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ABSTRACT 

Background:  The primary aim of this study was to examine selected maternal risk 

factors (i.e. maternal cigarette smoking prior to or during pregnancy, maternal age, and 

pre-pregnancy obesity) and the risk of congenital heart defects (CHD).  We hypothesized 

that maternal cigarette smoking prior to or during pregnancy, increased maternal age, and 

obesity are maternal risk factors associated with an increased risk of CHD.  The 

secondary aim was to examine the trend of CHD among residents of Philadelphia from 

2003-2013.  Methods: We examined de-identified PA birth certificate records from 

2003-2013 and found 213 confirmed cases of CHD.  A random sample of 5 controls per 

case were selected to produce a more balanced design given the small number of cases, 

resulting in a total number of 1293 subjects.  Randomly selected controls reflected all 

pregnancies that did not result in a heart defect.  We modeled the independent association 

between the selected risk factors and CHD using logistic regression.  Results:  Findings 

suggest a role of maternal race and age related to CHD risk.  Black mothers were less 

likely than white mothers to experience a CHD (OR=0.692; 95% CI, 0.493-0.971).  

Young mothers (< 20) were more likely to experience a CHD compared to women over 

20 years old (OR=1.536; 95% CI, 0.270-1.062).  A link between CHD and obesity and 

smoking were not found.  The trend analysis showed a small, positive linear association 

among race and CHD cases overall.  Clinical Relevance:  We provided further evidence 

that maternal age and race are risk factors for CHD.  The prevalence of congenital heart 

defects is increasing among Philadelphia residents.  These findings could be a result of 

better diagnosis and reporting, but the increase may also be due to other risk factors in the 
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population.  These findings may have implications for further and more aggressive 

counseling before and during pregnancy. 
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CHAPTER 1 

INTRODUCTION 

 

Congenital heart defects (CHD) are the most common type of birth defects in the 

United States.  CHD encompass structural heart problems, such as abnormal heart valves, 

and functional problems.  These specific types of anomalies affect 40,000 (1%) newborns 

per year.
18

 However, the incidence of moderate to severe CHD may be lower (6 in 1000 

live births), while the true incidence including all types of CHD may be 60 in 1000 live 

births.
17

  Congenital heart defects are the leading cause of pediatric mortality from birth 

defects.  Infant deaths due to CHDs often occur when the baby is less than 28 days old, 

also known as the neonatal period.  One study found that 4.2% of all neonatal deaths 

were due to a CHD.
7
  Congenital heart defects range from simple defects, where no 

symptoms are observed at time of birth, to complex defects that present life-threatening 

symptoms.
18

   CHD is comprised of over 30 types of heart defects, ranging from mild to 

severe.  Over the past couple of years there have been remarkable advances in the 

treatment of CHD, which help improve both life expectancy and quality of life.  Despite 

these advances, CHD is still the leading cause of pediatric mortality from birth defects, 

which impacts the field of Public Health, specifically epidemiology greatly.   

Despite many efforts to discover the etiology of CHD, the cause of most types of 

CHD is still unknown.  Based on several epidemiologic studies that examine risk factors 

for CHD, the majority of CHD is hypothesized to be caused by both environmental 

exposures and genetic factors.  Gene mutations or a combination of genes and other risk 

factors are thought to be the main causes of CHD.  Although genes play a strong role in 

the etiology of CHD cases, chromosomal abnormalities only represent approximately 
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30% of CHD cases.
31

 This suggests other maternal or environmental contributions to 

CHD.  Previous research suggests that smoking prior to or during pregnancy may be a 

risk factor for congenital heart defects.
2
 In the United States, it is estimated that 

approximately 28% of reproductive aged women smoke cigarettes, and it is estimated 

that about 10% of these women continue to smoke during pregnancy.  Thus, 

approximately 1 million infants are prenatally exposed to cigarette smoke and 

environmental tobacco smoke each year.  Although research has shown that maternal 

smoking during pregnancy is a possible risk factor for birth defects, the evidence and 

results have been mixed.
2
 Alternatively, CHD may be increased by mothers who are 

obese or mothers increased maternal age.  Evaluating the effect of maternal age on CHD 

prevalence is of particular importance because the proportion of women in the United 

States who gave birth after age 35 has increased significantly.
25

   The study conducted by 

Miller and colleagues found that between the years 1993 and 2005, women who gave 

birth after age 35 represented approximately 75% of cases, compared to approximately 

25% of cases that were represented between the years 1968 and1992.  Some research has 

concluded that older pregnant women who smoked throughout pregnancy were found to 

have higher risk of giving birth to a child with CHD than the younger mothers who 

smoked.  Maternal smoking during the first trimester was found to account for 1 to 2 

percent of heart defects.
2
  

Congenital heart defects also produce a financial and emotional burden on the 

members of the family.  These stressors are both life-changing and uncertain.  In 2004, 

hospital costs for the population of individuals with CHDs were about $1.4 billion and 

care for individuals with severe CHDs accounted for about $511 million, which means 



3 

updated estimates to the current year would total over $1.8 billion today.
18  

Congenital 

heart defects prove to have a major impact on pediatric morbidity, mortality, and health 

care costs. 

Given the unknown causes of congenital heart defects, the primary aim of this study 

was to examine selected maternal risk factors (i.e. maternal cigarette smoking prior to or 

during pregnancy, maternal age, and pre-pregnancy obesity) and the increase risk of 

CHD.  This study also examined trends of CHD rates among Philadelphia residents from 

years 2003-2013.  We hypothesized that maternal cigarette smoking prior to or during 

pregnancy, increased maternal age, and obesity are maternal risk factors associated with 

congenital heart defects.   

1.  Maternal cigarette smoking prior to or during pregnancy is associated with an 

increased risk for congenital heart defects. 

2.  Maternal obesity is associated with an increased risk of congenital heart 

defects compared with mothers of recommended body mass index (BMI). 

3.  Increased maternal age is associated with an increased risk for congenital heart 

defects. 

4.  To examine whether the presence of CHD could be predicted from age, race, 

BMI, or smoking status.  

