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Application of Latent Variable Models (LVMs) in medical research is becoming 

increasingly popular. The objective of this study was to employ an LVM in a drug safety 

study to produce an overall index of adverse perinatal and pregnancy outcome (APO) 

from four observed component outcomes, including birth defects (BD), abnormal 

conditions of new borns (ACNB), pregnancy and obstetric complications (PC/OC), and 

low birth weights (LBW). The validity and reliability of the combined outcome were 

assessed in accordance with the psychometric theory and the assumptions of the latent 

variable. Unidimentionality, local independence, internal homogeneity, and construct 

validity were evaluated using factor analysis, Q3 statistics, and Spearman correlation.  

The association between infant birth defects and maternal exposure to 

Antiepileptic drugs (AEDs) or Vaproic Acid (VPA) has been widely investigated. 

Previous studies reported the significant adverse effects of maternal exposure to AEDs 

during pregnancy on all four component outcomes, whereas, the significant adverse 

effects of VPA mainly on one component, BD, specifically neural tube defects. 
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Therefore, AED and VPA, which are representations of two different scenarios of 

relationships with the component oucomes, were employed in this study to validate the 

component selection for the combined outcome.  The change of utilization trends for 

AED polytherapy in 2007 possibly caused by the FDA black box warning for lamortrigine 

and birth defects was identified in this study. 

Our findings suggest that combining BD, ACNB, PC/OC, and LBW can generate 

a valid assessment of overall severity of adverse perinatal and pregnant outcome and 

the overall adverse effects of AEDs on both mothers and infants. However, caution 

needs to be taken for combining outcomes. Adding a component outcome that is not 

associated with the specific drug exposure may mask the relationship between the 

combined outcome and drug exposure. Therefore, evaluation of the selected 

components is essential to ensure the validity of the combined outcome.   

Future studies are warranted for utilizing the latent variable model with more 

components, and weighted severity for each component.  
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CHAPTER 1 
INTRODUCTION 

Background 

In the United States, birth defects (BDs), involving major congenital malformation 

(MCM) and minor anomaly (MA) are the leading causes of infant mortality, morbidity, 

and years of potential life lost.1 Pregnancy and obstetric complications (PC/OCs) have 

been reportedly associated with low birth weight (LBW), abnormal condition of new born 

(ACNB), preterm birth, and childhood seizures.2,3,4,5 The association of infant BDs and 

PC/OCs with maternal exposure to antiepileptic drugs (AEDs) has been investigated 

extensively.6,7 However, the rare occurrence of BDs, ACNBs, and PC/OCs limits the 

power of most published studies, and makes some studies inconclusive.8,9,10 A joint 

model for combining individual outcomes is suggested to improve the efficiency and 

power of BD studies.11 

Latent variable models (LVMs) have become increasingly popular in medical 

research, including the measurement of quality of life, diagnostic testing, survival 

analysis, and joint modeling for longitudinal data.12 An LVM in a latent trait setting was 

applied to combine individual BD outcomes and develop an infant morbidity index.13 The 

model was based upon “local independence”, defined as an independence of manifest 

outcomes conditioned on latent variables.14 Estimated Generalized Nonlinear Least 

Squares (EGNLS) estimation was used to obtain the parameters involved in the latent 

trait model.15 Application of this model to drug safety studies increases statistical power 

and improves the efficiency of the study.  

There is a debate over the use of combined or individual outcomes in a BD 

study. Although a combined outcome increases statistical efficiency, it may mislead the 
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results and threaten the validity of the study if the components are selected 

inappropriately.16,17 Therefore, the combined outcome must be evaluated in terms of 

conceptualization of the composite outcome.16 Three important criteria for selecting the 

components of a composite outcome are: 1) similar importance to the patient; 2) similar 

event rate, and 3) similar treatment effects across all components.16 These three 

assumptions need to be verified to ensure the valid selection of the components.  

Furthermore, a combined outcome of this study entails an unobservable latent 

variable, where evaluation of the unidimensionality, local independence, construct 

validity, and reliability of the latent variable becomes important.5 To establish construct 

validity, many different types of validity, including convergent validity, discriminant 

validity, and discriminative validities, are usually operationally defined and assessed.18 

This validation process examines the accuracy of the representation of the overall 

adverse outcomes for both mothers and infants. 

Need for Study 

In the United States, about 120,000 infants annually are born with a BD, of which 

8,000 die within the first year of life.1 According to the National Hospital Discharge 

Survey, more than 22% of hospitalizations of pregnant women are due to pregnancy 

complications and loss, which costs over 2 million hospital days of care and 1 billion 

dollars per year in the USA.19 Approximately 2% to 3% of BDs are related to teratogen-

induced malformations.20,21 AEDs are a group of significant teratogens that are related 

to several BDs and PC/OCs.22 

Previous studies have discovered that some BDs and PC/OCs are associated 

with in utero exposure to first generation AEDs.23,24 Valproic acid (VPA) has been 

identified as an important teratogen related to the high risk of neural tube defects 
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(shown in Table 1-1).6,25,26  The FDA warned of the risk of cleft lip and palate with in 

utero exposure to topiramide and lamotrigine;27 however, the association between BDs 

and second generation AEDs, either as a class or an individual, has not been 

established conclusively. Previous research was not adequately powered in identifying 

a clinically significant risk of BD or pregnancy complication from in utero exposure to 

specific second generation AEDs.8,28,29 More relevant clinical data on levetiracetam, 

lamotrigine, topiramate, tiagabine, oxcarbazepine, pregabalin, and zonisamide is needed 

to identify the safest AED in pregnancy and to understand the physiological pathways of 

their teratogenic effects. The results from previous studies on the teratogenicity of the 

specific second generation AEDs are controversial due to a deficiency of statistical 

power caused by rare outcomes and exposures.30 

In addition, the combined outcomes used in previous studies were simply 

dichotomized to ‘1’ or ‘0’ by defining ‘1’ as an occurrence of any of the components.31 

The occurrence rates of the components were not taken into consideration. The latent 

trait model proposed in this study combines four specific outcomes into a continuous 

index of adverse perinatal outcome (APO) based on the occurrence rate of each of the 

components. The model will be evaluated for component selection and construct 

validity. This model may be important to assist pharmacoepidemiologists in conducting 

safety studies of multiple rare outcomes with different occurrence rates.  

The systematic study of APO with adequate statistical power is essential for the 

drug’s safe use by pregnant women. Our study can contribute to the prevention of BDs 

in the offspring of women using AEDs, and ultimately improve health outcomes in 

society at large.   
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Purpose of Study 

The basic purpose of this research is to explore an innovative method to achieve 

greater power and higher efficiency for drug safety studies of multiple rare outcomes. In 

this study, a latent trait model is used to combine pregnancy complications and BDs, 

and the combined outcome is evaluated for validity and reliability. By establishing a 

validated combined outcome, our research can provide pharmacoepidemiologists with 

methodological options that can help them make better-informed decisions in the study 

of rare outcomes. A combined outcome with content and construct validity can 

maximize the identification of teratogenic signals, increase the likelihood of a statistically 

significant adverse effect, and comprehensively assess the adverse perinatal and 

pregnancy effects of maternal drug exposure on both mothers and infants.32 A well 

designed observational study that applies a combined outcome can provide physicians 

with information to identify drugs that can harm mother-infant pairs, help the FDA 

regulate the drugs in the proper pregnancy categories, and ultimately improve the 

overall health of both mothers and infants. 

The first part of this study analyzes the utilization pattern of VPA prescriptions for 

pregnant women by using Florida Medicaid data from 1999 to 2009. The analysis 

includes longitudinal trends in the utilization of VPA, comparison of the use of VPA as 

mono- and polytherapy in addition to other AEDs, and identification of significant 

predictors for VPA use in pregnancy women. This first part provides important insights 

into the evaluation of combined outcomes and sets the stage for the third part of the 

study.  

The second part of this study details the process of developing an extended 

latent trait model to combine multiple outcomes. The probability theory, statistical 
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inference, and mathematical algorithms used to develop this model are discussed in this 

section.    

In the third part, the combined outcome is evaluated for validity and reliability 

using well established associations between APOs and maternal exposure to VPA in 

the linked dataset of the Florida Medicaid and Florida Birth Vital Surveillance (BVS) 

from January 1 1999 to December 31 2009. Unidimensionality and local independence 

are evaluated using exploratory factor analysis (EFA) and confirmatory factor analysis 

(CFA).5 Construct validity is assessed by examining the convergent, discriminant, and 

discriminative validity. The length of hospital stays during infant delivery is used as a 

‘gold standard’ to examine whether, and to what extent, the combined outcome 

associates with the standard measure of health status for both mothers and infants.33,34 

The combined outcome will be considered invalid if it does not show convergent and 

discriminant validity by failing to correlate with the relevant clinical endpoints and 

distinguish from the irrelevant events. A lack of discriminative validity can make a 

combined outcome unable to distinguish the difference between extreme groups. This 

analysis ensures that the combined outcome in drug safety studies not only improves 

statistical power, but also is valid and meaningful.  

Study Significance 

Previous pharmacoepidemiological studies of APOs mostly investigated the 

association between a drug and one specific outcome, and were often limited by 

insufficient statistical power. Combining several rare outcomes into one combined 

outcome with an appropriate statistical model may help to improve a study’s power and 

efficiency.  
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After the completion of this study, we expect to establish an alternative method 

with improved statistical power and adequate internal validity to detect a clinically 

significant risk ratio in the APO studies. However, the combined outcome also may 

obscure important differences for specific outcomes and could even mask AED 

differences by adding noise to the system. This study will evaluate the strength and 

limitation of the combined outcome in birth defect study, and help health researchers 

choose more efficient and appropriate methods for outcome definition in the future.  

Furthermore, the risk factors identified for prescribing VPA in the first part of this 

study provide information for clinical decision making in pregnant women. While 

randomized clinical trials are not feasible for APO outcome due to the ethical issues, the 

evidence from an observational APO study with adequate statistical power will provide 

informative clinical decision making and help the FDA to detect drugs’ adverse effects, 

decide upon label changes, and develop treatment guidelines to ultimately prevent 

adverse perinatal and pregnancy effects and improve public health.     

Research Questions and Hypotheses 

The research questions and specific aims in this dissertation are categorized in 

three parts, and apply to the studied mother-infant pairs which are defined as Florida 

Medicaid enrollees who delivered a single live infant between April 01, 2000 and 

December 31, 2008. The detailed inclusion and exclusion criteria for the study 

population are illustrated in Chapter 3. Spearman correlation is applied for the discrete 

data, and Pearson correlation is calculated for the continuous variables that follows 

normal distribution. If not otherwise specified, statistical significance is assumed at α 

level of 0.05. H0 refers to a null hypothesis and HA to the alternative hypothesis. 

Part 1: Utilization of AEDs in Pregnant Women Included in the Study 
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This study includes pregnant women who were enrolled in the Florida Medicaid 

fee-for-service program between the years 1999-2009. 

Specific Aim 1-1: Assess the secular trend for the utilization of AEDs.  

Hypothesis 1-1: HA: The slope of the secular trend for the utilization of AEDs is 

significantly less than 0. H0: The slope of the secular trend for utilization of AEDs is 

equal to 0. 

Specific Aim 1-2: Assess the secular trend for the utilization of VPA.  

Hypothesis 1-2: HA: The slope of the secular trend for the utilization of VPA is 

significantly less than 0. H0: The slope of the secular trend for utilization of VPA is equal 

to 0. 

Specific Aim 1-3: Compare the utilization of AEDs from 1999 to 2009 in 

monotherapy and polytherapy in the pregnant women included in the study.  

Hypothesis 1-3: HA: The secular trend for the utilization of AED in monotherapy is 

significantly different than that of polytherapy. H0: The secular trend for the utilization of 

AED in monotherapy is not different than that of polytherapy. 

Specific Aim 1-4: Compare the utilization of VPA from 1999 to 2009 in 

monotherapy and polytherapy in the pregnant women included in the study.  

Hypothesis 1-4: HA: The secular trend for the utilization of VPA in monotherapy is 

significantly different than that of polytherapy. H0: The secular trend for the utilization of 

VPA in monotherapy is not different than that of polytherapy. 

Part 2: Apply a Latent Variable Model to Combine the Four Birth Defect 

Outcomes 
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In this section, an LVM was developed to combine the four components into one 

continues index of APO. The combined outcome in this study is a latent variable 

obtained from the LVM, and the four component outcomes refer to the observable 

manifest variables in the terminology of LVMs. 

Specific Aim 2: Establish an LVM to combine BD, ACBs, LBW, and PC/OC 

into one latent variable APO, for the studied mother-infant pairs.  

Hypothesis 2: HA: Estimations of the parameters of a latent trait model using the 

modified Gauss–Newton algorithm can converge to ≤ 10-9 , meeting the assumption that 

a latent trait model can be established to combine BD, ACNB, LBW, and PC/OC into 

one overall measure of APO for the studied mother-infant pairs. H0: Estimating 

parameters of a latent trait model by the modified Gauss–Newton algorithm is > 10-9 

and cannot converge so that a latent trait model cannot be established to combine BD, 

ACNB, LBW, and PC/OC into an overall measure of APO for the studied mother-infant 

pairs. 

Part 3: Evaluate the Validity and Reliability of the Combined Outcome 

The important assumption of LVMs, local independence, was examined to 

ensure that the four components have no pairwise significant association after 

controlling for the combined outcome. Unidimensionality, reliability (referring to internal 

homogeneity), and validity (comprised of convergent validity, discriminant validity, and 

discriminative validity) of the combined outcome were evaluated in this section.  

Specific Aim 3-1: Assess the unidimensionality of the combined outcome 
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Hypothesis 3-1: HA: Only one construct significantly correlates with all component 

outcomes with minimum factor loading 0.3. H0: More than one constructs significantly 

correlate with all component outcomes with minimum factor loading 0.3. 

Specific Aim 3-2: Examine the local independence of the four component 

outcomes 

Hypothesis 3-2: HA: At least two component outcomes significantly correlate with 

each other after controlling for the combined outcome. H0: The four component 

outcomes are independent with each other after controlling for the combined outcome. 

Specific Aim 3-3: Assess the internal homogeneity of the combined 

outcome 

Hypothesis 3-3-1: HA: The correlation between BD and ACNB is statistically 

significantly different from 0 in the studied mother-infant pairs. H0: The correlation 

between BD and ACNB is equal to 0 in the studied mother-infant pairs. 

Hypothesis 3-3-2: HA: The correlation between BD and LBW is significantly 

different from 0 in the studied mother-infant pairs. H0: The correlation between BD and 

LBW is equal to 0 in the studied mother-infant pairs. 

Hypothesis 3-3-3: HA: The correlation between BD and PC/OC is significantly 

different from 0 in the studied mother-infant pairs. H0: The correlation between BD and 

PC/OC is equal to 0 in the studied mother-infant pairs. 

Hypothesis 3-3-4: HA: The correlation between ACNB and LBW is significantly 

different from 0 in the studied mother-infant pairs. H0: The correlation between ACNB 

and LBW is equal to 0 in the studied mother-infant pairs. 
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Hypothesis 3-3-5: HA: The correlation between ACNB and PC/OC is significantly 

different from 0 in the studied mother-infant pairs. H0: The correlation between ACNB 

and PC/OC is equal to 0 in the studied mother-infant pairs. 

Hypothesis 3-3-6: HA: The correlation between LBW and PC/OC is significantly 

different from 0 in the studied mother-infant pairs. H0: The correlation between LBW and 

PC/OC is equal to 0 in the studied mother-infant pairs. 

Specific Aim 3-4: Evaluate the convergent validity of the combined 

outcome 

Hypothesis 3-4: HA: The correlation between combined outcome and the length 

of hospital stay during delivery is significantly different from 0 in the studied mother-

infant pairs. H0: The correlation between combined outcome and the length of hospital 

stay during delivery is equal to 0 in the studied mother-infant pairs.  

Specific Aim 3-5: Evaluate the discriminant validity of the combined 

outcome  

Hypothesis 3-5: HA: The correlation between the combined outcome and the 

status of breastfeeding is significantly different from 0 in the studied mother-infant pairs. 

H0: The correlation between the combined outcome and the status of breastfeeding is 

equal to 0 in the studied mother-infant pairs. 

Specific Aim 3-6: Evaluate the discriminative validity of the combined 

outcome 

Hypothesis 3-6: HA: The combined outcome is significantly different when 

comparing the group with BD and ELBW and the group with NBW only. H0: The 
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combined outcome is not significantly different when comparing the group with BD and 

ELBW and the group with NBW only. 

Summary 

Evaluation of unidimensionality, local independence, construct validity, and 

internal homogeneity addresses the validity and reliability of the latent variable and 

ensure the accuracy of the combined outcome.5 The components that are locally 

dependent or fail to prove unidimensionality need to be excluded from the study.5 If 

construct validity and internal homogeneity are not established, the combined outcome 

is not valid and reliable, then the corresponding components need to be adjusted, 

recombined, and reevaluated.  
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Table 1-1. FDA Regulatory Actions on VPA Associated with BDs.26  

Drugs Year Month Event 

VPA 1978 February FDA approved for the treatment of epilepsy 

 1982 November Researchers found 20-fold increased risk of spina bifida in children with in 
utero exposure to VPA. 

 1995 May FDA approved for the treatment of bipolar disorder.  

 2009 December FDA issued public health advisory on increased risk of neural tube defects 
and other major BDs in babies with in utero exposure to VPA and related 
products.  

 2011 June FDA issued a safety announcement regarding the increased risk of lower 
cognitive test scores for children with in utero exposure to VPA 

 
 

 

 

 

 

 

 

 

 



27 

CHAPTER 2 
LITERATURE REVIEW 

Definition and Epidemiology of Adverse Perinatal Outcomes (APOs) 

Birth Defects (BDs) 

APOs include maternal pregnancy complications, obstetric complications, and 

infant’s BDs. BDs, involving MCMs and MAs, are also called congenital anomalies, 

congenital malformations, congenital defects, or congenital disorders. In general, a BD 

can be defined as a physical or physiological defect that is developed during pregnancy, 

presented at the time of birth, and may be induced by genetic or environmental 

factors.20 

BDs occur in 3 – 5% of children born in the United States and account for 20% of 

all infant deaths.20,35,36 It was reported that 2 – 3% of BDs are due to teratogen-induced 

malformations,20,21 which refer to malformations resulting from environmental or in utero 

exposure to teratogens. In the United States, about 3 million people currently live with 

teratogen-induced malformations.20 The pregnancy stage of maternal exposure to 

teratogens is very critical to the development of malformations. The majority of 

malformations occur during weeks 3 to 9 (stage of organogenesis) of the pregnancy. 

The first 3-5 weeks are the most important for the development of the central nervous 

system, whereas weeks 7 to 9 are more critical for urogital development.20 Days 20 

through 42 are critical for cardiopathic events.37 Beyond week 8 is the fetal period, in 

which teratogenic effects mostly result in growth retardation or functional defects 

instead of major malformation.37  
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Major Congenital Malformation (MCM) 

MCM is defined as “an abnormality of an essential anatomic structure that is 

present at birth and interferes significantly with function and/or requires major 

intervention”.38,39 MCM includes heart malformations, urological defects, oro-facial 

defects, neural tube defects, and skeletal abnormalities, etc..38,40,41 Heart malformations 

involve atrial and ventricular septal defects (e.g., ostium secundum defect, tricuspid 

atersia, tetralogy of fallot), arterial system defects (e.g., patent ductus arteriosus, 

pulmonary stenosis, coarctation of the aorta), and venous system defects (e.g., double 

inferior vena cava, absence of the inferior vena cava). Urological defects include renal 

tumors and defects (e.g., Wilms’ tumor, renal dysplasias and agenesis, congenital 

polycystic kidney), abnormal location of the kidneys (e.g., pelvic kidney, accessory renal 

arteries), hypospadias (e.g. glandular hypospadias), and bladder defects (e.g., urachal 

fistula, exstrophy of the bladder or cloaca). Cleft lip with or without cleft palate is the 

major oro-facial defect. Skeletal abnormalities include craniofacial defects and skeletal 

dysplasias (e.g., cranioschsis, craniosynostosis and dwarfism), limb defects (e.g., radial 

ray defects), vertebral defects (e.g., spina bifida). Malformation in central neural system 

are neural tube defects (e.g., spina bifida), hypophyseal defects (e.g., phalangeal 

hypoplasiac), cranial defects (e.g., holoprosencephaly, hydrocephalus), and congenital 

megacolon (hirschsprung disease).42 Neural tube defects are caused by faulty 

neurulation or developmental abnormality of the neural tube.38 Neural tube defects can 

be deteriorated by hydrocephaly or other midline defects.43 

Teratogen induced MCMs mostly occur between the third and eighth week of 

gestation.44 Any impairment before three weeks is more likely to result in fatality. The 

fetus becomes less sensitive to teratogenic effects after the eighth week, when the 
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organs have developed. Figure 2-1 delineates the time window of exposure to 

teratogens and associated MCMs and MAs.44 

Minor Anomaly (MA) 

Minor anomaly (MA), also called minor congenital malformations, is the abnormal 

morphologic feature that does not cause serious medical or cosmetic consequences45. 

Identification of MA can be difficult due to the definition and the easy-variable 

occurrence area.46 Approximately 70% of MAs occur on the face or the hands.46 The 

prevalence of MA is less than 4% in the general population, and varies by race, 

ethnicity, and gender.45,46 In healthy newborns, about 15% to 20% have one MA, 0.8% 

have two MAs, and 0.5% have three or more MAs.46 Table 2-1 lists some commonly 

seen MAs categorized by the occurrence area .47  

MA mostly occurs after the eighth week of gestation, which is so-called fetal 

period.44 The use of teratogens during this period may induce MAs by disturbing the 

growth of tissues or organs.44  

Abnormal Conditions of the Newborn (ACNB) 

ACNB was adapted into the birth certificates by all States and the District of 

Columbia in 1992, but the conditions included in this outcome vary from state-to-state. 

Table 2-2 shows the conditions of ACNBs summarized and defined by a committee of 

Federal and State health officials from the Association of Vital Records and Health 

Statistics.48 

Low Birth Weight (LBW) 

Infants’ birth weight less than 2500g, 1500g, and 1000g are categorized 

respectively as low birth weight (LBW), very low birth weight (VLBW), and extremely low 

birth weight (ELBW). Infants with low birth weight are likely to be born before 37 weeks 
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of pregnancy. In 2009, 8.16% of live born infants showed low birth weight.50 The high 

rate of infant mortality and morbidity associated with low birth weight has been 

documented in previous studies.51 Although this positive association has been 

ameliorated over time with improved perinatal technology and intensive care, low birth 

weight and prematurity still have been identified as risk factors predisposing to 

cardiovascular dysfunction, lung disorder, hypertension, type 2 diabetes, renal 

diseases, autism, and developmental delay.52-56  

Pregnancy and Obstetric Complication (PC/OC) 

Maternal health during pregnancy has a profound effect on the health of the 

developing fetus and new born infants. Pregnancy complications are a wide range of 

adverse symptoms and health problems occurring in the mother during pregnancy. 

Previous studies have documented the association between maternal pregnancy 

complications and preterm birth, which leads to approximately 70-80% of infant mortality 

and morbidity.55 Gestational hypertension, pre-eclampsia, and eclampsia are major 

pregnancy complications associated with maternal exposure to AEDs.58,59  

Gestational hypertension, also called pregnancy-induced hypertension, is defined 

as elevated blood pressure (>140/90 mmHg) after 20 weeks of pregnancy without 

proteinuria.58 These risks increase with an earlier occurrence and higher severity of 

hypertension. In general, about 25% of women with gestational hypertension develop 

pre-eclampsia later and 50% have pre-eclampsia if gestational hypertension occurs 

prior to 30 weeks.60 

Pre-eclampsia is diagnosed when gestational hypertension occurs in association 

with proteinuria in pregnant women after 20 weeks of pregnancy.61 Pre-eclampsia is a 
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leading cause of preterm births, and may lead to other serious complications, including 

eclampsia and fetal death.62 

Eclampsia manifests as tonic-clonic seizures occurring in pregnant women who 

have developed preeclampsia and have not had a previous brain condition before 

pregnancy.63 It is a serious medical condition that can cause fetal death. 

