12). Furthermore, we observed that the odds of true linkage was 

higher in those with a 2004 delivery year (OR 1.10; 95% CI: 1.02, 1.19) versus 1999 

delivery year. There was a lower likelihood of linkage among outpatient delivery claims 

(OR 0.54; 95% CI: 0.48, 0.61).  
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Part II: Epidemiology of Pre-existing Diabetes in Pregnancy from 2000-2006 
among Medicaid Patients in 29 US States 

After applying the inclusion and exclusion criteria, we identified 1,226,025 

pregnancies in the 29 US states from the MAX database from 2000 to 2006. We found 

that the overall prevalence for pre-existing diabetes within the pregnancy cohort was 

3.6% and 2.3% for type 2 diabetes only.  A total of 28,099 women had only ICD-9-CM 

diagnosis codes for type 2 diabetes, 2,208 with type 1 diabetes only, and 13,370 

women had either ICD-9-CM diagnosis codes with undetermined diabetes type (i.e. 

missing fifth digit), both type 1 and type 2 diabetes, or mixture of both.  

The individual state prevalence for pre-existing diabetes during pregnancy varied 

from 1.8% (Arkansas) to 7.2% (New Jersey) (Figure 4-3), and the prevalence of type 2 

diabetes during pregnancy varied by state from 1.2% (Arkansas, Florida, Illinois) to 

4.6% (New Jersey)(Figure 4-4). By region, as identified by the US Census, varied from 

2.9% (95% CI: 2.8, 3.0) to 3.8% (95% CI: 3.7, 3.8), with the Northeast region having the 

lowest prevalence and the South with the highest prevalence. The regional prevalence 

of type 2 diabetes exhibited a smaller range from 2.0% (95% CI: 1.9, 2.1) to 2.5% (95% 

CI: 2.2, 2.9), with the Northeast having the lowest and the West region the highest 

prevalence of type 2 diabetes. 

Women’s demographic and clinical characteristics by diabetes status are 

presented in Table 4-6. Pregnancies associated with pre-existing diabetes before the 

start of pregnancy included women who were on average older (mean age 32.4 vs. 24.3 

years, p<0.0001), had longer continuous Medicaid eligibility (mean months 61.7 vs. 

52.5, p<0.0001), and were Non-Hispanic African American (43.9% vs. 42.8%, 

p<0.0001) when compared to pregnancies in non-diabetic women.  As expected, 
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diabetic women had a higher prevalence of PCOS (3.0% vs. 0.8%, p<0.0001), chronic 

hypertension (33.7% vs 4.8%, p<0.0001), obesity (16.2% vs 3.6%, p<0.0001), and 

infertility (0.9% vs 0.5%, p<0.0001) as identified in the 12-months baseline period 

compared to non-diabetic women. Additionally, diabetic women also had a higher 

prevalence of stillbirths (Table 4-6). 

 Within the diabetes stratified analysis, type 2 diabetic and mixed diabetic women 

were on average older (Table 4-7). Type 1 and mixed diabetic women had higher 

prevalence of abortion compared to the type 2 diabetics (5.5% vs. 4.0%, p<0.0001). As 

anticipated, the prevalence of PCOS (3.6% vs. 1.1%, p<0.0001), hypertension (34.0% 

vs 17.4%, p <0.0001) and obesity (17.1% vs. 7.8%, p<0.0001) was higher in type 2 

diabetic women compared to type 1 diabetic women (Table 4-7).  

Secular trends in overall pre-existing diabetes and each stratified group of 

diabetes type are presented in Figure 4-5. The annual prevalence of pre-existing 

diabetes increased from 2.9% (95% CI: 2.7, 3.1) in 2000 to 4.8% (95% CI: 4.6, 5.0) in 

2006 (ptrend= 0.0541), indicating a rate change of 65.5% from 2000 to 2006. From 2000 

to 2006, there was a 92.8% increase in the prevalence of pre-existing type 2 diabetes in 

pregnancy, from 1.7% (95% CI: 1.6, 1.9) to 3.3% (95% CI: 3.1, 3.5) (ptrend=0.0170). In 

2003, we saw a modest drop (0.2%) in the prevalence of pre-existing diabetes. This 

decrease was also seen in the stratified analysis. It is possible that the dip in prevalence 

could be an artifact of managed care penetration, thus a differential push could be 

occuring for women with chronic diseases into mangage care. 

The increase in prevalence of pre-existing diabetes differed by maternal age, 

race/ethnicity, and pregnancy year. Owing to the observed secular increase in type 2 
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diabetes, we noted a more pronounced increase of pre-existing diabetes during 

pregnancy in older age groups (Table 4-8). The age-specific prevalence of pre-existing 

diabetes increased approximately 43.5% from 2000 to 2006 in women aged 20-29, and 

approximately 64.3% in women aged 30-39 years from 2000 to 2006. Women over the 

age of 40 years demonstrated only a 15.8% increase in the prevalence of pre-existing 

diabetes from 2000 to 2006, but still had the highest age-specific prevalence, almost 

doubling the other three age categories combined (Table 4-8). The annual age-

standardized prevalence of pre-existing diabetes in Non-Hispanic White women 

increased from 2.9% in 2000 to 4.3% in 2006. Asian/Pacific Islander women 

demonstrated an increase from 3.1% to 4.5% over the study period. The age-

standardized prevalence of pre-existing diabetes in Non-Hispanic Black women 

increased by33.3% from 2000 to 2006, and the prevalence more than doubled in 

Hispanic women from 2.6% to 5.5%.  

Part III: Utilization of Anti-diabetic Agents in Pregnancy from 2000-2006 among 
Medicaid Patients in 29 US States 

Over the course of the seven-year study period from 2000 to 2006, we identified 

658,485 deliveries in the 29 US states. The overall prevalence of pre-existing diabetes 

in the delivery cohort was 2.4%.  A total of 9,546 women had ICD-9-CM codes 

consistent with type 2 diabetes only, 1,024 had type 1 diabetes claims only, and 5,047 

had a mixture of claims that either had the fifth digit missing or that indicated presence 

of both type 1 and type 2 diabetes. Similar to the pregnancy cohort, the diabetic women 

in the delivery cohort were older, had a higher prevalence of additional co-morbid 

conditions, and had longer average baseline durations of Medicaid eligibility when 

compared to their non-diabetic counter parts (Table 4-9). Diabetic women had a higher 
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prevalence of cesarean section deliveries compared to non-diabetic women, 39.8% vs. 

22.8% respectively, as well as a higher prevalence of preterm births (15.1% vs. 10.9%). 

There was also a higher prevalence of diabetics located in the Southern region of the 

US compared to non-diabetics (Table 4-9).  

As with the pregnancy cohort, we stratified the women identified as pre-existing 

diabetics into the probable diabetes types (Table 4-10). Women identified as type 1 

diabetics were on average younger than the type 2 and mixed diabetic women. The 

mixed diabetic women were on average older, had longer Medicaid eligibility and had a 

higher prevalence of co-morbid conditions (Table 4-10). When we explored the anti-

diabetic utilization during pregnancy by diabetes type, as expected, the probable type 1 

diabetics utilized only oral agents at a prevalence of 2.0% and type 2 diabetics utilized 

only insulin at a prevalence of 4.8%. Surprisingly, the type 1 diabetics had a 43.1% 

prevalence of no anti-diabetic agent utilization during pregnancy. The fact that almost 

half of all identified type 1 diabetics did not use insulin is a further indication of a 

limitation in the granularity of ICD-9-CM codes in order to distinguish between diabetes 

types using only the fifth digit of administrative claims.  

The prevalence of anti-diabetic treatment (insulin or oral anti-diabetic drugs) 

among women with pre-existing diabetes before pregnancy (i.e. during the pre-

conception period) increased from 27.5 % (95% CI: 23.4%, 31.7%) to 35.9% (95%CI: 

33.8%, 38.0%) from 2000 to 2006 (p=0.520) (Figure 4-6).  During pregnancy, there was 

an increase in anti-diabetic treatment from 47.0% (95%CI: 42.5%, 51.5%) in 2000 to 

53.9% (95%CI: 51.7%, 56.1%) in 2006 (p=0.3727). In general, we saw a comparable 
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increase in the utilization of overall oral anti-diabetic treatment both before pregnancy 

and during pregnancy over the course of our study period (Figure 4-6).  

Next, we examined the secular trend of specific utilization of anti-diabetic 

treatment classes during pregnancy throughout the study period. The prevalence of 

both metformin and thiazolidinedione use during pregnancy increased approximately 

66.0% from 2000 to 2006. Oral anti-diabetic combination products entered the market in 

2000, thus it was not surprising that we did not see utilization during pregnancy until 

2001. We saw a steady increase in the prevalence of use in combination product use to 

1.4% (95% CI: 0.9%, 1.9%) in 2006. The prevalence of insulin utilization during 

pregnancy increased marginally by 9.5% from 2000 to 2006 (Figure 4-7). Sulfonylurea 

use showed a similar annual prevalence to metformin, with an increase until 2002, 

followed by a steady decrease until 2005 to a prevalence of 4.6%, only to rebound to 

6.2% in 2006.The decrease in the use of sulfonylureas was similar to what Hampp et al. 

found in their analysis exploring the market trends for anti-diabetic drugs.157 Each of the 

oral anti-diabetic drug classes increased in pooled prevalence from the pre-conception 

period to the first trimester of pregnancy but then steadily decreased in prevalence in 

the second and third trimesters of pregnancy (Figure 4-8). On the other hand, insulin 

use steadily increased from the pre-conception period until the third trimester (Figure 4-

8).  

We saw that 35% of all the pre-existing diabetic deliveries included in our 

analysis, initiated anti-diabetic treatment during the first trimester. Only 25% of pre-

existing deliveries that were identified as not having received anti-diabetic treatment in 

the pre-conception period remained without anti-diabetic treatment in the first trimester 
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of pregnancy. Of the deliveries with newly initiated treatment in the first trimester,  

59.6% were identified as insulin only users, 26% were exposed to more than one anti-

diabetic drug class, 6.7% were metformin only users, 5.5% were sulfonylureas only 

users, and 2.3% were thiazolidinedione only users. The results from the prediction 

model to identify characteristics associated with the initiation of anti-diabetic agents 

compared to women who remain untreated in the first trimester of pregnancy are shown 

in Table 4-11. 

 Previously untreated diabetic women who initiated anti-diabetic treatment 

compared to those who remained untreated in the first trimester of pregnancy were 

more likely to be either younger than 20 years [adjusted odds ratio (OR)=1.37, 95% CI: 

1.16,1.62)  or older than 40 years compared to 20-29 years of age [(OR)=2.69, 95% CI: 

2.42, 2.98]. Women who were also diagnosed with chronic hypertension during the 12 

months before pregnancy had increased odds of initiating anti-diabetic treatment in the 

first trimester [OR=1.66, 95% CI: 1.54, 1.80]. Interestingly, women diagnosed with 

PCOS during the 12 months before pregnancy had decreased odds of initiating anti-

diabetic treatment in the first trimester [OR=0.55, 95% CI: 0.39, 0.77]. 