The secondary aim of the study was to examine trends of congenital heart defects 

among residents of Philadelphia from years 2003-2013.  Monitoring trends in rates of 

CHD provides valuable information for needs assessment, program planning, and/or 

policy change.  Examining this data over time will allow the public health community to 

make predictions about future frequencies and rates of occurrence.  It is important for the 
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public health community to understand CHD trends within the Philadelphia area.  

Describing trends is critical in indicating emerging health problems, such as CHD, and 

essential for program planning.  According to the literature, there are no known public 

policies or preventions to help reduce the risk for CHD.
20 
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CHAPTER 2 

BACKGROUND 

 

2.1 Introduction 

This review of the peer-reviewed literature guided the current study and the 

selection of maternal risk factors to be examined to identify the associations with 

congenital heart defects in Philadelphia.  Although the current study examined 

specifically Philadelphia residents, these findings could be applicable to other urban areas 

or states located in the Northeastern part of the United States.  The studies used for this 

literature review were selected to provide background on potential fetal exposures that 

might alter cardiovascular development.  The risk factors highlighted in this background 

chapter are exposures that may increase the risk for cardiovascular defects.  The 

background examined both noninherited and inherited risk factors that are risk factors for 

causing congenital anomalies, specifically CHDs.  The risk factor portion of the 

background was divided into nine subsections of risk factors associated with congenital 

heart defects: (a) Obesity, (b) Diabetes Mellitus, (c) Smoking, (d) Alcohol Use (including 

binge drinking), (e) Cocaine and Marijuana, (f) Caffeine, (g) Multivitamin Use, (h) Age, 

and (i) Genetics.  The final section will be a summary of the risk factors. 

2.2 Congenital Heart Defects (CHD) 

 

Congenital heart defect are often divided into two types: cyanotic (blue skin color 

caused by a lack of oxygen) and non-cyanotic (please see section 2.5 for a review of the 

cyanotic CHDs).  The reported prevalence of CHD at birth ranges from 6 to 13 per 1000 

live births.  Cyanotic CHDs occur in approximately 25% of those with CHD.  The 

National Birth Defects Prevention Study found that 15% of women with CHD-affected 
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pregnancies were diagnosed prenatally.
1
  A study conducted by Garne and colleagues 

found an overall prenatal detection rate of 25% for those cases diagnosed with CHD.
15

  

Less severe defects often are not diagnosed until the child gets older.  The initial post-

delivery examination of the heart, lungs, and color of baby, which is recorded as the 

Apgar score can be a good indicator of any cardiovascular issues.  Blue-tinted nails or 

lips, fast or troubled breathing, tiredness when feeding, and sleepiness are all signs and 

symptoms of CHDs.  Some CHDs may be diagnosed during pregnancy using a special 

type of ultrasound called a fetal echocardiogram, which creates ultrasound pictures of the 

heart of the developing baby.  The Philadelphia birth certificate grouped all cyanotic 

congenital heart anomalies diagnosed prenatally into one category.  The cyanotic 

congenital heart defects include:  Ebstein’s anomaly, Hypoplastic left heart, Pulmonary 

atresia, Tetralogy of Fallot, Total anomalous pulmonary venous return, Transposition of 

the great vessels, Tricuspid atresia, and Truncus arteriosus.  These specific heart defects 

are considered the most severe congenital heart defects and are also called critical 

congenital heart disease.  Severe congenital heart defects are commonly diagnosed during 

pregnancy or soon after birth.  

2.3 Risk Factors for CHD 

 

 There are several unknowns regarding the etiology of CHD, but numerous risk 

factors have been examined for their role in the development of cardiac defects.  

Epidemiologic and pathologic investigations have identified several maternal risk factors 

including chromosomal anomalies, single-gene disorders, and genetic susceptibility to 

environmental exposures.
24

 Although, several risk factors have have been identified, 

conflicting results suggest further studies be conducted.   
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Based on previous epidemiologic research, approximately one third of CHDs are 

due to a genetic etiology, but the remainder of CHD cases do not have an identifiable 

cause.  Among the cases with no identified cause, the majority of cases are isolated CHD.  

Studies linking environmental exposures to birth defects have increased over the years, 

specifically maternal risk factors.  Due to recall bias, studies have been unable to 

ascertain environmental exposures during pregnancy from the mother, which limits the 

ability to determine causality.  There are a variety of causes of congenital malformations 

including: chromosomal abnormalities, environmental factors, and multifactorial 

etiologies including a combination of environmental and genetic factors.  The maternal 

environmental exposures that have been linked to CHD include organic solvents, 

herbicides, pesticides, rodenticides, air quality, groundwater contamination, and water 

chlorination byproducts.
20 

 Some studies suggest that noninherited risk factors may 

account for approximately 30% of specific types of CHD.
20 

 Genetic and non-genetic risk 

factors are described below.
   

Obesity 

 

 Obesity rates are steadily increasing in the United States and are a major factor in 

the development of chronic diseases.  According to the Centers for Disease Control and 

Prevention, more than 30% of women in the United States are obese and more than one-

half of pregnant women are overweight and obese.  Nearly 60% of women in the United 

States enter pregnancy above a normal weight. Prepregnancy obesity has increased nearly 

70% from 1993 to 2003.  Obesity is considered a potential maternal risk factor for CHD 

and several studies suggest a possible association between prepregnancy body weight and 

CHD.  The Institute of Medicine (IOM) states that women today are heavier and a greater 
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percentage of women are entering pregnancy overweight or obese.
19