Preterm birth and caesarean section are two major obstetric outcomes in Women 

with Epilepsy (WWE) using AEDs.58 Preterm birth is a birth at less than 37 weeks or at 

least three weeks before the due date. According to the Centers for Disease Control 

and Prevention (CDC), 1 in every 8 births (more than a half million infants) in the United 

States are preterm each year.64 Gestational hypertension, pre-eclampsia, and 

eclampsia all can cause preterm birth. A caesarean section (or C-section) is a surgical 

procedure used to deliver a baby by making incision through mother’s abdomen and 

uterus. The rate of Caesarean sections has increased worldwide, and was 31.8% in the 

United States in 2007.65  

Postpartum hemorrhage, the loss of greater than 500ml of blood after vaginal 

delivery or 1000ml of blood after cesarean section, is a major cause of maternal 

mortality in developed countries and worldwide.66 A previous study showed that AED is 

associated with the increased postpartum hemorrhage after vaginal delivery (OR=1.29, 

95%CI: 1.02-1.63).67  

Recent studies reported that WWE using AEDs had a 50% increase of 

gestational hypertension, 4 fold of pre-eclampsia, 1.5 fold of caesarean section, 4.9 fold 

of preterm birth, 5.4-fold of early term vaginal bleeding (≤12 weeks), and 90% of late 

term vaginal bleeding (≥ 28 weeks) after adjusting for other potential risk factors.58,68,69  
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Correlation between Component Outcomes  

Previous studies revealed that the aforementioned outcomes are highly related to 

each other.59,70-75 Significant morbidity, mortality, and childhood disability are associated 

with VLBW, ELBW, MCM, MA, or serious pregnancy or obstetric complications. 58,70-75 

Approximately 9-26% of neurosensory disabilities, 6-42% of evolving cognitive 

dysfunction, 1-15% of blindness, and 0-9% of deafness occurred in infants born with 

VLBW and ELBW.71  A significantly higher risk of developmental delay was found in 

infants born with MCM (prevalence ratio: 8.3, 95%CI: 7.6-9.0).72 A 44% - 86% mortality 

rate in infants with ELBW (500-750g) was reported.73 Furthermore, infants with one, 

two, or three MAs were found to have a risk rate of associated MCMs of 3%, 10%, or 

20%, respectively.46 

Some common risk factors, involving social-economic status, infant gender, 

maternal age, race, BMI, smoking, alcohol consumption, nulliparity, comorbidity, and 

comedication during pregnancy, have been found associated with these outcomes.75-78  

Many previous studies on the adverse perinatal and pregnancy effects of drugs 

are inconclusive.8, 27, 28 It is difficult to distinguish between the real non-inferior results 

and power deficiency owing to rare outcomes. Liu and Roth developed an LVM to 

incorporate four important BD outcomes into a single measurement, the infant morbidity 

index, to describe an infant’s overall tendency to BD.13 We will apply this method to 

combine all aforementioned adverse pregnancy and infant outcomes into a continuous 

index of overall APO in this drug safety study. The combined outcome will be evaluated 

in terms of validity and reliability to ensure the appropriate use of this new methodology.  
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Important Teratogens 

Antiepileptic Drugs (AEDs) 

It has been noted that taking AEDs poses an increased risk of having child with 

congenital malformations in WWE.79 The most common MCMs caused by in utero 

exposure to AEDs are orofacial clefts, cardiac abnormalities, neural tube defects, 

urologic defects, and skeletal abnormalities.80 

Previous studies reported a two- to three-fold increase in the malformation rate 

among offspring with in utero exposure to AEDs.21,22,81,82 The occurrence rates were 

reported 3.1% to 9.0% for MCMs, 37% for one MA, and 11% for two MAs, in offspring 

with in utero exposure to AEDs.21,80-83 Several previous studies found that AED 

polytherapy poses a higher risk of malformation than that of AED monotherapy.83-85 The 

rate of MCMs in WWE was reported 4.5% for AED monotherapy, and 8.6% for AED 

polytherapy.85 

The mechanisms for the teratogenic effects caused by AEDs are still under 

investigation. Some researchers believed that unstable epoxides interfering with the 

regular development of the fetus could play a role.37 AEDs such as VPA can interfere 

with folate metabolism and cause a deficiency of folic acid.86 Phenytoin, barbiturates, 

and carbamazepine are folic acid antagonists that can cause folate malabsorption and 

lower folic acid levels in serum.87 A prior study suggested that the metabolism of AEDs 

may produce cyto-toxic free radicals.88 A genetic defect in the fetus’s enzymes with free 

radical-scavenging can enhance the teratogenic effects of these cytotoxins.88,89 

Furthermore, recent studies in an animal model found that in utero exposure to certain 

AEDs (VPA, clonazepam, diazepam, phenobarbital, phenytoin, or vigabatrin) can cause 

widespread neuronal apoptosis of the offspring.90,91 This effect was found to be dose 
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dependent.90,91 Further investigation is needed to examine whether similar phenomena 

occur in human beings.  

The current guidelines for AED use in WWE recommends monotherapy with the 

lowest effective dosage, avoiding VPA, and supplementing with folate.22,42 Despite the 

aforementioned concerns of BDs in AED use, current literature lacks comprehensive, 

population based information on AED utilization trends over time in pregnant women.  

Valproic Acid (VPA) 

Several studies have reported a greater risk (6.2%-20.3%) of MCM with in utero 

exposure to VPA.6,7,25, 92-96  MCMs caused by in utero exposure to VPA include neural 

tube and limb defects (e.g. 1-5% of spina bifida), heart defects (hypoglycemia and 

cardiac malformations), hydrocephalus and micro-cephaly, urogenital defects, and fetal 

valproate syndrome.22,95,97-100 Fetal valproate syndrome, such as epicanthal folds, flat 

nasal bridge, small upper lips, and a downward-turned mouth, are also malformations 

caused by in utero exposure to VPA.99  Developmental delay is a major fetal valproate 

syndrome characterized by multiple anomalies.95,101 It has been reported that in utero 

exposure to VPA was associated with elevated risk of impaired cognitive function for 

children at 3 years of age, and reduced cognitive abilities in multiple domains for 

children at 6 years old compared to those without VPA exposure.98,101 Overall, the risk 

of  malformations for offspring with in utero exposure to VPA is 7.3-fold higher than that 

of non-exposed, and 4-fold higher than those exposed to all other AEDs.7  

In most of the studies, the teratogenic effect of VPA was dose dependent.6,83,95 

Two critical dosage thresholds, 1000 mg/day and 1400 mg/day, have been reported for 

pregnant WWE.7,24,92,98 The risk of malformation increases as the VPA dosage exceeds 

1000mg/day. The risk of BDs is 34.5% for VPA dosages above 1400 mg/day, and 5.5% 
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as VPA dosages is below 1400 mg/day. The teratogenic effects cannot be differentiated 

with the dose changes if the dosage falls below 1000mg/day.83 

Theoretical Framework for Latent Variable Modeling 

Latent Variable Model (LVM) 

Latent variables are unobserved constructs that can only be assessed indirectly 

by observable manifest variables. An LVM is a statistical model that includes one or 

more unobserved latent variables and a set of observable manifest variables. An 

important assumption for LVMs is “local Independence”, defined as that the manifest 

variables are conditionally independent upon a given latent variable, and the 

relationship among the manifest variables is fully explained by the latent variable.102-103 

Table 2-3 presents four different types of LVMs based on the scales of latent and 

manifest variables.104  

While the LVM became more popularly used in modern psychometrics in 2008, 

Rabe-Hesketh and Skrondal (2008) reviewed and tested all classical LVMs (listed in 

Table 2-3) to demonstrate the extensive application of LVMs in medical research 

providing their standardized terminology, no need of modification, and high 

efficiency.12,105  

Latent Trait Analysis (LTA) 

Latent Trait Analysis (LTA), also called item response theory, has been widely 

used in psychometrics, such as in the Rasch model. LTA is conducted by deriving a 

continuous latent variable from the observed categorical manifest variables. In LTA, the 

manifest variables are discrete, including dichotomous, nominal, or ordinal variables. 

The conditional distribution of manifest variables with a given latent variable can be 
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binomial (if two levels) or multinomial (if multi-level presented), whereas the distribution 

of continuous latent variable can be assumed as normal, or log-normal.13,104  

In Rabe-Hesketh and Skrondal’s paper (2008), an IRT model with continuous 

latent variables and categorical manifest variables has been described in detail.12 Rabe-

Hesketh and Skrondal’s article (2008) shows that the final inference is based upon the 

marginal likelihood integrating out the latent variable. This latent variable indicates the 

ability of a subject (also called ability parameter in general or latent trait in IRT), and is 

assumed as normally distributed. If the assumption of normal distribution doesn’t hold 

practically for the latent variable, a nonparametric maximum likelihood estimation is 

suggested.12,105  

Latent Variable in Latent Trait Setting 

McCulloch (2008) advocated utilization of a latent variable joint model for multiple 

outcomes and suggested that it would be more scientific for BD studies to assess the 

overall risk or joint effects of teratogen on all the outcomes.106 McCulloch (2008) further 

illustrated more benefits of using joint modeling for multiple outcomes, such as avoiding 

multiple testing and correlation among outcomes, achieving higher efficiency, and better 

handling of missing data, especially data missing at random (MAR).106 

Liu and Roth (2008) developed an LVM in a latent trait setting with a continuous 

latent variable and four categorical manifest variables: BD, abnormal condition of new 

born (ACNB), LBW, and Developmental Delay or Disability (DDD).13 This model 

combined four categorical BD outcomes: BD (dichotomous), ACNB (dichotomous), DDD 

(dichotomous), and LBW (4 level ordinal), into a single continuous latent variable, 

labeled as infant morbidity index. This latent variable is a probability of the infant’s 

morbidity, and reflects infant’s propensity to overall BDs. Therefore, in Liu and Roth’s 
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study (2008), infant morbidity index was assumed a continuous variable greater than 

and equal to zero with a log-normal marginal distribution due to the higher frequency of 

lower risk outcomes and an extended right tail for asymmetric distribution.13 The density 

function for the log-normal distribution was described and plotted in Figure 2-2. As 

presented in Figure 2-2, the distribution of log-normal is asymmetric and has a heavy 

and extended right tail. 

BD, ACNB, and DDD are categorized as a binary variable, and have Bernoulli 

distributions.107 LBW was modeled as a multinomial variable since the four birth weight 

categories are mutually exclusive and each has its own probability. The summation of 

the individual probabilities equals one. 

Based upon the assumption of “local independence”, responses of individual 

component outcomes are independent given the latent variable.102,103 Hence, the overall 

probabilities of four component outcomes conditional on the latent variable are equal to 

the products of conditional probability for each individual component outcome.107  

In statistics, Baye’s rule describes the relationship between joint distribution, 

conditional distribution, and marginal distribution.107 Using Baye’s rule, Liu and Roth 

(2008) delineated the general joint distribution of infant manifest outcomes as an 

integral of product of overall probability of four component outcomes conditional on the 

latent variable and the marginal distribution of the latent variable.13  

In Liu and Roth’s study (2008),13 the conditional distribution for each categorical 

component outcome (CMM, ACNB, DDD, or LBW) was modeled as a nonlinear function 

of the infant morbidity index. In this nonlinear function, therefore, Liu and Roth (2008) 

assumed that the probability of an infant having an individual birth defect outcome 
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would be zero if the infant morbidity index was zero, and every normal level (no birth 

defect or normal weight) was treated as a reference.13     

Although maximum likelihood estimation has been widely used for LVMs, 

previous studies have reported that Maximum Likelihood estimation may converge to 

“local maxima” and result in multiple solutions due to the non-concave of the log-

likelihood function.109-111 The Gauss-Newton algorithm is a method used to solve non-

linear least square functions by minimizing a sum of squared function and neglecting 

the second derivatives.112-114 Several researchers suggested the modified Gauss-

Newton method, which incorporates the Fisher-scoring algorithm with the Gauss-

Newton algorithm for Estimated Generalized Nonlinear Least Squares (EGNLS) 

estimation.15,112-116  

It was assumed that the sample proportion for each outcome is consistent and an 

unbiased estimate of cell probability. Therefore, based upon nonlinear least-square 

theory, the quadratic form can be minimized to obtain EGNLS estimates using Hartley’s 

modified Gauss-Newton method.15,114 

.Liu and Roth’s model (2008)13 provided an advanced statistical technique for 

assessment of infants’ propensities of morbidity. It also suggested a potential 

application in drug safety studies for detecting safety signals from multiple rare adverse 

events. In this study, we used this model to combine BD, ACNB, LBW, and PC/OCs to 

quantify the association of maternal drug exposure with overall APO for infants and 

mothers.  
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Evaluation of Combined Outcome 

Assumptions for Composite Outcome 

A composite outcome constitutes more than two component outcomes, one of 

which where the patients are considered to experience the composite outcome.117,118 

Composite outcomes have been used extensively in clinical trials due to the increased 

event rates and improved statistical efficiency with the fixed small sample size.117,119,120 

Furthermore, using a composite outcome can help researchers select several outcomes 

relevant to the patient’s health status or disease process.118,121,122 

However, an argument remains in the use of composite outcomes. Many 

researchers pointed out that composite outcomes could mislead and make the results 

difficult to interpret.123-126 Three important assumptions were proposed as a guidance of 

validation of composite outcomes: 1). similar importance to the patient; 2) similar event 

rates, and 3) similar treatment effects across the component outcomes.125,127 Following 

these guidance, composite outcomes used in published clinical trials were 

systematically evaluated.126-128 Although a small gradient in importance might benefit 

the use of the composite outcome in clinical decision making,127 the large gradient in 

importance and treatment effects across the components could mislead results.126,128  

Unidimensionality 

Given that only one latent variable is inferred in the latent trait model in this 

study, unidimensionality is defined as the significant correlation between the combined 

latent variable and each component outcome. EFA and CFA are two important methods 

for assessing the unidimensionality of a latent variable.5,129 Figure 2-2 (a) and (b) depict 

the general diagrammatic representations for EFA and CFA models.5 In Figure 2-2 (a), 

Y1 - Y5 are observable manifest variables that share common variances of two latent 
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variables (S1 and S2). Φ12 is the correlation between latent variable S1 and S2. The λij’s 

are factor loadings, the correlation between ith observable manifest variable and jth 

latent variable. δ1- δ5 are the residuals and represent the variance that are unique to 

each observable manifest variable and not explained by the latent variables.5 As shown 

in Figure 2-3 (a), there is no pre-specified relationship between the latent variables and 

each observable manifest variable in EFA model.5 EFA depends on the size of factor 

loadings (the correlation between the latent variables and each observable manifest 

variable) for identifying unidimensionality. The ‘rule of thumb’ for EFA suggests that the 

smallest correlation coefficient can be set at 0.3 to attribute the components to one 

factor.130  

Figure 2-3 (b) delineates the pre-assumption for CFA model.5 In CFA model, it is 

assumed that latent variable S1 only relates to the component outcome Y1 – Y3, and S2 

only relates to Y4 – Y5.
5 Therefore, CFA model is pre-specified by restricting the 

observable manifest variables to a specific latent variable.  

Local Independence 

LVMs are based on the assumption of local independence that assumes no 

significant association among the observable manifest variables after controlling for the 

latent variable.13,102,103 Previous studies have demonstrated that locally dependent 

component variables in LVMs impacted the validity and reliability of the latent 

variable.5,131,132 An EFA model can be employed to detect both unidimensionality and 

local dependence by examining the residual correlation matrix for each observable 

manifest variables.5,129,131 One of the components that have significantly correlated 

residuals should be removed to eliminate the local dependence.133  



41 

Construct Validity 

The composite outcome in this study is not a regular composite outcome defined 

as the occurrence of any components. Instead, it is an unobservable latent variable 

inferred from observable component variables. Hence, the construct validity needs to be 

evaluated to ensure it “measures what it purports to measure”.18 Face validity and 

content validity address whether or to what extent the components are adequate and 

representative of all the components depending upon the judgments of the experts and 

patients.134 Construct validity consists of several types of validities that assess the 

construct from different aspects. Convergent validity measures how well the proposed 

construct correlates with other well established constructs (‘Gold Standard’) that 

measure similar health status or disease processes.18 Discriminant validity examines 

the non-correlation between the new construct and an irrelevant outcome.135 Construct 

validity is established after verifying convergent and discriminant validity. 

Discriminative validity examines whether the new construct can differentiate 

between the extreme groups, in which the group that is expected to perform worse 

performs worse.18  

Reliability 

In classical psychometrics, reliability refers to the changes of measurement over 

time, including test-retest reliability and internal consistency.134,135  For the composite 

outcome obtained from an LVM, there is no difference between test and retest, thus, 

test-retest reliability is guaranteed. An internal consistency that tests the correlation 

between the components can become an issue if the components don’t correlate with 

each other or with the composite outcome.134,135 Given that the composite outcome is 

not a summed score, Cronbach’s alpha is not applicable in this study. Therefore, 
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correlations between each pair of components, and correlations between components 

and combined outcome, can be calculated to assess internal homogeneity.   
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Figure 2-1. Types of Birth Defect and Time Window of Exposure to the Teratogens.  

Source: Persaud TVN, Chudley AE, Skalko RG, Basic concepts in teratology, Alan R. Liss, Inc. New York. 1985.44 
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Table 2-1. Commonly Seen Minor Anomalies (MAs).47  

Cranium and scalp  Sinuses  Skin  

Multiple hair whorls  Branchial  Shoulder dimples  

Absence of hair whorl  Preauricular  Sacrum dimples  

Patent metopic suture  Ear lobe  Dimples over other bones  

Metopic fontanel  Helical  Sole crease  

Sagittal fontanel  Pilonidal  Horizontal palmar crease (single)  

Parietal foramen  Face and neck  Bridged palmar crease  

Flat occiput  Synophrys  Single crease, finger V  

Prominent occiput  Flat bridge of nose  Skin tags  

Frontal bossing  Prominent bridge of nose  Hemangioma  

Flat brow  Hypotelorism  Nevi  

Ears  Hypertelorism  Pigmented spots  

Microtia  Nostrils anteverted  Hypopigmented spots  

Darwinian point  Long nasal septum  Trunk  

Darwinian tubercle  Epicanthal fold  Extra nipples  

Lack of helical folding  Iris freckles  Single umbilical artery  

Bridged concha  Upward palpebral slant  Umbilical hernia  

Ear lobe crease  Downward palpebral slant  Diastasis rectus  

Ear lobe notched  Short palpebral fissures  Grandular hypospadias  

Ear lobe bifid  Cleft uvula  Shawl scrotum  

Lop ear  Cleft lip microform  Vaginal tag  

Cup-shaped ear  Cleft gum  Limbs  

Retroverted ear  Long philtrum  Cubitus valgus  

Thickened helix  Short philtrum  Tapered fingers  

Helix excessively folded  Smooth philtrum  Overlapping fingers]toes  

Helix attached to scalp  Microstomia  Broad thumb, great toe  

Preauricular tags  Macrostomia  Clinodactyly  

Helical pits  Maeroglossia  Nails hypoplastic  

Preauricular pits  Microglossia  Nails hyperconvex  

 
 Broad alveolar ridge  Increased space, toes  
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Table 2-1. Continued 

 Face and neck Limbs 

 
 Micrognathia  Syndactyly, toes 2-3  

 
 Webbed neck  Overlapping digits  

 
 Redundant neck skin  Heel prominent  

 
 Ptosis   

Source: Stevenson RE, Hall JG, 1993. Terminology. Pp. 21-30 in Hall JG, Goodman RM (eds.) Human malformations and 
related anomalies, Vol. I, edited by Stevenson RE, Hall JG, and Goodman RM. Oxford Univ. Press, New York.47  
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Table 2-2. Definitions and Symptoms of Abnormal Conditions for the Newborns.48  

Conditions Definitions Symptoms 

Anemia less than 13.0 g/dI of Hemoglobin level, 

or less than 39% of Hematocrit 

Reduced activity, limited cardiovascular reserve, 

poor growth. 

Birth injury A structural or functional impairment of 

the infant’s organs or tissues occurred 

during birth 

Macrocephly, vision disorders, headaches, 

irritability or sleepiness, vomiting or nausea, 

seizures.  

Fetal alcohol syndrome A syndrome of altered prenatal 

development and growth in infants born 

of women with high levels of alcohol 

consumption during pregnancy.  

Poor growth, decreased muscle tone, poor 

coordination, delayed development in movement, 

speech, thinking, or social skills. Heart defects, 

face defects.49 

Hyaline membrane 

disease/Neonatal 

respiratory distress 

syndrome (RDS) 

A defect due to prematurity, manifested 

by pulmonary hyaline membranes, 

incomplete expansion of the lungs, and 

respiratory distress during birth.  

Bluish skin color and mucus membranes, apnea, 

decreased urine output, grunting, nasal flaring, 

rapid breathing, shallow breathing, shortness of 

breath and grunting sounds, drawing back of the 

chest muscles while breathing.  
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Table 2-2. Continued. 

Conditions Definitions Symptoms 

Meconium aspiration 

syndrome 

Aspiration of meconium and amniotic 

fluid into the lungs and impairing the 

lower respiratory system during birth.  

Bluish skin color, breathing disorders, limpness.  

Assisted ventilation  A mechanical method of assisting 

respiration.  

Respiration difficulty 

Seizures Physical alters of behavior after an 

episode of sudden abnormal electrical 

activity in the brain. 

Isolated abnormal movements of a single limb, 

staring spells. Abnormal rhythmic jerking, 

stiffening, crying out. 
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Table 2-3. Four Types of Latent Variable Models.104  

 Unobservable Latent Variable 

Observable Manifest 

Variables 

Continuous Discrete 

Continuous Factor Analysis (FA) and Structure 

Equation Model (SEM) 

Latent Profile Analysis (LPA) 

Discrete Latent Trait Analysis (LTA) Latent Class Analysis (LCA) 

Source: Bartholomew, D.J., and Knott, M. (1999). Latent Variable Models and Factor Analysis. London: Arnold.104 
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Figure 2-2. Log-normal distribution for μ=0, σ=0.25 and μ=0, σ=1. 
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Figure 2-3. Unidimentionality-measurement Models. A) Exploratory Factor Analysis (EFA). B) Confirmatory Factor 

Analysis (CFA). 

Source: O’Leary-Kelly SW, Volurka RJ. The empirical assessment of construct validity, Journal of Operations 
Management 16 (1998) 387-405.5 
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Figure 2-3 continued.  
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CHAPTER 3 
METHODOLOGY 

The methodology part consists of five sections: 1. description of the data sources 

and linkage; 2. selection of study population and overall study design; 3. assessment of 

exposure, outcome, and covariates; 4. descriptive analysis, involving demographic 

characteristics of study population and evaluation of components for combined 

outcome; 5. study design and statistical analysis for three specific aims.  

Data Sources 

This study is based on four statewide, retrospective 10-year data sources: 

Florida Medicaid claims, Florida Birth Vital Statistics (BVS), Florida Birth Anomaly, and 

Florida Hospital Discharge Inpatient and Outpatient from January 1, 1999 to December 

31, 2009. Florida BVS at Florida Department of Health (DoH) collects and manages a 

statewide birth certificate dataset. Florida Medicaid claims data and Hospital Discharge 

data are provided by Florida's Agency for Health Care Administration (AHCA). Florida 

Birth Anomaly data is generated and maintained by the Maternal and Child Health 

Education and Data Center (MCHERDC) at the University of Florida, College of 

Medicine, Department of Pediatrics. The multiple datasets were linked, de-identified, 

and released by MCHERDC for the analysis in this study.  

This study was approved by the Institutional Review Board of the University of 

Florida (project #: 426-2010) and the Florida Department of Health (DoH) (protocol #: 

H12012).  

Florida Medicaid Claims Dataset and National Drug Code (NDC) 

 Florida Medicaid claims data is a clinical, patient-level dataset provided by 

Florida's AHCA.136 The data is comprised of eligibility, medical, and pharmacy claims for 
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services from inpatient hospitals, outpatient clinics, emergency rooms, and pharmacies. 

Brief demographics for enrolled members are included in Medicaid claims data, such as 

age, gender, race, residency, etc.  

Medicaid claims data do not include claims for managed care or Medicare 

enrollees. We excluded patients with dual eligibility, and thus restricted the drug 

exposure cohort to pregnant women who were only in the fee-for-service or primary 

care case management program.   