Part IV: Comparative Safety of Oral Anti-diabetic Agents in Pregnancy from 2000-
2006 among Medicaid Patients in 29 US States 

The study cohort had 1,980 deliveries with mono- or dual-therapy exposure in the 

first trimester of pregnancy (Figure 4-9). Mono-therapy of metformin in the first trimester 

of pregnancy was the most common exposure category (26.0%), followed by the 

initiation of mono-therapy of with insulin in the first trimester of pregnancy (25.1%), 

mono-therapy with sulfonylureas (21.4%), dual-therapy with metformin and 

sulfonylureas (11.5%), mono-therapy with thiazolidinedione (8.9%), and dual-therapy 
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with metformin and thiazolidinedione (7.2%). Although we did not restrict the cohort to 

the presence of type 2 diabetes, the majority of deliveries included in the analysis 

(i.e.>75%) were identified as deliveries to women with only type 2 diabetes. The cohort 

was predominantly White, Non-Hispanic, located in the Southern region of the US, and 

had a mean age of 37.1 years. We saw similar prevalence rates of PCOS, chronic 

hypertension and obesity during the six-month baseline period in our safety cohort (Part 

IV) as in the utilization cohort (Part III). 

When stratified by exposure category, we saw differences in several 

characteristics (Table 4-12). Most notably, women on sulfonylureas only, 

thiazolidinediones only or dual-therapy (e.g. metformin and sulfonylureas only) had 

higher rates of chronic hypertension than those on metformin only or insulin only in the 

first trimester of pregnancy. Interestingly, women on insulin only or dual-therapy had 

higher rates of “mild” uncontrolled diabetes (i.e. ICD-9-CM codes associated with 

uncontrolled diabetes but no hospitalization in the baseline period) than women on 

mono- oral anti-diabetic therapy in the first trimester of pregnancy. Differences were 

also apparent in the utilization of anti-hypertensive drugs, statins, and anti-depressants 

during the baseline period, suggesting greater need for complex therapy in women on 

dual therapy or thiazolidinediones (Table 4-12). 

We included characteristics identified in Table 4-12 in the propensity score 

models for each exposure comparison and outcome, as noted in the part IV methods 

section. Within each propensity score model, we saw minimal sample size loss when 

trimming the exposure categories. For example, the largest loss was seen in the 

propensity score model for exposure to sulfonylureas vs. metformin in preterm birth, as 
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the number of metformin-exposed deliveries went from 514 to 477 and sulfonylureas 

from 424 to 414. Due to the limited number of outcomes, we restricted the adjusted 

models to include maternal age only or the trimmed propensity scores  that summarized 

all baseline covariates, including maternal age. 

Preterm Birth 

Across all agents, we observed 163 (8.2%) preterm births within the comparative 

safety cohort. In the unadjusted comparisons with metformin (or metformin & 

sulfonylureas for dual therapy), insulin exposure had more than double the odds for 

preterm birth, whereas the other mono-therapy comparators showed a null effect 

(sulfonylureas) or a 38% reduction in odds (thiazolidinediones) (Table 4-13). Deliveries 

exposed to metformin and thiazolidinediones had 64% increased odds of preterm birth 

when compared to metformin and sulfonylureas (Table 4-13).  

When we adjusted for maternal age within the regression models, sulfonylureas 

demonstrated a 56% increase in the odds of preterm birth, although not statistically 

significant. Finally, adjustment for the exposure-specific propensity scores (Figure 4-10) 

resulted in a significant increase in the odds of preterm birth for deliveries exposed to 

sulfonylureas during the first trimester of pregnancy when compared to metformin [OR: 

2.05 (95% CI: 1.09, 3.83)]. Results for comparison of thiazolidinediones versus 

metformin, as well as for the comparison of the two dual therapy groups were 

inconclusive due to wide confidence intervals, but point estimates suggested similar 

risk.  

Cesarean Section Delivery 

Within the safety cohort, 29.6% of live births occurred via cesarean section 

delivery. The adjustment for age or the propensity scores (Figure 4-11) minimally 
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changed the odds of cesarean section delivery for specific anti-diabetic drug classes 

(Table 4-14). Unadjusted and after propensity score adjustment, oral agents showed 

similar risk for cesarean section delivery (sulfonylureas versus metformin OR 0.94 (95% 

CI: 0.68, 1.30), and thiazolidinediones versus metformin (OR 0.98, 95% CI: 0.65, 1.47)). 

In contrast, insulin showed increased odds, which was not altered after adjustment OR 

1.41 (95% CI: 1.05, 1.89). The comparison of dual therapies showed similar risk but the 

confidence intervals were wide (Table 4-14).    

Preeclampsia 

We observed an overall incidence of 6.5% for the diagnosis of preeclampsia 

during pregnancy within the safety study cohort.  During pregnancy, the unadjusted 

hazard ratio (HR) for preeclampsia in women exposed to sulfonylureas was 0.71 (95% 

CI: 0.46, 1.10), 0.65 (95% CI: 0.38, 1.09) for thiazolidinedione, and 0.88 (95% CI: 0.60, 

1.29) for insulin as compared to mono-therapy metformin use. In comparison to mono-

therapy with metformin, both sulfonylureas and thiazolidinediones showed a lower but 

insignificant risk for preeclampsia (adjusted HR (Figure 4-12) for sulfonylureas use was 

0.61 (95% CI: 0.36, 1.04) and 0.58 (95% CI: 0.32, 1.04) for thiazolidinediones (Table 4-

15)). Resembling the unadjusted hazard ratios, dual-therapy of metformin and 

thiazolidinedione had an increased adjusted HR of 1.74 (95% CI: 0.78, 3.89), although 

not statistically significant.  

 Exploratory Analysis 

We identified over 1.6 million pregnancies in women with 6 months continuous 

Medicaid eligibility before their calculated start of pregnancy. In the pregnancies 

affected by pre-existing diabetes, the overall prevalence of other pregnancy outcomes 

(i.e. stillbirth, spontaneous or elective abortion) was 5.4%. When we restricted our 
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cohort to pregnancies resulting in a confirmed failed pregnancy (ICD-9-CM or CPT-4) or 

confirmed delivery, we maintained 21,901 pregnancies with an overall prevalence of 

other pregnancy outcomes of 9.4%.  

When we considered the additional risks of other pregnancy outcomes, we found 

estimates that were different for the primary comparative safety analysis (Table 4-16). 

We found that sulfonylureas no longer increased the risk for preterm delivery, the 

protective effect of thiazolidinedione was increased, and the increased odds of preterm 

birth were lessened in women exposed to insulin. In cesarean section deliveries, we 

saw a modest increase in odds associated with thiazolidinediones. As for preeclampsia, 

consideration of other pregnancy outcomes (i.e. stillbirth, spontaneous or elective 

abortion) resulted in essentially eliminating the effect seen within the primary 

comparative safety analysis, as all agents saw no difference in risk when compared to 

metformin (Table 4-16).  Varying the pregnancy length for each type of other pregnancy 

outcome and thus the definition of on- and offset of the first trimester did not result in 

marked differences across the estimates of the exploratory analysis.    
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Figure 4-1. Assembly of the mother-infant linked BCR cohort, Florida Birth Certificate 

Records (BCR) data, 1999-2004. DOB: date of birth, SSN: Social Security 
Number. 
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Figure 4-2.  Assembly of the mother-infant linked Medicaid Case ID number cohort, 

Florida Birth Certificate Records (BCR) data, 1999-2004. DOB: date of birth, 
SSN: Social Security Number. 
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Figure 4-3. Prevalence of pre-existing diabetes in pregnancy by state.  
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Figure 4-4. Prevalence of type 2 diabetes in pregnancy by state.  
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Figure 4-5. Temporal trends of pre-existing diabetes in pregnancy.  

0.0%

1.0%

2.0%

3.0%

4.0%

5.0%

6.0%

2000 2001 2002 2003 2004 2005 2006

P
re

v
a
le

n
c
e
 o

f 
D

ia
b

e
te

s
 

Year 

Total DM

T2DM Only

Mixed DM

T1DM Only



 

88 

 
Figure 4-6. Annual prevalence of anti-diabetic utilization in women with pre-existing 

diabetes before and during pregnancy. 
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Figure 4-7. Annual prevalence of anti-diabetic utilization during pregnancy by drug 

class.  
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Figure 4-8. Pooled annual prevalence of anti-diabetic drug utilization, by drug class and 

pregnancy period. 
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Figure 4-9. Assembly of the safety study cohort. 
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Figure 4-10. Propensity score distributions of specific anti-diabetic exposure for the 

premature delivery model. PS=propensity score, met=metformin, 
sulf=sulfonylureas, in=insulin, ms=metformin & sulfonylureas, mt=metformin & 
thiazolidinedione. 
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Figure 4-11. Propensity score distributions of specific anti-diabetic exposure for the 

cesarean section delivery model. PS=propensity score, met=metformin, 
sulf=sulfonylureas, in=insulin, ms=metformin & sulfonylureas, mt=metformin & 
thiazolidinedione. 
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Figure 4-12.  Propensity score distributions of specific anti-diabetic exposure for the 

preeclampsia model. PS=propensity score, met=metformin, 
sulf=sulfonylureas, in=insulin, ms=metformin & sulfonylureas, mt=metformin & 
thiazolidinedione. 
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Table 4-1. Successful Florida Birth Certificate Records to Medicaid linkages in percent 
by year (N=1,239,148 deliveries).* 

Year 

FL BCR 
deliveries 
linked to 

MAX 

FL BCR 
deliveries with 

both mother and 
infant linked to 

MAX 

FL BCR 
deliveries with 

only infant linked 
to MAX 

FL BCR deliveries 
with only mothers 

linked to MAX 

1999 57.09% 34.45% 18.73% 3.90% 

2000 58.17% 34.51% 19.62% 4.05% 

2001 59.41% 34.36% 20.82% 4.24% 

2002 60.32% 35.72% 20.67% 3.92% 

2003 60.16% 35.66% 19.80% 4.69% 

2004 59.55% 35.46% 18.54% 5.55% 
* FL BCR was linked to MAX via social security number and date of birth. FL BCR= Florida birth 
certificate records database; MAX=Medicaid Analytic eXtract database.  
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Table 4-2. Sensitivity of Medicaid Case ID Number algorithm varied by mother and infants’ Medicaid eligibility.  

  
Mother MAX eligibility 

  
At delivery 
N=729,420 

At delivery + 
1 month 
before 

N=713,038 

At delivery + 
3 month 
before 

N=685,067 

At delivery + 
6 month 
before 

N=632,851 

At delivery + 
9 month 
before 

N=551,516 

At delivery + 
12 month 

before 
N=546,303 

At delivery + 
15 month 

before 
N=543,700 

In
fa

n
t 

M
A

X
 e

lig
ib

ili
ty

 

Any 1 
month 

57.1% 58.8% 61.7% 66.7% 70.2% 71.0% 70.4% 

At birth 59.6% 61.5% 64.5% 69.9% 73.6% 73.7% 73.1% 

Birth + 
1 

month 
59.5% 61.4% 64.4% 69.8% 73.5% 73.6% 73.0% 

Birth + 
3 

month 
58.6% 60.5% 63.4% 68.7% 72.6% 72.5% 72.0% 

Birth + 
6 

month 
58.2% 59.8% 62.6% 67.6% 72.6% 72.5% 72.1% 

Birth + 
9 

month 
57.7% 59.2% 62.0% 66.9% 72.5% 72.5% 71.9% 

Birth 
+12 

month 
57.2% 58.7% 61.4% 66.3% 71.8% 71.8% 71.1% 

* Sensitivity was calculated as the number of mother-infant linked by Case ID number algorithm and FL BCR divided by the total number of 
mother-infant pairs linked within the FL BCR. MAX=Medicaid Analytic eXtract database, FL BCR= Florida Birth Certificate Records. 
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Table 4-3. Specificity of Medicaid Case ID Number algorithm varied by mother and infant’s Medicaid eligibility.  