  Various studies 

found that maternal obesity adversely impacts pregnancy outcomes primarily through 

increased rates of hypertensive disease, diabetes (both pre-gestational and gestational), 

caesarean section, and infections.
16

  Also, multiple studies have been conducted to 

examine the association between maternal obesity and CHD, but findings have been 

inconsistent.  Body weight was classified by five groups: underweight (<18.5 kg/m
2
), 

normal weight (18.5-24.9 kg/m
2
), overweight (25.0-29.9 kg/m

2
), moderately obese (30.0-

34.9 kg/m
2
), and severely obese (35.0 kg/m

2
).  For example, two epidemiologic studies 

found a 6.5 and 2-fold risk elevation of aggregate cardiac defects in relation to maternal 

obesity.
20  

The overall risk of a congenital heart defect were found to be significantly 

increased among mothers who were obese (OR = 1.40; 95% CI1.0, 1.9).
20

  Maternal 

obesity was found to be associated with a significantly increased risk of ventricular septal 

defects, among other congenital anomalies.
29   

More recently, data collected from the National Birth Defects Prevention Study 

found an association between maternal obesity and CHDs (OR=1.18; 95% CI 1.08, 

1.29).
16

  When the data was stratified by defect, risk remained the same for the following 

defects:  conotruncal defects (OR=1.16; 95% CI 1.0, 1.36), total anomalous pulmonary 

venous return (OR=1.53; 95% CI 1.03, 2.28), hypoplastic left heart syndrome (OR=1.32; 

95% CI 1.02, 1.72), pulmonary valve stenosis (OR=1.36; 95% CI 1.12, 1.66), Ebstein’s 

anomaly (OR=1.78; 95% CI 1.02, 3.13), and atrial septal defects (OR=1.29; 95% CI 1.07, 

1.55).
16

  The overall results of the study found BMI (≥25 kg/m
2
) associated with 

increased risk for several isolated CHDs.  However, Gilboa (2010) and colleagues 

reported that underweight status did not increase or decrease the risk of an isolated CHD.  
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The inconsistent results suggest the possibility of confounding factors such as maternal 

age, maternal race/ethnicity, maternal education, parity, and hypertension during the 

index pregnancy. 

Diabetes Mellitus 

 

 Multiple studies have reported the association between CHDs and both, maternal 

pregestational and gestational diabetes.  Maternal diabetes has been demonstrated to be 

an independent risk factor for CHDs.  For example, the Spanish Collaborative Study of 

Congenital Malformations, observed a significant increase in the risk of cardiovascular 

defects associated with insulin treated diabetes (OR=5.5; 95% CI 1.2, 24.8).
28

  From 

years 1976 to 1985, 10,087 cases were identified as having malformations, with 9,994 

control infants.
28

  Mothers of cases and controls were interviewed to obtain information 

about the pregnancy, family and perinatal histories.
28

  Diabetic mothers were classified as 

insulin-treated if they reported having diabetes as a chronic disease and used insulin 

throughout the pregnancy.
28

  Mothers who were first diagnosed during the current 

pregnancy were classified as having gestational diabetes.
28

  Also, infants of non-insulin 

treated mothers were 2.9 times more likely to have a major congenital heart defect (95% 

CI 1.2, 7.2).
28

  Specifically, defects of the cardiovascular system were significantly 

increased (OR=5.0; 95% CI 1.2, 17.8) among diabetic mothers using insulin.
28

  Overall, 

the results suggest that infants of insulin-treated mothers have an increased risk for 

developing CHDs. 

Another study, the Baltimore-Washington Infant Study, reported a significant 

association between maternal diabetes and CHDs (OR=2.98; 95% 1.85, 4.81).
13

  One 

study observed a greater risk of CHDs with maternal pregestational diabetes than with 
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maternal gestational diabetes (OR=4.64; 95% CI 2.87, 7.51 vs. OR=1.59; 95% CI 1.27, 

1.99).
9
  Cases were classified as having isolated or multiple defects by a clinical 

geneticist.  All cases with a heart defect were confirmed by an echocardiography, cardiac 

catheterization, surgery, or autopsy.  Mothers were classified into the following 

categories:  pregestational diabetes mellitus, gestational diabetes mellitus, and 

nondiabetic.  It was reported that CHDs associated with maternal pregestational diabetes 

include laterality and looping defects, transposition of the great arteries, ventricular septal 

defects, hypoplastic left heart syndrome, conotruncal defects, outflow tract defects, 

cardiomyopathy, and patent ductus arteriousus.
9 

Although the mechanisms underlying the associations of diabetes mellitus with 

birth defects are not completely understood, it is clear that hyperglycemia plays a critical 

role.
9
  There is a positive correlation between hyperglycemia during embryogenesis and a 

risk for congenital malformations among infants of diabetic mothers.
9
  Although 

glycemic control has been shown to reduce the risk of birth defects, achieving and 

maintaining control is still a challenge.
9
  Glycemic control has been one of the proposed 

strategies to help prevent birth defects among mothers with pregestational diabetes 

mellitus, but with the increasing prevalence of diabetes mellitus in the United States, 

achieving this strategy has been a challenge.
9
   

Cigarette Smoking 

 

 Cigarette smoking is a modifiable risk factor that can be prevented through 

maternal behavior and environmental modifications.  It is estimated that approximately 

10% of pregnant women in the United States participate in maternal prenatal cigarette 

smoking.
36

  Tobacco exposure is a well-established risk factor for placental insufficiency, 
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which affects cardiovascular development.
36

 The results linking maternal smoking and 

CHD have been inconsistent, but some studies have identified an association.  Several 

recent studies found that individuals who smoked during pregnancy were 1.56 (95% CI 

1.12, 1.82) to 2.1 (95% CI 1.2, 3.5) times more likely to have a newborn diagnosed with 

CHD.
20

  It has also been suggested that maternal smoking is associated with tetralogy of 

Fallot, a cyanotic CHD.
20

  Studies that utilized birth certificate data were able to group 

subjects by average number of cigarettes smoked per day, which helps identify the 

amount of nicotine exposure that is associated with developing CHD.  The studies 

primary aim was to measure an association between maternal smoking during the first 

trimester and the occurrence of CHDs.
36

  The secondary aims of the study conducted by 

Sullivan (2015) was to assess the association of different levels of smoking exposure and 

CHD phenotype, along with exploring modifying effects between maternal smoking and 

other risk factors for CHD.  Self-reported maternal cigarette smoking and average 

number of daily cigarettes smoked were recorded on the birth certificate.
36

  Subjects were 

grouped by smoking exposure based on the average number of cigarettes smoked per day 