Medicaid claims data has been used for many pharmacoepidemiology studies. In 

this study, maternal exposure to study drugs was determined using National Drug 

Codes (NDCs) from pharmacy claim records in Florida Medicaid claims data. An NDC is 

an 11-digit unique number to identify drug product, and is provided for each dispensed 

prescription in pharmacy claims. NDCs for all AEDs were retrieved using active 

ingredients and American Hospital Formulary Services drug therapeutic classes from 

Multum Lexicon database (Cerner Multum, Inc., Denver Colorado, 2008).137 A high and 

satisfactory translation of NDCs with the Multum Lexicon database® was reported in a 

previous study.138 

Florida Birth Vital Statistics (BVS) 

In the United States, 99% of births take place and are registered in hospitals.139 

In Florida, birth certificates are collected in the hospital within 24 to 48 hours after the 

baby birth. The department of BVS in Florida DoH collects and manages birth certificate 

data for all infants born in Florida. Birth time, place, and date for infants, and 

demographic characteristics for infant, mother, and father are recorded in the birth 

certificates. Although BDs were recorded, validity and reliability of identifying BDs in the 

birth certificates were not frequently reported in previous studies.140-145   
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AHCA Florida Hospital Discharge Data  

Florida AHCA is the chief health care administration and regulation agency for 

the state. The agency collects and manages several discharge databases (inpatient, 

outpatient surgery, and emergency) from almost all Florida hospitals, excepting 

Shriner’s hospitals, federal hospitals, and state operated hospitals.  

Inpatient data is collected from acute care, short and long term psychiatric, and 

rehabilitation hospitals. The data are updated quarterly and have approximately 2.5 

million records per year. Each record corresponds to an individual inpatient hospital 

stay. This patient-level data includes patient demographic characteristics, diagnosis 

codes (ICD-9CM), procedure codes (up to 31 CPT codes), source of admission, 

physician type, discharge status, and total amount of charges.146 

HID data has been reported to be efficient supporting data for other data sources 

to assess some important clinical outcomes, such as cancer or BDs.146,147  

Florida Hospital Outpatient Discharge Data (HOD), also called Florida AHCA 

Ambulatory data, includes the outpatient discharge information collected from hospitals, 

lithrotripsy centers, ambulatory surgery centers, and cardiac catheterization 

laboratories. Similar to HID, Shriner’s hospitals, federal hospitals, and state operated 

hospitals are not included in this dataset. Florida HOD is updated quarterly and collects 

about 3.1 million records annually, with each record representing an outpatient visit 

requiring surgery or an invasive diagnostic procedure. The major fields in HOD include: 

demographics of patients, diagnosis codes, procedure codes, physicians, discharge 

status, and charges by department.146 
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Florida Birth Anomaly  

The Florida Birth Anomaly dataset consists of BD registry data prepared and 

maintained by MCHERDC based on information from four data sources: Florida BVS, 

AHCA outpatient/ambulatory birth, AHCA discharge/inpatient birth, and Children’s 

Medical Services Medical Data Systems. Infant BDs, including MCMs and MAs, were 

identified 0-365 days after live birth from the four data sources. The Florida Birth 

Anomaly dataset was generated by merging Florida BVS Data with each of the other 

three datasets. A probabilistic merging strategy was used and the merging was 

performed by matching the child’s social security number, date of birth, sex, name, 

plurality, plurality order, address, county, mother’s social security number, mother’s 

name, father’s social security number, and father’s name.148 Approximately 99.6% of 

the matching rate is obtained for the current study by combining Florida BVS data with 

the other dataset.148   

A complete case ascertainment using medical record reviews of Florida Birth 

Anomaly data has not been conducted yet. However, the validity and case 

ascertainment have been documented in previous studies for identifying BDs using 

specific datasets, such as birth certificates, hospital discharge data, etc..140,148-154 Good 

quality and accuracy (93% of sensitivity and 95% of specificity) have been shown in the 

combined dataset from these three sources.155   

Data Linkage 

MCHERDC cleaned and linked the data from multiple sources. Each data source 

was cleaned first, and then linked with other corresponding datasets using a multi-step 

linkage approach in which three methods of linkage are applied in sequence 

Deterministic, Fuzzy Matching, and Probabilistic.156  



56 

Records were first matched deterministically, based on exact matches of unique 

combinations of personal identifiers including Social Security Numbers, Date of Birth, 

and Mothers’ Names (used for the linkage of BVS to Medicaid only). Records that 

cannot be exactly matched due to missing or poor data quality were linked using Fuzzy 

Matching.156,157 Fuzzy Matching allows at least one occurrence of Social Security 

Number digit transpositions, name misspelling, or day or month errors in birth date 

fields.157  

Remaining unmatched records were linked using probabilistic techniques, based 

on statistical weighting of combinations of personal identifiers. Probabilistic linkage 

involved a two-step process. 1) Deterministic matching from the first merging step 

empirically derived weights to the non-missing fields based on successful linkages. 2) 

After the unlinked data matched with several records by weights, the matches with the 

highest statistical probability (indicating by high weights) was chosen. The record 

remained unmatched when no high weights could be obtained.  

Study Population 

Study Cohort - Inclusion Criteria 

This study includes female Florida Medicaid enrollees who were older than 15 

years of age, delivered a live singleton infant between April 01, 2000 and December 31, 

2008, and were enrolled in the Medicaid program as identified by pregnancy status. The 

study cohort of maternal-baby pairs was generated by linking the Florida Medicaid claim 

dataset and Florida Birth Anomaly data using strategies described above.  

Study Cohort - Exclusion Criteria 

Many women joined the Medicaid program after becoming pregnant. We 

excluded the women who were enrolled in Medicaid program after a positive pregnant 
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test.  More exclusion criteria for maternal-infant pair include: mothers with less than 6 

months of eligibility for Medicaid before pregnancy; mothers who lost Medicaid eligibility 

during pregnancy; mothers with dual eligibility for Medicare, HMO, or other private 

insurance; mothers giving multiple births; mothers with diabetes mellitus (diagnosed 

with ICD-9 code: 249.x, 250.x, 790.29, or used of any antidiabetics during baseline), 

hypertension(diagnosed with ICD-9 code: 401.x, 416.x, 796.2, , 997.91, 459.3, or used 

of any antihypertensive drugs during baseline), or HIV pre-pregnancy (diagnosed with 

ICD-9 code: 042, 079.53, V08, V01.79, 795.71, or used of any antiretroviral therapy); 

Infants who were twins, triplets, quadruplets or more; outliers including infants with birth 

weight lower than 350 g or higher than 6000 g; mothers or infants with critical 

information missing, such as infant’s birth weight, parent’s demographic information, or 

perinatal medical information.  

Overall Study Design 

The study design for each specific aim is delineated in the following section. 

Overall, this is a retrospective cohort study. Figure 3-1 shows the study design and 

critical time points for defining exposure and outcomes. The study index date was the 

infant’s birth date. The drug exposure window was defined as the subsequent 9-month 

pregnancy period after the first day of the last menstrual date. A six month baseline 

period before the first date of the last menstrual date was utilized to determine the 

baseline demographic and clinical characteristics. BD outcomes were detected 0-365 

days after live birth. The study period lasts from January 01 2000 to December 31 2009. 
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Assessment of Exposure 

Drug Exposure 

In this study, two drug exposure groups, VPA and AEDs (including VPA), were 

defined to imply two scenarios that have different association with four component 

outcomes. Drug exposure was determined from pharmacy claims using NDC codes 

derived by active ingredients and drug classes from the Multum Lexicon database®.137 

VPA use was defined as prescriptions dispensed for VPA, sodium valproate, or a 

mixture of the two (valproate semisodium), including all available doses and release 

forms, and the various brand names (depakene, depakote, epilim, and stavzor). AEDs 

were classified as a group of drugs used in the treatment of epilepsy seizures, including: 

VPA, phenobarbital (solfoton), phenytoin (di-phen, dilantin, phenytek), primidone 

(mysoline), ethosuximide (zarontin), carbamazepine (carbatrol, epitol, equetro, tegretol), 

levetiracetam (keppa), felbamate (felbatrol), gabapentin (neurontin), lamotrigine (lamictal), 

topiramate (topamax), tiagabine (gabitril), oxcarbazepine (trileptal), pregabalin (lyrica), 

and zonisamide (zonegran). Pharmacy claims in Medicaid data has been approved as 

an accurate source for the assessment of drug exposure.158 The rates of concordance 

with patient self-reported medication use was high in previous studies.158,159 

Information of drug use from Medicaid pharmacy claims included NDC codes for 

filled prescription drugs, and the number of days for which the drug was supplied.160 As 

previously mentioned, the birth anomalies are related to exposure time during 

pregnancy, MCM associates with teratogen exposure at the first trimester, and MA and 

LBW relate to the maternal drug exposure in the third trimester.161 Maternal drug 

exposure during entire pregnancy period can affect the combined outcome. The 

exposure window, thus, was established as the period of 14 days before the first day of 
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the mother’s last menstrual period (LMP) to the infant’s birth date. The drug exposure 

was defined as any one dose of study drug dispensed during the exposure window, 

including which the drug was dispensed prior to the exposure window but its days of 

supply covers at least one day of the exposure window. Adding 14 days prior to the 

pregnancy is to take into account of the conception period and the residual effects of 

AEDs. Sensitivity study was conducted to examine the effects of different drug exposure 

windows on the combined outcome.   

The mother’s LMP was obtained using a multistep algorithm derived from 

linkages to the healthy start prenatal screen, which contains more accurate information 

because it is collected during the first trimester of the pregnancy.162 When healthy start 

information is not available, then the LMP date on the birth certificate was used. If these 

two dates are not available (about 13% of LMP in birth certificates are missing), then 

this information was imputed from clinical estimate.163-165 A previous study suggested 

that LMP from birth certificates and clinical estimates agreed within less than 2 

weeks.166  

Assessment of Component Outcomes 

In this study, we identified four individual adverse pregnancy and infant 

outcomes: BD (involving MCM and MA), ACNB, LBW, and PC/OC from multiple data 

sources.  

Major Congenital Malformation (MCM) and Minor Anomaly (MA) 

MCMs and MAs were collected from birth to the first 365 days of life using the 9th 

edition of the International Classification of Diseases-Clinical Modification (ICD-9 CM) 

code (740-759.9) from HID and HOD.  
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Based upon the definition of MCM used by the CDC Metropolitan Atlanta 

Congenital Defects program, 42 CDC reportable congenital malformations were 

determined as MCM.167 These 42 specific MCMs were further grouped into eight major 

categories of congenital malformations: central nervous system, chromosomal, cardiac, 

gastrointestinal, genital and urinary, muscular and skeletal, oral clefts, and other 

defects.167, 168 The validation of the definition has been evaluated in previous studies.169  

The quality and relative contribution of different data sources for identifying MCM 

and MA cases were evaluated in previous studies.165,170 Table 3-1 shows that the PPVs 

for overall or specific BDs identified using birth certificate and hospital inpatient claims 

can range from 68% to 94%.171 It has been confirmed that Hospital Discharge data, 

along with other CMS diagnostic information, efficiently enhanced case ascertainment 

for BD cases from BVS data.146,153 

Abnormal Condition of New Born (ACNB) 

ACNB were identified from Florida Family Birth Anomaly data which was 

generated from birth certificates, and one year follow ups in infant hospital discharge 

data. Although birth certificate are less reliable for reporting abnormal conditions,140 

previous validation studies showed that Positive Predictive Values (PPVs) ranged from 

70.9% to 100% for identifying ACNBs from neonatal hospital discharge data.169 Table 3-

2 shows ICD-9 codes and CPT codes used for determining ACNBs from hospital 

discharge data. 

Low Birth Weight (LBW) 

Infant birth weight is accurately recorded in the birth certificate.140 Only less than 

1% of infants were missing birth weight records in the birth certificate, these will be  

excluded from the study.174 The agreement between self-reported birth weight and the 
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birth weight recorded in the birth certificate is reported as fair to moderate.175 In this 

study, birth weight was categorized into four levels: Extremely Low Birth Weight (ELBW, 

350–999 g), very Low Birth Weight (VLBW, 1000–1499 g), Low Birth Weight (LBW, 

1500–2499 g) and Normal Birth Weight (NBW, 2500–5999 g).  

Pregnancy and Obstetric Complications (PC/OCs) 

PC/OCs were identified either from BVS data or using ICD-9/CPT codes from 

Hospital Discharge data depending upon the extent of validity and reliability reported in 

the previous studies. Appendix B-1 described the operational definitions of component 

outcomes. Although BVS data showed poor validity and reliability on PC/OCs, other 

variables involving parental demographic characteristics, birth weight, delivery method, 

cesarean indications, and pregnancy history were accurately recorded in birth 

certificates.140-145 Fair to moderate PPVs of using ICD-9 cods in hospital discharge data 

have been reported: 45.3% for mild preeclamsia, 41.7% for eclampsia, and 84.8% for 

severe preeclampsia.176 In our study, gestational hypertension, preeclamsia, and 

eclampsia were identified using ICD-9 codes from HID and HOD.177,178 Preterm birth 

was operationally defined as gestational age less than 37 weeks.179 Gestational age 

was computed from the infant birth date and mother’s LMP. We have described the 

strategies of obtaining LMP from multiple resources. The evaluation of gestational age 

from birth certificate data showed that the rate of false-positives and missed true cases 

for identifying preterm birth by using LMP is 15% and 20.5% specifically.166 Reduced 

error rates in this study can be attributed to the use of the healthy start prenatal screen 

data.180 

For OC, since birth certificates showed good validity on delivery method and 

cesarean indication, we defined cesarean delivery and forceps or vacuum extractor 
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delivery from either birth certificates or ICD-9 codes in hospital discharge data, if it was 

missing in the birth certificates. Postpartum hemorrhage was identified solely using ICD-

9 codes in hospital discharge data due to poor validity of birth certificate data on 

pregnancy complications and obstetric events.140 

Assessment of Controls and Covariates 

Control Group 

To assess treatment effects on the combined outcome and each component 

outcome, a “healthy” control group, defined as the infants with no maternal exposure to 

any AEDs during pregnancy, was selected for the comparison. Compared with no AED 

users, AEDs, as well as VPA, have shown significant increased risk of BD outcomes.7 

Previous prospective and retrospective cohort studies reported similar results, in that 

the odds ratio of exposure to monotherapy VPA compared with no AED exposure was 

7.3 with a 95% CI (4.4-12.2) 7, and the risk of VPA polytherapy on BDs is higher than 

that of VPA monotherapy.95   

Covariates 

To assess treatment effects of the combined outcome and component outcomes, 

the potential confounding factors were controlled using propensity score techniques. 

The strategies of variable selection for propensity score have been discussed by 

several investigators.181-183 It has been suggested that selecting variables associated 

with an outcome for propensity model may reduce bias.181 Previous studies have 

documented that common risk factors for adverse maternal and infant outcomes include 

socioeconomic status, infant gender, maternal age, race, BMI, smoking, alcohol 

consumption, parity, and drug exposure during pregnancy.75-78 Using the father’s 

residence postal code to assess socioeconomic status has been validated in previous 
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studies.184 Though the FDA categorized drugs with teratogenic effects in the  pregnancy 

categories D and X, prevalence of maternal exposure to category D and X drugs were 

reported as 4.8% and 4.6%, respectively.185 ACE inhibitors, antipsychotic, 

antidepressants, anxiolytics, antidiabetics, antihypertensive, hormones, isotretinoin, 

therapeutic radiation antineoplastic, coumarin-based anticoagulants, Iodides, antibiotics, 

glucocorticoids, quinine, NSAID, antiviral, and other anticonvulsants are significant 

teratogens that were controlled during treatment effect assessment in this study.186-191 

Furthermore, the medical indications, such as, epilepsy, gestational diabetes, mental 

disorder, seizure, phenylketonuria, hypoxia, hyperthermia, myasthenia gravis, rheumatic 

disease, virilizing tumors, and infection and parasitic diseases including virus, rubella, 

cytomegalovirus, syphilis, herpes simplex virus, toxoplasmosis, varicella virus, and 

venezuelan equine encephalitis virus were documented as teratogens in previous 

studies, and thus, controlled in this study.192,193 Demographic characteristics were 

identified from birth certificates, whereas co-morbidities or co-medications during 

pregnancy were identified using ICD-9 and NCD codes from HOD or HID. The 

operational definitions for all covariates adjusted in data analysis were described in 

Appendix B-2. 

Propensity Score 

We collapsed all covariates into a propensity score and adjusted in a multivariate 

model for evaluation of the treatment effect. Propensity score is a predicted probability 

of drug exposure and can be calculated using unconditional logistic regression with 

exposure as the dependent variable (Equation 3-7). The exposure and nonexposure 

groups can be balanced with respect to the included covariates to remove bias caused 
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by confounding factors.194 The propensity score can be matched, stratified, or adjusted 

depending upon study power and its distribution.  

In this study, to avoid losing sample size due to unmatched pairs, we adjusted 

the propensity score in a multivariate model. The distribution of the propensity score 

was examined and non-overlapping areas were restricted due to exclusive clinical 

indications or contraindications for exposure and non-exposure.195 The propensity 

model is defined and described in Equation 3-1 for maternal exposure to VPA.  

Log [p/(1-p)] = α + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7 + β8X8 ….+βmXm    (3-1) 

where m=40, and  

p:  probability of dispensing VPA during pregnancy. 

α: Intercept, the value assumed all other covariates =0.  

ß1-40: Estimated parameters for the specific variables (x1-x40) 

X1: Maternal age at infant born 

X2:  Race (White, Black, Native American, Asian, Hispanic, Unknown)  

X3: Father’s age at infant birth 

X4: Father’s education level 

X5:  Father’s residence zip code 

X6:  Mother’s previous adverse pregnancy experience 

X7:  Mother’s Number of Prenatal Visits 

X8:  Mother’s Marital Status 

X9: Mother’s parity 

X10: Mother’s education level 

X11:  Mother’s epilepsy diagnosis during baseline or pregnancy 

X12:  Mother’s mental disorder diagnoses during baseline  
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X13: Mother’s gestational diabetes diagnosis during pregnancy 

X14: Mother’s antipsychotic exposure during pregnancy 

X15: Mother’s antidepressants exposure during pregnancy 

X16: Mother’s folic acid use during pregnancy 

X17: Mother’s anxiolytics (including sedatives and hypnotics) exposure during 
pregnancy 

X18:  Mother’s antihypertensive exposure during pregnancy 

X19: Number of hospitalization for seizure during pregnancy 

X20: Number of physician visits with seizure diagnoses during pregnancy 

X21: Mother’s hormone use during pregnancy 

X22: Mother’s isotretinoin exposure during pregnancy  

X23: Mother’s infection and parasitic diagnosis during pregnancy, including: Virus,  
Rubella, Cytomegalovirus, HIV, Syphilis, Herpes simplex virus, Toxoplamosis, Varicella 
virus, Venezuelan equine encephalitis virus, Phenylketonuria, Hypoxia. 

X24: Mother’s Therapeutic radiation during pregnancy 

X25: Mother’s folic acid deficiency diagnoses during baseline or pregnancy 

X26: Mother’s mineral deficiency (including zinc) diagnoses during baseline or 
pregnancy 

X27: Mother’s hyperthermia diagnoses during baseline or pregnancy 

X28: Mother’s myasthenia gravis diagnoses during baseline or pregnancy 

X29: Mother’s rheumatic disease diagnoses during baseline or pregnancy 

X30: Mother’s virillizing tumors diagnoses during baseline or pregnancy 

X31: Mother’s ACE inhibitors exposure during pregnancy 

X32: Mother’s antineoplastic exposure during pregnancy 

X33: Mother’s coumarin-based anticoagulants exposure during pregnancy 

X34: Mother’s Iodides exposure during pregnancy 
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X35: Mother’s antibiotics exposure during pregnancy 

X36: Mother’s glucocorticoids exposure during pregnancy 

X37: Mother’s quinine exposure during pregnancy 

X38: Mother’s NSAID exposure during pregnancy 

X39: Mother’s antiviral exposure during pregnancy 

X40:  Mother’s antidiabetic exposure during pregnancy 

 
Descriptive Analysis 

Descriptive analyses were performed to compare demographic and clinical 

characteristics between patients who used AEDs or VPA and non AED users. 

Continued variables were compared using a student t test, and categorical variables 

were examined using a chi-square test.  

Missing data were examined during descriptive analysis. Patients missing 

important information, i.e., maternal age, LMP, or infant birth weight, were excluded 

from the study. For other demographic or clinical characteristics that were adjusted as 

covariates, the missing data were deleted during analysis if missing is less than 10%. 

For the covariates missing 10~35%, we evaluated the variables and made the judgment 

whether the data were missing at random. We conducted an imputation for the data 

missing at random, and excluded the variables from the study if the data was not 

missing at random. We excluded the covariates that were missing over 35%. 

Selection of component outcomes was evaluated based upon three assumptions 

underlying the composite outcome. This step of evaluation is more qualitative since the 

importance, frequency rate, and treatment effect are not exactly the same for all 

component outcomes. It has been shown that the more important component is less 
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frequent and has a smaller treatment effect.196,197 However, the component needs to be 

reconsidered if its treatment effect or importance or frequency rate shows large 

difference with others.  

The importance of the component outcome was assessed by computing a 

correlation between individual outcomes and the clinically meaningful endpoints. The 

length of inpatient stay has been accepted widely as a clinically meaningful endpoint in 

either clinical trials or epidemiology studies based upon administrative claims data.198,199 

We assessed the length of inpatient stay for the mother-infant pair during delivery. 

Spearman’s rank correlation    was calculated between the length of hospital stay during 

delivery and each component outcome.  

   
                

 

                   
 

                                          (3-2) 

where xi is the rank of the true value of the component outcome for patient i, yi is the 

rank of true value of length of inpatient stay or number of outpatient visit for patient i, 

and n is the sample size.  

Furthermore, the frequency of component outcomes    for each component 

outcome was assessed from the study population. A logistic regression model was fitted 

for each component outcome to assess the adverse perinatal and pregnancy effects of 

maternal drug exposure. Propensity score was adjusted in the model as a covariate.  

                                            Logit [P(Yi = 1)] = α + β1Xi1                                 (3-3) 

where Yi denotes component outcome i, P(Yi=1) is the probability of the component 

outcome i, and Xi1 denotes the propensity score.  

Spearman’s rank correlation coefficient   , the frequency of component outcome 

  , and the estimates    from Equation 3-4 between each component outcome were 
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compared and justified. A student t-test with a Bonferroni correction was used for the 

pairwise comparison between each component outcome.200 

  
       

 
 

 
  

   

   
   

  
                                                      (3-4) 

where      and     are the estimates, referring to above mentioned   ,   , or    for 

component outcomes i and j.     
 and     

 are the standard deviations for the estimates. 

The denominator is the standard error of the difference of two compared estimates. 

Using a Bonferroni correction, the null hypothesis is rejected for P<0.008.   

The results of the student t-test were used as a reference to finalize the 

component outcomes. For the component outcome that is significantly different with 

others, we first made adjustment on its definition to avoid the dominating on others, and 

then justified it based upon the suggestion from Montori et al. (2005) that a small 

gradient in importance, frequency rate, or treatment effect across the components 

would be beneficial for the composite outcome.127 Therefore, the component outcome, 

which is different from the others, but is not dominant, was kept in the study.    

Study Design and Statistical Analysis for Three Specific Aims 

In concordance with the specific aims in this study, the methodologies for study 

design and data analysis are presented in three parts: (1) The utilization of AEDs in 

pregnant women, (2) Combining the adverse pregnancy and infant outcomes using an 

LVM in Latent Trait Setting, and (3) Evaluation of combined outcomes with the 

established association of VPA with adverse pregnancy and infant outcomes. 

SAS 9.3 (SAS Institute, Cary, NC) was used for data analyses and modeling, and 

SigmaPlot 11.0 (Systat Software Inc, San Jose, CA) or Microsoft PowerPoint 2010 14.0 

(Microsoft Corp., Redmond, WA) were used for graphs.  
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Part 1: Utilization of AEDs in Pregnant Women 

Descriptive statistics are used to describe the secular trend of utilization of AEDs 

or VPA only between July 1999, the start of the drug exposure period, and the end of 

the drug exposure period in December 2008.  