  
Mother MAX eligibility 

  
At delivery 
N=729,420 

At delivery + 
1 month 
before 

N=713,038 

At delivery + 
3 month 
before 

N=685,067 

At delivery + 
6 month 
before 

N=632,851 

At delivery + 
9 month 
before 

N=551,516 

At delivery + 
12 month 

before 
N=546,303 

At delivery + 
15 month 

before 
N=543,700 

In
fa

n
t 

M
A

X
 e

lig
ib

ili
ty

 

Any 1 
month 

98.8% 98.9% 99.0% 99.2% 99.9% 99.9% 99.9% 

At birth 98.0% 98.2% 98.4% 98.9% 99.8% 99.9% 99.9% 

Birth + 
1 

month 
98.0% 98.2% 98.4% 98.8% 99.8% 99.9% 99.9% 

Birth + 
3 

month 
98.5% 98.6% 98.7% 99.0% 99.8% 99.9% 99.9% 

Birth + 
6 

month 
99.2% 99.2% 99.2% 99.3% 99.8% 99.9% 99.9% 

Birth + 
9 

month 
99.3% 99.3% 99.3% 99.4% 99.8% 99.9% 99.9% 

Birth 
+12 

month 
99.4% 99.4% 99.4% 99.4% 99.8% 99.9% 99.9% 

* Specificity was calculated as the number of mother-infant not linked by Case ID number algorithm and FL BCR divided by the total number of 
mother-infant pairs not linked within the FL BCR. MAX=Medicaid Analytic eXtract database, FL BCR= Florida Birth Certificate Records
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Table 4-4.  Positive predictive value (PPV) of Medicaid Case ID Number algorithm varied by mother and infant’s Medicaid 
eligibility.  

  
Mother MAX eligibility 

  
At delivery 
N=729,420 

At delivery + 
1 month 
before 

N=713,038 

At delivery + 
3 month 
before 

N=685,067 

At delivery + 
6 month 
before 

N=632,851 

At delivery + 
9 month 
before 

N=551,516 

At delivery + 
12 month 

before 
N=546,303 

At delivery + 
15 month 

before 
N=543,700 

In
fa

n
t 

M
A

X
 e

lig
ib

ili
ty

 

Any 1 
month 

86.6% 86.6% 86.8% 87.1% 87.1% 86.9% 87.0% 

At birth 86.8% 87.0% 87.1% 87.5% 86.7% 86.4% 86.5% 

Birth + 
1 

month 
86.8% 86.9% 87.1% 87.5% 86.7% 86.4% 86.5% 

Birth + 
3 

month 
86.8% 87.0% 87.1% 87.4% 86.8% 86.1% 86.2% 

Birth + 
6 

month 
87.5% 87.6% 87.7% 88.0% 87.1% 86.7% 86.9% 

Birth + 
9 

month 
87.6% 87.8% 87.9% 88.2% 87.4% 86.9% 87.0% 

Birth 
+12 

month 
87.7% 87.8% 87.9% 88.2% 87.5% 87.1% 87.5% 

* PPV was calculated as the number of mother-infant linked by Case ID number algorithm and FL BCR divided by the total number of mother-
infant pairs linked with the Medicaid Case ID number algorithm. MAX=Medicaid Analytic eXtract database, FL BCR= Florida Birth Certificate 
Records
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Table 4-5. Determinants of accurate mother-infant linkage by Medicaid Case ID 
Number.  

Variable  Odds Ratio 95% Confidence Interval 

Delivery year 1999 1.00 1.00 

2000 0.79 0.74, 0.85 

2001 0.85 0.79, 0.91 

2002 0.85 0.79, 0.92 

2003 1.04 0.97, 1.12 

2004 1.12 1.03, 1.21 

Length of delivery 
hospitalization (days) 

 
0.76 0.74, 0.77 

Delivery Claim IP 1.00 1.00 

OT 0.54 0.48, 0.61 

Mother's continuous 
MAX eligibility before 
delivery 

1 month 1.00 1.00 

3 months 0.69 0.66, 0.73 

6 months 0.95 0.90, 1.00 

9 months 1.90 1.68, 2.14 

12 months 1.51 1.31, 1.74 

15 months 1.03 0.93, 1.15 

Age of mother Under 20 years 0.80 0.75, 0.86 

20-29 years 1.00 1.00 

30-39 years 1.22 1.17, 1.28 

40+ years 2.15 1.87, 2.47 

Race/ethnicity of 
mother White, Non-Hispanic 1.00 1.00 

Black, Non-Hispanic 1.40 1.34, 1.45 

Asian 1.03 0.87, 1.21 

Hispanic 1.26 1.20, 1.33 

Unknown 1.53 1.26, 1.86 

Education of mother 
Less than high school 1.49 1.43, 1.55 

High school graduate 1.00 1.00 

Some college 1.08 1.04, 1.13 

College graduate 0.94 0.85, 1.03 

Graduate school 0.63 0.54, 0.72 

Unknown 0.35 0.28, 0.43 
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Table 4-5. Continued. 

Variable  Odds Ratio 95% Confidence Interval 

Region North 0.93 0.88, 0.99 

Northwest 1.46 1.37, 1.56 

Central 1.06 1.02, 1.11 

Southwest 0.89 0.84, 0.95 

Southeast 1.00 1.00 

Mother qualifies for cash 
assistance Yes 0.94 0.90, 0.98 

No 1.00 1.00 

Mother identified as poverty 
eligible in MAX 

Yes 0.93 0.87, 1.00 

No 1.00 1.00 

Sibling (live births) None 2.97 2.82, 3.13 

1 1.00 1.00 

2 to 4 0.48 0.46, 0.50 

5+ 0.22 0.21, 0.24 

Number of prenatal visits 
1 to 9 1.39 1.33, 1.45 

10 to 14 1.00 1.00 

15 to 20 0.40 0.39, 0.42 

21 to 30 0.29 0.25, 0.33 

31+ 0.37 0.27, 0.49 

None/Unknown 1.61 1.46, 1.79 

Preterm delivery 
Yes 1.00 1.00 

No 2.09 1.98, 2.20 

Infant eligible for MAX at birth 

Yes 0.66 0.56, 0.77 

No 1.00 1.00 
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Table 4-5. Continued. 

Variable  Odds Ratio 95% Confidence Interval 

Infant's continuous 
eligibility after birth 

1 month 1.00 1.00 

3 months 1.13 1.08, 1.18 

6 months 1.10 1.01, 1.19 

9 months 1.08 0.97, 1.19 

12 months 0.87 0.81, 0.93 

Gender of infant 
Male 0.89 0.86, 0.92 

Female 1.00 1.00 

Birth weight of infant 
Under 2500 grams 0.11 0.10, 0.12 

Over 2500 grams 1.00 1.00 
* MAX=Medicaid Analytic eXtract database.  
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Table 4-6.  Baseline characteristics of the pregnancy cohort stratified by pre-existing 
diabetes.  

Variable Category 
DM*       

N=44,037 
Not DM*    

N=1,181,988 

Age: Years (SD)   32.4 (9.9) 24.3 (7.4) 

Eligibility: Months (SD)   61.7 (27.4) 52.5 (24.9) 

Race/ethnicity 
White, Non-Hispanic 43.7% 45.8% 

Black, Non-Hispanic 43.9% 42.8% 

American Indian or 
Alaskan Native 

1.0% 0.7% 

Asian or Pacific 
Islander or Native 
Hawaiian 

0.8% 0.7% 

Hispanic or Latino 8.4% 8.7% 

Unknown 2.2% 1.2% 

End of Pregnancy Abortion 4.6% 4.4% 

Stillbirth 0.7% 0.5% 

Preterm Birth   11.5% 8.8% 

Comorbid Conditions PCOS 3.0% 0.8% 

Hypertension 33.8% 4.8% 

Obesity 16.2% 3.6% 

Infertility  0.9% 0.5% 

Smoking  9.1% 5.8% 

Alcohol abuse 3.7% 2.0% 

Drug abuse 4.8% 2.7% 

Region Northeast 9.1% 11.2% 

Midwest 28.6% 30.0% 

South 61.6% 58.1% 

West 0.8% 0.8% 

*DM = pre-existing diabetes mellitus. 
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Table 4-7.  Baseline characteristics of the pregnancy cohort stratified by type of 
diabetes.  

Variable Category 
T1DM*      

N=2,208 
T2DM*       

N=28,099 
Mixed DM*       
N=13,730 

Age: Years (SD)   27.6 (9.2) 32.9 (9.7) 32.0 (10.3) 

Eligibility: Months (SD)   56.4 (26.5) 61.4 (27.4) 63.3 (27.3) 

Race/ethnicity White, Non-
Hispanic 

41.9% 43.8% 43.8% 

Black, Non-
Hispanic 

44.3% 43.3% 45.1% 

American 
Indian or 
Alaskan 
Native 

0.7% 1.0% 1.1% 

Asian or 
Pacific 
Islander or 
Native 
Hawaiian 

0.9% 0.9% 0.6% 

Hispanic or 
Latino 

9.3% 9.0% 7.0% 

Unknown 2.8% 2.1% 2.5% 

End of Pregnancy Abortion 5.5% 4.0% 5.5% 

Stillbirth 1.4% 0.6% 0.9% 

Preterm Birth   14.6% 10.4% 13.0% 

Comorbid Conditions PCOS 1.1% 3.6% 1.9% 

Hypertension 17.4% 34.0% 35.8% 

Obesity 7.8% 17.1% 15.7% 

Infertility  0.6% 1.0% 0.7% 

Smoking 6.2% 8.6% 10.5% 

Alcohol abuse 2.8% 3.6% 3.9% 

Drug abuse 3.7% 4.7% 5.3% 

Region Northeast 9.8% 9.8% 7.5% 

Midwest 27.5% 28.8% 28.5% 

South 62.6% 60.6% 63.4% 

West 0.3% 0.9% 0.7% 

 *T1DM = type 1 diabetes mellitus, T2DM= type 2 diabetes mellitus, DM= diabetes mellitus. 
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Table 4-8.  Annual prevalence of pre-existing diabetes in pregnancy from 2000-2006 among Medicaid patients in 29 US 
states.  

 
2000 2001 2002 2003 2004 2005 2006 Ptrend 

# Pregnancies 106,760 127,693 146,752 161,084 207,649 238,625 237,462 
 Mean age (SE) 23.9 (7.5) 24.3 (7.8) 24.5 (7.8) 24.3 (7.4) 24.4 (7.3) 24.6 (7.5) 25.1 (8.1) 
 # with Diabetes 3,120 4,290 4,955 5,138 6,803 8,400 11,331 
 Age 

        <20 1.2 (0.25) 1.3 (0.23) 1.1 (0.22) 1.1 (0.21) 1.1 (0.19) 1.1 (0.17) 1.6 (0.18) 0.1860 

20-29 2.3 (0.23) 2.4 (0.21) 2.4 (0.19) 2.4 (0.18) 2.5 (0.16) 2.6 (0.15) 3.3 (0.16) <0.0001 

30-39 5.6 (0.41) 6.3 (0.36) 6.5 (0.34) 6.5 (0.33) 6.9 (0.28) 7.5 (0.26) 9.2 (0.25) <0.0001 

40+ 16.4 (0.74) 17.5 (0.61) 17.2 (0.56) 16.2 (0.58) 15.6 (0.52) 16.9 (0.46) 19.0 (0.39) 0.0016 

Race/ethnicity 
        White, Non-Hispanic 
        crude 2.9 (0.24) 3.2 (0.22) 3.3 (0.20) 3.0 (0.19) 3.0 (0.16) 3.3 (0.15) 4.6 (0.15) <0.0001 

age-standardized 2.9 (0.08) 3.1 (0.07) 3.2 (0.07) 3.0 (0.06) 3.1 (0.05) 3.3 (0.05) 4.3 (0.06) <0.0001 

Black, Non-Hispanic 
        crude 3.0 (0.23) 3.4 (0.21) 3.4 (0.20) 3.4 (0.19) 3.4 (0.17) 3.6 (0.16) 4.8 (0.15) <0.0001 

age- standardized 3.3 (0.08) 3.6 (0.08) 3.6 (0.07) 3.5 (0.07) 3.6 (0.06) 3.7 (0.6) 4.4 (0.06) <0.0001 

Asian 
        crude 3.6 (1.1) 4.0 (1.1) 4.4 (1.0) 4.4 (1.0) 4.2 (0.94) 4.4 (0.89) 5.6 (0.90) 0.0316 

age- standardized 3.1 (0.37) 3.2 (0.35) 3.7 (0.36) 3.4 (0.33) 3.5 (0.33) 3.7 (0.32) 4.5 (0.36) 0.0067 
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Table 4-8. Continued. 