(0, 1-10, 11-20, >20).
36

  The results identified an increased prevalence of CHDs in 

mothers who smoked during the first trimester of pregnancy (OR=1.16; 95% CI 1.08, 

1.24).
36

  The odds for CHD increased with the number of cigarettes smoked per day by 

the mother in the first trimester compared to mothers who did not smoke during the first 

trimester.
36 

 Sullivan and colleagues reported that maternal smoking during pregnancy 

may account for 1.4% of CHDs, specifically certain types of CHD.  All of these results 

combined confirm that maternal smoking during pregnancy may be a risk factor for 

CHD.  
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The influence of a possible interaction between maternal smoking and high BMI 

on CHDs has also been explored.  Similar to the smoking rates among pregnant women 

stated earlier, Baardman (2014) reported that smoking rates among fertile Dutch women 

were approximately 25%, and more than half continue to smoke during pregnancy. The 

study found that 35.3% of case mothers had high BMI and 25% of case mothers smoked 

during pregnancy.
3
  Smoking was significantly associated with atrial septal defects, 

secundum type, pulmonary valve stenosis/atresia and ventricular septal defects.
3
  This 

study concluded that smoking and high BMI interact in the risk of CHD in offspring. 

Nicotine is a component of cigarette smoke known to cross the placental barrier 

and constrict blood supply.  Decreased uterine blood flow decreases the amount of 

nutrients available to the embryo, which can adversely affect the fetus.  Also, folate 

levels are negatively affected by cigarette smoke, which can increase the risk of certain 

CHD to occur.  The interaction between high prepregnancy weight and maternal smoking 

could have a significant impact on the cardiac development of a fetus.   

  Alcohol Use (including binge drinking) 

 

 Fetal alcohol syndrome was initially described in 1973.  Since the initial 

description, several other studies have reported the teratogenic effects of alcohol 

consumption during pregnancy on congenital defects, including CHDs.
8
  Earlier studies 

reported that evidence suggested chronic ethanol consumption during pregnancy was a 

major risk factor to the fetus, and lower levels of consumption carried an unknown risk 

and may be associated with less seriously affected children.
8  

The central nervous system, 

growth deficiency, and facial characteristics were the principle features affected by Fetal 

Alcohol Syndrome.  The associated features affected were the eyes, ears, mouth, cardiac 
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region, renogenital region, cutaneous region, skeletal region, and muscular region.  The 

congenital heart defects that were observed were atrial septal defects, ventricular septal 

defects, great vessel anomalies, and tetralogy of Fallot.  Since 1973, numerous studies 

have confirmed the teratogenic effects alcohol.  There are several possible mechanisms 

for an association between maternal alcohol consumption and anomalies associated with 

fetal heart development.  Maternal alcohol consumption may impact heart development 

through its contribution to impaired conversion of retinol to retinoic acid, antagonism of 

the NMDA receptor, compromised nutritional status, or vascular disruptive events.
6   

Over the years, the results examining the association between maternal alcohol 

consumption and CHDs have been mixed.  Several epidemiologic studies have reported 

an increased risk for CHD with alcohol consumption and other studies have reported no 

association.  One case-control study examined whether the risk of delivering infants with 

conotruncal heart defects was increased among mothers who consumed alcohol during 

the periconceptional period and found that women who reported consuming alcohol less 

than one time per week had a 1.3-fold (95% CI 1.0, 1.9) increased risk for conotruncal 

heart defect, and women who consumed alcohol once a week or more had a 1.9-fold 

increased risk (95% CI 1.0, 3.4).
6
  Also, the risk associated with consuming 5 or more 

drinks per occasion were 1.6 (95% CI 0.8, 3.2) higher compared to consumption less than 

once a week, and 2.4(95% CI 0.6, 9.7) for once a week or more.
6
  Carmichael (2003) 

reported that approximately 49% of case mothers consumed alcohol during the 

periconceptional period compared to approximately 41% of control mothers.  Overall, the 

study found that the risk of conotruncal heart defects were moderately elevated for 



14 

women who consumed alcohol during the periconceptional period and during 

pregnancy.
6 

Studies have also examined the risk of congenital anomalies associated with 

different doses of alcohol consumption during pregnancy.
23 

 Newborns identified to have 

a minor or major congenital defect were considered a case and the next nonmalformed 

infant of the same sex born in the same hospital was selected as a control subject.  

Mothers of the case and control subjects were interviewed and asked to self-report their 

exposures during pregnancy, specifically alcohol consumption.  The amount per day and 

the time period of pregnancy during which consumption of alcohol occurred were asked.  

Overall, the study found that even low sporadic doses of alcohol consumption during 

pregnancy may increase the risk of congenital anomalies in the offspring and this risk 

increases with increasing levels of alcohol exposure.   

Finally, in a study of maternal self-report of alcohol use during pregnancy, heavy 

maternal alcohol consumption (10 or more drinks per week) was associated with a 3-fold 

increase in the risk for ventricular septal defects (95% CI 1.19, 8.22).
37  

In the review 

conducted by Jenkins, the Baltimore-Washington Infant Study reported an association 

between alcohol consumption (5 drinks on a single occasion) and ventricular septal 

defects during the period defined by the last menstrual period and ±3 months.
20

  Another 

similar study reviewed by Jenkins also reported that maternal alcohol consumption 

during the 1
st
 trimester appeared to double the risk for septal defects.