Continuous use of AEDs was defined as at least two consecutive prescriptions 

for AEDs or totaling more than 30 days of supply. Polytherapy was defined as one or 

more other AED drugs continuously used for at least 60 overlapping days. Annual 

prevalence was estimated and compared across different drug combinations, including 

the first and second generation AEDs. AED use was further compared between different 

indications, which were operationally defined using diagnosis codes with AED 

prescriptions. The compared indications for AED use include epilepsy (345.xx), 

depression (296.2–296.3, 300.4, 311.xx), bipolar (296.xx, 301.13), anxiety (300.0, 

308.xx, 309.21, 309.81), migraine (346.xx), myoclonus (333.2) and neuropathic pain 

(338.xx).  

Part 2: Application of Latent Variable Model 

Four component outcomes, BD, ACNB, PC/OC, and LBW, were identified using 

the operational definition described in Appendix B-1. BD, ACNB and PC/OC were 

categorized to a binary variable and followed a Bernoulli distribution, and four levels of 

LBW were modeled as a multinomial variable. The unobserved index of APO was 

assumed log-normally distributed. Based on the “local independence” and Baye’s rule, 

the joint distribution for component outcomes can be expressed as an integral of 

product of multinomial variable for conditional distribution of each component outcome 

and marginal distribution of latent variable. 102,103,108 Marginal distribution of the latent 
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variable is described as log normal. Given the observed outcomes, we can obtain the 

posterior distribution of the index of APO.  

Furthermore, we assumed that the conditional distribution of each categorical 

observed outcome (BD, ACNB, PC/OC, or LBW) was nonlinear function of the latent 

variable APO.13 The conditional distribution of observed outcome and the latent variable 

APO was linked by two parameters in the non-linear function. The probability of any 

specific observed outcome is equal to 0 when APO=0 because APO accounts for all 

variation of the four observed outcomes and the relationship among these four 

outcomes.13 In the non-linear function, the probability of an infant having an individual 

BD outcome was assumed zero if APO is zero, and every normal level (no BD or 

normal weight) was treated as a reference. The latent variable APO positively 

associates with the four observed outcomes. The larger the APO, the higher the 

probability of the observed outcome.13 

Liu and Roth’s Latent Trait Model was performed using SAS Proc IML. The 

proportion of each outcome combination was calculated. Then each parameter was 

estimated using the iteration function for EGNLS starting from iteration 0 with initialized 

value until the stepping coefficient was less than 10-9. The final results are the estimates 

of all parameters. The estimate of latent variable APO was obtained by entering the 

computed parameters into posterior function.13  

Part 3: Evaluation of the Combined Outcome. 

This part of the evaluation targets validity and reliability of the combined outcome 

based on the psychometric properties of a latent variable.  
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Aim 3-1 Assess the Unidimensionality of the Combined Outcomes 

EFA was performed in SAS using Proc Factor and maximum likelihood method 

to assess the unidimensionality of the combined outcome.5,201 The Equation 3-5 shows 

the relationship of the latent variable and manifest variables.202   

                                                            (3-5) 

where S denotes the latent variable, Y is a matrix of manifest variables,   is a matrix of 

factor loadings, and   is a matrix of errors and represents the variance that is not 

explained by the latent variable. Communality, computed by summing squares of factor 

loadings (λi
2), represents the variance of manifest variables accounted for by a common 

latent variable. A large communality indicates the strong relationship between the latent 

variable and manifest variables.202  

Aim 3-2 Examine the Local Independence of the Four Component Outcomes 

Yen’s Q3 statistic is a well recognized method to assess local independence in 

IRT.131-133,203 Since this study only has 4 component outcomes and 1 latent variable, we 

assessed local independence of the four component outcomes with simplified Yen’s Q3 

statistic (shown in Equation 3-6).132,203 To explicitly calculate the residual of one factor 

model for each component outcome, CFA was employed using SAS Proc Calis to 

calculate the correlation between the residuals obtained from CFA model for component 

outcomes i and j.  

          
                                                           (3-6) 

where       are residuals of component outcome i and j obtained from Equation 3-5, 

     
 denotes the correlation of          , and     denotes the Q3 statistic for component 
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outcome i and j. The components with the residual correlation coefficients greater than 

0.2 were considered as possible local independence.203 

Aim 3-3 Assess the Internal Homogeneity of the Combined Outcome 

Spearman’s rank correlation was calculated between each pair of component 

outcomes. Using Equation 3-7, xi denotes the rank of true value of one component 

outcome for patient i, yi is the rank of true value of another component outcome for 

patient i, n is the sample size, and m=1…6 denotes the number of pairs of component 

outcomes. Based on the rule of the thumb in psychometrics, the correlation between 

each pair of component outcomes (ρm) is expected between 0.3 and 0.7, so that the 

component outcome is moderately correlated, but not so highly correlated as to cause 

redundancy.18 

   
                

 

                   
 

                                           (3-7) 

Aim 3-4 Evaluate the Convergent Validity of the Combined Outcome 

Spearman’s rank correlation was calculated between the combined outcome and 

total length of hospital stay for mother-infant pair during delivery. In Equation 3-8, xi 

denotes the rank of true value of the combined outcome for mother-infant pair i; yi is the 

rank of true value of total length of hospital stay during delivery for mother-infant pair i; n 

is the sample size, and           are the means of the rank.  

  
                

 

                   
 

                                                (3-8) 

Aim 3-5 Evaluate the Discriminant Validity of the Combined Outcome 

The status of breastfeeding (Yes/No) recorded in birth certificates is an event 

irrelevant to APO. To assess discriminant validity, Spearman’s rank correlation was 
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calculated between the combined outcome and the status of breastfeeding. Using 

Equation 3-19, xi denotes the rank of true value of the combined outcome for patient i, yi 

is the rank of true value of status of breastfeeding for mother-infant pair i, n is the 

sample size, and           are the means of the rank.  

Aim 3-6 Evaluate the Discriminative Validity of the Combined Outcome 

A student t test is used to examine the difference of combined outcome between 

the group with major congenital malformation and extreme low birth weight and the 

group having normal birth weight only.  

  
           

 
 

 
  

      
   

      
  

                                                 (3-9) 

 

where   
  is the mean APO of the group having major congenital malformation and 

extreme low birth weight, and   
  is the mean APO of the group having normal birth 

weight only.         and        are the standard deviation for   
  and   

 , and the denominator is 

the standard error of the difference of two compared means.  

Sensitivity Analysis 

Sensitivity analyses will be conducted to estimate the influence of possible 

biases in the study. The operational definition of the exposure time window depends on 

many factors. We will explore changes in the final estimated association if defined 

exposure time windows are altered to account for drugs’ residual effects. We would 

define the exposure window as -10 days before LMP to infant birth, -20 days before 

LMP to infant birth, and -30 days before LMP to infant birth, and examine the 

association of combined outcome APO with maternal exposure to the study drugs.  

As outlined previously, infant birth defects largely relate to the time window of 

maternal drug exposure. Drug induced MCM relates to the exposure in the first 
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trimester, whereas, minor birth defects and LBW relate to the exposure in the third 

trimester. Therefore, a subgroup sensitivity study will be performed to assess the 

association between maternal exposure to AEDs and four component outcomes in four 

pregnancy trimesters.    
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Figure 3-1. Schematic Diagram of Data Linkage.  
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Figure 3-2. A Schematic Plot for the Study Design and Critical Time Points. 
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Table 3-1. PPVs of overall and specific birth defects identified using birth certificates, 1985-2000. 

Defects  Birth certificate,  
Positive predictive value  

Inpatient claims, 
Positive predictive value  

Either data source, 
Positive predictive value  

 n  %  n  %  n  %  

All defects  239  69.9  1316  69.9  1430  67.7  
Cardiac defects  84  35.7  490  74.5  545  67.7  
Gastrointestinal  17  94.1  182  73.6  185  73.5  
Musculoskeletal  68  94.1  260  65.0  295  67.8  
Genitourinary  20  65.0  244  68.4  254  67.3  
Central nervous system  30  63.3  139  48.9  153  47.1  
Ofofacial  31  93.6  60  93.3  66  90.9  

Source: Cooper WO, Hernandez-Diaz S, Gideon P, Dyer SM, Hall K, Dudley J, Cevasco M, Thompson AB, Ray WA, 
Positive predictive value of computerized records for major congenital malformations. Pharmacoepidemiology and Drug 
Safety 2008; 17: 455-460.171 
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Table 3-2. ICD-9 codes for Abnormal Conditions of the Newborn.172  

Conditions ICD-9 Code 

Anemia 280.x-289.x 

Birth injury 767.x 

Fetal alcohol syndrome and Drug withdrawal syndrome 760.7x, 779.5  

Hyaline membrane disease/Neonatal respiratory distress 

syndrome (RDS) 

769.x 

Meconium aspiration syndrome 770.1x 

Assisted ventilation  93.9 

Seizures* 779.0, 345.x 

*: About 98% of Neonatal seizures was determined by ICD-9 code 779.0, and 2% by ICD-code 345.1 to 345.9.173 
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CHAPTER 4 
RESULTS 

Characteristics of Study Population 

A total of 753,377 infants were born in Florida between 2000 and 2009. After 

applying all inclusion and exclusion criteria, the final study cohort consisted of 3,183 

mother-infant pairs in the AED exposure group, 226 mother-infant pairs in the VPA 

exposure group, and 43,956 mother-infant pairs in the healthy control group (Figure 4-

1). Table 4-1 summarizes and compares the demographic characteristics of the study 

cohort between the healthy controls and mother-infant pairs with maternal exposure to 

AED or VPA. Because records of the mother’s previous cesareans, gestational 

diabetes, prenatal usage, and the status of infant breast fed were not collected in 

Florida BVS data before 2004, large amounts of missing data (55-58%) were found in 

these four variables. We have to remove these four variables from multivariate analysis. 

Small amounts of missing data were found in the rest of the variables except for age 

and mothers’ parity. The proportion of missingness ranged from 0.004% in the mother’s 

marital status to 24% in the father’s race. The pattern of missingness was similar across 

three comparison groups in most of the variables except slightly higher in the father’s 

race (36% and 29% vs 24%), the father’s education level (32% and 28% vs 21%), and 

lower in the mother’s previous adverse pregnancy (45% and 32% vs 60%), the mother’s 

prenatal use (42% and 31% vs 57%), and infant male gender (6% and 3% vs 15%) for 

AED and VPA exposure groups. Compared to the healthy controls, AED and VPA 

exposure groups include fathers that were older white males with lower than high school 

education, and mothers that were older, white,  smokers, not married, and having other 

risk factors. 
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Table 4-2 presents baseline clinical characteristics that were defined from 

Medicaid claim data using NDC, CPT, and ICD-9 codes. Indications that are 

significantly higher in AED and VPA exposure groups are: epilepsy (24% and 18% vs 

0.2%), anxiety (6% and 7% vs 0.5%), bipolar disorder (23% and 14% vs 1.1%), 

depression(9% and 10.3% vs 1.7%), migraines (5% and 3% vs 0.4%), mental disorders 

(37% and 35% vs 9%), and infection and parasitic diagnoses (12% and 11% vs 7%). 

Compared to healthy controls, AED and VPA exposure groups have significantly higher 

rate of exposure to other medications: antipsychotics (20% and 11% vs 0.6%), 

antidepressants (37% and 28% vs 3%), folic acid (61% and 62% vs 41%), anxiolytics 

(31% and 58% vs 3%), antibiotics (48% and 45% vs 32%), glucocorticoids (4% and 5% 

vs 1.4%), and NSAID’s (8% and 6% vs 1.4%). Mothers exposed to AED or VPA have 

significantly higher rate of comorbidities (35% and 30% vs 4%), and co-medication use 

(43% and 48% vs 8%).,Overall, mothers exposed to AEDs during pregnancy have more 

risk factors than healthy controls, which may pose elevated risk of infant birth defects.  

Descriptive Analysis of Observed Outcomes 

All observed outcomes, including BD (major & minor CMs), ACBN, PCOC (PC, 

OC, and preterm born), and LBW, were assessed based on the definition proposed in 

Chapter 3. First of all, the four observed outcomes were evaluated specifically 

according to the assumptions for selection of components for composite outcome. We 

compared the frequency, importance, and drug effects across these four observed 

outcomes. In Figure 4-2, we compared the frequencies of incidences among BD, ACNB, 

PCOC, and LBW in the study population. The incidence of PCOC (28.26%) was 2~3 

times higher than that of BD (10.65%), ACNB (8.04%), and LBW (8.64%). BD, ACNB, 

and LBW seem have similar incidence rates in the study population.  
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As proposed in Chapter 3, length of hospital stay during delivery was employed 

to assess the importance of four observed outcomes. Table 4-3 lists Spearman 

correlation between the length of the hospital stay during delivery and four observed 

outcomes. Correlation coefficients (Rho) were all statistically significant and ranged 

from 0.10 (for BD and ACNB) to 0.21 (for PCOC) in the study population. A Student t 

test was conducted to compare the calculated Spearman correlation coefficients 

between BD and PCOC, which has the lowest and highest correlation with the length of 

hospital stay during delivery. P value was of 0.9862 indicating similar importance across 

four observed outcomes.  

Drug effects of AEDs and VPA on four observed outcomes were analyzed using 

Propensity Score adjustment in multivariate analysis. β estimates in Table 4-4 indicate 

the magnitudes of the effects of AED or VPA use on observed outcomes compared with 

healthy controls.  As shown in Table 4-4, AED significantly associated with all four 

observed outcomes: BD (β Estimate and SE: 0.34±0.16, P=0.0356), ACNB (β Estimate 

and SE: 0.60±0.15, P=0.0001), PCOC (β Estimate and SE: 0.70±0.11, P<.0001), and 

BW (β Estimate and SE: 0.104±0.02, P<.0001). Comparing the outcomes with the 

lowest and highest β Estimates (BW vs PCOC), the effects between BW and PCOC 

were not significantly different for AED and VPA (P=0.4434 for AED and P=0.4568 for 

VPA).  

The observed outcomes were compared between healthy controls and AED or 

VPA exposed group. Given the large healthy control group and relatively small AED or 

VPA exposures, the frequency of four observed outcomes and correlations between 

four observed outcomes and the length of hospital stay during delivery were dominated 
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by large amounts of healthy controls and very similar in AED (AED exposure + healthy 

controls) and VPA (VPA exposure + healthy controls) study groups. Figure 4-3 presents 

the incident rates of PC, OC, preterm birth, and overall PCOC in three study groups. 

Compared to healthy controls, AED exposed group has significantly higher rates on PC 

(12% vs 8%, P<.0001), OC (11% vs 5%, P<.0001), Preterm born (21% vs 19%, 

P=0.0063), and overall PCOC (36% vs 28%, P<.0001). However, the VPA exposed 

group has slightly lower PC, OC and preterm born than AED exposed group, and is not 

significantly higher than those of healthy controls on PC (11% vs 8%, P=0.0459), 

preterm(20% vs 19%, P=0.6569), and overall PCOC (34% vs 28%, P=0.0509). The 

VPA exposed group has significantly higher rate of OC (10% vs 5%, P=0.0006).  

In Figure 4-4, the incidence rates of major CM, minor CM, BD, and ACNB were 

plotted and compared among three study groups. The VPA exposed group has highest 

rates of BD (20% vs 10.5%, P<.0001), including major CM (6.5% vs 2.6%, P<.0001) 

and minor CM (16.7% vs 9.1%, P<.0001), which are significantly higher than those of 

healthy controls. ACNB in VPA exposed group is lower than that of the AED exposed 

group, and is not different with the healthy controls (10.2% vs 7.8%, P=0.1525). The 

AED exposed group has lower rate of BD than VPA group, whereas it has significantly 

higher rate than healthy controls on major CM (4.1% vs 2.6%, P<.0001), minor CM 

(10.7% vs 7.8%, P=0.0025), BD (12.8% vs 10.5%, P<.0001), and ACNB (12.1% vs 

7.8%, P<.0001).  

Figure 4-5 delineates the distribution of four BW categories (Normal: >2500g, 

LBW: 1500~2500g, VLBW: 1000~1500g, and ELBW: <1000g) in three study groups. 

VPA exposed group doesn’t have significantly different distribution of BW categories 
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than healthy controls (88.6% vs 91.6%, 10.6% vs 6.7%, 0.4% vs 0.7%, 0.4% vs 0.99%, 

P=0.0752). The rate of LBW is the highest in AED exposed group, and is significantly 

higher than that of healthy controls (88.1% vs 91.6%, 10.6% vs 6.7%, 0.9% vs 0.7%, 

0.5% vs 0.99%, P<.0001). 

Therefore, AED users are significantly different with healthy controls on all 

observed outcomes, whereas VPA users are mainly different with healthy controls on 

BD and OC. Two exposure groups have varied pattern of observed outcomes that were 

combined using LTM. The psychometric properties of combined outcome were 

evaluated and compared among these three groups. Further analysis results are 

reported for each hypothesis under each specific aim.  

Part 1: Utilization of AEDs in Pregnant Women Included in the Study 

The secular trends of AED use in the study population from 2000 to 2009 were 

analyzed for each hypothesis under specific aims 1-1, 1-2, 1-3, and 1-4.  

Specific Aim 1-1: Assess the secular trend for the utilization of AEDs.  

The percentage of any AED use in the study population was calculated for each 

study year. Out of total 47,139 mother-infant pairs in Florida Medicaid program, AED 

exposure in mothers during pregnancy ranged from 0.2% to 0.54% from year 2000 to 

2009. The secular trend was analyzed and plotted in Figure 4-6. Despite the observed 

small fluctuation, AED use in pregnant women in Florida Medicaid didn’t change 

significantly from 2000 to 2009 (β=0.01, P=0.28).  

Specific Aim 1-2: Assess the secular trend for the utilization of VPA.  

The trend of VPA use in the study population (N=47,139) from 2000 to 2009 was 

analyzed and plotted in Figure 4-7. VPA use significantly reduced from 0.05% in 2000 to 
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0.02% in 2009 in the study population, about 3 per 1000 deliveries every year (β=-

0.003, P=0.017). The reduction is statistically significant. 

Specific Aim 1-3: Compare the utilization of AEDs from 1999 to 2009 in 
monotherapy and polytherapy in the pregnant women included in the study.  

Out of a total of 3,183 pregnant women exposed to AEDs, approximately half 

were exposed to more than two AEDs during pregnancy (Figure 4-8). Although it didn’t 

reach the statistical significance level, the secular trends for AED use in polytherapy 

and monotherapy changed over time. A joint point was detected at year 2006 with 

JointPoint program. Before 2006, AED use in polytherapy increased from 52% in 2000 

to 63% in 2006 , about 19 per 1000 AED exposed pregnant women each year (β1=1.90, 

P1=0.20), and then decreased from 48% in 2000 to 37% in 2006 in monotherapy.   

However, after 2006, AED polytherapy reduced from 63% in 2006 to 58% in 2009, 

about 26.1 per 1000 AED exposed pregnant women each year (β2=-2.61, P2=0.52), and 

monotherapy increases from 37% in 2006 to 42% in 2009.  

Specific Aim 1-4: Compare the utilization of VPA from 1999 to 2009 in 
monotherapy and polytherapy in the pregnant women included in the study.  

Figure 4-9 delineates the percentage of VPA use in polytherapy over the total of 

AED exposed mother-infant pairs (N=3,183) between year 2000 and 2009. The secular 

trend of VPA use in polytherapy significantly decreased from 8% in 2000 to 3% in 2009 

(β=-0.68, P=0.001), about 68 per 100 VPA exposed pregnant women every year from 

2006 to 2009. In monotherapy VPA use increased from 92% in 2000 to 97% in 2009, 

correpondingly.  
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Part 2: Apply a Latent Variable Model to Combine the Four Birth Defect Outcomes 

Specific Aim 2: Establish an LVM to combine BD, ACNB, LBW, and PC/OC into 
one latent variable APO, for the studied mother-infant pairs.  

The first step in this part is the selections of initial estimates is to make iteration 

process converge fast. We utilized six independent categories of observed outcomes: 

BD (Yes), AC (Yes), PCOC (Yes), and BW: 1500~2499g, 1000~1499g, 350~999g to 

calculate initial values of parameters. Table 4-5 lists the frequencies and percentages of 

each category of observed outcomes in AED and VPA exposure. Using the percentage 

of each category of observed outcomes, we deduced the initial values of parameters.  

The modified Gauss–Newton algorithm was run in SAS Proc IML, starting from 

the initialized value at iteration 0, until the difference of the last two estimates was less 

than 10-9. All final parameters were estimated from the iteration process. Table 4-6 lists 

the estimated parameters, which were used to further estimate the LV, APO. Expected 

and observed frequencies and percentages of each combination of four observed 

outcomes were enumerated in Table 4-7. Table 4-8 presents the estimated APO for 32 

combinations of four observed outcomes, each of which is associated with a unique 

score of APO, ranging from 1 to 10.13  

Part 3: Evaluate the Validity and Reliability of the Combined Outcome 

As proposed in Chapter 3, validity and reliability of the combined outcome, APO, 

were evaluated in this part using Factor analysis, Q statistics, and Spearman 

correlation.  

Specific Aim 3-1: Assess the unidimensionality of the combined outcome 

The unidimensionality of the combined outcome was assessed using EFA, which 

was conducted in SAS Proc Factors with the method of principal factor estimation. The 
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assumption of the basic factor analysis in SAS is the linear relationship between the 

normally distributed manifest variables and latent variable. Our four component 

outcomes are three dichotomous variables (BD, ACNB, and PC/OC), and one ordered 

polytomous variable (BW). Thus, appropriate model selection and data input become 

important in this part of the study. We employed iterated Principal Factor Estimation 

with input of polychoric correlation matrix in our factor analysis to facilitate the factor 

extraction for dichotomous and ordinal variables.203 The polychoric correlations between 

each pair of four component outcomes were computed using the SAS macro 

“polychor.sas” downloaded from the website of SAS Institute.204 The polychoric 

correlation matrix was then submitted to SAS Proc Factor for factor extraction with the 

method of Principle Factor Estimation. The factor analysis results were summarized in 

Table 4-9 (a)-(d).  

The results in Table 4-9 (a) shows that one factor is retained, and its preliminary 

eigenvalue and proportion are above 1 (eigenvalue and proportion for factor 1 is 1.7 and 

1.1, respectively). The subsequent factors (factor 2 to 3) have small eigenvalues (-0.20 

to 0.12). Table 4-9 (b) displays the portion of variance explained by this one factor. The 

factor pattern in Table 4-9 (c) illustrates the correlation between each observed 

outcome and the single factor, which is ranged from 0.34 to 0.97. In Table 4-9 (d), the 

eigenvalue of the reduced correlation is 1.87, proportion of variance explained by factor 

1 is 100%, and cumulative variance for factor 1 is 100% as well.  

Therefore, the EFA analysis results showed that a single factor is sufficient to 

explain the variance of four observed outcome. The unidimensionality of the combined 

outcome, thus, is approved.  
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Specific Aim 3-2: Examine the local independence of the four component 
outcomes 

As proposed in Chapter 3, local independence was examined based upon Yen’s 

Q Statistics. We conducted CFA with SAS Proc Calis to compute the residuals and the 

covariance of the residuals after controlling for the single factor. As shown in the last 

section, EFA results confirmed one factor structure for this data. In CFA analysis, we 

fitted the single factor model with an input of polychoric correlation matrix calculated 

previously. The model fit statistics, estimation of parameters and residuals, and the 

covariance of residuals, are included in Table 4-10 (a)-(c).  

Table 4-10 (a) illustrates the fit statistics for CFA model. For this CFA model, chi-

square probability being 0 with large p value indicates the non-difference of the 

observed and expected matrices and acceptable model fit. Bentler's comparative Fit 

Index (equals to 0.9999) and Bentler & Bonett's normed fix index (equals to 1) are large 

(0.90 is a cutoff) enough for acceptable model fit. Table 4-10 (b) lists the fitted model 

with standardized estimates for each component outcome with the single factor. We 

used standardized estimates because the observed outcomes have different scales. 

Table 4-10 (c) presents the estimates of variance from the fitted model. Table 4-10 (d) 

shows the pairwise covariances between each pair of residuals. The corresponding 

correlations calculated from COVij/σiσj are listed in Table 4-10 (e). The consequences of 

correlation between each pair of residuals are ranged from -0.12 to 0.14, which is lower 

than 0.20, the cutoff point for local dependence. Thus, our CFA analyses confirm the 

local independence that there are no large correlations among four observed outcomes 

after controlling for the latent factor.  
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 Specific Aim 3-3: Assess the internal homogeneity of the combined outcome 

Internal homogeneity of the combined outcome was assessed by the calculation 

of Spearman’s rank correlation between each pair of the four observed outcomes. Table 

4-11 lists the estimates of Spearman correlation and corresponding 95% confidence 

interval and p value for each pair of observed outcomes and observed outcome with 

combined outcome.  