 2000 2001 2002 2003 2004 2005 2006 Ptrend 

Hispanic 
        crude 2.4 (0.43) 2.9 (0.40) 2.7 (0.40) 3.1 (0.40) 3.7 (0.40) 3.8 (0.38) 5.7 (0.43) <0.0001 

age- standardized 2.6 (0.14) 3.1 (0.14) 2.9 (0.14) 3.4 (0.15) 4.1 (0.16) 4.3 (0.16) 5.5 (0.19) <0.0001 

All Women 
        Crude 2.9 (0.15) 3.3 (0.14) 3.3 (0.13) 3.2 (0.13) 3.3 (0.11) 3.5 (0.10) 4.7 (0.10) <0.0001 

Age- standardized 3.1 (0.05) 3.4 (0.05) 3.3 (0.05) 3.3 (0.04) 3.4 (0.04) 3.5 (0.04) 4.4 (0.04) <0.0001 

Race and age- standardized 3.1 (0.05) 3.3 (0.05) 3.3 (0.05) 3.3 (0.04) 3.4 (0.04) 3.6 (0.04) 4.4 (0.04) <0.0001 
Data are prevalence per 100 (SEM). 

*
P-values are derived from linear regression model using pre-existing diabetes as the outcome variable and 

year as a continuous variable in the model after adjustment for other variables specified for the row.
 £
Pre-existing diabetes. Standardized 

estimates are standardized to the distribution of age and race/ethnicity categories in the overall pregnancy sample. 
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Table 4-9. Baseline characteristics of the delivery cohort.  

Variable Category 
DM       

N=15,637 
Not DM    

N=642,848 

Age: Years (SD)   30.5 (10.2) 23.0 (6.5) 

Eligibility: Months (SD)   63.9 (26.2) 53.6 (24.3) 

Race/ethnicity White, Non-Hispanic 42.3% 44.0% 

Black, Non-Hispanic 43.0% 42.8% 

American Indian or 
Alaskan Native 

1.3% 0.8% 

Asian or Pacific 
Islander or Native 
Hawaiian 

1.0% 0.8% 

Hispanic or Latino 10.0% 10.5% 

Unknown 2.5% 1.1% 

Delivery Route Vaginal 60.2% 77.2% 

Cesarean Section 39.8% 22.8% 

Preterm Birth   15.1% 10.9% 

Comorbid Conditions PCOS 2.2% 0.4% 

Hypertension 20.6% 2.7% 

Obesity 11.4% 2.4% 

Infertility  1.0% 0.4% 

Smoking 6.7% 4.1% 

Alcohol abuse 2.9% 1.5% 

Drug abuse 2.8% 1.8% 

Region Northeast 10.8% 13.3% 

Midwest 22.7% 30.3% 

South 65.9% 55.7% 

West 0.6% 0.7% 

*DM = pre-existing diabetes mellitus. 
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Table 4-10. Baseline characteristics and pregnancy characteristics of the delivery cohort 
stratified by type of diabetes.  

Variable Category 
T1DM       

N=1,024 
T2DM       

N=9,546 
Mixed DM       
N=5,047 

Age: Years (SD) 
  27.6 (9.2) 30.4 (9.8) 

31.5 
(11.0) 

Eligibility: Months 
(SD) 

  56.4 (26.5) 
63.6 

(26.2) 
66.0 

(26.1) 
Race/ethnicity White, Non-Hispanic 40.4% 42.4% 42.5% 

Black, Non-Hispanic 45.4% 41.9% 44.5% 

American Indian or 
Alaskan Native 

1.0% 1.4% 1.3% 

Asian or Pacific 
Islander or Native 
Hawaiian 

0.9% 1.1% 0.7% 

Hispanic or Latino 9.7% 11.2% 7.7% 

Unknown 2.6% 2.0% 3.3% 

Region Northeast 11.8% 12.1% 8.2% 

Midwest 25.6% 23.3% 20.8% 

South 62.4% 63.8% 70.5% 

West 0.2% 0.8% 0.5% 

Comorbid Conditions PCOS 0.5% 2.8% 1.5% 

Hypertension 10.4% 20.2% 23.4% 

Obesity 5.0% 11.9% 11.8% 

Infertility  0.5% 1.1% 1.0% 

Smoking 4.9% 6.2% 7.9% 

Alcohol abuse 2.0% 2.7% 3.3% 

Drug abuse 2.2% 2.7% 3.0% 

Drug Exposure during 
pregnancy 

Oral Only 2.0% 11.1% 15.7% 

Insulin Only 26.3% 4.8% 31.8% 

Mixed▲ 28.6% 29.5% 37.8% 

None 43.1% 54.5% 14.4% 

Delivery Route Vaginal 60.4% 61.9% 56.8% 

Cesarean Section 39.6% 38.1% 43.3% 

Preterm Birth   19.2% 13.4% 17.4% 

*T1DM = type 1 diabetes mellitus, T2DM= type 2 diabetes mellitus, DM= diabetes mellitus  
▲

Combination of use of insulin, oral, or none throughout pregnancy. 
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Table 4-11. Predictors of initiation of anti-diabetic agents in the first trimester of pregnancy among women with pre-
existing diabetes within the Medicaid Analytic eXtract database.  

  
Univariate models Final adjusted model 

Covariates 

Odds 
Ratio 

95% 
Confidence 

limits 
p-value 

Odds 
Ratio 

95% 
Confidence 

limits 
p-value 

Race / ethnicity  Black vs. white 0.78 0.70 0.86 <0.0001 0.76 0.68 0.84 <0.0001 
American Indian vs. 
white 

0.40 0.28 0.59 <0.0001 0.38 0.26 0.55 <0.0001 

Asian vs. white 1.29 0.73 2.29 0.3661 1.21 0.68 2.17 0.5177 
Hispanic vs. white 0.73 0.62 0.86 0.0001 0.73 0.62 0.86 0.0002 
Unknown vs. white 1.75 1.22 2.52 0.0023 1.47 1.02 2.12 0.0381 

Maternal Age Under 20 vs. 20-29 1.35 1.15 1.60 0.0003 1.37 1.16 1.62 0.0002 
30-39 vs. 20-29 1.07 0.95 1.20 0.2703 1.04 0.93 1.18 0.4164 
40+ vs 20-29 1.74 1.52 1.98 <0.0001 1.60 1.39 1.84 <0.0001 

Region Northeast vs. south 1.06 0.90 1.23 0.4877 
    

Midwest vs. south 0.86 0.76 0.96 0.0103 
    

West vs. south 0.85 0.48 1.50 0.5744 
    

Delivery Year 2001 vs. 2000 1.19 0.87 1.63 0.2672 
    

2002 vs. 2000 1.25 0.92 1.70 0.1499 
    

2003 vs. 2000 1.19 0.88 1.61 0.2591 
    

2004 vs. 2000 1.16 0.85 1.58 0.3426 
    

2005 vs. 2000 1.01 0.74 1.38 0.9553 
    

2006 vs. 2000 1.19 0.87 1.63 0.2762 
    

Comorbid 
Conditions 

PCOS 0.53 0.39 0.73 <0.0001 0.55 0.39 0.77 0.0005 

Hypertension 1.29 1.16 1.45 <0.0001 1.18 1.05 1.34 0.0067 

Obesity 0.92 0.78 1.09 0.3525 
    

Infertility  0.67 0.40 1.11 0.1199 
    

Smoking 1.04 0.83 1.29 0.7560 
    

Alcohol abuse 1.09 0.78 1.54 0.6096 
    

Drug abuse 0.95 0.67 1.33 0.7586 
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Table 4-12. Baseline characteristics of the safety cohort categorized by anti-diabetic exposure.  

Variable Category 
Only 

metformin       
N=514 

Only 
sulfonylureas       

 N=424 

Only 
thiazolidinediones      

 N=176 

Only 
insulin    
N=497 

Metformin & 
sulfonylureas    

 N=227 

Metformin & 
thiazolidinediones     

N=142 

Age: Years 
(SD) 

  35.5 (10.6) 40.9 (9.8) 39.8 (9.7) 32.6 (7.3) 41.6 (9.6) 36.9 (10.2) 

Eligibility: 
Months (SD) 

  62.1 (28.5) 65.7 (28.5) 67.6 (27.8) 56.4 (26.4) 67.1 (30.2) 63.9 (28.8) 

Race/ 
ethnicity 

White, Non-
Hispanic 

47.3% 44.8% 48.9% 37.6% 35.2% 45.1% 

Black, Non-
Hispanic 

35.8% 42.2% 41.5% 41.9% 47.6% 40.8% 

Asian or 
American 
Indian or 
Alaskan 
Native 

3.3% 2.1% 1.1% 2.6% 2.6% 4.2% 

Hispanic or 
Latino 

10.5% 7.1% 5.1% 16.3% 9.7% 7.0% 

Unknown 3.1% 3.8% 3.4% 1.6% 4.8% 2.8% 

Region Northeast 11.7% 7.5% 4.5% 10.5% 11.0% 9.2% 

Midwest 16.9% 8.3% 5.7% 19.9% 11.0% 14.8% 

South 69.8% 84.2% 89.2% 61.0% 77.5% 72.5% 

West 1.6% 0.0% 0.6% 0.4% 0.4% 3.5% 

Uncontrolled 
Diabetes  

Mild 24.3% 23.8% 24.4% 34.4% 32.6% 33.8% 

Severe 0.2% 0.2% 0.0% 0.4% 0.0% 0.0% 
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Table 4-12. Continued. 

Variable Category 
Only 

metformin       
N=514 

Only 
sulfonylureas       

 N=424 

Only 
thiazolidinediones      

 N=176 

Only 
insulin    
N=497 

Metformin & 
sulfonylureas    

 N=227 

Metformin & 
thiazolidinediones     

N=142 

Comorbid 
Conditions 
during 
baseline 

PCOS 7.0% 0.2% 2.8% 2.2% 0.4% 2.1% 

Hypertension 25.5% 34.2% 39.2% 25.8% 35.2% 35.9% 

Obesity 11.1% 7.1% 8.5% 11.7% 9.7% 15.5% 

VTE 1.8% 1.9% 2.3% 1.0% 0.9% 0.7% 

Diabetic 
Nephropathy 

0.8% 0.7% 2.3% 1.2% 1.8% 0.7% 

Chronic 
Kidney 
Disease 

0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 

Anemia 4.9% 7.8% 11.4% 6.4% 9.7% 7.7% 

Depression 29.2% 26.9% 26.1% 21.9% 22.9% 28.2% 

Herpes 
Simplex Virus 

1.0% 0.9% 0.6% 1.2% 0.9% 0.7% 

Rheumatoid 
arthritis 

1.6% 3.1% 2.3% 1.0% 0.9% 2.1% 

Lupus 0.4% 0.7% 0.6% 0.4% 0.4% 0.0% 

Multiple 
sclerosis 

0.0% 0.5% 0.6% 0.6% 0.0% 0.7% 

IBD 0.0% 0.0% 0.6% 0.2% 0.0% 0.7% 

Smoke 3.1% 5.2% 4.5% 3.0% 5.7% 2.8% 

Alcohol 2.1% 2.8% 1.1% 1.4% 2.6% 2.8% 

Drug abuse 1.2% 1.9% 1.1% 1.2% 0.9% 3.5% 
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Table 4-12. Continued. 