20 

Cocaine and Marijuana 

 

 Maternal cocaine use during pregnancy alters the normal homeostasis of the 

mammalian fetal placental unit and produces marked changes in fetal blood flow and 



15 

tissue oxygenation.
21

  Alterations in fetal blood flow and hypoxemia during critical 

periods of cardiac development may have permanent effects on the cardiac structure.
21

  In 

a study of 214 infants with positive toxicology screens for cocaine, the risk for cardiac 

anomalies was significantly higher (RR=3.7; 95% CI 1.4, 9.4) compared to the cocaine-

negative group.
21

  Pulmonary stenosis and patent ductus arteriosus were the most 

frequent defects reported.
21

  The examinations conducted on 19 of the 214 infants with 

positive cocaine results found that 16 of those infants were diagnosed with a 

cardiovascular defect.
21 

 Peripheral pulmonic stenosis was the leading diagnosis in this 

study and in far greater numbers than in the general population.  The study suggests that 

cocaine use during pregnancy may be detrimental to the cardiovascular development of 

the fetus.  In the review conducted by Jenkins, several case-control studies reported an 

association of maternal reports of cocaine use with an increased risk of cardiac defects.
20  

However, a meta-analysis of other epidemiologic studies examining maternal cocaine use 

and CHD found no association.
22 

Maternal marijuana use has been another illicit drug investigated for an 

association with CHDs.  In the study using data from the Atlanta Birth Defects Case-

Control Study, a 2-fold increase in the risk of isolated simple ventricular septal defect 

was reported for maternal self-reported marijuana use (95% CI 1.22, 3.93).
37

  Also, the 

risk for isolated ventricular septal defects increased as the amount of marijuana smoked 

per day/week increased.
37  

The Baltimore-Washington Infant Study also found that 

maternal marijuana use was associated with the elevated risk for Ebstein’s anomaly. 
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Caffeine 

 

Caffeine is known to cross the placenta barrier, and this concern prompted the 

Food and Drug Administration to caution pregnant women to limit the amount of caffeine 

consumed during pregnancy.
20

  A case-control study, which included 277 cases with 

cardiac defects, examined the risk associated with caffeine consumption, which included 

tea, coffee, and soda.
32

  The study found that 55 of the children with cardiac 

malformations were associated with mothers who consumed 1 to 199 mg/day (59%), 26 

consumed 200 to 399 mg (28%), and 8 consumed 400 mg or more (9%).
32

  Overall, no 

risk was identified for the three caffeine products.
32

  Another study used a large sample 

from the National Birth Defects Prevention Study and examined caffeine consumption 

and specific cardiovascular malformations.
5
  The study examined caffeinated coffee, tea, 

soda, and chocolate.  The study found no significant associations between caffeine 

consumption and cardiovascular malformations.
5
  A number of other studies have failed 

to identify an association between caffeine intake and CHD risk, even among mothers 

who consume more than eight cups of coffee per day.
20 

Multivitamin Use 

 

 Multivitamin supplements containing folic acid and other vitamins may reduce 

the risk for certain CHDs, along with the known risk reduction for neural tube defects.  

The Hungarian randomized control trial of periconceptional folic acid containing 

multivitamin found a significant risk reduction of cardiovascular defects.
10

  In fact, the 

Hungarian randomized trial reported that the use of a multivitamin containing folic acid 

was associated with an approximately 60% overall reduction in risk of some types of 

CHDs (OR=0.42; 95% CI 0.19, 0.98).
10

  The Hungarian trial proved the efficacy of a 
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multivitamin containing folic acid in the primary prevention of several congenital 

anomalies.
10  

Another study utilizing data from the Atlanta Birth Defects Case-Control 

Study, examined multivitamin use and conotruncal heart defects.
4
  The study identified 

158 case infants diagnosed with conotruncal defects and found that periconceptional 

multivitamin use lowered the risk of conotruncal defects by 43% (OR=0.57; 95% CI 

0.33, 1.00).
4
  Among the subgroups of congenital heart defects, transposition of the great 

vessels showed the greatest reduction in risk (OR=0.36; 95% CI 0.15, 0.89).
4
    A similar 

case-control study conducted in California found a 30-35% lower risk of conotruncal 

birth defects (OR=0.7; 95% CI 0.41, 1.0) among women who took a multivitamin 

containing folic acid.
35

  For Tetralogy of Fallot, the consumption of a multivitamin was 

also associated with a significant risk reduction (OR=0.54; 95% CI 0.3, 0.98).
35

  In 

contrast, a study using the Baltimore-Washington Infant Study population found no 

protective effect of folic acid for women who took multivitamin supplements during the 

periconceptional period and outflow tract defects.
33

   

Many studies have also found that the timing of multivitamin initiation was found 

to be critical in reducing the risk for CHD.  Reduction was present when multivitamin 

supplementation was consumed around the time of conception and during the first 

trimester.
4
  This finding could perhaps imply that folate and/or other vitamins are most 

effective during the periconceptional period. 

Age 

 

 Women giving birth after the age of 35 have increased significantly in the United 

States over the past several years.  Advanced maternal age is an independent risk factor 

for major congenital heart defects, specifically fetal chromosomal abnormalities.  Most 
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studies include maternal age as a potential confounder.  However, numerous studies have 

reported the association between increased maternal age and genetic and nongenetic 

CHD.  In the Baltimore-Washington Infant Study, maternal age was found to not be 

associated with non-inherited CHDs.
12

  However, when the analysis was stratified by 

defect, advanced maternal age was reported to be associated with an increased risk of 

Ebstein’s anomaly (OR=2.6, 95% CI 1.4-4.8).
12 

 
36

  In addition, the prevalence of CHD in 

the offspring of smoking mothers was greater when maternal age was 35 years or older 

compared to younger mothers.
36

  The relative odds of CHD were 27% greater among 

mothers 35 years old or older compared to younger mothers.
36

 

Another study explored the association between maternal age and non-

chromosomal birth defects to assess the increased risk associated with maternal age.
30

  

This study was a retrospective cohort utilizing the population-based Metropolitan Atlanta 

Congenital Defects Program (MACDP).  Infants with birth defects were selected from 

this program, which included birth years from 1968 through 2000.  Birth certificate data 

was used to gather information on maternal age, parity, maternal race, sex, and twinning.  

Maternal age was represented by 5 categories:  14-19, 20-24, 25-29, 30-34, and 35-40 

years.  The study used the 25-29 as the reference category.  The study found that 

increased maternal age (35-40 years old), was associated with all CHDs (OR=1.12, 95% 

CI 1.03-1.22).
30

  When data was stratified by defect, a significant association was 

detected for increased maternal age and risk of ventricular outflow tract defects 

(OR=1.28, 95% CI 1.10-1.49) and tricuspid atresia (OR=1.24, 95% CI 1.02-1.50).
30

 

Overall, the study reported that advanced maternal age is associated with all heart defects 
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and women under 20 years old and over 35 years of age were at increased risk for birth 

defects.  