Spearman correlations among observed outcomes are statistically significant and 

ranged from 0.09 to 0.36, indicating low internal homogeneity of the observed 

outcomes. However, the correlations between each observed outcome and combined 

outcome are statistical significant and ranges from 0.36 to 0.86. For four observed 

outcomes, the lowest correlation is between PCOC and BD (Rho=0.09, 95%CI: 

0.12~0.14), and the highest correlation is between PCOC and BW (Rho=0.36, 95%CI: 

0.35~0.37). The combined outcome APO has the highest correlation with PCOC (Rho 

=0.86, 95%CI: 0.86~0.86), and the lowest correlation with BD (Rho=0.36, 95% CI: 

0.35~0.37).  

Specific Aim 3-4: Evaluate the convergent validity of the combined outcome 

Spearman correlation between the combined outcome APO, and total length of 

the hospital stay was calculated to examine convergent validity of the combined 

outcome. The length of hospital stay for mother-infant pair during delivery was assessed 

from Medicaid inpatient claims admitted before the delivery and discharged after the 

infant born. Figure 4-10 delineates the relationship between APO and total length of the 

hospital stay. The correlation coefficience Rho equals to 0.27, which is statistically 

significant (P<.0001).  
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Specific Aim 3-5: Evaluate the discriminant validity of the combined outcome 

The infant breast fed status was collected in infant birth certificate after 2004. In 

our study, we have 19,699 mother-infant pairs have this data available, which provides 

enough statistical power for the calculation of Spearman correlation between the infant 

breast fed status and the APO score.  

Figure 4-11 delineates the relationship between the infant breast fed status and 

the APO sore. The regression line is nearly fat. The analysis results show the 

Spearman correlation coefficient equals to -0.07 and R square equals to 0.0049, 

indicating that only 0.49% of variance was shared by infant breast fed status and APO 

score. The statistical significance (P<.0001) for such a small correlation may be owing 

to large sample size caused over-powered analysis.  

Therefore, APO has no association with the infant bread fed status. The 

discriminant validity of combined outcome was approved.   

Specific Aim 3-6: Evaluate the discriminative validity of the combined outcome 

Discriminative validity was assessed by comparison between two “extreme” 

groups, one was the mother-infant pairs with BD and ELBW, and another was the 

mother-infant pairs with NBW and without any BD, ACBN, and PCOC. These two 

groups were selected because they are supposed to have very different levels of birth 

defects, one is very serious, and another is normal and healthy. The comparison results 

were shown in Figure 4-12 (a). The difference of APO is significantly different between 

these two groups (Mean ± SD: 8.47 ± 0.01 vs 1.30 ± 0.31, P<.0001). Thus, 

discriminative validity of the combined outcome was approved. The combined outcome 

APO can differentiate the extreme groups. The mother-infant pairs with BD and ELBW 

have significantly higher APO than those with NBW and without BD, ACNB, and PCOC. 
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Thus, in Figure 4-13 (b), we further compared APO scores between AED, VPA, 

and healthy controls. The average APO score in AED group is significantly different with 

healthy controls (Mean ± SE: 2.04 ± 0.02 vs 1.88 ± 0.01, P<.0001), and in VPA group is 

not significantly different with health controls (Mean ± SE: 2.00 ± 0.07 vs 1.88 ± 0.01, 

P=0.1003).   
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Figure 4-1. Flow Chart of Study Design. 

  

Total 3555 mother-infant pairs 
exposed to AEDs during 
pregnancy in Florida Medicaid 
2000 to 2009.  

Excluded 705,866 patients 
with HIV, chronic DM, HPN, 
multiple-birth, and not enrolled 
in Florida Medicaid 6 months 
prior to pregnancy. 

Excluded 372 
patients with HIV, 
chronic DM, HPN, 
and multiple-birth  

Total 3183 
patients in 
AED exposure 

Total 43,956 
patients in 
healthy control 

Total 749,822 mother-infant pairs not 
exposed to AEDs during pregnancy and 
enrolled in Florida Medicaid 6 months 
prior to pregnancy.  

Total 753,377 infants born in 
Florida from 2000 to 2009.  
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Table 4-1. Demographic Characteristics of Study Participants. Obtained from BVS.  

Characteristics All Patients 
N=47,139 

VPA Users 
N=226 

AED 
Users* 

N=3,183 

Controls 
N=43,956 

P 
Value** 

P Value 
*** 

Maternal age at infant born, Mean ± SD 24.8±5.3 25.9±6.4 26.5±6.0 24.6±5.2 <.0001 0.0014 

Father’s age at infant birth, Mean ± SD 43.6±29.8 52.1±33.2 47.5±30.7 43.3±29.7 <.0001 <.0001 

Mother’s Race, N(%) 
White 
Black 

Others 
Missing 

 
22533(48) 
14420 (31) 
10102 (21) 

84 (0.2) 

 
177 (72) 
27 (11) 
41 (17) 

0 (0) 

 
2,200 (69) 
429 (13) 
552 (17) 
2 (0.1) 

 
20,333 (46) 
13,991 (32) 
9,550 (22) 

82 (0.2) 

<.0001 <.0001 

Father’s Race, N(%) 
White 
Black 

Others 
Missing 

 
17124 (36) 
10060 (21) 
8498 (18) 

11457 (24) 

 
95 (39) 
31 (13) 
32 (13) 
87 (36) 

 
1455 (46) 
327 (10) 
474 (15) 
927 (29) 

 
15,669 (36) 
9,733 (22) 
8,024 (18) 

10,530 (24) 

<.0001 <.0001 

Father’s education level, N(%) 
Above High School 

Missing 

 
14,984 (32) 
10,111 (21) 

 
66 (40) 
78 (32) 

 
765 (33) 
890 (28) 

 
14,219 (41) 
9221 (21) 

<.0001 0.7107 

Mother’s previous adverse pregnancy 
experience, N(%) 
Missing, N(%) 

 
330 (0.7) 

27336 (58) 

 
1 (0.7) 

110 (45) 

 
23 (1) 

1030 (32) 

 
307 (2) 

26,306 (60) 

0.0237 0.3482 

Mother’s prenatal use, N(%) 
Missing, N(%) 

20762 (44) 
26090 (55) 

143 (99) 
102 (42) 

2172 (99) 
986 (31) 

18,590 (98) 
25,104 (57) 

0.5571 0.0246 

Mother’s total number of prenatal visits, 
Mean ± SD 
Missing, N(%) 

 
8.9±15.8 
2024 (4) 

 
11.1±18.2 

27 (1) 

 
11.3±16.9 

174 (5) 

 
8.8±15.7 
1850 (4) 

<.0001 0.0059 

Mother’s marital status, Yes, N(%) 
Missing, N(%) 

19,178 (41) 
2 (0) 

86 (35) 
0 (0) 

1137 (36) 
0 (0) 

18,041 (41) 
2 (0) 

<.0001 0.1679 

Mother’s parity, Mean ± SD 1.7±3.8 1.1±1.3 1.3±5.1 1.7 ± 3.7 <.0001 <.0001 

Mother’s tobacco use, N(%) 
Missing, N(%) 

8069 (17) 
538 (1) 

74 (31) 
6 (2) 

936 (30) 
96 (3) 

7133 (16) 
442 (1) 

<.0001 <.0001 

Mother’s average tobacco use, Mean ± SD 1.8±9.3 4.8±15.9 4.0±13.5 1.7±9.0 <.0001 0.0028 
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Missing, N(%) 928 (2) 2 (0) 25 (1) 903 (2) 

Mother’s alcohol use, N(%) 
Missing, N(%) 

213 (0.5) 
37 (0.1) 

3 (1) 
1 (0.4) 

38 (1) 
6 (0.2) 

175 (0.4) 
31 (0.1) 

<.0001 0.0183 

Mother’s education level, N(%) 
Above High School 

Missing 

 
17,945 (38) 

868 (2) 

 
86 (37) 
12 (5) 

 
1,173 (37) 

46 (1.5) 

 
16,772 (39) 

822 (2) 

 
0.0980 

 
0.5377 

Infant male gender, N(%) 
Missing, N(%) 

20,297 (44) 
6910 (15) 

120 (49) 
14 (6) 

1,549 (49) 
103 (3) 

19,048 (43) 
6807 (15) 

<.0001 0.0001 

Infant breast fed, N(%) 
Missing, N(%) 

13,034 (28) 
27,441 (58) 

60 (41) 
112 (46) 

1,150 (52) 
1,043 (33) 

11,884 (63) 
26398 (60) 

<.0001 <.0001 

Mother’s previous gestational diabetes, N(%) 
 Missing, N(%) 

688 (3.5) 
27,336 (58) 

6 (4) 
110 (45) 

84 (4) 
1030 (32) 

604 (3) 
26,306 (60) 

0.1714 0.4170 

Mother’s previous gestational hypertension, 
N(%) 
Missing, N(%)  

 
1378 (3) 
3335 (7) 

 
6 (3) 

37 (15) 

 
138 (5) 
226 (7) 

 
1240 (3) 
3109 (7) 

<.0001 0.2559 

Mother’s previous eclampsia, N(%) 
Missing, N(%) 

127 (0.3) 
3335 (7) 

0 (0) 
37 (15) 

10 (0.3) 
226 (7) 

117 (0.3) 
3109 (7) 

0.0089 0.1916 

Mother’s previous preterm, N(%) 
Missing, N(%) 

992 (2.3) 
3335 (7) 

3 (1) 
37 (15) 

67 (2.3) 
226 (7) 

925 (2.3) 
3109 (7) 

0.0102 0.1882 

Mother’s previous other risk factors, N(%) 
Missing, N(%) 

7668 (16) 
3335 (7) 

84 (40) 
37 (15) 

1029 (35) 
226 (7) 

6639 (16) 
3109 (7) 

<.0001 <.0001 

Mother’s previous cesarean, N(%) 
Missing, N(%) 

3362 (7) 
27336 (58) 

17 (13) 
110 (45) 

306 (14) 
1030 (32) 

3056 (17) 
26306 (60) 

0.0005 0.1819 

Note: *: By definition, AED users include the patients who used VPA.  
        **: Compared between AED and healthy controls.  
       ***: Compared between VPA and healthy controls.  
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Table 4-2. Clinical Characteristics of Study Participants. Obtained from Medicaid Claim Data.  

Characteristics All Patients 
N=47,139 

VPA 
Users 
N=226 

AED 
Users* 

N=3,183 

Controls 
N=43,956 

P 
Value 

** 

P 
Value 

*** 

Mother’s Epilepsy diagnosis during baseline 
and pregnancy, N(%) 

652 (1) 60 (24) 571 (18) 81 (0.2) <.0001 <.0001 

Mother’s Anxiety diagnosis during baseline and 
pregnancy, N(%) 

448 (1) 15 (6) 230 (7) 218 (0.5) <.0001 <.0001 

Mother’s Neural Pain diagnosis during baseline 
and pregnancy, N(%) 

54 (0.1) 0 (0) 27 (0.9) 27 (0.1) <.0001 >.999 

Mother’s Bipolar diagnosis during baseline and 
pregnancy, N(%) 

943 (2) 56 (23) 444 (14) 499 (1.1) <.0001 <.0001 

Mother’s Depression diagnosis during baseline 
and pregnancy, N(%) 

1071 (2) 21 (9) 328 (10.3) 743 (1.7) <.0001 <.0001 

Mother’s Migraine diagnosis during baseline 
and pregnancy, N(%) 

269 (0.6) 12 (5) 96 (3) 173 (0.4) <.0001 <.0001 

Mother’s mental disorder diagnoses during 
baseline and pregnancy, N(%)  

4895 (10) 90 (37) 1118 (35) 3777 (9) <.0001 <.0001 

Mother’s antipsychotic exposure during 
pregnancy, N(%) 

613 (1) 50 (20) 338 (11) 275 (0.6) <.0001 <.0001 

Mother’s antidepressants exposure during 
pregnancy,N(%) 

2167 (5) 90 (37) 886 (28) 1281 (3) <.0001 <.0001 

Mother’s folic acid use during pregnancy, N(%) 19913 (42) 150 (61) 1,965 (62) 17,948 (41) <.0001 <.0001 

Mother’s anxiolytics (including sedatives and 
hypnotics) exposure during pregnancy, N(%) 

3284 (7) 76 (31) 1832 (58) 1452 (3) <.0001 <.0001 

Mother’s antihypertensive exposure during 
pregnancy, N(%) 

23 (0.1) 1 (0.41) 10 (0.3) 13 (0.03) <.0001 0.0749 

Number of hospitalization for seizure during 
pregnancy, Median (min, max) 

0 (0, 6) 0 (0, 4) 0 (0, 6) 0 (0, 3) <.0001 <.0001 

Number of physician visits with seizure 
diagnoses during pregnancy, Median (min, 
max) 

0 (0, 5) 0 (0, 3) 0 (0, 5) 0 (0, 6) <.0001 0.0208 

Mother’s hormone use during pregnancy, N(%) 2558 (5) 19 (8) 171 (5) 2387 (5) 0.8888 0.1097 
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Table 4-2. Continued. 

Characteristics All Patients 
N=47,139 

VPA 
Users 
N=226 

AED 
Users 

N=3,183 

Controls 
N=43,956 

P 
Value* 

P 
Value 

** 

Mother’s infection and parasitic diagnosis 
during baseline and pregnancy, including: Virus, 
Rubella, Cytomegalovirus, HIV, Syphilis, 
Herpes simplex virus, Toxoplamosis, Varicella 
virus, Venezuelan equine encephalitis virus, 
Phenylketonuria, Hypoxia, N(%) 

3314 (7) 30 (12) 355 (11) 2959 (7) <.0001 0.0006 

Mother’s ACE inhibitors exposure during 
pregnancy, N(%) 

30 (0.1) 2 (0.82) 12 (0.38) 18 (0.04) <.0001 0.0054 

Mother’s antineoplastic exposure during 
pregnancy, N(%) 

184 (0.4) 3 (1.2) 14 (0.4) 170 (0.4) 0.6428 0.0720 

Mother’s quinine exposure during pregnancy, 
N(%) 

169 (0.4) 1 (0.4) 17 (0.5) 152 (0.4) 0.0861 0.5734 

Mother’s antibiotics exposure during pregnancy, 
N(%) 

15272 (32) 117 (48) 1418 (45) 13,854 (32) <.0001 <.0001 

Mother’s glucocorticoids exposure during 
pregnancy, N(%) 

767 (2) 11 (4) 160 (5) 607 (1.4) <.0001 <.0001 

Mother’s NSAID exposure during pregnancy, 
N(%) 

813 (2) 20 (8) 192 (6.0) 621 (1.4) <.0001 <.0001 

Mother’s antiviral exposure during pregnancy, 
N(%) 

252 (0.5) 2 (0.8) 43 (1.4) 209 (0.5) <.0001 0.3267 

Mothers with more than two disease diagnoses 
during pregnancy or baseline, N(%) 

2,531 (5) 86 (35) 943 (30) 1588 (4) <.0001 <.0001 

Mother’s total number of comorbidities, N(%) 
0 
1 
2 

≧3 

 
39,159 (83) 
5,449 (12) 
1,698 (4) 
833 (2) 

 
107 (44) 
52 (21) 
47 (19) 
39 (16) 

 
1,538 (48) 
702 (22) 
542 (17) 
401 (13) 

 
37,621 (86) 
4,747 (11) 
1,156 (3) 
432 (1) 

<.0001 <.0001 

Mothers used more than two medications 
during pregnancy, N(%) 

4,850 (10) 106 (43) 1,538 (48) 3,312 (8) <.0001 <.0001 
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Table 4-2. Continued. 

Characteristics All Patients 
N=47,139 

VPA 
Users 
N=226 

AED 
Users 

N=3,183 

Controls 
N=43,956 

P 
Value* 

P 
Value 

** 

Mother’s total number of other medication, N(%) 
0 
1 
2 

≧3 

 
27,705 (59) 
14,584 (31) 

3,476 (7) 
1,374 (3) 

 
62 (31) 
77 (31) 
40 (16) 
66 (27) 

 
619 (19) 

1,026 (32) 
846 (27) 
692 (22) 

 
27,086 (62) 
13,558 (31) 

2,630 (6) 
682 (2) 

<.0001 <.0001 

Note: *: By definition, AED users include the patients who used VPA.  
        **: Compared between AED and healthy controls.  
       ***: Compared between VPA and healthy controls.  
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Figure 4-2. Frequencies of Four Observed Outcomes in the Study Population.  

 
Table 4-3. Spearman Correlation of Four Observed Outcomes with Length of Hospital 

Stay During Delivery.  

Variable With Variable N 
Correlation 
Estimate 

95% 

CI 

P Value 

BD Length of Hospital Stay During 
Delivery 

47139 0.10 0.07 0.10 <.0001 

ACNB Length of Hospital Stay During 
Delivery 

47139 0.10 0.08 0.10 <.0001 

PCOC Length of Hospital Stay During 
Delivery 

47139 0.21 0.20 0.22 <.0001 

BW Length of Hospital Stay During 
Delivery 

47139 0.16 0.15 0.17 <.0001 
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Table 4-4. Effects of AEDs or VPA on Four Observed Outcomes. AED users include the 
patients using VPA. 

 Observed 
Outcomes β Estimate Standard Error 

P Value 

AEDs BD 0.34 0.16 0.0356 

ACNB 0.60 0.15 0.0001 

PCOC 0.70 0.11 <.0001 

BW 0.10 0.02 <.0001 

VPA BD 0.96 0.41 0.0196 

ACNB 0.67 0.43 0.1223 

PCOC 0.99 0.32 0.0019 

BW 0.10 0.06 0.0856 
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Figure 4-3. PC, OC, Preterm Born, and PCOC in AED, VPA users, and Healthy 
Controls. AED users include the patients using VPA. 
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Figure 4-4. Birth Defects (Major Congenital Malformation and Minor Congenital 

Malformation) and Abnormal Condition in AED and VPA Users, and Healthy 
Controls. AED users include the patients using VPA. 
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Figure 4-5. Distribution of Four BW Categories in AED and VPA Users, and Healthy 
Controls. AED users include the patients using VPA. 
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Figure 4-6. Percentage of AED Use in Study Population from 2000 to 2009. β=0.01, 

P=0.28. AED users include the patients using VPA. 
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Figure 4-7. Percentage of VPA Use in Study Population from 2000 to 2009. β=-0.003, 

P=0.017. 
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Figure 4-8. Percentage of AED Use in Polytherapy in Study Population from 2000 to 

2009. β1=1.90, P1=0.20; β2=-2.61, P2=0.52. AED users include the patients 

using VPA. 
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Figure 4-9. Percentage of VPA Use in Polytheray in Study Population from 2000 to 

2009. β=-0.68, P=0.001. 
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Table 4-5. Incident Rate in Each Category of Observed Outcomes.  

 Variable Category Frequency Percentage 

A
E

D
 E

x
p
o

s
e

d
 G

ro
u
p

 +
 H

e
a

lt
h

y
 

C
o
n

tr
o
ls

 

BD Yes 5019 10.65 

No 42120 89.35 

ACNB Yes 3792 8.04 

No 43347 91.96 

PCOC Yes 13323 28.26 
No 33816 71.74 

BW 350~999g 451 0.96 
1000~1499g 337 0.71 
1500~2499g 3285 6.97 
2500~5999g 43066 91.36 

V
P

A
 E

x
p

o
s
e

d
 G

ro
u

p
+

 H
e
a

lt
h

y
 

C
o
n

tr
o
ls

 

BD Yes 48 19.59 

No 187 80.41 

ACNB Yes 25 10.20 

No 220 89.80 

PCOC Yes 12276 27.77 
No 31925 72.23 

BW 350~999g 436 0.99 

1000~1499g 311 0.70 
1500~2499g 2975 6.73 
2500~5999g 40479 91.58 

 
 
Table 4-6. Estimates of Parameters in LTM. 

 BD ACNB PCOC BW 

α11 β11 α21 β21 α31 β31 α41 β41 α42 β42 α43 β43 

AED 
Users 

-1.71 0.06 -4.44 3.16 0.85 0.14 -5.14 1.21 -5.09 1.17 -2.65 0.79 
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Table 4-7. Observed Frequency (OBFREQ), Expected Frequency (EXFREQ), Observed 
Percents (OB%), and Expected Percents (EX%) by Combinations of Four 
Observed Outcomes. 

BD ACNB PCOC BW OBFREQ EXFREQ OB% EX% 

Yes Yes Yes 350–999 105.00 47.94 0.22 0.10 

Yes Yes Yes 1000–1499 85.00 34.60 0.18 0.07 

Yes Yes Yes 1500–2499 196.00 136.31 0.42 0.29 

Yes Yes Yes 2500–5999 201.00 135.68 0.43 0.29 

Yes Yes No 350–999 1.00 1.44 0.00 0.00 

Yes Yes No 1000–1499 2.00 2.37 0.00 0.01 

Yes Yes No 1500–2499 22.00 29.76 0.05 0.06 

Yes Yes No 2500–5999 301.00 160.85 0.64 0.34 

Yes No Yes 350–999 80.00 38.75 0.17 0.08 

Yes No Yes 1000–1499 60.00 48.79 0.13 0.10 

Yes No Yes 1500–2499 274.00 394.20 0.58 0.84 

Yes No Yes 2500–5999 1006.00 1084.62 2.13 2.30 

Yes No No 350–999 1.00 1.34 0.00 0.00 

Yes No No 1000–1499 1.00 3.41 0.00 0.01 

Yes No No 1500–2499 77.00 103.66 0.16 0.22 

Yes No No 2500–5999 2608.00 2604.98 5.53 5.53 

No Yes Yes 350–999 130.00 105.35 0.28 0.22 

No Yes Yes 1000–1499 102.00 99.59 0.22 0.21 

No Yes Yes 1500–2499 576.00 539.30 1.22 1.14 

No Yes Yes 2500–5999 697.00 834.06 1.48 1.77 

No Yes No 350–999 0.50 3.41 0.00 0.01 

No Yes No 1000–1499 3.00 6.88 0.01 0.01 

No Yes No 1500–2499 77.00 127.93 0.16 0.27 

No Yes No 2500–5999 1295.00 1320.85 2.75 2.80 

No No Yes 350–999 134.00 89.72 0.28 0.19 

No No Yes 1000–1499 83.00 141.25 0.18 0.30 

No No Yes 1500–2499 1477.00 1642.46 3.13 3.48 

No No Yes 2500–5999 8117.00 7863.94 17.22 16.68 

No No No 350–999 1.00 3.27 0.00 0.01 

No No No 1000–1499 1.00 9.95 0.00 0.02 

No No No 1500–2499 586.00 473.60 1.24 1.00 

No No No 2500–5999 28841.00 29049.74 61.18 61.62 
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Table 4-8. Estimates of Posterior Mean of the Latent Variable    and the APO. 

BD ACNB PCOC BW    APO 

Yes Yes Yes 350–999 0.61 7.62 

Yes Yes Yes 1000–1499 0.44 5.50 

Yes Yes Yes 1500–2499 0.31 3.87 

Yes Yes Yes 2500–5999 0.19 2.39 

Yes Yes No 350–999 0.56 6.95 

Yes Yes No 1000–1499 0.44 5.45 

Yes Yes No 1500–2499 0.28 3.52 

Yes Yes No 2500–5999 0.14 1.76 

Yes No Yes 350–999 0.57 7.13 

Yes No Yes 1000–1499 0.44 5.47 

Yes No Yes 1500–2499 0.29 3.65 

Yes No Yes 2500–5999 0.16 2.01 

Yes No No 350–999 0.54 6.71 

Yes No No 1000–1499 0.43 5.41 

Yes No No 1500–2499 0.26 3.29 

Yes No No 2500–5999 0.10 1.28 

No Yes Yes 350–999 0.59 7.36 

No Yes Yes 1000–1499 0.44 5.49 

No Yes Yes 1500–2499 0.30 3.77 

No Yes Yes 2500–5999 0.18 2.22 

No Yes No 350–999 0.55 6.82 

No Yes No 1000–1499 0.43 5.43 

No Yes No 1500–2499 0.27 3.42 

No Yes No 2500–5999 0.12 1.55 

No No Yes 350–999 0.56 6.97 

No No Yes 1000–1499 0.44 5.45 

No No Yes 1500–2499 0.28 3.55 

No No Yes 2500–5999 0.14 1.81 

No No No 350–999 0.53 6.62 

No No No 1000–1499 0.43 5.40 

No No No 1500–2499 0.25 3.18 

No No No 2500–5999 0.08 1.06 
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Table 4-9. Results of Unidimentionality Assessment Using SAS Proc Factors with the 
Method of Maximum Likelihood. A) Preliminary Eigenvalues. B) Variance 
Explained by the Factor. C) Factor Pattern. D) Eigenvalues of the Reduced 
Correlation Matrix. 