Variable Category 
Only 

metformin       
N=514 

Only 
sulfonylureas       

 N=424 

Only 
thiazolidinediones      

 N=176 

Only 
insulin    
N=497 

Metformin & 
sulfonylureas    

 N=227 

Metformin & 
thiazolidinediones     

N=142 

Anti-
hypertensive 
prescription 
filled during 
baseline 

Alpha-agonist 1.0% 6.4% 2.3% 2.6% 3.1% 1.4% 

ACE inhibitor 29.0% 39.6% 36.9% 33.4% 43.6% 43.7% 

ARB 5.3% 6.6% 11.4% 5.4% 8.4% 12.7% 

Beta blocker 13.0% 16.0% 15.9% 6.8% 20.7% 8.5% 

Ca-channel 
blocker 

8.4% 11.1% 16.5% 7.2% 6.6% 10.6% 

Diuretic 24.9% 34.4% 40.9% 19.3% 29.5% 28.2% 

Statin 
prescription 
filled during 
baseline 

  15.8% 21.9% 23.9% 15.1% 24.2% 31.0% 

Anti-
depressant 
prescription 
filled during 
baseline   

40.9% 40.3% 43.8% 33.6% 36.6% 44.4% 
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Table 4-13. Risk of premature delivery among live deliveries exposed to anti-diabetic agents during the first trimester of 
pregnancy.  

 

 Odds Ratio (95% CI) 
 

 

 

  
Adjusted 

 

 

Event 
Risk Unadjusted P-value Age P-value Propensity Score P-value 

Mono-therapy  
      Metformin 5.87% 1.00 

 
1.00 

 
1.00 

 Sulfonylureas  6.52% 0.99 (0.59, 1.70) 0.9900 1.56 (0.89, 2.75) 0.1223 2.05 (1.09, 3.83) 0.0252 

Thiazolidinediones  4.05% 0.62 (0.27, 1.42) 0.2552 0.80 (0.33, 1.91) 0.6170 0.85 (0.36, 2.01) 0.7129 

Insulin 14.60% 2.44 (1.59, 3.76) <0.0001 2.16 (1.36, 3.42) 0.0010 2.59 (1.61, 4.17) <0.0001 

Dual-therapy  
      Metformin & 

Sulfonylureas 4.15% 1.00 
 

1.00 
 

1.00 
 Metformin & 

Thiazolidinedione s 5.04% 1.64 (0.63, 4.23) 0.3072 1.32 (0.49, 3.55) 0.5845 1.05 (0.37, 3.01) 0.9219 
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Table 4-14. Risk of cesarean section delivery identified among live births exposed to anti-diabetic agents during the first 
trimester of pregnancy. 

 

 Odds Ratio (95% CI) 
 

 

 

  
Adjusted 

 

Event 
Risk Unadjusted P-value Age P-value Propensity Score P-value 

Mono-therapy        

Metformin 27.04% 1.00 
 

1.00 
 

1.00 
 Sulfonylureas  27.78% 1.04 (0.78, 1.39) 0.7912 1.03 (0.77, 1.38) 0.8579 0.94 (0.68, 1.30) 0.7131 

Thiazolidinediones  30.06% 1.20 (0.82, 1.75) 0.3345 1.19 (0.81, 1.74) 0.3712 0.98 (0.65, 1.47) 0.9225 

Insulin 34.08% 1.42 (1.08, 1.85) 0.0117 1.43 (1.09, 1.88) 0.0097 1.41 (1.05, 1.89) 0.0207 

Dual-therapy  
      Metformin & 

Sulfonylureas 27.19% 1.00 
   

1.00 
 Metformin & 

Thiazolidinediones  25.21% 1.01 (0.62, 1.63) 0.9712 0.98 (0.60, 1.61) 0.9403 0.89 (0.49, 1.61) 0.6994 
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Table 4-15. Risk of preeclampsia identified among live deliveries exposed to anti-diabetic agents during the first trimester 
of pregnancy. 

 
Hazard Ratio (95% CI) 

 

   
Adjusted 

 

 
Unadjusted P-value Age P-value 

Propensity 
Score P-value 

Mono-therapy 
      Metformin 1.00 

 
1.00 

 
1.00 

 Sulfonylureas  0.71 (0.46, 1.10) 0.1238 0.66 (0.33, 1.31) 0.0931 0.61 (0.36, 1.04) 0.0683 

Thiazolidinediones  0.65 (0.38, 1.09) 0.1026 0.48 (0.26, 0.87) 0.0157 0.58 (0.32, 1.04) 0.0660 

Insulin 0.88 (0.60, 1.29) 0.4982 0.77 (0.44, 1.35) 0.2199 0.86 (0.56, 1.32) 0.4851 

Dual-therapy 
      Metformin & 

Sulfonylureas 1.00 
 

1.00 
 

1.00 
 Metformin & 

Thiazolidinediones  1.57 (0.82, 3.00) 0.1710 9.97 (1.49, 49.41) 0.0176 1.74 (0.78, 3.89) 0.1742 
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Table 4-16. Exploratory analyses: Assessment of the impact of requiring a live birth in the comparative safety analysis.  

 
Sensitivity Analysis 

Outcome Exposure Safety Study Low Medium High 

Preterm birth 
 (OR) 

Sulfonylureas  2.05 (1.09, 3.83) 0.98 (0.55, 1.72) 0.98 (0.50, 1.93) 0.92 (0.48, 1.77) 

Thiazolidinediones  0.85 (0.36, 2.01) 0.71 (0.34, 1.47) 0.69 (0.30, 1.61) 0.62 (0.27, 1.42) 

Insulin 2.59 (1.61, 4.17) 0.75 (0.36, 1.56) 1.46 (0.75, 2.85)  1.34 (0.68, 2.62) 

Metformin & 
Thiazolidinediones  1.05 (0.37, 3.01) 2.15 (0.89, 5.20) 0.99 (0.36, 2.74) 0.95 (0.33, 2.63) 

            

Cesarean Section 
(OR) 

Sulfonylureas  0.94 (0.68, 1.30) 1.40 (0.96, 2.04) 1.16 (0.81, 1.66) 1.13 (0.79, 1.63) 

Thiazolidinediones  0.98 (0.65, 1.47) 2.12 (1.35, 3.32) 1.56 (1.02, 2.36) 1.49 (0.98, 2.27) 

Insulin 1.41 (1.05, 1.89)  1.23 (0.77, 1.99) 1.13 (0.71, 1.80) 1.15 (0.72, 1.83) 

Metformin & 
Thiazolidinediones  0.89 (0.49, 1.61) 1.00 (0.99, 1.01) 0.94 (0.52, 1.69) 0.88 (0.47, 1.63) 

            

Preeclampsia (HR) 

Sulfonylureas  0.61 (0.36, 1.04) 0.89 (0.60, 1.34) 1.12 (0.69, 1.82) 1.12 (0.68, 1.83) 

Thiazolidinediones  0.58 (0.32, 1.04) 0.78 (0.51, 1.19) 0.86 (0.48, 1.52) 0.69 (0.36, 1.33) 

Insulin 0.91 (0.58, 1.44) 0.78 (0.47, 1.30) 1.18 (0.66, 2.12) 1.20 (0.66, 2.17) 

Metformin & 
Thiazolidinediones  1.74 (0.78, 3.89) 1.58 (0.85, 2.95) 1.07 (0.60, 1.92) 1.34 (0.65, 2.75) 

* Variations of the delivery date algorithm identified the start of pregnancy for live birth, preterm birth, abortion and 
stillbirth. The average pregnancy lengths for the pregnancies resulting in an abortion or stillbirth were varied to test the 
impact on the risk estimates. Low=length of pregnancy as 91 days for abortions and 168 days for stillbirths, medium=105 
days for abortions and 196 days for stillbirth, and high=168 days for abortions and 238 days for stillbirths. 
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CHAPTER 5 
DISCUSSION 

 
Part I: Validation of Mother-Infant Linkage Using the Medicaid Case ID Number 

Variable within the Medicaid Analytic eXtract Database 

The increased use of administrative databases for pregnancy research requires 

the development of methods to link multiple databases together, or if possible, linking 

mothers to infants within one database, in order to obtain comprehensive health 

information. Ideally, the use of unique identifiers would allow researchers to link 

maternal records to birth certificates; however, with the implementation of strict privacy 

laws, this is often an impossible feat. Our analysis suggests that using the Medicaid 

Case ID variable and date of birth/delivery ranges results in a successful linkage of 

mothers to infants in MAX. 

Other studies have utilized the Medicaid Case ID variable to link mothers to 

infants within the MAX database, but none have validated the linkage using birth 

certificates records.133,158-160 In this study, we validated the Medicaid Case ID variable in 

the FL MAX database by using the FL BCR database. We identified 59% of the possible 

deliveries in FL BCR in the FL MAX database. Only 55% of deliveries included in the 

Medicaid cohort had a Medicaid Case ID variable associated with it, but 77% of infants 

included a valid Medicaid Case ID variable.  We were able to link mothers to infants by 

Case ID number algorithm for 17.8% of the identified deliveries in the FL BCR that 

linked to FL MAX.  

To improve the sensitivity and specificity of the linkage, we varied the 

requirement of continuous Medicaid eligibility for both the mother and infant. We found 

that requiring the mother to have continuous Medicaid eligibility from 12 months before 

delivery and infants to be eligible at birth produced the highest sensitivity (73.7%, 95% 
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CI: 73.5%, 73.8%) and specificity (99.9%, 95% CI: 99.8%, 99.9% ) for the mother-infant 

match. While this eligibility requirement will result in a loss of sample size, it produces 

the most useful scenario for pregnancy research, because the full exposure history of 

the mother during pregnancy can be examined and immediate birth outcomes 

concerning the infant are ascertainable.  

We also identified factors that influenced the Medicaid Case ID number algorithm 

performance using limited Medicaid eligibility requirements (mothers only during the 

month of delivery and infants were required to have one-month Medicaid eligibility at 

any time throughout the study period). Term infants, infants without living siblings at 

birth, and women older than 40 years old were more likely to result in a true linkage. 

This analysis indicates that attention is warranted when using the Medicaid Case ID 

variable to link mother and infant, as there is the potential to underrepresent certain 

populations.  

Our study was subject to additional limitations. Since we linked to infant records, 

the validation cohort is limited to pregnancies that resulted in a live birth, thus excluding 

all other pregnancy outcomes (i.e. spontaneous abortion, elective abortion, and 

stillbirth). We were only able to link approximately 22% of the MAX identified deliveries 

via Medicaid Case ID number, indicating a drastic decrease in the usable sample size 

and generalizability of study results, if the linkage was to be used in an analysis. 

Nevertheless, using the Medicaid Case ID number algorithm to create the mother-infant 

pairs may reduce the occurrence of false positive deliveries instead of identifying 

deliveries from the mother only. Using the linkage can also improve the validity of the 
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last menstrual period date assignment, and allow for the investigation of infant 

outcomes.  