Genetic Factors (Fetal) 

 

 The research conducted on the molecular basis of CHD continues to be on-going.  

Several studies have confirmed a genetic contribution to CHD, but only some human 

genes with mutations have been identified to be associated with CHD.
26

  Many of these 

congenital defects cannot be explained by a single gene mutation, but a combination of 

gene effects and environmental factors.
26

  It was reported that 30% of children with a 

chromosomal abnormality will be diagnosed with a type of CHD.
31

  Aneuploidy or 

abnormal chromosomal number account for large proportion of CHD cases, specifically 

Trisomy 13 and 18, which are associated with approximately 80-100% of CHD 

diagnoses.
31

  Abnormal chromosomal number will account for a large proportion of CHD 

cases and 50% of children born with Trisomy 21 will be diagnosed with a CHD.
31

  The 

incidence increases to 80% if the child is born with Trisomy 13.
31   

There are several single gene defects associated with isolated cardiac anomalies.  

Mutations in single genes which have been identified as a cause for isolated CHD include 

NKX2.5, CDC1, PROSIT240, ZFPM/FOG2, CRELD1, TUPLE1, GATA4, ZIC3, 

ACVR2B, LEFTY1, and NOTCH1.
26,31 

 The NKX2.5 gene mutation plays a critical role 

during cardiogenesis.  This particular gene mutation has been associated with a number 

of CHD including ventricular septal defect, conotruncal abnormalities, and 

atrioventricular conduction defects.
26,31  

Additionally, the disrupted interactions between 

GATA4, NKX2.5, and, TBX5 suggest that mutations in any of these interacting 

transcription factors can lead to CHD.
31  

The TBX gene plays a pivotal role in early 
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cardiac development and some mutations of this gene are directly associated with CHD.
26  

The mutation of TBX  has been associated with septal defects and conotruncal defects.
26   

Another gene that has been identified to be associated with the development of 

congenital anomalies is the JAG1 gene.  The mutation of JAG1 causes several cardiac 

manifestations and is known to disrupt the JAG1-Notch signaling, which can cause CHD 

as well.  Notch proteins are single-pass transmembrane receptors that regulate cell fate 

decisions during development.
26  

The mutation of NOTCH1 appear to cause an array of 

valve defects and research suggests that the mutation of this gene may be the genetic 

basis for several of types of CHD.
26 

Continuous research on single-gene mutations will help lead to the cause of 

isolated CHD.  Some research suggest that genetics plays a much larger role in the 

development of CHD and as more genetic abnormalities are identified, better detection 

and prediction will occur.  Research on the identification of isolated genes associated 

with more severe cyanotic CHD cases have been limited.
31 

Summary 

 

 Taken together, the results indicate that smoking prior to or during pregnancy, 

maternal prepregnancy weight, and maternal age are potential risk factors for CHD.  The 

background highlights the genetic and maternal risk factors for CHD, in particular 

cigarette smoking, alcohol use, obesity, and maternal age.  Even though results vary from 

study to study it seems apparent that these specific risk factors should be examined 

further and prevented in order to decrease the mother’s risk for CHD.  It can be assumed 

from the background review that these risk factors play an important role in the incidence 

of CHD.  It is important to understand the risk factors associated with the development of 
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cardiac defects, especially because there are several unknowns regarding the etiology of 

CHD.  Based on prior research, approximately 30% of CHD are identified by genetic 

abnormalities, which stressed the importance of researching other potential risk factors 

that may be associated with cardiac anomalies.  Also, the combination of these risk 

factors may play a pivotal role in the development of CHD in specific populations that 

may not have been explored to date. 

Although there have been numerous studies conducted on each of the risk factors 

included in the current study, there has been limited research conducted in the 

Philadelphia region.  The current study will utilize the selected risk factors to confirm the 

association with CHD and/or drive further evaluation of the topic.  The current study 

establishes Philadelphia as a reference point for other studies who may want to focus on a 

more urban population.   

2.4 Normal Heart Development 

 

The formation of the heart is a very intricate and complex process.  The heart 

begins to develop by day 15 of gestation and culminates by the 11
th

 week of gestation 

with a fully formed and functional heart.  There are five stages of heart development, 

including the following:
26

 

1.)  Day 15:  The migration of precardiac cells from the primitive streak and 

assembly of the paired cardiac crescents at the myocardial plate begin. 

2.)  Day 22:  The primitive heart tube begins to form.  The migration of cardiac 

precursor cells and the fusion of the primordia form the arterial pole and the venous 

pole. 
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3.)  Day 23-28:  The heart begins to fold and loop resulting in a heart tube with four 

primary layers: endocardium, cardiac jelly, myocardium, and epicardium.  This 

assures proper alignment of the future cardiac chambers. 

4.)  Day 28:  The remodeling of the primitive vasculature and septation of the heart 

begin to occur, along with the heart chamber formation.  During septation, the 

transitional zones are incorporated into primitive chambers, leading to the formation 

of the atria and ventricles. 

5.)  By day 49:  The development of the cardiac conduction system and coronary 

vasculature has occurred and the formation of the definitive heart is complete. 

2.5 Cyanotic Congenital Heart Defects 

 

 Cyanotic congenital heart disease is a birth defect affecting the cardiovascular 

structure, resulting in decreased oxygenation of red blood cells.  All types of cyanotic 

congenital heart defects result in the delivery of deoxygenated red blood cells into the 

systemic circulation.  Cyanotic CHD is commonly classified as the presence of “too 

much” or “too little” pulmonary blood flow.  The etiology of cyanotic CHD is evolving 

but remains incomplete and continues to be investigated.  The development of a defective 

cardiac structure is often contributed to the role of genetics or environmental factors.  The 

incidence of cyanotic CHD is about 1 in 1000 live births.  A description of each type of 

cyanotic CHD are provided below.
34 

Ebstein’s Anomaly 

 

 A rare heart defect in which the positioning of the tricuspid valve and how it 

functions to separate the two chambers is abnormal.  This anomaly usually causes the 

blood to flow back into the right atrium, instead of flowing out to the lungs, causing the 
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baby to have difficulty breathing and can lead to the heart swelling.  The majority of 

cases are sporadic, occurring as the baby develops in the womb.  The use of maternal 

drug use, specifically lithium or benzodiazepines may play a role in this development. 