 
A) Preliminary Eigenvalues. 

Factors Eigenvalue Difference Proportion Cumulative 

Factor 1 1.71670329 1.59095720 1.1236 1.1236 

Factor 2 0.12574609 0.23732518 0.0823 1.2059 

Factor 3 -.11157909 0.09148729 -0.0730 1.1329 

Factor 4 -.20306638  -0.1329 1.0000 

1 factor will be retained by the PROPORTION criterion. 

 
 
B) Variance Explained by the Factor. 

Factor 1 

1.8727521 

 
 
C) Factor Pattern. 

Observed Outcomes Factor 1 

BD 0.33990 

ACNB 0.58804 

PCOC 0.68728 

BW 0.96906 

 
 
D) Eigenvalues of the Reduced Correlation Matrix. 

Factors Eigenvalue Difference Proportion Cumulative 

Factor 1 1.87275211 1.72977919 1.0002 1.0002 

Factor 2 0.14297292 0.17726334 0.0764 1.0766 

Factor 3 -.03429042 0.07481267 -0.0183 1.0583 

Factor 4 -.10910310  -0.0583 1.0000 
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Table 4-10. CFA Results for Assessing Local Independence of the Observed 
Outcomes. A) Fit Statistics. B) Standardized Results for Linear Equations. C) 
Standardized Results for Estimation of Variances. D) Standardized Results 
for Covariances among Residuals. E) Calculated Correlation Coefficients 
Among Residuals. 

 
 A) Fit Statistics. 
  Fit Function 0.0000 

Goodness of Fit Index (GFI) 1.0000 

Chi-Square 0.0000 

Chi-Square DF -4 

Pr > Chi-Square . 

Bentler's Comparative Fit Index  0.9999 

Bentler & Bonett's (1980) Normal Fit Index 1.0000 

 
 
B) Standardized Results for Linear Equations 

          BD =  0.3296 * F1 + 1.0000  e1 

Std Err   0.00104  B1     

t Value   318.1       

          PCOC1 =  0.7172 * F1 + 1.0000  e2 

Std Err   0.000758  B2     

t Value   946.5       

          ACNB =  0.6132 * F1 + 1.0000  e3 

Std Err   0.00115  B3     

t Value   532.2       

          BW =  0.9329 * F1 + 1.0000  e4 

Std Err   0.00144  B4     

t Value   645.9       
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Table 4-10. Continued. 
 
C) Standardized Results for Estimation of Variances. 

Variable Parameter Estimate 
Standard 

Error t Value 

F1  1.00000   

e1 varem1 0.89134 0.0006832 1305 

e2 varem2 0.48569 0.00109 446.90124 

e3 varem3 0.62399 0.00141 441.56098 

e4 varem4 0.12962 0.00270 48.09027 

 

D) Standardized Results for Covariances among Residuals. 

Var1 Var2 Parameter Estimate 
Standard 

Error t Value 

e1 e2 cov12 -0.04786 0.00387 -12.37577 

e1 e3 cov13 0.10481 0.00395 26.50695 

e2 e3 cov23 -0.01118 0.00360 -3.10842 

e1 e4 cov14 -0.06373 0.00378 -16.86067 

e2 e4 cov24 0.02965 0.00310 9.54909 

e3 e4 cov34 -0.01994 0.00357 -5.58203 

 
 
E) Calculated Correlation Coefficients Among Residuals. 

Var1 Var2 Formula Calculated Correlation 

e1 e2 cov12/σ1 σ2 -0.07274 

e1 e3 cov13/σ1 σ3 0.140537 

e2 e3 cov23/σ2 σ3 -0.03289 

e1 e4 cov14/σ1 σ4 -0.11576 

e2 e4 cov24/σ2 σ4 0.118171 

e3 e4 cov34/σ3 σ4 -0.07011 
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Table 4-11. Spearman Correlation Statistics for Four Observed Outcomes and One 
Combined Outcome.  

Variable 
With 

Variable 
Correlation 
Estimate 95% Confidence Limits 

p Value for 
H0:Rho=0 

ACNB BD 0.13 0.12 0.14 <.0001 

PCOC BD 0.09 0.08 0.10 <.0001 

BW BD 0.12 0.11 0.13 <.0001 

PCOC ACNB 0.18 0.17 0.19 <.0001 

BW ACNB 0.27 0.27 0.28 <.0001 

BW PCOC 0.36 0.35 0.37 <.0001 

APO BD 0.36 0.35 0.37 <.0001 

APO ACNB 0.39 0.39 0.40 <.0001 

APO PCOC 0.86 0.86 0.86 <.0001 

APO BW 0.56 0.55 0.56 <.0001 
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Figure 4-10. Correlation between Combined Outcome APO and Total Length of Hospital 
Stay during Delivery.  
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Figure 4-11. Correlation between Combined Outcome APO and Infant Breast Fed 

Status. 
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A 

 
Figure 4-12. Comparison of APO Scores between: A) Two Extreme Groups. B) AED, 

VPA, and Healthy Controls. AED users include the patients using VPA. 
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CHAPTER 5 
DISCUSSION 

This study was divided into four major sections. In the first section, we conducted 

descriptive analysis on baseline demographic and clinical characteristics, and four 

component outcomes. All covariances were combined into a propensity score, which 

was employed in the multivariate analysis to assess the adjusted drug effects on each 

component outcome.  

The next three sections focused on three key research questions and 

hypotheses we proposed in Chapter 1. For the second section, we investigated the 

utilization trends of AEDs in pregnant women included in the study. Specifically we 

examined the secular trends of AED exposure during pregnancy as a whole, in 

polytherapy, and monotherapy.  The joint points of the changed trends were identified 

and explicitly presented in the figures. The subject of the third section was latent trait 

model. A combined outcome was generated as a latent variable from the latent trait 

model described in Chapter 3. The last section was the evaluation of combined 

outcome based upon the latent variable theory and psychometric definition on construct 

validity and reliability. The unidimensionality, local independence, internal homogeneity, 

and the validity of convergent, discriminant, and discriminative were assessed to 

confirm the validity and reliability of the combined outcome.  

Descriptive Analysis 

Previous studies revealed that the common risk factors of infant birth defects 

involved lower socioeconomic status, infant gender, maternal age, race, smoking, 

alcohol consumption, and drug exposure during pregnancy.75-78, 205 The results noted in 

Table 4-1 and 4-2 delineated a profile of the study population and compared all clinical 
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risk factors of birth defects among three groups. Epilepsy, anxiety, bipolar, depression, 

migraine, and other mental disorders are main indications that keep the mothers 

exposing to AEDs during pregnancy. In addition, mothers exposed to AEDs during 

pregnancy appeared older, more likely unmarried or married with older husbands, more 

Caucasian, and  had more exposure to tobacco, alcohol, and other teratogenic 

medications during pregnancy, and more prevalence of other indications that associated 

with birth defects than healthy controls in the study. These results demonstrated that the 

mother exposed to AEDs or VPA during pregnancy possessed systematically higher 

risk of infant’s birth defects. Although our overall study population consisted of Florida 

Medicaid enrollees who were poorer and sicker than the regular population, AED 

exposed women seem having lower socioeconomic and health status, and elevated risk 

of infant birth defects than Non AED users in Medicaid program. The factor that new 

born infants with maternal exposure to AEDs have more other risk factors of birth 

defects increases the difficulties of assessing adverse perinatal and pregnancy effects 

of AEDs. These demographical and clinical risk factors need to be addressed in the 

analyses of AED effects on infant birth defects.  

Figure 4-2 and Tables 4-3 and 4-4 summarized the evaluation of four component 

outcomes following three critical assumptions for selecting components for a composite 

outcome. These three criteria required the selected components to be similar on 

frequency, importance to patients, and treatment effects.125,127 In our study, four 

component outcomes were found similar on the incidence rates, AED effects, and 

associations with the length of hospital stay during delivery, an established health status 

measure. One exception might be PC/OC, which had the highest magnitude on three 
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criteria and seemed a little different from other three component outcomes. However, 

neither the differences of AED effects on PC/OC nor the correlation between PC/OC 

and the length of the hospital stay during delivery was statistically significant between 

AED use and healthy controls. Thus, these four component outcomes exhibited a 

certain level of homogeneity and demonstrated the validity of component selection for 

AED safety study.  

The results in Table 4-4 showed that VPA use had no significant effects on 

ACNB and BW. Further analyses were conducted on the distribution of four component 

outcomes and corresponding components between healthy controls and AED or VPA 

users. Figures 4-3, 4-4, and 4-5 provided evidence for a pronounced difference between 

the mother-infant pairs employed AED and VPA and brought up a concern for 

combining outcomes in VPA drug safety study. Compared to the same healthy controls, 

AED use associated with significant difference on all four component outcomes, 

whereas, VPA use was mainly related to increased BD and PC/OC, and had no 

significant effect on ACNB and BW. Previous studies using birth registry data revealed 

the consistent results that VPA use associated with higher rate of BD than that of AED 

use. A prospective study based on UK Birth Registry reported 4.2% of MCM for AED 

and 6.2% of MCM for VPA.85 However, the incidence of MAs in our study, 9.1% in 

healthy control and 10.7% in AED users, was lower compared to what was reported in 

the literatures, 15% to 20% in the general population and 37% in AED exposed 

pregnant women.21,80-83 Considering the difficulties of identifying MAs, underreporting or 

misdiagnosis of MAs might cause the discrepancy. Given that VPA is not consistently 

associated with four outcomes and violates the criteria for component selection for a 
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composite outcome; a concern is raised in this part of study on the validity of combining 

these four outcomes in VPA safety study.  

Part 1: Utilization of AEDs in Pregnant Women 

Figure 4-5 showed that the prevalence of AED use in pregnant women in Florida 

Medicaid has not changed from 2000 to 2009. About 0.35% to 0.5% of pregnant women 

in our study were exposed to AEDs during this time period, which is slightly higher than 

what was documented in the general population, 0.2% to 0.5%.8,23 Of all prescribed 

AEDs, the rate of AED use in polytherapy increased from 2000 to 2006, and then 

decreased from 2006 to 2009 in our study. Our study identified a joint point of year 2006 

for the change of trend. A previous study with respect to prescribing patterns of AEDs in 

the US from 2001 to 2007 concluded that increasing of AED use in pregnant women 

was driven by fivefold increase in the use of the second generation AEDs.205 Our study 

results showed the similar pattern that AED use was slightly increasing about 10 per 

1000 deliveries from 2000 to 2009, and 20 per 1000 deliveries from 2001 to 2007 

although it was not statistically significant.  

It is noted in this study that VPA use decreased significantly from 2000 to 2009 in 

pregnant women in all treatments or polytherapy. The patterns are coincident with 

previously studies for AED exposure in Women with Epilepsy in child bearing age in 

Florida Medicaid and North American Epilepsy Registry.206,207 Given that several studies 

during the time period of our study have reported an association of fetal valproate 

exposure with an increased risk of major congenital malformations and with impairment 

in children’s cognitive function, it is not surprising that valproate use declined in 

pregnant women who used AEDs during pregnancy.41,98,101 
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Our study population is limited to the pregnant women enrolled in Medicaid 

program, which has lower socioeconomic status than the general population or private 

insurance holders. Our study spans over 10 years from 2000 to 2009 with more 

information about secular trends of AED prescribing in pregnant women. Analyses of 

the joint points were conducted to further disclose the details about the change of AED 

prescribing trends in the pregnant women. The change of the secular trend could be 

due to the rapid rise of add on therapy of newer generation AEDs, which explained the 

increased use of AED in polytherapy from 2000 to 2007. New scientific findings or FDA 

black box warnings on the safety issues of AED influence the prescribing patterns of 

AED as well. In September 2006, the FDA issued a warning stating that taking 

lamortrigine during pregnancy may increase the risk for cleft lip and palate malformation 

in infants.208 This obviously affected the decision of prescribing newer AEDs to the 

pregnant women, and thus lower the utilization of AEDs in polytherapy in pregnant 

women after 2006. Given that several black warnings were issued by the FDA after 

2009 for the use of newer AEDs in pregnant women, we expect to see more decline of 

AED use in pregnant women in recent years.   

Part 2: Application of Latent Variable Model 

To the best of our knowledge, combining outcomes with Latent Variable Model 

has not been utilized in any pharmacoepidemiological studies previously. This Latent 

Variable Model was developed and published in 2008 for combining four birth defect 

outcomes. We employed this model in this pharmacoepidemiological study to assess 

the comprehensive effects of AEDs on overall adverse perinatal and pregnancy 

outcomes for both mothers and infants. Stepwise model fittings were presented through 

Table 4-5 to 4-8. Providing that the pregnant women included in this study are limited to 
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Florida Medicaid enrollees, our results are similar but differ slightly with what was 

reported previously.13 The distributions of four birth defects noted in Table 4-5 presented 

similar frequencies of four component outcomes between AED and VPA study 

population. Herein, the model was fitted in AED study population and an APO score 

was obtained for each subject based upon their initial combination of four outcomes. 

The final estimate of latent variable    ranged from 0.08 for normal infant-mother pairs to 

0.61 for the mother-infant pairs with BD, ACNB, PC/OC, and ELBW, is in the similar 

scope as documented previously.13  

Part 3: Evaluation of the Combined Outcome 

A comprehensive evaluation on the combined outcome was conducted based 

upon the properties of latent variable and psychometric theory. This study could be a 

pioneer for the evaluation of outcome combined by the latent variable model because 

few studies reported such a comprehensive evaluation for a combined outcome. 

Unidimensionality and Local Independence 

Unidimensionality and local independence are important properties and 

assumptions for the latent variable model employed in this study. As we proposed in 

Chapter 3, EFA, CFA, and Yen’s Q3 Statistics were utilized to assess unidimensionality 

and local independence. 5,133,209  

After fitted EFA model, one factor was retained for four component outcomes in 

the study population. As a consequence of the CFA model, the residual of one factor 

model was explicitly estimated for each component outcome, as well as the correlations 

between each pair of the residuals. Pairwise correlations between the residuals noted in 

Table 4-10 (d) are lower than the cutoff point of 0.2 mentioned in Chapter 3. This 

implies that there is no correlation between four component outcomes after controlling 
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for the latent variable, and the four component outcomes only correlate with each other 

through the latent variable APO. Therefore, local independence of the four component 

outcomes is established according to Yen’s Q3 Statistics.133,209  

Reliability 

As we outlined before, reliability in psychometric theory refers to internal 

consistency and rest-retest reliability.134,135 Due to the nature of the combined outcome 

from latent variable model, internal homogeneity was assessed to examine to what 

extent the combined outcome and four component outcomes measure the same 

construct.  

Spearman correlation statistics noted in Table 4-11 presented that all four 

component outcomes significantly correlate with each other and the combined outcome 

APO. According to the Rule of Thumb in psychometric theory, the correlations ranged 

from 0.3 to 0.7 indicate the idea relationship, related but no redundancy.18 In this study, 

the estimates of Spearman correlation ranged from 0.09 (BD with PC/OC) to 0.36 (BW 

with PC/OC) for the correlation between components, and 0.36 (BD with APO) to 0.86 

(PC/OC with APO) for the correlation between components and combined outcomes. 

The correlations between BD and other components seem a little off the “idea” range. 

This can be explained by the different mechanism and incidence rate across the 

selected components. PC/OCs defined in this study include gestational hypertension, 

eclampsia, preeclampsia, preterm, caesarean section, and postpartum hemorrhage, 

which are all associated with AED exposure as reported in previous studies. 58,68,69 

These PC/OCs are related to the increased risk of mortality for mothers and infants.62,63 

Considering that BD and fetal death are mutually exclusive, correlation between PC/OC 

and BD could be higher if adding fetal death  to BD category. Due to the limitation of the 
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dataset, feta death was not included in this study as a component outcome. Therefore, 

the correlation between PC/OC and BD is lower than other pairwise correlations.  

Another concern brought up in Table 4-11 is the high correlation between PC/OC 

and APO (Rho=0.86), which is suspicious for the dominating effect of PC/OC on APO. 

Moderate correlation is found for the combined outcome APO with BD, ACNB, and BW 

(Rho=0.36 to 0.56).  

Validity 

Further evaluation assessed construct validity of the combined outcome. Based 

upon psychometric theory, construct validity can be established through convergent 

validity, discriminant validity, and discriminative validity.18, 134 The fact that APO 

significantly correlated with the length of hospital stay during delivery (Figure 4-10: 

Rho=0.27, P<.0001), and has nearly no correlation with infant breast fed status (Figure 

4-11, Rho=-0.07, P<.0001) indicates APO associated with a well established health 

status measure, and not associated with an irrelevant variable. Therefore, APO is 

approved to be a measure of overall severity of adverse perinatal and pregnancy 

outcome for both mothers and infants. The higher the APO score, the longer the 

hospital stay for the mothers and infants during delivery.  

Discriminative validity was also established for the combined outcome APO. In 

Figure 4-12 (a), APO score is significantly different between two “extreme” groups, one 

with BD and ELBW, and another with NBD and no any BDs. Therefore, mothers and 

infants with different severity of these adverse outcomes can be differentiated by APO 

score.  

We further compared APO scores between AED, VPA, and healthy controls. 

Given the well established teratogenic effects of AED and VPA,79-91 we hypothesized 
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that APO score is significantly higher in AED or VPA exposed group compared to non-

exposed mother-infant pairs. Figure 4-12 (b) shows that mothers exposed to AEDs 

during pregnancy have a significantly higher APO score than non-exposed; whereas, 

mothers exposed to VPA during pregnancy have no different APO score versus non-

exposed. 

The non-significant difference of the APO score between VPA and non-exposed 

could be caused by the non-significant effects of VPA on BW and ACNB. This brings up 

a caution for combining outcome in drug safety study that the study drug needs to have 

significant effects on all component outcomes. Combined outcome is an overall severity 

score summering all the drug effects with the consideration of the incidence rate in each 

component. Therefore, selection of components is very important that decides the 

validity of the combined outcome.  

Sensitivity Study 

Although the incidence of adverse perinatal and pregnant outcomes associates 

with the maternal drug exposure in different pregnancy trimesters, the time window of 

AED exposure cannot be defined in this study as few mothers enrolled to Medicaid 

program before pregnancy started. Therefore the originally proposed sensitivity study 

on different AED exposure windows cannot be conducted due to the limitation of data.  

We altered the definition of pregnancy period with calculated gestational age +10 

day, 20 days, and 30 days to examine the changes of association of AED exposure 

during pregnancy and four component outcomes. However, there is no significant 

difference between these definitions.   
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Generalizability 

The strength of using Medicaid data in our study is that a large cohort of 

pregnant women were enrolled in Medicaid from 2000 to 2009, and drug claims and 

diagnosis code were available and approved to be valid for the assessment of drug 

exposure and baseline medical history. However, generalizability could be an issue 

considering the lower socioeconomic status and worse health state of Medicaid 

enrollees than the general population.   

In this study, generalizability of the study findings needs to be considered for 

whether the results derived from Florida Medicaid sample are generalizable to the 

general population. Our study utilized linked data to obtain mothers’ drug exposure from 

Medicaid and infants’ birth defects and mothers’ demographic characteristics from BVS 

birth certificate data. Table 5-1 briefly compared demographic characteristics of mother-

infant pairs between general population and Medicaid enrollees. Medicaid enrollees 

seem having more missing value on some mothers’ self-reported medical history 

variables, including Mother’s previous adverse pregnancy experience, Mother’s prenatal 

use, Mother’s previous gestational diabetes, and infant-related information, involving 

infant breast fed status and infant gender. For the nomissing data, Medicaid enrollees 

have fewer uses of prenatal care (44% vs 67%), fewer total numbers of mother’s  

prenatal visits (8.9 ± 15.8 vs 11.6 ± 17.4), more likely to be married (41% vs 37%), 

higher instances of the mother having a previous preterm condition (2.3% vs 1.1%), 

higher tobacco use (17% vs 11%), and fewer instances of the infant being breast fed 

(28% vs 50%).  Mother and father’s race are also different between Medicaid enrollee 

and general population in Florida. As noted in Figure 5-1, Florida Medicaid enrollees are 

more while and black and less of other races, which could be due to the large 
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population Hispanic immigrants that are not qualified for Medicaid program. Comparing 

to the general population, thus, Florida Medicaid enrollees are: 1. reluctant to complete 

birth certificates, therefore, have more missing information in BVS data; 2. more married 

mothers with fewer prenatal visits, and a higher rate of tobacco use and previous 

preterm, 3. more male infants with less infant breast feeding, 4. more often black and 

white and fewer of other races. Overall, Medicaid enrollees are more vulnerable to have 

the adverse pregnancy and perinatal outcomes.75-78  

As presented in Figure 5-2, component outcomes, BD, ACNB, and LBW, are 

slightly higher in Medicaid Enrollees compared to the general population. This is not 

surprising given that Medicaid enrollees have more risk factors of birth defects than the 

general population as we outlined above.   

However, our study findings are pertaining to the validity of combined outcome 

from the latent variable model. Fair to poor generalizability of Medicaid data with the 

increased adverse perinatal and pregnancy outcomes is less likely to affect the validity 

of the combined outcome from the latent variable model. This validated method can be 

generalizable to the general population. We suggest applying this model to a drug 

safety study with larger study cohort from the general population and with valid 

component outcomes.   

Study Limitations 

Several limitations should be considered as a consequence of using linked claim 

data and the nature of the study design. First, this study is based on four linked data 

sources. Unmatched data due to poor quality or missing identifiers were not analyzed. 

The study population is limited to matched mother-infant pairs with mothers enrolled in 
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the Florida Medicaid fee-for-service program. Therefore, sample size and power are 

restricted due to relatively rare outcomes and exposures.  

Second, two important outcomes, spontaneous abortion and fetal death, were 

not taken into consideration due to lack of correlation with other component outcomes. 

Future study is necessary to develop a more advanced LVM that can combine as many 

outcomes as possible.    

Third, cognitive (e.g., language delay) and behavioral outcomes (e.g., autism) 

were not assessed in this study due to the limitation of the claim data.  

Fourth, Medicaid claim data was used for reimbursement of health care 

providers.  Pharmacy claims only show dispensed prescriptions, thus actual drug 

utilization in patients might differ due to drug incompliance and over-the-counter drug 

use.  

Fifth, some important risk factors for BDs are not measurable in administrative 

health data. Such variables are socioeconomic status, family history, genetic effects, 

chromosome abnormality, environmental effects( ie. lead exposure in house or work), 

clinical disease severity (e.g. DSM-IV score), or substance abuse.  

Sixth, this study aims to improve analytical power and efficiency with increased 

outcome events. However, combining multiple outcomes also introduces more 

confounding factors, and thus the study results are more vulnerable to bias. The study 

results from LVM are compared with that of previous studies to estimate the extent of 

potential bias.     

Seventh, by combining MCM, MA, LBW, and PC/OC, the latent variable APO is 

an overall adverse outcome for mothers and infants. The association between 
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teratogens and specific BD is unknown if latent variable APO is used as a dependent 

variable in the model.  

Eighth, BDs were identified from Florida Birth Anomaly, a Florida birth defect 

registry, which used multiple data sources to detect birth defects. Although the quality of 

Florida Birth Anomaly has been audited and reported in previous studies, 140,148-154 

outcome ascertainment using electronic medical records has not been systematically 

conducted in this registry, as well as PPV and sensitivity. Misclassification due to 

incorrect coding or unreliable diagnoses may exist in the dataset.210 The underreport 

rate for MAs has been reported as 7% using hospital discharge data solely.211 However, 

this study used the association between AEDs and BDs, which has been well 

established, to examine the validity and reliability of the LVM. Any differentiation from 

the true association was monitored and adjusted accordingly.  