Our evaluation was limited to only mothers and infants with valid SSN in both FL 

BCR and FL MAX. We also limited the analysis to mothers and infants who had fee-for-

service benefits in MAX. The restriction to fee-for-service only was done to assure 

comprehensive access to all claims, but resulted in excluding an increasing number of 

women and children due to Medicaid managed care penetration. Furthermore, the 

definition and availability of the Medicaid Case ID variable varies across each US state. 

Currently, we were limited to using only FL birth certificates. As reported by Palmsten et 

al., the prevalence of deliveries linked via Medicaid Case ID variable varied greatly 

across each of the individual US states.133 Additional validation studies will be needed 

to ensure the generalizability of our findings to other states.  

Part II: Epidemiology of Pre-existing Diabetes in Pregnancy from 2000-2006 
among Medicaid Patients in 29 US States 

We identified all pregnancies in the MAX database for 29 US states from 2000 to 

2006. The overall prevalence of pre-existing diabetes was 3.6% and the state-specific 

prevalence of pre-existing diabetes varied from 1.8% to 7.2%. The age- and 

race/ethnicity-adjusted prevalence of pre-existing diabetes during pregnancy increased 

from 3.1% in 2000 to 4.4% in 2006 (p<0.0001). The age-specific prevalence increased 

64.2% from 2000 to 2006 for women in categories aged between 30 to 39 years and 

43.4% for women aged between 20 to 29 years. Similar to the literature, we found a 

smaller (i.e. 15.8%) but significant increase in the prevalence of pre-existing diabetes in 

women aged ≥40 years.3 The significant increase in the prevalence of pre-existing 
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diabetes in pregnancies of younger women (i.e. 20-39 years) is evidence of an 

increasing onset of type 2 diabetes in earlier age (i.e. during reproductive years).  

Unlike previous studies that explored the temporal trends of diabetes in 

pregnancy, we did not restrict to our sample to only pregnancies resulting in live births.3-

5  Furthermore, our prevalence estimate focused on the prevalence of pre-existing 

diabetes, rather than estimating the combined prevalence of gestational and pre-

existing diabetes.3-5 Finally, we were able to estimate the prevalence in a large and 

geographically diverse population by utilizing 29 Medicaid states.  

To our knowledge, Albrecht et al conducted the only other study that has 

documented national trends in pre-existing diabetes. The authors estimated an overall 

prevalence of pre-existing diabetes of 1.3% in their study cohort, and when they applied 

their approach to other published estimates, they calculated a 0.4%  and 0.5% 

prevalence of pre-existing diabetes in two studies.3-5  These estimates of pre-existing 

diabetes are a third of our estimate (3.6%), but the authors utilized hospital discharge 

data, which required a live birth and only identified pre-existing diabetes from the 

delivery codes, potentially underestimating the true prevalence.142,161,162 

We conducted this study using a large subset of the MAX administrative 

database. MAX allowed us to investigate the prevalence of pre-existing diabetes in 

pregnancy in a large and geographically diverse cohort of more than 1.2 million 

pregnant women, from 29 US states, with medical claims. Our study period spanned 

seven years, allowing us to examine the temporal trends of pre-existing diabetes-

affecting pregnancy. Utilizing the longitudinal data for all included women allowed us to 

distinguish pre-existing from gestational diabetes and to consider other pregnancy 
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outcomes (i.e. pregnancies ending in spontaneous abortion, abortion, or stillbirth) that 

are affected by pre-existing diabetes.   

Our study is not without limitations. The results of this study are only 

representative of pregnant women in the Medicaid fee-for-service population. Medicaid 

is the largest payer of maternity-related health services, covering 4 in 10 births, and in 

several states paying for more than half of the total births.116-118 However, our focus on 

the fee-for-service population (to assure comprehensive access to all claims) excludes 

an increasing number of women especially in more recent years due to an increasing 

Medicaid managed care penetration. The small drop in the prevalence of pre-existing 

diabetes in 2003, could be a feature of the differential shift of women with chronic 

diseases into Medicaid managed care, which would artificially reduce the prevalence of 

pre-existing diabetes over time.  

The analysis of this study was based on automated healthcare administration 

claims that are intended for reimbursement purposes, not electronic medical records, 

thereby limiting the validity of our outcome (i.e. pre-existing diabetes) identified by ICD-

9-CM codes. Nevertheless, we utilized a validated algorithm to identify diabetes with a 

sensitivity of more than 75% and a positive predictive value of greater than 90%.123-125  

Similar to previous research, we presented the prevalence of type 1 and 2 diabetes as a 

stratified analysis because of the limited granularity of ICD-9-CM codes, and because 

previous studies have been largely unsuccessful in validating algorithms to distinguish 

the typing of diabetes based solely on ICD-9-CM codes.122,143,144,150,161,163  
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Part III: Utilization of Anti-diabetic Agents in Pregnancy from 2000-2006 among 
Medicaid Patients in 29 US States 

We conducted a descriptive analysis of anti-diabetic drug utilization before and 

during pregnancy in women with pre-existing diabetes in 29 states of the US Medicaid 

program between 2000 and 2006. Based on our algorithm to identify pre-existing 

diabetes, we observed an overall diabetes prevalence of 2.4% in live deliveries. 

Diabetic women were on average older, had higher prevalence of additional co-morbid 

conditions, higher prevalence of preterm birth and cesarean section deliveries 

compared to non-diabetic women with a live birth. 

We stratified our analysis by diabetes type to obtain characteristics of anti-

diabetic utilization during pregnancy by disease type. As expected, women categorized 

with type 1 diabetes only had a low prevalence of oral anti-diabetic exposure (2.0%). 

However, they also show a high prevalence of no anti-diabetic treatment (43%), which 

is highly unlikely because of insulin dependence. This finding further supports previous 

literature in the conclusion that distinguishing diabetes type solely based on the fifth 

digit of the ICD-9-CM code is not a valid method.122,143,144,163 Women assumed to be 

diagnosed with type 2 diabetes exhibited anticipated anti-diabetic drug utilization 

patterns.   

Pharmacological interventions are currently recommended for the initial therapy 

of diabetes.164  This is reflected by the 2007-2009 National Health Interview Survey, 

which reported that only 16% of all adults with a diagnosis of diabetes do not take either 

insulin or oral medication.165 The discovery that nearly 40% of diabetic women, with 

medical insurance before pregnancy, did not fill any anti-diabetic prescriptions during 

pregnancy is might be concerning. However, it was not until 2007 that the American 
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Diabetes Association first published the recommendation for early intervention with 

metformin in combination with lifestyle changes as the primary intervention at the time 

of diagnosis.166 Thus, the push of pharmacological interventions at the time of diagnosis 

did not occur until after our study period, and may explain the high prevalence of no 

treatment with an anti-diabetic agent, both before and during pregnancy. Since we were 

utilizing prescription claims data for our analysis, we cannot be certain how many 

women were prescribed anti-diabetic drugs but never filled their prescriptions. 

Nevertheless, a similar study that was conducted in commercial health plan data from 

1999 to 2009 found a similar prevalence of non-treatment during the preconception 

period.150  

The use of anti-diabetic drugs in the preconception period increased from 27% in 

2000 to 36% in 2006, whereas the use of these drugs during pregnancy increased from 

47% in 2000 to 54% in 2006.  From Figure 4-8, it is evident that although all of the drug 

classes saw an increase in prevalence from the pre-conception period to the first 

trimester of pregnancy, insulin observed the largest increase at 9%. Furthermore, of 

those who initiated treatment in the first trimester approximately 60% initiated treatment 

of insulin only. Although the reasons for initiation are unknown, it is possibly an 

indication of physicians following guidelines in prescribing insulin to manage glycemic 

control in pregnant women, as insulin is currently the only FDA approved drug to treat 

diabetes in pregnancy.30   

Previously published literature suggests that in women with pre-existing diabetes, 

glucose control does not deteriorate during the first trimester but does in the later 

trimesters of pregnancy.42,167 We explored the characteristics of women who initiated 
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anti-diabetic treatment compared to those who remained untreated in the first trimester 

of pregnancy. Our results indicate that additional factors, other than pre-existing 

diabetes, that might contribute to a high-risk pregnancy also are indicators for the 

initiation of anti-diabetic treatment in the first trimester of pregnancy. Interestingly, we 

observed that those with a diagnosis of PCOS were less likely to initiate anti-diabetic 

therapy in the first trimester of pregnancy, even though the current literature 

hypothesizes that exposure to anti-diabetic agents throughout pregnancy in women with 

PCOS will improve the outcomes of pregnancy (e.g. decrease risk of spontaneous 

abortion or preterm birth).50,69,82 Our findings with PCOS could be an artifact of 

physicians preference to not introduce additional medications in the critical period of 

fetal development when a woman is well controlled with life-style modifications. 

However, anti-diabetics, specifically metformin, have been found to have beneficial 

effects on metabolic outcomes in women with hypertension. 30,46,49 This would be 

particularly important because several anti-hypertensive agents are contraindicated in 

pregnancy, requiring modification of a woman’s treatment regimen.    

Our study had a number of limitations. We report results for a Medicaid 

population that was eligible for fee-for-service benefits, which may not be representative 

of pre-existing diabetes treatment pattern during pregnancy in the US. We did not have 

information on gestational length and last menstrual period (LMP) in the MAX data, 

which introduces the possibility of misclassification of the trimesters of pregnancy. 

However, we utilized validated algorithms to identify the calculated LMP, and the 

employment of a majority rule to determine exposure for each window likely means the 

misclassification is minor.124,137,168 Finally, the inability to measure disease severity in 
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our analysis of the initiation of anti-diabetic treatment introduces a significant 

unmeasured confounder. Additional studies are needed to investigate the role glycemic 

control plays in the initiation of anti-diabetic treatment in the first trimester of pregnancy.   

Part IV: Comparative Safety of Oral Anti-diabetic Agents in Pregnancy from 2000-
2006 among Medicaid Patients in 29 US States 

We assessed the comparative safety of anti-diabetic drugs during the first 

trimester of pregnancy in women aged 12 to 55 years eligible for in Medicaid fee-for-

service benefits. Unlike previous studies that explored the safety of oral anti-diabetic 

agents, we restricted our study to women with pre-existing diabetes and focused on the 

obstetric outcomes as primary analyses.19,23,76,96,97  We found that there were varying 

degrees of risk in the targeted obstetric outcomes with the commonly prescribed anti-

diabetic drugs.   

Preterm Birth 

We know from previous literature that women with pre-existing diabetes are at 

higher risk of preterm delivery.42 However, the comparative safety of various anti-

diabetic agents in this regard have not been assessed.   

We found that premature delivery was substatially more likely in women exposed 

to sulfonyulreas or insulin, as compared to metformin as a mono-therapy. Our results 

further support the finding identified in PCOS research that metformin exposure in the 

first trimester of pregnancy may reduce the risk of preterm birth.56,82 Likewise, 

thiazolidinediones have also been found to improve pregnancy outcomes in women with 

PCOS, mirroring the trend for a decreased risk in our study.84  Because confidence 

intervals for thiazolidinedione or dual therapy of metformin and thiazolidinedione were 

wide, additional studies of their comparative risk are needed.  
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Our results differed from those identified by the MiG and the glyburide 

randomized control trials (RCTs) with regards to the risk of preterm birth, in that we 

found an increased risk of preterm birth in insulin users compared to metformin, as well 

as an increased risk in sulfonylureas compared to metformin, while the RCTs did not 

find a difference in risk.19,76,96 Unlike our study, RCTs observed the risk of preterm birth 

in women with gestational diabetes, thus, anti-diabetic exposure was limited to the 

second and/or third trimester of pregnancy. 19,76,96 Furthermore, within our study we had 

a larger proportion of women with hypertension and different baseline risks for both 

preeclampsia and preterm birth compared to the RCTs, which could account for the 

higher risk of preterm birth we found in those exposed to sulfonylureas or insulin as 

compare to the literature.76,96 The glyburide RCTs analyzed the risk associated with the 

exposure to glyburide only, whereas we observed the risk associated with the 

therapeutic drug class of sulfonylureas, not just deliveries exposed to glyburide.  Thus, 

the fact that the glyburide RCTs did not find a difference in risk of preterm birth and we 

did may be attributed to several factors including the disease etiology, exposure period, 

or type of drug (i.e. glyburide vs. glipizide).  