Hypoplastic Left Heart Syndrome (HLHS) 

 

 This anomaly occurs when structures (mitral valve, left ventricle, aortic valve, and 

the aorta) of the left side of the heart are underdeveloped.  HLHS inhibits the left side of 

the heart to deliver blood to the body, resulting in the right side of the heart struggling to 

maintain the circulation of both the lungs and body.  This workload will eventually cause 

the right side of the heart to fail.   

Pulmonary Atresia (PA) 

 

 PA is the complete obstruction/absence of the pulmonary valve.  When PA with 

intact ventricular septum exists, a patent ductus arteriosus provides only pulmonary blood 

flow.  PA is a variant form of tetralogy of Fallot, when a ventricular septal defect is 

apparent. 

Tetralogy of Fallot (TOF) 

 

 A combination of heart defects that include pulmonary artery stenosis, ventricular 

septal communication, rightward deviation of the aorta’s origin, and right ventricular 

hypertrophy.  TOF is classified as a conotruncal cardiac malformation, which implies the 

anomaly occurs in the area of the ventricular outflow tracts and great vessels.  As stated 

previously, TOF is an example of a cyanotic CHD with “too little” pulmonary blood 

flow. 
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Total Anomalous Pulmonary Venous Return (TAPVR) 

 

 All pulmonary veins do not attach normally to the left atrium, which drains all 

blood into the right atrium, resulting in the constant mixing of both oxygenated and 

deoxygenated blood.  TAPVR causes blood to simply circle to and from the lungs, and 

never allows the blood to circulate throughout the body.  TAPVR is the rarest CHD and 

the majority of cases are sporadic. 

Transposition of the Great Vessels 

 

 This malposition occurs when the pulmonary artery arises off the left ventricle 

and the aorta arises of the right ventricle.  These transposed vessels may also be 

associated with a ventricular septal defect, left ventricular outflow tract obstruction, 

aortic arch malformations, and anomalous venous systemic connection.  The most 

common cyanotic CHD diagnosed during the neonatal period. 

Tricuspid Atresia 

 

 The tricuspid valve is absent or abnormally developed, which blocks blood flow 

from the right atrium to the right ventricle.  This anomaly causes oxygenated and de-

oxygenated blood to mix, and then be pumped throughout the body, causing the newborn 

to have lower than normal oxygen levels. 

Truncus Arteriosus 

 

 The pulmonary artery and aorta are replaced by the presence of a single outlet 

vessel which stems from the right and left ventricles, which supplies the systemic, 

coronary, and pulmonary circulations.  A ventricular septal defect is always associated 

with this anomaly.  Again, this results in the mixing of oxygenated and de-oxygenated 

blood. 
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CHAPTER 3 

METHODS 

 

The research articles used in this background were obtained primarily through 

Temple University Library’s website.  Searches were mainly conducted in PubMed 

Medline and EBSCOhost Medline, but ScienceDirect, EBM Reviews, and CINAHL were 

also utilized in this review of the literature.  A variety of search words and phrases were 

used based on the research question and the nine subsections of this background.  

Examples of search words and phrases used are: Congenital heart defects, cardiovascular 

defects, cardiovascular anomalies, genetics of CHD, maternal age and CHD, maternal 

smoking and CHD, maternal obesity and CHD, body mass index and congenital 

anomalies, noninherited risk factors for CHD, risk factors associated with CHD, trends of 

CHD in urban areas, alcohol and congenital anomalies, caffeine and CHD, multivitamin 

use and CHD, diabetes and CHD, genetics and CHD, incidence of CHD, fetal alcohol 

syndrome, race and CHD, and trends for CHD.  All the articles selected were available 

and accessed from Temple University Library.  The inclusion criteria for selecting a 

study had to meet the following: the primary outcome of interest (congenital heart 

defect), a risk factor potentially associated with CHD, and/or other anomalies associated 

with the presented risk factors.  Screening of the titles and abstracts for relevance were 

part of the primary screening process for the literature review.  The secondary screening 

process and the abstraction of articles consisted of reviewing the full article for relevance 

during the abstraction of relevant information about populations, risk factors, and 

cardiovascular defects.  Numerous published research articles were screened and 
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considered for use in this background and those selected were chosen based on their 

relevance to the current study. 

The current study had two primary aims.  The first aim was to examine selected 

maternal risk factors for CHD to determine if maternal cigarette smoking prior to or 

during pregnancy, maternal age, and prepregnancy BMI caused an increased risk for 

CHD.  The second aim was to examine the trend of congenital heart defect rates among 

residents of Philadelphia from 2003-2013.  The methodology used to examine these aims 

are discussed in this chapter.   

This study was a retrospective study utilizing Philadelphia birth certificate data 

from years 2003-2013.  CHD cases were identified by those birth certificates with a 

diagnosis of cyanotic congenital heart defect.  Because the study involved de-identified 

data from birth certificate records, Institutional Review Board approval was obtained 

from both Temple University and the Philadelphia Department of Public Health, and 

approval from the PA Department of Public Health Vital Statistics Department.   

CHD cases included all live-born babies delivered between 2003 and 2013 in 

Philadelphia with a CHD identified on the birth certificate record.  Cyanotic congenital 

defects were the only CHD defects reported on the birth certificate record.  The birth 

certificate did not distinguish between types of cyanotic CHDs.  Therefore, all cases were 

grouped together.  Eligible controls were defined as live-born babies without CHD noted 

on the birth certificate.  It is important to note that eligible controls could be affected by 

other congenital anomalies thus eligible controls represented all other pregnancy 

outcomes except CHD.  We initially identified 248,116 eligible controls and 213 cases.  