Ninth, AED exposure was defined as any AED use during the overall pregnant 

period. Given that large amount of women enrolled to the Medicaid program after they 

were pregnant, AED exposure window and length cannot be identified.   

Finally, this LVM combines manifest outcomes based upon the probability of 

occurrence in the study population. The severity of each outcome is not mathematically 

weighted in the combining process. Future study is needed develop more advanced 

statistical models to combine more outcomes based upon not only the probability of 

occurrence, but also the severity of each outcome.  

Future Studies 

This study combined four adverse perinatal and pregnancy outcomes together to 

form one severity index. More components can be added to better measure the 

mortality and morbidities for both mothers and infants during pregnancy and fully assess 
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the adverse effects of maternal exposure to the study drugs. For example, we could add 

developmental delay as the fifth component for the study of teratogenic effects of VPA 

because of the relation of VPA to children’s impaired cognitive function and 

development delay that can be identified 3~6 years after born.98,101  

Furthermore, the model can be upgraded with weighting severity for each 

component because it has different severity level in relation of mothers and infants’ 

health state. Severity weighting needs to be based on the clinical experience or 

scientific findings.  

Finally, future study also can be conducted on applying this model to a drug 

safety study to comprehensively evaluate the adverse perinatal and pregnancy effects 

of the study drug. Therefore, an index can be assigned to describe overall adverse 

effects of the study drug and severity of the adverse perinatal and pregnancy outcomes 

for both mothers and infants.  

Summary and Conclusions 

This study validated a statistical approach to combine the component outcomes 

based on the incidences of the components in drug safety study. We recommend the 

use of this Latent Variable Model under the presumed conditions that the study drug 

poses the similar effects on all selected component outcomes. If the study drug, like 

VPA, only significantly associates with part of selected component outcomes, its effects 

on the combined outcome may be diluted and presented non-significance compared to 

the controls. This circumstance is detrimental to the drug safety study as the results can 

be driven towards the null and the true teratogenic effects of the drug can be covered. 

Hence, evaluation of selected components is essential before the Latent Variable Model 

is applied for the combined outcome.  
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The evaluation of the combined outcome based on the psychometric theory and 

latent variable properties confirmed the validity and reliability of the model results. Our 

study suggests that the combined outcome can be a valid assessment of overall 

severity of adverse perinatal and pregnant outcome, and can be employed to measure 

the overall adverse perinatal and pregnancy effects of interested drug for both mothers 

and infants. However, caution needs to be taken when combining outcomes since it 

could mask drug effects by adding component outcomes that are not associated with 

the drug exposure.  

 Our study also identified the change of utilization trends for AED polytherapy in  

2007. The FDA black box warnings issued for the association between maternal 

exposure to lamotrigine and infant birth defects possibly prevented further increase of 

the second generation AEDs in add-on therapy in pregnant women after 2006.  
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Table 5-1. Demographic Characteristics of Study Participants. Obtained from BVS.  

Characteristics All Mother-
Infant Pairs in 

General 
Population 
N=753,377 

All Mother-
Infant Pairs 
Included in 
This Study 
N=47,139 

Maternal age at infant born, Mean ± SD 25.2±5.9 24.8±5.3 
Father’s age at infant birth, Mean ± SD 42.7±28.9 43.6±29.8 
Mother’s Race, N(%) 

White 
Black 

Others 
Missing 

 
256268(34) 
170002 (23) 
325428 (43) 
1679 (0.2) 

 
22533(48) 
14420 (31) 
10102 (21) 

84 (0.2) 
Father’s Race, N(%) 

White 
Black 

Others 
Missing 

 
192534 (26) 
119514 (16) 
283360 (38) 
157969 (21) 

 
17124 (36) 
10060 (21) 
8498 (18) 

11457 (24) 
Father’s education level, N(%) 

Above High School 
Missing 

 
223,403 (30) 
160,835 (21) 

 
14,984 (32) 
10,111 (21) 

Mother’s previous adverse pregnancy experience, N(%) 
Missing, N(%) 

5,131 (0.7) 
249,932 (33) 

330 (0.7) 
27336 (58) 

Mother’s prenatal use, N(%) 
Missing, N(%) 

505,120 (67) 
239,723 (32) 

20762 (44) 
26090 (55) 

Mother’s total number of prenatal visits, Mean ± SD 
Missing, N(%) 

11.6 ± 17.4 
52,934 (7.0) 

8.9 ± 15.8 
2024 (4) 

Mother’s marital status, Yes, N(%) 
Missing, N(%) 

277,408 (37) 
65 (0) 

19,178 (41) 
2 (0) 

Mother’s parity, Mean ± SD 1.2 ± 5.2 1.7 ± 3.8 
Mother’s tobacco use, N(%) 
Missing, N(%) 

85,118 (11) 
12,359 (2) 

8069 (17) 
538 (1) 

Mother’s average tobacco use, Mean ± SD 
Missing, N(%) 

1.9 ± 10.2 
10,936 (2) 

1.8 ± 9.3 
928 (2) 

Mother’s alcohol use, N(%) 
Missing, N(%) 

2961 (0.4) 
734 (0.1) 

213 (0.5) 
37 (0.1) 

Mother’s education level, N(%) 
Above High School 

Missing 

 
281,285 (37) 
11,936 (1.6) 

 
17,945 (38) 

868 (2) 
Infant male gender, N(%) 
Missing, N(%) 

359,528 (48) 
51,480 (7) 

20,297 (44) 
6910 (15) 

Infant breast fed, N(%) 
Missing, N(%) 

379,065 (50) 
251,988 (33) 

13,034 (28) 
27,441 (58) 

Mother’s previous gestational diabetes, N(%) 
 Missing, N(%) 

20,180 (3) 
249,933 (33) 

688 (3.5) 
27,336 (58) 
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Table 5-1. Continued.  

Characteristics All Mother-
Infant Pairs in 

General 
Population 
N=753,377 

All Mother-
Infant Pairs 
Included in 
This Study 
N=47,139 

Mother’s previous gestational hypertension, N(%) 
Missing, N(%)  

31,588 (4) 
64,930 (9) 

1378 (3) 
3335 (7) 

Mother’s previous eclampsia, N(%) 
Missing, N(%) 

1998 (0.3) 
64,923 (9) 

127 (0.3) 
3335 (7) 

Mother’s previous preterm, N(%) 
Missing, N(%) 

8404 (1.1) 
64923 (9) 

992 (2.3) 
3335 (7) 

Mother’s previous other risk factors, N(%) 
Missing, N(%) 

111,782 (16) 
1392 (0.2) 

7668 (16) 
3335 (7) 

Mother’s previous cesarean, N(%) 
Missing, N(%) 

57614 (8) 
249932 (33) 

3362 (7) 
27336 (58) 

Note: *: Compared between AED and healthy controls.  
        **: Compared between VPA and healthy controls.  
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Figure 5-1. Frequencies of Component Outcomes in Medicaid Enrollees and General 

Population.  
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APPENDIX A 
ACTIVE INGREDIENTS AND DRUG CATEGORIES  

A-1. VPA active ingredients 

divalproex sodium fatty acid derivative anticonvulsants 

divalproex sodium (as valproic acid) fatty acid derivative anticonvulsants 

valproate sodium fatty acid derivative anticonvulsants 

valproic acid fatty acid derivative anticonvulsants 

 
A-2. Other anticonvulsants active ingredients  

Active Ingredient Drug Category 

Carbamazepine dibenzazepine anticonvulsants 

Clonazepam benzodiazepine anticonvulsants, 
benzodiazepines 

clorazepate dipotassium benzodiazepines 

Diazepam benzodiazepine anticonvulsants, 
benzodiazepines 

Ethosuximide succinimide anticonvulsants 

Ethotoin hydantoin anticonvulsants 

Felbamate carbamate anticonvulsants 

fosphenytoin (as phenytoin equivalent) hydantoin anticonvulsants 

Gabapentin gamma-aminobutyric acid analogs 

Lacosamide miscellaneous anticonvulsants 

Lamotrigine triazine anticonvulsants 

Levetiracetam pyrrolidine anticonvulsants 

Lorazepam benzodiazepine anticonvulsants, 
benzodiazepines 

Mephenytoin hydantoin anticonvulsants 

Mephobarbital barbiturate anticonvulsants, barbiturates 

Methsuximide succinimide anticonvulsants 

Oxcarbazepine dibenzazepine anticonvulsants 

Paramethadione oxazolidinedione anticonvulsants 

Phenacemide urea anticonvulsants 

Phenobarbital barbiturate anticonvulsants, barbiturates 

phenobarbital sodium barbiturate anticonvulsants, barbiturates 

Phensuximide succinimide anticonvulsants 

Phenytoin group I antiarrhythmics, hydantoin 
anticonvulsants 

phenytoin sodium group I antiarrhythmics, hydantoin 
anticonvulsants 

Pregabalin gamma-aminobutyric acid analogs 

Primidone barbiturate anticonvulsants 

tiagabine hydrochloride gamma-aminobutyric acid reuptake 
inhibitors 

Topiramate carbonic anhydrase inhibitor 
anticonvulsants 
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Trimethadione oxazolidinedione anticonvulsants 

Zonisamide carbonic anhydrase inhibitor 
anticonvulsants 

 
A-3. SSRI antidepressants active ingredients 

Active Ingredient Drug Category 

paroxetine hydrochloride SSRI Antidepressants 

paroxetine mesylate SSRI Antidepressants 

citalopram (as citalopram hydrobromide) SSRI Antidepressants 

desvenlafaxine (as succinate) SSRI Antidepressants 

duloxetine hydrochloride SSRI Antidepressants 

escitalopram oxalate SSRI Antidepressants 

fluoxetine hydrochloride SSRI Antidepressants 

fluvoxamine maleate SSRI Antidepressants 

milnacipran hydrochloride SSRI Antidepressants 

sertraline hydrochloride SSRI Antidepressants 

venlafaxine hydrochloride SSRI Antidepressants 
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A-4. Other antidepressants (Non-SSRI) active ingredients 

Active Ingredient Drug Category 

amitriptyline hydrochloride tricyclic antidepressants 

amitriptyline hydrochloride, 
chlordiazepoxide 

psychotherapeutic combinations 

amitriptyline hydrochloride, perphenazine psychotherapeutic combinations 

amoxapine tricyclic antidepressants 

bupropion hydrobromide miscellaneous antidepressants, smoking 
cessation agents 

bupropion hydrochloride miscellaneous antidepressants, smoking 
cessation agents 

clomipramine hydrochloride tricyclic antidepressants 

desipramine hydrochloride tricyclic antidepressants 

doxepin hydrochloride miscellaneous anxiolytics, sedatives and 
hypnotics, tricyclic antidepressants 

fluoxetine, olanzapine psychotherapeutic combinations 

imipramine hydrochloride tricyclic antidepressants 

imipramine pamoate tricyclic antidepressants 

maprotiline hydrochloride tetracyclic antidepressants 

mirtazapine tetracyclic antidepressants 

nefazodone hydrochloride phenylpiperazine antidepressants 

nortriptyline hydrochloride tricyclic antidepressants 

protriptyline hydrochloride tricyclic antidepressants 

trazodone hydrochloride phenylpiperazine antidepressants 

trimipramine maleate tricyclic antidepressants 

 
A-5. Antipsychotic active ingredients  

Active Ingredient Drug Category 

amitriptyline hydrochloride, 
chlordiazepoxide 

psychotherapeutic combinations 

amitriptyline hydrochloride, perphenazine psychotherapeutic combinations 

aripiprazole atypical antipsychotics 

asenapine atypical antipsychotics 

chlorpromazine phenothiazine antiemetics, 
phenothiazine antipsychotics 

chlorpromazine hydrochloride phenothiazine antiemetics, 
phenothiazine antipsychotics 

clozapine atypical antipsychotics 

fluoxetine, olanzapine psychotherapeutic combinations 

fluphenazine decanoate phenothiazine antipsychotics 

fluphenazine enanthate phenothiazine antipsychotics 

fluphenazine hydrochloride phenothiazine antipsychotics 

haloperidol miscellaneous antipsychotic agents 

haloperidol decanoate miscellaneous antipsychotic agents 

haloperidol lactate miscellaneous antipsychotic agents 
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lamotrigine triazine anticonvulsants 

lithium carbonate miscellaneous antipsychotic agents 

lithium citrate miscellaneous antipsychotic agents 
loxapine hydrochloride miscellaneous antipsychotic agents 
loxapine succinate miscellaneous antipsychotic agents 

mesoridazine besylate phenothiazine antipsychotics 

methotrimeprazine phenothiazine antipsychotics 

molindone hydrochloride miscellaneous antipsychotic agents 

olanzapine atypical antipsychotics 

paliperidone atypical antipsychotics 

paliperidone palmitate atypical antipsychotics 

perphenazine phenothiazine antiemetics, 
phenothiazine antipsychotics 

pimozide miscellaneous antipsychotic agents 

prochlorperazine phenothiazine antiemetics, 
phenothiazine antipsychotics 

prochlorperazine edisylate phenothiazine antiemetics, 
phenothiazine antipsychotics 

prochlorperazine maleate phenothiazine antiemetics, 
phenothiazine antipsychotics 

promazine hydrochloride phenothiazine antiemetics, 
phenothiazine antipsychotics 

quetiapine fumarate atypical antipsychotics 

risperidone atypical antipsychotics 

thioridazine phenothiazine antipsychotics 

thioridazine hydrochloride phenothiazine antipsychotics 

thiothixene thioxanthenes 

thiothixene hydrochloride thioxanthenes 

trifluoperazine hydrochloride phenothiazine antipsychotics 

triflupromazine hydrochloride phenothiazine antiemetics, 
phenothiazine antipsychotics 

ziprasidone hydrochloride monohydrate atypical antipsychotics 

ziprasidone mesylate atypical antipsychotics 

 
A-6. Anxiolytic (including hypnotics and sedatives) active ingredients 

Active Ingredient Drug Category 

alprazolam benzodiazepines 

amobarbital sodium barbiturates 

amobarbital sodium, secobarbital sodium barbiturates 

buspirone hydrochloride miscellaneous anxiolytics, sedatives and 
hypnotics 

butabarbital sodium barbiturates 

butalbital barbiturates 

chloral hydrate miscellaneous anxiolytics, sedatives and 
hypnotics 



138 

chlordiazepoxide benzodiazepines 

chlordiazepoxide hydrochloride benzodiazepines 

clorazepate dipotassium benzodiazepines 

dexmedetomidine hydrochloride miscellaneous anxiolytics, sedatives and 
hypnotics 

diazepam benzodiazepine anticonvulsants, 
benzodiazepines 

estazolam benzodiazepines 

eszopiclone miscellaneous anxiolytics, sedatives and 
hypnotics 

flurazepam hydrochloride benzodiazepines 

halazepam benzodiazepines 

hydroxyzine hydrochloride antihistamines, miscellaneous 
anxiolytics, sedatives and hypnotics 

hydroxyzine pamoate antihistamines, miscellaneous 
anxiolytics, sedatives and hypnotics 

meprobamate miscellaneous anxiolytics, sedatives and 
hypnotics 

midazolam benzodiazepines 

midazolam hydrochloride benzodiazepines 

midazolam hydrochloride, sodium 
chloride 

benzodiazepines 

oxazepam benzodiazepines 

pentobarbital barbiturates 

pentobarbital sodium barbiturates 

quazepam benzodiazepines 

ramelteon miscellaneous anxiolytics, sedatives and 
hypnotics 

secobarbital sodium barbiturates 

temazepam benzodiazepines 

triazolam benzodiazepines 

zaleplon miscellaneous anxiolytics, sedatives and 
hypnotics 

zolpidem tartrate miscellaneous anxiolytics, sedatives and 
hypnotics 
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A-7. Folic Acid active ingredients 

Active Ingredient Drug Category  

folic acid vitamin and mineral combinations 

folic acid vitamins 

 
A-8. Isotretinoin active ingredients 

Active Ingredient Drug Category  

isotretinoin miscellaneous antineoplastics 

isotretinoin miscellaneous uncategorized agents 

 
A-9. Antidiabetics active ingredients 

Active Ingredient Drug Category  

glimepiride antidiabetic combinations 
glipizide antidiabetic combinations 

glyburide antidiabetic combinations 

metformin hydrochloride antidiabetic combinations 

pioglitazone hydrochloride antidiabetic combinations 

repaglinide antidiabetic combinations 

rosiglitazone maleate antidiabetic combinations 

sitagliptin antidiabetic combinations 

 
A-10. Antihypertensives active ingredients 

Active Ingredient Drug Category  

aliskiren antihypertensive combinations 
amiloride hydrochloride antihypertensive combinations 
amlodipine (as besylate) antihypertensive combinations 
amlodipine besylate antihypertensive combinations 
atenolol antihypertensive combinations 
atorvastatin antihypertensive combinations 
benazepril hydrochloride antihypertensive combinations 
bendroflumethiazide antihypertensive combinations 
bisoprolol fumarate antihypertensive combinations 
candesartan cilexitil antihypertensive combinations 
captopril antihypertensive combinations 
chlorothiazide antihypertensive combinations 
chlorthalidone antihypertensive combinations 
clonidine antihypertensive combinations 
deserpidine antihypertensive combinations 
diltiazem hydrochloride antihypertensive combinations 
enalapril antihypertensive combinations 
enalapril maleate antihypertensive combinations 
eprosartan mesylate antihypertensive combinations 
felodipine antihypertensive combinations 
fosinopril sodium antihypertensive combinations 
guanethidine monosulfate antihypertensive combinations 
hydralazine hydrochloride antihypertensive combinations 
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hydrochlorothiazide antihypertensive combinations 
hydroflumethiazide antihypertensive combinations 
irbesartan antihypertensive combinations 
isosorbide dinitrate antihypertensive combinations 
lisinopril antihypertensive combinations 
losartan potassium antihypertensive combinations 
methyclothiazide antihypertensive combinations 
methyldopa antihypertensive combinations 
metoprolol tartrate antihypertensive combinations 
moexipril hydrochloride antihypertensive combinations 
nadolol antihypertensive combinations 
olmesartan medoxomil antihypertensive combinations 
polythiazide antihypertensive combinations 
prazosin hydrochloride antihypertensive combinations 
propranolol hydrochloride antihypertensive combinations 
quinapril hydrochloride antihypertensive combinations 
rauwolfia serpentina antihypertensive combinations 
reserpine antihypertensive combinations 
spironolactone antihypertensive combinations 
telmisartan antihypertensive combinations 
timolol maleate antihypertensive combinations 
trandolapril antihypertensive combinations 
triamterene antihypertensive combinations 
trichlormethiazide antihypertensive combinations 
valsartan antihypertensive combinations 
verapamil hydrochloride antihypertensive combinations 

 
A-11. Hormone active ingredients  

Active Ingredient Drug Category  

desogestrel contraceptives 
drospirenone contraceptives 
estradiol cypionate contraceptives 
ethinyl estradiol contraceptives 
ethynodiol diacetate contraceptives 
etonogestrel contraceptives 
levonorgestrel contraceptives 
medroxyprogesterone acetate contraceptives 
mestranol 

 
contraceptives 

norelgestromin contraceptives 
norethindrone contraceptives 
norethindrone acetate contraceptives 
norgestimate contraceptives 
norgestrel contraceptives 
fulvestrant estrogen receptor antagonists 
chlorotrianisene estrogens 
conjugated estrogens estrogens 
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dienestrol 
 

estrogens 
diethylstilbestrol estrogens 
diethylstilbestrol diphosphate estrogens 
esterified estrogens estrogens 
estradiol 

 
estrogens 

estradiol acetate estrogens 
estradiol benzoate estrogens 
estradiol cypionate estrogens 
estradiol valerate estrogens 
estradiol-17b estrogens 
estriol 

 
estrogens 

estrone 
 

estrogens 
estropipate estrogens 
ethinyl estradiol estrogens 
synthetic conjugated estrogens, A estrogens 
synthetic conjugated estrogens, B estrogens 
mifepristone progesterone receptor modulators 
etonogestrel progestins 
hydroxyprogesterone caproate progestins 
levonorgestrel progestins 
medroxyprogesterone acetate progestins 
megestrol acetate progestins 
norethindrone progestins 
norethindrone acetate progestins 
norgestrel progestins 
progesterone progestins 
progesterone, micronized progestins 
levothyroxine sodium thyroid hormones 
liothyronine sodium thyroid hormones 
liotrix 

 
thyroid hormones 

thyroid 
 

thyroid hormones 
thyrotropin alpha thyroid hormones 

 
A-12. ACE active ingredients 

Active Ingredient Category Name 

benazepril hydrochloride angiotensin converting enzyme inhibitors 
captopril angiotensin converting enzyme inhibitors 
enalapril maleate angiotensin converting enzyme inhibitors 
enalaprilat angiotensin converting enzyme inhibitors 
fosinopril sodium angiotensin converting enzyme inhibitors 
lisinopril angiotensin converting enzyme inhibitors 
moexipril hydrochloride angiotensin converting enzyme inhibitors 
perindopril erbumine angiotensin converting enzyme inhibitors 
quinapril hydrochloride angiotensin converting enzyme inhibitors 
ramipril angiotensin converting enzyme inhibitors 
trandolapril angiotensin converting enzyme inhibitors 
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A-13. Antineoplastic active ingredients 

Active Ingredient Drug Category 

bleomycin sulfate antineoplastic antibiotics 
dactinomycin antineoplastic antibiotics 
daunorubicin citrate liposome antineoplastic antibiotics 
daunorubicin hydrochloride antineoplastic antibiotics 
doxorubicin hydrochloride antineoplastic antibiotics 
doxorubicin hydrochloride liposome antineoplastic antibiotics 
epirubicin hydrochloride antineoplastic antibiotics 
idarubicin hydrochloride antineoplastic antibiotics 
mitomycin antineoplastic antibiotics 
mitoxantrone hydrochloride antineoplastic antibiotics 
pentostatin antineoplastic antibiotics 
plicamycin antineoplastic antibiotics 
valrubicin antineoplastic antibiotics 
amifostine antineoplastic detoxifying agents 
ifosfamide antineoplastic detoxifying agents 
mesna antineoplastic detoxifying agents 
abarelix antineoplastic hormones 
anastrozole antineoplastic hormones 
bicalutamide antineoplastic hormones 
degarelix (as acetate) antineoplastic hormones 
diethylstilbestrol antineoplastic hormones 
diethylstilbestrol diphosphate antineoplastic hormones 
estramustine phosphate sodium antineoplastic hormones 
exemestane antineoplastic hormones 
fluoxymesterone antineoplastic hormones 
flutamide antineoplastic hormones 
fulvestrant antineoplastic hormones 
goserelin acetate antineoplastic hormones 
histrelin acetate antineoplastic hormones 
letrozole antineoplastic hormones 
leuprolide (as leuprolide acetate) antineoplastic hormones 
leuprolide acetate antineoplastic hormones 
medroxyprogesterone acetate antineoplastic hormones 
megestrol acetate antineoplastic hormones 
nilutamide antineoplastic hormones 
raloxifene hydrochloride antineoplastic hormones 
tamoxifen (as tamoxifen citrate) antineoplastic hormones 
tamoxifen citrate antineoplastic hormones 
testolactone antineoplastic hormones 
toremifene citrate antineoplastic hormones 
triptorelin (as triptorelin pamoate) antineoplastic hormones 
interferon alfa-2a antineoplastic interferons 
interferon alfa-2b antineoplastic interferons 
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aldesleukin miscellaneous antineoplastics 
altretamine miscellaneous antineoplastics 
arsenic trioxide miscellaneous antineoplastics 
asparaginase miscellaneous antineoplastics 
azacitidine miscellaneous antineoplastics 
bcg, tice strain miscellaneous antineoplastics 
bexarotene miscellaneous antineoplastics 
bortezomib miscellaneous antineoplastics 
denileukin diftitox miscellaneous antineoplastics 
irinotecan hydrochloride miscellaneous antineoplastics 
isotretinoin miscellaneous antineoplastics 
lenalidomide miscellaneous antineoplastics 
levamisole hydrochloride miscellaneous antineoplastics 
mitotane miscellaneous antineoplastics 
pegaspargase miscellaneous antineoplastics 
porfimer sodium miscellaneous antineoplastics 
procarbazine hydrochloride miscellaneous antineoplastics 
thalidomide miscellaneous antineoplastics 
topotecan (as hydrochloride) miscellaneous antineoplastics 
topotecan hydrochloride miscellaneous antineoplastics 
tretinoin miscellaneous antineoplastics 

verteporfin miscellaneous antineoplastics 

 
A-14. Coumarin-based anticoagulants Active Ingredients 

 Active Ingredient Drug Category 

anisindione coumarins and indandiones 

dicumarol coumarins and indandiones 

warfarin sodium coumarins and indandiones 

aminocaproic acid miscellaneous coagulation modifiers 

antihemophilic factor, human miscellaneous coagulation modifiers 

antihemophilic factor, porcine miscellaneous coagulation modifiers 

antihemophilic factor, recombinant miscellaneous coagulation modifiers 

anti-inhibitor coagulant complex miscellaneous coagulation modifiers 

antithrombin alfa miscellaneous coagulation modifiers 

antithrombin III (human) miscellaneous coagulation modifiers 

coagulation factor viia miscellaneous coagulation modifiers 

complement C1 esterase inhibitor miscellaneous coagulation modifiers 

drotrecogin alfa (activated), lyophilized miscellaneous coagulation modifiers 

ecallantide miscellaneous coagulation modifiers 

factor IX complex, human miscellaneous coagulation modifiers 

Factor IX, recombinant miscellaneous coagulation modifiers 

ferric subsulfate miscellaneous coagulation modifiers 

fibrinogen miscellaneous coagulation modifiers 

fibrinolysis inhibitor miscellaneous coagulation modifiers 

pentoxifylline miscellaneous coagulation modifiers 
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protein C miscellaneous coagulation modifiers 

thrombin miscellaneous coagulation modifiers 

tranexamic acid miscellaneous coagulation modifiers 

von Willebrand factor miscellaneous coagulation modifiers 

 
A-15. Iodide active Ingredients 

Active Ingredient Drug Category 

sodium iodide I-131 antithyroid agents 
sodium iodide I-123 diagnostic radiopharmaceuticals 
iodides minerals and electrolytes 
sodium iodide minerals and electrolytes 
sodium iodide I-131 therapeutic radiopharmaceuticals 