Cesarean Section Delivery 

Cesarean section deliveries are performed for a number of reasons including 

maternal preference and medical need, which indicate a necessity for ensuring optimal 

maternal and neonatal outcomes.169-171 There is agreement among researchers that the 

cesarean section delivery rate is higher in women with diabetes, and that diabetes 

mellitus is an independent risk for cesarean section delivery.15,23,42,99,172-174 However,  

there is limited information on the comparative safety of oral anti-diabetic treatment and 

the associated risk of cesarean section delivery.42,99  
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Within our safety study, we found no marked difference in the odds of cesarean 

section delivery between sulfonylureas or thiazolidinedione when compared to 

metformin. Whereas, women exposed to insulin in the first trimester had 41% higher 

odds of cesarean section delivery compared to metformin. These results reflect the 

incidence rates identified by Hellmuth et al., who found no difference in the incidence of 

cesarean section delivery in metformin or sulfonylurea users (30% vs 28%), while 

insulin users had a slightly increased rate of 38%.21   

The literature provides substantial evidence that women with pre-existing 

diabetes are at increased risk of cesarean section delivery, however the direct cause of 

this association is still unknown. We know that physicians are inclined to be cautious 

with women who are considered high risk in pregnancy (i.e. women with pre-existing 

diabetes). Specifically, physicians are concerned about the increased risk of stillbirth, 

mangement of glucose, and even the pressure that is placed on a women’s eyes during 

child birth in women with pre-existing diabetes. Thus, the lack of difference in risk 

among the oral anti-diabetic agents could be due to physician preference to conduct a 

cesarean section delivery regardless of exposure status. 

Recently, a study found that women with diabetes have impaired uterine 

contractility, increasing the need for cesarean sections.175  This case control study 

looked at women with type 1 and gestational diabetes compared to matched non-

diabetics to explore the contractility of the myometrium.175 The majority of diabetic 

women in the study were treated with insulin; however, the authors conducted an 

analysis to see if there was a difference in the contractility among women treated with 

insulin (n=31) compared to diet (n=9).175 The fact that we did not see a difference in risk 
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among the oral anti-diabetic agents, but did in the insulin users could be due to the 

effect the exposures (i.e. anti-diabetic agents) have on contractility (i.e. insulin 

decreases the contratility, whereas oral anti-agent have minimal effects). Further 

studies are needed to explore the effect that anti-diabetic agents have on the impaired 

uterine contractility.  

Preeclampsia 

Characteristics of preeclampsia are high blood pressure and signs of damage to 

other organ systems, often the kidneys. The exact cause of preeclampsia is unknown, 

however, it is accepted that preeclampsia is an endothelial cell disorder (i.e. narrowing 

of the placental blood vessels).  Key factors for the control of endothelial cell function 

include insulin effectiveness and angiogenesis (i.e. new blood vessel formation). Thus, 

in women with pre-existing diabetes the decreased insulin sensitivity enhances the 

defects in new blood vessel formation therefore increasing the risk of preeclampsia.176-

178  

Dunne et al. reported that preeclampsia was two times more common in type 2 

diabetic women than in non-diabetic women.23 In their analysis, the authors obtained 

laboratory values, which allowed categorization of women as having normal, average, 

or poor glycemic control. In the women identified as having preeclampsia, 94% were 

categorized as having normal or average control. This indicates that factors other than 

glycemic control may increase the risk of preeclampsia in women with pre-existing 

diabetes.  

We found that both sulfonylurea and thiazolidinedione exposure in the first 

trimester of pregnancy resulted in a decreased risk of preeclampsia when compared to 

metformin only. Our results are consistent with other research that suggests an 
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increased risk of preeclampsia in women treated with metformin in the first 

trimester.19,21,70,179 This result may be perplexing because metformin tends to improve 

blood pressure in men and non-pregnant women with diabetes, as well as the fact that 

preeclampsia is a major indication for preterm birth, and metformin has been found to 

decrease one’s risk of preterm birth (also seen within our study). 56,82,179 However, when 

we consider the fact that preeclampsia is an endothelial cell disorder, which is affected 

by insulin sensitivity, it is understandable how different anti-diabetic drug exposures 

may affect the risk of preeclampsia. Specially, metformin acts mainly by decreasing 

hepatic glucose production, thereby reducing glucose levels without the stimulation of 

insulin secretion. However, sulfonylureas stimulate insulin secretion by the pancreatic β-

cell and thiazolidinediones improve insulin sensitivity through the stimulation of a 

nuclear receptor, PPAR- ˠ. Thus, because metformin does not stimulate insulin 

secretion, it is plausible that the different mechanisms of actions for each anti-diabetic 

drug class differentially affect insulin effectiveness and thus angiogenesis, creating a 

difference in the risk of preeclampsia. Further studies are needed to explore the effect 

of anti-diabetic agents have on the risk of preeclampsia. 

Exploratory Analysis 

Previous literature has reported the increased risk of stillbirth and sponanteous 

(or elective) abortion in women with pre-exisiting diabetes; however, limited information 

is available on anti-diabetic drug exposure in the first trimester of pregnancy.7,23,42 Our 

exploratory analysis allowed us to investigate a fuller safety profile of the anti-diabetic 

agents, as well as to quantify the effect of exposures on the probability of live birth.155,180  

We found differences in the comparative safety estimates when we considered 

the additional risks of other pregnancy outcomes, however only thiazolidinediones in 
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cesarean section deliveries produced a statistically significant risk. Nevertheless, 

caution is recommended with interpreting the results of our exploratory analyses. We 

were only able to capture abortions and stillbirths that resulted in a medical claim with 

respective ICD-9-CM coding. Since approximately 25% of pregnancies are lost before 

clinical recognition, it is possible that we are masking the true risk of exposure and even 

introduce misclassification bias. Also, we were unable to differentiate between induced 

abortion and spontaneous abortions. This is particularly important because induced 

abortions should not be considered when exploring the risk of spontaneous abortions. 

Pregnancies destined for induced abortions can contribute to spontaneous abortions but 

not births, therefore distorting the risk of spontaneous abortions.155  

Furthermore, by identifying the start of pregnancy from average pregnancy 

lengths, we may have introduced misclassification of the exposure period. However, we 

estimated the effect of misclassification of the first trimester on our outcome estimates 

by conducting several sensitivity analyses, which showed little influence on the outcome 

estimates.181 Finally, there is a possibility of reverse causation when considering the risk 

of the other pregnancy outcomes (stillbirth, spontaneous or elective abortion) in the 

comparative safety estimates. For example, metformin has been found to reduce the 

risk of spontaneous abortions, thus women with an increased risk of spontaneous 

abortions could be using metformin for its effectiveness in glucose control, ease of 

administration, assumed safety in pregnancy, and lower risk of other pregnancy 

outcome in high-risk pregnancies.  

Strengths and Limitations  

Our study had several strengths. This is to our knowledge, the first comparative 

safety study addressing the association of oral anti-diabetic agents and adverse 
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obstetric outcomes.  Our study included comprehensive administrative data from seven 

years, in 29 US states, providing a geographically diverse population. The use of 

Medicaid data permitted us to adress a critical population of lower-income and minority 

pregnant women. Furthermore, it allowed for observation of prescribing practices and 

healthcare utilization, because access to care (e.g. cost) is not a major limitation due to 

minimal co-pays associated with our the Medicaid benefit plans.  

Several study design features aided in the establishment of balanced comparison 

groups, including the requirement of pre-existing diabetes diagnosis, restriction of drug 

exposure to mono- or dual therapy with a high propensity for treatment within each 

exposure group and the broad selection of variables for the propensity score 

adjustment.  In order to minize the potential for misclassification of our outcomes, we 

utilized a validated algorithm  with moderate to high specificity for identifying 

preeclampsia, as well as validated algorithms for both preterm birth and cesarean 

section delivery in MAX data. We found that the codes for cesarean section delivery and 

preeclampsia produce high specificity, thus we expect a minimally biased risk ratio. The 

moderate specificity of preterm birth potentially introduces non-differential 

misclassification of the outcome that could effect the risk estimates. 

All administrative data have limitations and this study is no exception. We utilized 

the MAX database because it is the largest payer in maternity related health services 

and covers approximately 50% of all births in the US. Nevertheless, due to our strict 

inclusion criteria for drug exposure, our study struggled with small samples and event 

rates.  
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We cannot exclude the possibility of non-adherence, because even if a 

prescription is filled, it does not ensure the utilization of the drug, which introduces the 

possibility of misclassification. We did explore the average days’ supply for each 

exposure category and found that with the exception of insulin, the majority of the oral 

anti-diabetic drugs maintained a 30 day supply. This resulted in a regular pattern of 

prescription refills allowing for frequent updates of exposure windows.  

Since laboratory values are not available in claims data, it is unclear whether the 

women included in our analysis were able to achieve or maintain normoglycemia before 

or during pregnancy. Our solution to this issue was to restrict comparisons according to 

therapy regimens, under the assumption that a woman on only mono-therapy should be 

comparable to another woman on only mono-therapy as it concerns glycemic control. 

We further adjusted for additional potential markers of disease severity within the 

propensity score, which allowed us to balance our exposure groups based on known 

and adequately measured confounders. 

Finally, the inability to control for disease severity, because laboratory values are 

not captured in administrative claims data, introduces a significant unmeasured 

confounder. We attempted to control for disease severity with strict inclusion criteria, as 

well as utilizing propensity scores to balances the probability of exposure between the 

different exposure categories. Even if we were able to measure disease severity, 

assessments would be challenging, as anti-diabetic treatment would likely be adjusted 

to reflect varying glucose levels throughout pregnancy, resulting in time-dependent 

confounding. We used an ITT analysis to alleviate the issue of time-dependent 

confounding, as it was likely that prescribers adjust women’s anti-diabetic treatment 
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regimen according to changing glucose management requirements throughout 

pregnancy. Unfortunately, because of sample size constraints we could not conduct a 

sensitivity analysis on women who continuously utilized the same anti-diabetic agent 

throughout pregnancy until delivery occurred.  

Conclusions 

In our validation analysis, we were successful in identifying and validating a 

mother-infant linkage algorithm in MAX. The ability to link mothers to infants using the 

Medicaid Case ID number maximizes the utility of administrative claims data in 

population-based pregnancy research and enhances the evaluation of pregnancy 

outcomes by providing access to the health information of both mother and child. We 

recommend caution when using this mother-infant linkage algorithm, as there is the 

potential to under-represent certain populations (e.g. preterm infants). 

Our analysis investigating the comparative safety of anti-diabetic treatment in 

pregnant women with pre-existing diabetes uncovered important findings. Over the 

course of the study period, the prevalence of pre-existing diabetes in pregnancy 

increased approximately 42%. Because women with diabetes might be increasingly 

shifted to managed care plans, we may be underestimating secular increases of pre-

existing diabetes in pregnancy. Following the secular increase of the prevalence of pre-

existing diabetes in pregnancy, we saw a rise in the utilization of overall oral anti-

diabetic drugs both before and during pregnancy.  