 
A-16. Antibiotics active ingredients 

Active Ingredient Drug Category 

bleomycin sulfate antineoplastic antibiotics 
dactinomycin antineoplastic antibiotics 
daunorubicin citrate liposome antineoplastic antibiotics 
daunorubicin hydrochloride antineoplastic antibiotics 
doxorubicin hydrochloride antineoplastic antibiotics 
doxorubicin hydrochloride liposome antineoplastic antibiotics 
epirubicin hydrochloride antineoplastic antibiotics 
idarubicin hydrochloride antineoplastic antibiotics 
mitomycin antineoplastic antibiotics 
mitoxantrone hydrochloride antineoplastic antibiotics 
pentostatin antineoplastic antibiotics 
plicamycin antineoplastic antibiotics 
valrubicin antineoplastic antibiotics 
dextrose glycopeptide antibiotics 
sodium chloride glycopeptide antibiotics 
telavancin glycopeptide antibiotics 
vancomycin hydrochloride glycopeptide antibiotics 
atovaquone miscellaneous antibiotics 
aztreonam miscellaneous antibiotics 
bacitracin miscellaneous antibiotics 
chloramphenicol miscellaneous antibiotics 
chloramphenicol palmitate miscellaneous antibiotics 
chloramphenicol sodium succinate miscellaneous antibiotics 
colistimethate sodium miscellaneous antibiotics 
dalfopristin miscellaneous antibiotics 
daptomycin miscellaneous antibiotics 
erythromycin ethylsuccinate miscellaneous antibiotics 
furazolidone miscellaneous antibiotics 
linezolid miscellaneous antibiotics 
metronidazole miscellaneous antibiotics 
metronidazole benzoate miscellaneous antibiotics 
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metronidazole hydrochloride miscellaneous antibiotics 
novobiocin sodium miscellaneous antibiotics 
pentamidine isethionate miscellaneous antibiotics 
polymyxin B sulfate miscellaneous antibiotics 
quinupristin miscellaneous antibiotics 
rifaximin miscellaneous antibiotics 
spectinomycin hydrochloride miscellaneous antibiotics 
sulfamethoxazole miscellaneous antibiotics 
sulfisoxazole miscellaneous antibiotics 
trimethoprim miscellaneous antibiotics 
trimetrexate glucuronate miscellaneous antibiotics 
bacitracin topical antibiotics 
bacitracin zinc topical antibiotics 
diperodon hydrochloride topical antibiotics 
erythromycin topical antibiotics 
gentamicin sulfate topical antibiotics 
lidocaine topical antibiotics 
mafenide acetate topical antibiotics 
mupirocin topical antibiotics 
mupirocin calcium topical antibiotics 
neomycin base (as neomycin sulfate) topical antibiotics 
neomycin sulfate topical antibiotics 
polymyxin B topical antibiotics 
polymyxin B sulfate topical antibiotics 
pramoxine hydrochloride topical antibiotics 
retapamulin topical antibiotics 
silver sulfadiazine topical antibiotics 
sulfacetamide sodium topical antibiotics 
sulfur topical antibiotics 
tetracycline hydrochloride topical antibiotics 
urea topical antibiotics 
acetic acid topical anti-infectives 
aloe vera topical anti-infectives 
benzyl alcohol topical anti-infectives 
boric acid topical anti-infectives 
brilliant green topical anti-infectives 
chloroxine topical anti-infectives 
crotamiton topical anti-infectives 
gentian violet topical anti-infectives 
hexylresorcinol topical anti-infectives 
hydrogen peroxide topical anti-infectives 
imiquimod topical anti-infectives 
iodine (as cadexomer-iodine) topical anti-infectives 
iodoquinol topical anti-infectives 
lindane topical anti-infectives 
malathion topical anti-infectives 
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n-docosanol topical anti-infectives 
permethrin topical anti-infectives 
piperonyl butoxide topical anti-infectives 
proflavine hemisulfate topical anti-infectives 
pyrethrins topical anti-infectives 
silver topical anti-infectives 
sinecatechins topical anti-infectives 
zinc acetate topical anti-infectives 
benzoic acid urinary anti-infectives 
cinoxacin urinary anti-infectives 
fosfomycin tromethamine urinary anti-infectives 
l-hyoscyamine urinary anti-infectives 
methenamine urinary anti-infectives 
methenamine hippurate urinary anti-infectives 
methenamine mandelate urinary anti-infectives 
methylene blue urinary anti-infectives 
nalidixic acid urinary anti-infectives 
nitrofurantoin urinary anti-infectives 
nitrofurantoin monohydrate urinary anti-infectives 
nitrofurantoin, macrocrystals urinary anti-infectives 
oxytetracycline hydrochloride urinary anti-infectives 
phenazopyridine urinary anti-infectives 
sodium acid phosphate, monohydrate urinary anti-infectives 
sodium biphosphate urinary anti-infectives 
sodium salicylate urinary anti-infectives 
sulfamethizole urinary anti-infectives 
trimethoprim urinary anti-infectives 
butoconazole nitrate vaginal anti-infectives 
clindamycin phosphate vaginal anti-infectives 
clotrimazole vaginal anti-infectives 
gentian violet vaginal anti-infectives 
hydroxyquinoline sulfate vaginal anti-infectives 
metronidazole vaginal anti-infectives 
miconazole vaginal anti-infectives 
miconazole nitrate vaginal anti-infectives 
povidone-iodine vaginal anti-infectives 
sodium sulfacetamide vaginal anti-infectives 
sulfabenzamide vaginal anti-infectives 
sulfanilamide vaginal anti-infectives 
sulfathiazole vaginal anti-infectives 
terconazole vaginal anti-infectives 
tioconazole vaginal anti-infectives 

 
A-17. Glucocorticoids active ingredients 

Active Ingredient Drug Category 

betamethasone glucocorticoids 
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betamethasone acetate glucocorticoids 
betamethasone dipropionate glucocorticoids 
betamethasone sodium phosphate glucocorticoids 
betamethasone valerate glucocorticoids 
budesonide glucocorticoids 
cortisone acetate glucocorticoids 
dexamethasone glucocorticoids 
dexamethasone acetate glucocorticoids 
dexamethasone sodium phosphate glucocorticoids 
hydrocortisone glucocorticoids 
hydrocortisone acetate glucocorticoids 
hydrocortisone cypionate glucocorticoids 
hydrocortisone hemisuccinate glucocorticoids 
hydrocortisone sodium phosphate glucocorticoids 
hydrocortisone sodium succinate glucocorticoids 
lidocaine hydrochloride glucocorticoids 
methylprednisolone glucocorticoids 
methylprednisolone acetate glucocorticoids 
methylprednisolone sodium succinate glucocorticoids 
prednisolone glucocorticoids 
prednisolone (as sodium phosphate) glucocorticoids 
prednisolone acetate glucocorticoids 
prednisolone sodium phosphate glucocorticoids 
prednisolone tebutate glucocorticoids 
prednisone glucocorticoids 
triamcinolone glucocorticoids 
triamcinolone acetonide glucocorticoids 
triamcinolone diacetate glucocorticoids 
triamcinolone hexacetonide glucocorticoids 

 
A-18. Quinine active ingredients 

Active Ingredient Drug Category 

artemether antimalarial combinations 
atovaquone antimalarial combinations 
lumefantrine antimalarial combinations 
proguanil hydrochloride antimalarial combinations 
pyrimethamine antimalarial combinations 
sulfadoxine antimalarial combinations 
chloroquine hydrochloride antimalarial quinolines 
chloroquine phosphate antimalarial quinolines 
hydroxychloroquine sulfate antimalarial quinolines 
mefloquine hydrochloride antimalarial quinolines 
primaquine phosphate antimalarial quinolines 
quinacrine hydrochloride dihydrate antimalarial quinolines 
quinine sulfate antimalarial quinolines 
doxycycline miscellaneous antimalarials 
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doxycycline calcium miscellaneous antimalarials 
doxycycline hyclate miscellaneous antimalarials 
doxycycline monohydrate miscellaneous antimalarials 
halofantrine hydrochloride miscellaneous antimalarials 
pyrimethamine miscellaneous antimalarials 

 
A-19. NSAID active ingredients 

Active Ingredient Drug Category 

analgesic balm nonsteroidal anti-inflammatory agents 
bromfenac nonsteroidal anti-inflammatory agents 
diclofenac nonsteroidal anti-inflammatory agents 
diclofenac potassium nonsteroidal anti-inflammatory agents 
diclofenac sodium nonsteroidal anti-inflammatory agents 
etodolac nonsteroidal anti-inflammatory agents 
fenoprofen calcium nonsteroidal anti-inflammatory agents 
flurbiprofen nonsteroidal anti-inflammatory agents 
ibuprofen nonsteroidal anti-inflammatory agents 
ibuprofen (as l-lysine) nonsteroidal anti-inflammatory agents 
indomethacin nonsteroidal anti-inflammatory agents 
indomethacin sodium trihydrate nonsteroidal anti-inflammatory agents 
ketoprofen nonsteroidal anti-inflammatory agents 
ketorolac tromethamine nonsteroidal anti-inflammatory agents 
lansoprazole nonsteroidal anti-inflammatory agents 
meclofenamate sodium nonsteroidal anti-inflammatory agents 
mefenamic acid nonsteroidal anti-inflammatory agents 
meloxicam nonsteroidal anti-inflammatory agents 
misoprostol nonsteroidal anti-inflammatory agents 
nabumetone nonsteroidal anti-inflammatory agents 
naproxen nonsteroidal anti-inflammatory agents 
naproxen sodium nonsteroidal anti-inflammatory agents 
oxaprozin nonsteroidal anti-inflammatory agents 
piroxicam nonsteroidal anti-inflammatory agents 
sulindac nonsteroidal anti-inflammatory agents 
tolmetin sodium nonsteroidal anti-inflammatory agents 

A-20. AntiViral active ingredients 

Active Ingredient Drug Category 

maraviroc antiviral chemokine receptor antagonist 
abacavir sulfate antiviral combinations 
efavirenz antiviral combinations 
emtricitabine antiviral combinations 
interferon alfa-2b antiviral combinations 
lamivudine antiviral combinations 
lopinavir antiviral combinations 
nelfinavir antiviral combinations 
ribavirin antiviral combinations 
ritonavir antiviral combinations 
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tenofovir disoproxil fumarate antiviral combinations 
zidovudine antiviral combinations 
peginterferon alfa-2a antiviral interferons 
peginterferon alfa-2b antiviral interferons 
enfuvirtide miscellaneous antivirals 
fomivirsen sodium miscellaneous antivirals 
foscarnet sodium miscellaneous antivirals 
acyclovir topical antivirals 
penciclovir topical antivirals 

 
A-21. Antirectroviral active ingredients 

Active Ingredient Drug Category 

abacavir sulfate   NRTIs 
adefovir dipivoxil NRTIs 
amprenavir protease inhibitors 
atazanavir sulfate protease inhibitors 
darunavir (as ethanolate) protease inhibitors 
delavirdine NNRTIs 
delavirdine mesylate NNRTIs 
didanosine NRTIs 
efavirenz NNRTIs 
emtricitabine NRTIs 
enfuvirtide miscellaneous antivirals 
entecavir NRTIs 
etravirine NNRTIs 
fosamprenavir calcium protease inhibitors 
indinavir protease inhibitors 
lamivudine NRTIs 
lopinavir protease inhibitors 
maraviroc antiviral chemokine receptor antagonist 
nelfinavir protease inhibitors 
nevirapine NNRTIs 
raltegravir integrase strand transfer inhibitor 
ritonavir protease inhibitors 
saquinavir protease inhibitors 
saquinavir (as mesylate) protease inhibitors 
saquinavir mesylate protease inhibitors 
stavudine NRTIs 
telbivudine NRTIs 
tenofovir disoproxil fumarate NRTIs 
tipranavir protease inhibitors 
zalcitabine NRTIs 
zidovudine NRTIs 
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APPENDIX B  
OPERATIONAL DEFINITIONS 

B-1. Component Outcomes 

Variable Operational Definition 

  
Birth Defects, including Congenital Major 
Malformations and Minor Anomalies 

at least one of the ICD-9 codes: 740.xx 
to 759.xx, 710.xx to 739.xx, 520.xx to 
629.xx, 320.xx to 389.xx, 140.xx to 
239.xx, or 279.xx  on hospital inpatient 
or outpatient discharge claims any time 
from infant birth date to 365 days of 
follow up.   
 

Abnormal Condition of New Born Checked ‘Yes‘ on any of the following 
checkboxes in BVS data:  
AC_VENT-IMMED 
AC_VENT_30MIN 
AC_VENT_MORE_6HOUR 
AC_NICU 
AC_SURFACTANT 
AC_ANTIBIOTIC_SEPSIS 
AC_SEIZURE 
AC_OTHER 
AC_HYALINE_MEM 
AC_BIRTH_INJURY 

 Or at least one of the ICD-9 codes 
280.x-289.x, 767.x, 760.7x, 779.5, 
769.x, 770.1x, 779.0, 345.x on hospital 
inpatient or outpatient discharge claims 
any time from infant birth date to 365 
days of follow up.   
 

Birth Weight Used BIRTH_WEIGHT_GRAMS from 
BVS data and categorized to 4 levels:  
extremely Low BW (≥350 and <999 g), 
very Low BW (≥1000 and <1499 g), 
Low BW (≥1500 and <2499 g), 
normal BW (≥2500 and <5999 g).  
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Pregnancy Complications 
 
Placenta previa, w/o bleeding, unspec. 
Placenta previa, v/bleeding, unspec. 
Abruptio placetae, unspec 
Hemorrhage in pregnancy, unspec. 
Gestational hypertension  
Mild or unspecified pre-eclampsia 
Severe pre-eclampsia 
Eclampsia, unspec. 
 
Obstetrical Complications 
 
 
Cesarean delivery 
 
 
Forceps or vacuum extractor delivery 
 
 
Postpartum hemorrhage 
Preterm Birth 

Identified at least one of the following 
ICD-9 or CPT codes: 
641.0 
641.1 
641.2 
641.9 
642.3, 642.9 
642.4 
642.5 
642.6 
 
Checked ‘Yes‘ on any of the following 
checkboxes from BVS data and at 
least one of the ICD-9 or CPT codes: 
MD_CES_LABOR_ATTEMPT or 
669.7, 763.4, 59510, 59514, 59515, 
59612 
MD_VAGINAL_FORCEPS, 
MD_VAGINAL_VACUUM, or 763.2, 
763.3, 669.51 
666.xx 
Gestational age <= 37 weeks 
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B-2. Potential Confounders or Other Risk Factors for Birth Defects 

Variable Operational Definition 

Mother’s Age 
 

Mother’s year of age at infant born from 
BVS dataset 
 

Infant’s Gender Male, Female for infant from BVS 
dataset 
 

  
Mother’s Race/Ethnicity White, Hispanic, Black, Other from BVS 

dataset 
 

Calendar year Year of infant born from BVS dataset 
 

Mother’s residence zip code Mother’s residence zip code from BVS 
dataset 
 

Mother previous adverse pregnancy 
experience  

Yes/No on mother previous poor 
pregnancy outcome from BVS dataset 
 

Mother’s Number of Prenatal Visits Mother’s number of prenatal visits 
during this pregnancy from BVS dataset 
 

Parity Continuous variable indicates the count 
of all live births from BVS dataset 
 

Mother’s epilepsy diagnoses during 
baseline  

At least one inpatient or two outpatient 
claims in Medicaid claims with the 
following ICD-9CM codes at any 
Diagnosis field: 345.xx 

 
Mother’s depression diagnoses during 
baseline  
 
 
 
 
Mother’s anxiety diagnoses during 
baseline  
 

 
At least one inpatient or two outpatient 
claims in Medicaid claims with the 
following ICD-9CM codes at any 
Diagnosis field: 296.2–296.3, 300.4, 
311.xx 
 
At least one inpatient or two outpatient 
claims in Medicaid claims with the 
following ICD-9CM codes at any 
Diagnosis field: 300.0, 308.xx, 309.21, 
309.81 
 

Mother’s bipolar diagnoses during 
baseline  
 

At least one inpatient or two outpatient 
claims in Medicaid claims with the 
following ICD-9CM codes at any 
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Mother’s migraine diagnoses during 
baseline  
 
 
 
Mother’s myoclonus diagnoses during 
baseline  
 
 
 
Mother’s neuropathic pain diagnoses 
during baseline  
 
 
 
Mother’s gestational diabetes diagnoses 
during pregnancy 

Diagnosis field: 296.xx, 301.13 
 
At least one inpatient or two outpatient 
claims in Medicaid claims with the 
following ICD-9CM codes at any 
Diagnosis field: 346.xx 
 
At least one inpatient or two outpatient 
claims in Medicaid claims with the 
following ICD-9CM codes at any 
Diagnosis field: 333.2 
 
At least one inpatient or two outpatient 
claims in Medicaid claims with the 
following ICD-9CM codes at any 
Diagnosis field: 338.xx 
 
At least one inpatient or two outpatient 
Medicaid claims during pregnancy with 
the following ICD-9CM code at any 
Diagnosis field: 648.8 
 

Mother’s mental disorder diagnoses 
during baseline  
 

At least one inpatient or two outpatient 
Medicaid claims during baseline with 
the following ICD-9CM code at any 
Diagnosis field: 290-319 
 

Mother’s antipsychotic exposure during 
pregnancy 

At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A-5 
 

Mother’s antidepressants exposure during 
pregnancy 

At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A-3, A-4 
 

Mother’s folic acid use during pregnancy At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A 
 

Mother’s other anticonvulsants exposure 
during pregnancy 

At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A-2 
 

Mother’s anxiolytics (including sedatives 
and hypnotics) exposure during 
pregnancy 

At least one pharmacy claim during 
pregnancy with NDC for active 
ingredient listed in appendix A-7 
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Mother’s isotretinoin exposure during 
baseline or pregnancy  
 
 
Mother’s antidiabetics exposure during 
pregnancy 

At least one pharmacy claim with NDC 
during baseline or pregnancy for active 
ingredient listed in appendix A-8 
 
At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A-9 
 

Mother’s antihypertensive exposure 
during pregnancy 

At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A-10 
 

Number of hospitalization for seizure 
during pregnancy 
 
 
Number of physician visits with seizure 
diagnoses during pregnancy 
 
 
Mother’s hormones use during pregnancy 
 
 
 
Mother’s infection and parasitic diagnosis 
during baseline, including: Virus, Rubella, 
Cytomegalovirus, Syphilis, Herpes 
simplex virus, Toxoplamosis, Varicella 
virus, Venezuelan equine encephalitis 
virus, Phenylketonuria, Hypoxia. 
 
Mother’s Therapeutic radiation 
during pregnancy 
 
 
 
 
 
 
 
 
 
 
 
 

Number of inpatient Medicaid claims 
during pregnancy and each with at least 
one inpatient diagnoses codes: 345.xx 
 
Number of outpatient Medicaid claims 
during pregnancy and each with at least 
one diagnoses codes: 345.xx 
 
At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A-11 
 
At least one inpatient or two outpatient 
Medicaid claims during baseline or 
pregnancy with the following ICD-9CM 
code at any Diagnosis field: 1.xx-
139.xx, 270.1, 799.02,  
 
 
At least one inpatient or two outpatient 
Medicaid claims during pregnancy with 
the following ICD-9CM code at any 
Diagnosis field: 92.29, 92.41, 92.27, 
92.3, 92.59, 93.59, V58 or CPT codes: 
77261-77263, 77336, 77336-59, 77280-
77295, 77370, 77305-77315, 77401-
77418, 77321, 77432, 77326-77328, 
77431-77432, 77331, 77470, 77332-
77334, 77520-77525, 76370-76375, 
76380, 76950, 76965, 36000, 36410, 
61793, 76942, 77261-77263, 77305-
77315, 77321, 77326-77328, 77427, 
77950, 77370, 76000, C9722, G0242, 
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Mother’s folic acid deficiency diagnoses 
during baseline  
 
 
 
Mother’s mineral deficiency (including 
zinc) diagnoses during baseline  
 
 
 
Mother’s hyperthermia diagnoses during 
baseline  
 
 
 
Mother’s myasthenia gravis diagnoses 
during baseline  
 
 
 
Mother’s rheumatic disease diagnoses 
during baseline  
 
 
 
Mother’s virillizing turmors diagnoses 
during baseline  
 
 
 
Mother’s ACE inhibitors exposure during 
pregnancy 
 
 
Mother’s antineoplastic exposure during 
pregnancy 
 
 
Mother’s coumarin-based anticoagulants 
exposure during pregnancy 
 
 

G0338, G0243, G0173, G0251, G0339, 
G0340, 9924x, 76355, 77300, 0083T, 
77781-59, 77782-59, C1717.  
 
At least one inpatient or two outpatient 
Medicaid claims during baseline or 
pregnancy with the following ICD-9CM 
code at any Diagnosis field: 281.2 
 
At least one inpatient or two outpatient 
Medicaid claims during baseline or 
pregnancy with the following ICD-9CM 
code at any Diagnosis field: 269.3 
 
At least one inpatient or two outpatient 
Medicaid claims during baseline or 
pregnancy with the following ICD-9CM 
code at any Diagnosis field: 991.6 
 
At least one inpatient or two outpatient 
Medicaid claims during baseline or 
pregnancy with the following ICD-9CM 
code at any Diagnosis field: 358.0x 
 
At least one inpatient or two outpatient 
Medicaid claims during baseline or 
pregnancy with the following ICD-9CM 
code at any Diagnosis field: 393-398 
 
At least one inpatient or two outpatient 
Medicaid claims during pregnancy with 
the following ICD-9CM code at any 
Diagnosis field: 255.x 
 
At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A 
 
At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A 
 
At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A 
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Mother’s Iodides exposure during 
pregnancy 
 
 
Mother’s antibiotics exposure during 
pregnancy 
 
 
Mother’s glucocorticoids exposure during 
pregnancy 
 
 
Mother’s quinine exposure during 
pregnancy 
 
 
Mother’s NSAID exposure during 
pregnancy 
 
 
Mother’s antiviral exposure during 
pregnancy 

At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A 
 
At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A 
 
At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A 
 
At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A 
 
At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A 
 
At least one pharmacy claim with NDC 
during pregnancy for active ingredient 
listed in appendix A 
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