In our comparative safety analysis, the odds of preterm birth were elevated 

among women exposed to sulfonylureas in the first trimester of pregnancy. In contrast, 

women exposed to only insulin during the first trimester had an increased odds of 

cesarean section delivery. Lastly, we confirmed earlier findings that metformin exposure 
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in the first trimester may be associated with increased risk of preeclampsia. Our 

exploratory analyses highlight the critical need for additional research on the safety of 

anti-diabetic treatment in relation to other pregnancy outcomes (spontaneous abortion, 

stillbirth, or elective abortions).   

Understanding the role anti-diabetic agents’ play in both maternal and infant 

pregnancy outcomes in light of the increasing prevalence pre-existing diabetes will 

permit for more successful treatment regimens for these women, ultimately resulting in 

healthier mothers and infants and efficient use of health care resources. 
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APPENDIX A 
OPERATIONAL DEFINITIONS 

 
Pre-existing Diabetes Mellitus 

Pre-existing diabetes mellitus was defined as presence of two or more in- or out-

patient claims with primary or secondary diagnosis of diabetes (ICD-9-CM: 250.XX) 

during the baseline study period. 

Uncontrolled Diabetes 

We categorized claims indicating mild uncontrolled diabetes as those with (ICD-

9-CM: 250.02, 250.42, 250.52, 250.62, and 250.72). Claims indicating severe 

uncontrolled diabetes included 250.12, 250.13, 250.22, 250.23, 250.32, and 250.33. 
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Co-morbid Conditions 

Table A-1. ICD-9-CM codes for the identification of comorbid conditions during baseline. 

Condition ICD-9-CM 

Polycystic ovary syndrome (PCOS) 256.4X, 628.0, 704.1 

Hypertension 401.XX, V81.1 

Obesity 278.XX, V77.8 

Venous Thromboembolism (VTE) 
671.3X, 671.4X, 671.5X, 671.9X, 
673.2X, 673.8, 451.XX, 452.XX, 
453.XX, 415.XX  

Chronic Kidney Disease (CKD) 585.1-585.9X 

Diabetic Nephropathy 250.4X 

Anemia 280.XX-285.XX  

Depression 296.XX, 300.XX, 309.XX, 311.XX 

Rheumatoid Arthritis 714.XX, 696.XX 

Systemic Lupus Erythematosus (SLE) 710.XX 

Inflammatory Bowel Disease (IBD) 555.XX, 556.XX 

Multiple Sclerosis 340.XX 

Alcohol abuse 303.XX, 305.0X, V11.3, V79.1 

Cigarette smoking V15.82, 305.1X 

Illicit drug abuse 305.2X-305.4X, 305.6X-305.9X 
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Pregnancy 

We identified pregnancy with 2 in- or out-patient claims for pregnancy or 1in- or 

out-patient claim for delivery, stillbirth, or abortion.  

Table A-2. Current procedure terminology (CPT-4) and ICD-9-CM codes for the 
identification of pregnancy.  

Coding system Codes Code definitions 

Current procedure 
terminology (CPT-
4) 

81025 Diagnosis of pregnancy 

 84163 Pregnancy-associated plasma protein-A (PAPP-A) 

 
59000 Amniocentesis; diagnostic 

 59012 Cordocentesis (intrauterine), any method 

 59015 Chorionic villus sampling, any method 

 59025 Fetal non-stress test 

 59400 Routine obstetric care including antepartum care 

 59610 
Routine obstetric care including antepartum care 
after previous cesarean delivery  

 59618 
Routine obstetric care including antepartum care 
following attempted vaginal delivery after previous 
cesarean delivery 

ICD-9-CM 
(procedures) 

V22 Supervision of normal pregnancy 

 
V23 Supervision of high-risk pregnancy 

 
V72.42 Pregnancy examination or test, positive result 

ICD-9-CM 
(diagnoses) 

634-639 Other pregnancy with abortive outcome 

 
640-649 Complications mainly related to pregnancy 

 
678-679 Other maternal and fetal complications 
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Trimesters 

Pregnancy is measured in trimesters, from the first day of a women’s last 

menstrual period (referred to as conception) to the birth of the infant (typically 40 weeks 

gestation).  

 First trimester: Includes the first day of the calculated last menstrual period 
to the end of the 13th week gestation (90 days).  

 Second trimester: Includes the start of the 14th week of gestation to the 
end of the 27th week of gestation (90 days). 

 Third trimester: Includes the start of the 28th week of gestation until birth 
(65 or 90 days).  
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Abortion  

Table A-3. Current procedure terminology (CPT-4) and ICD-9-CM codes for the 
identification of abortion (spontaneous or induced)*.  

Coding system Codes Code definitions 

Current procedure 
terminology (CPT-4) 

59812 Treatment of incomplete abortion, 
any trimester, completed surgically 

59820 Treatment of missed abortion, 
completed surgically; first trimester 

59821 Treatment of missed abortion, 
completed surgically; second 
trimester 

59830 Treatment of septic abortion, 
completed surgically 

 59840 Induced abortion, by dilation and 
curettage 

 59841 Induced abortion, by dilation and 
evacuation 

 59850-59852 Induced abortion, by one or more 
intra-amniotic injections 
(amniocentesis-injections) 

 59855-59857 Abortion, induction 

   

ICD-9-CM 
(diagnoses) 

632-638 Abortion (includes miscarriage, 
spontaneous abortion) 

639 Complications following abortion 
and ectopic molar pregnancies 

 779.6 Termination of pregnancy (fetus) 

*Presence of at least one in- or outpatient claim with a CPT or ICD-9-CM code in women who had an 
abortion (spontaneous or induced). 
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Stillbirth 

Table A-4. Current procedure terminology (CPT-4) and ICD-9-CM codes for the 
identification of a stillbirth*. 

Coding system Codes Code definitions 

ICD-9-CM 
(diagnoses) 

  V27.1 Single stillborn 

V27.4 Twins, both stillborn 

V27.3 Twins one live-born and one 
stillborn 

  V27.7 Other multiple birth, all stillborn 

 V32 Twin, mate stillborn 

 V35 Other multiple, mates all stillborn 

 V36 Other multiple, mates live- and 
stillborn 

*Presence of at least one in- or out-patient claim with an ICD-9-CM code after 20 weeks of pregnancy, in 

women who delivered a stillborn infant. 
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Delivery (Live Birth) 

Table A-5. Current procedure terminology (CPT-4) and ICD-9-CM codes for the 
identification of a delivery*. 

Coding system Codes Code definitions 

Current procedure 
terminology (CPT-4) 

01960-01969 Anesthesia for delivery 

59409-59410 Vaginal delivery codes 

59510-59515 Cesarean delivery codes 

59610-59614 Vaginal Birth After Cesarean Section 
(VBAC) 

59618-59622 Cesarean delivery after attempted VBAC 

 59525 Cesarean delivery with hysterectomy 

ICD-9-CM (procedures) 72.0-75.4 Procedures assisting delivery 

 763-763.6 Fetus or newborn affected by other 
complications of labor and delivery 

ICD-9-CM (diagnoses) V27-V27.9 Outcome of delivery 

 V30.0-V37.1, 
V39.0-V39.1 

Live born infants according to type of birth 

 640-648.92 Complications mainly related to 
pregnancy 

650-659 Normal delivery, and other indication for 
care in pregnancy, labor, and delivery 

660-669 Complications occurring mainly in the 
course of labor and delivery  

 670-677 Complications of the puerperium 

*Presence of at least one in- or out-patient claim with a CPT or ICD-9-CM code 
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Preterm Birth 

Presence of at least one in- or out- patient claim with an ICD-9-CM code: 644.0X, 

644.42, 765.0X, 765.1X, 765.20, 765.21, 765.22, 765.23, 765.24, 765.25, 765.27, 

765.28.  

Cesarean Section Delivery 

Table A-6. Current procedure terminology (CPT-4) and ICD-9-CM codes for the 
identification of a cesarean section delivery.* 

Coding system Codes Code definitions 

Current procedure 
terminology (CPT-4) 

01961, 01963, 01968-9 Anesthesia for delivery 

59510-59515 Cesarean delivery codes 

59618-59622 Cesarean delivery after 
attempted VBAC 

ICD-9-CM (procedures) 74.XX Procedures assisting 
delivery 

ICD-9-CM (diagnoses) 763.4 Cesarean delivery 

669.7 Cesarean delivery, without 
mention of indication 

*Presence of at least one in- or out-patient claim with a CPT or ICD-9-CM code 
Preeclampsia 

Preeclampsia is defined by the presence of hypertension and proteinuria 

occurring after the 20th week of gestation.105 We operationalized preeclampsia as 

presence of at least 1 in- or out-patient claim with any of the following diagnosis codes 

(ICD-9-CM:  642.4x, 642.5x, 642.6x, or 642.7x) between gestation week 21 (20 weeks 1 

day) to delivery. 
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APPENDIX B 
SUPPLEMENTAL TABLES 

 
Table B-1.  List of counties in Florida 

County  Region  County  Region  

ALACHUA  N  LAKE  C  
BAKER  N  LEE  SW  
BAY  NW  LEON  NW  
BRADFORD  N  LEVY  N  
BREVARD  C  LIBERTY  NW  
BROWARD  SE  MADISON  N  
CALHOUN  NW  MANATEE  SW  
CHARLOTTE  SW  MARION  C  
CITRUS  C  MARTIN  SE  
CLAY  N  MONROE  SE  
COLLIER  SW  NASSAU  N  
COLUMBIA  N  OKALOOSA  NW  
DADE  SE  OKEECHOBEE  SW  
DESOTO  SW  ORANGE  C  
DIXIE  N  OSCEOLA  C  
DUVAL  N  PALM BEACH  SE  
ESCAMBIA  NW  PASCO  C  
FLAGLER  C  PINELLAS  C  
FRANKLIN  NW  POLK  SW  
GADSDEN  NW  PUTNAM  N  
GILCHRIST  N  SANTA ROSA  NW  
GLADES  SW  SARASOTA  SW  
GULF  NW  SEMINOLE  C  
HAMILTON  N  ST. JOHNS  N  
HARDEE  SW  ST. LUCIE  SE  
HENDRY  SW  SUMTER  C  
HERNANDO  C  SUWANNEE  N  
HIGHLANDS  SW  TAYLOR  N  
HILLSBOROUGH  C  UNION  N  
HOLMES  NW  VOLUSIA  C  
INDIAN RIVER  SE  WAKULLA  NW  
JACKSON  NW  WALTON  NW  
JEFFERSON  
LAFAYETTE 

NW  
N 

WASHINGTON  NW  
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Table B-2.  List of Medicaid Analytic eXtract (MAX) States and Region in analysis 

State State Abbreviation Region 

Alabama AL South 

Arkansas AR South 

Florida FL South 

Georgia GA South 

Iowa IA Midwest 

Idaho ID West 

Illinois IL Midwest 

Indiana IN Midwest 

Kansas KS Midwest 

Louisiana LA South 

Massachusetts MA Northeast 

Maryland MD South 

Minnesota MN Midwest 

Missouri MO Midwest 

Mississippi MS South 

North Carolina NC South 

Nebraska NE Midwest 

New Hampshire NH Northeast 

New Jersey NJ Northeast 

New York NY Northeast 

Ohio OH Midwest 

Pennsylvania PA Northeast 

South Carolina SC South 

Tennessee TN South 

Texas TX South 

Virginia VA South 

Vermont VT Northeast 

Wisconsin WI Midwest 

West Virginia WV South 
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