Due to the small number of CHD cases, n=213, a random sample of controls were 
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selected in order to create a more balanced design.  Five controls were selected per case 

and no matching was employed.  The final data included 213 total cases and 1080 total 

controls.   

There were several differences between the birth certificate record for years 2000-

2002 and for years 2003-2013.  One of the key variables missing from the 2000-2002 

birth certificate record was mother’s height, which inhibited analysis on the association 

between BMI and CHD.  Congenital heart anomalies for years 2000-2002 and 2003-2013 

were also represented slightly different.  In 2000-2002, the birth certificate indicated 

congenital cardiac anomalies as “heart malformations”, whereas the 2003-2013 birth 

certificates indicated heart anomalies as “cyanotic congenital heart defects”.  There were 

also differences in cigarette smoking history among 2000-2002 and 2003-2013 birth 

certificate records.  Self-reported maternal cigarette smoking before or during pregnancy 

(yes/no) and average number of cigarettes smoked per day, per trimester were indicated 

on the birth certificate record.  From 2000-2002, birth certificate records indicated 

tobacco use (yes/no) and number of cigarettes smoked per day during pregnancy; from 

2003-2013, birth certificate records indicated number of cigarettes smoked in the three 

months prior to pregnancy and number of cigarettes smoked in each trimester.  Thus for 

this assessment, only birth certificates from 2003-2013 were used.    

Variables extracted from the birth certificate data included child’s sex, zip code, 

mother’s race, maternal age, maternal height and prepregnancy weight, mother’s weight 

at delivery, cigarette smoking prior to or during pregnancy, risk factors during the 

pregnancy, infections present and/or during the pregnancy, birth weight, and congenital 
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anomalies present at birth.  Mother’s race was classified by white, black, Hispanic, and 

other non-White.   

Exposure Assessment 

 

Smoking 

 

Maternal smoking was assessed via self-report at birth from the birth certificates.  

Smoking status was defined as ‘# of cigarettes smoked’ prior to or during each trimester 

of pregnancy (4 separate variables).  The mothers were asked to report the average 

number of cigarettes smoked each day during the three months prior to pregnancy and 

during each trimester of pregnancy.  This allowed an examination of the timing of 

maternal tobacco use.  From the continuous smoking variable, we transformed these 

variables into three new variables.  First, we grouped subjects categorically by dose of 

exposure (0, 1-10, ≥11 cigarettes/day/trimester) using the average number of cigarettes 

smoked per day indicated on the birth certificate.  Second, we created a 

smoker/nonsmoker variable for each pregnancy time point.  In addition, a 

smoker/nonsmoker (for the entire pregnancy) variable was created, which combined all 

three trimesters and categorized a subject as either a smoker or nonsmoker during 

pregnancy.  Smoking status prior to pregnancy was excluded from this variable.  Women 

who reported smoking zero cigarettes and were categorized as nonsmokers in pregnancy 

were used as the reference group. 

Obesity 

 

Self-reported prepregnancy weight and height, obtained from the birth certificate 

record, was used to calculate body mass index.  Body mass index was calculated as pre-

pregnancy weight (lb.) divided by height in inches (in) squared and multiplying by a 
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conversion factor of 703.  We followed the Institutes of Medicine BMI classification 

system with the following categories: underweight (BMI <18.5), normal weight (BMI 

18.5-24.9), overweight (BMI 25.0-29.9), and obese (BMI ≥30.0).
19

  Normal weight 

women were used as the reference group for all analyses.   

Age and Race 

 

Maternal age at birth were grouped into the following categories: <20 years old, 

20-24 years old, 25-29 years old, 30-34 years old, and 35 years of age or older. The 25-29 

years category was the reference category used for all analyses.   Racial differences 

among CHD were also examined.  Race was categorized as whites, blacks, other non-

whites, and unknown.  White mothers were used as the reference category. 

Trend Analysis 

 

The secondary aim was to conduct a trend assessment of CHD rates among 

Philadelphia residents from 2003-2013.  The trend analysis evaluated the prevalence of 

congenital heart defects in Philadelphia and provided an estimate of the impact of CHD.  

This determined whether the rate of CHD in Philadelphia increased or decreased over 

time. 

Statistical Analysis 

 

Descriptive statistics were initially conducted to examine the distributions of 

exposures and covariates in the CHD case and control groups.  The frequency 

distributions of these variables were examined.  Means and standard deviations were 

estimated for continuous variables, while frequencies were determined for categorical 

variables.  Univariate analysis for maternal characteristics was explored using the χ
2 

test 

for categorical variables and the t-test for continuous variables.  
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Analysis for estimating the independent association between the selected risk 

factors and congenital heart disease was calculated using simple logistic regression to 

obtain odds ratios and 95% confidence intervals.  The risk for CHD was calculated on 

three exposure categories for maternal smoking:  # of cigarettes smoked prior to or during 

pregnancy, smoking status (yes/no) based on each time point of pregnancy, and smoking 

status (yes/no) for the entire pregnancy, excluding smoking 3 months prior to pregnancy.  

Multiple logistic regression analysis was also used to adjust for the influence of maternal 

age, BMI, and race.  The following were the reference categories: 25-29 years old, 

normal weight, and white.  The final logistic regression model was used to predict 

whether the incidence of CHD could be predicted based on smoking status during 

pregnancy (smoker vs. nonsmoker), maternal age, maternal race, and maternal BMI.  The 

Hosmer and Lemenshow goodness-of-fit test was performed using the final model to 

assess whether the model effectively described the pattern of disease outcome.  Odds 

ratios were estimated in order to determine the effect of the potential confounding 

variable for possible inclusion in the model.   

Statistical analysis was performed using SPSS.  Odds ratios were 

estimated in order to determine the effect of the potential confounding variable for 

possible inclusion in the model.  Also, the odds ratios were used as a measure of 

association between the selected maternal risk factors and CHD.  A p value of 

<0.05 and 95% confidence intervals that do not contain one was considered to be 

statistically significant in order to describe the strength of the association between 

each of the above exposures.   
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CHAPTER 4 

RESULTS 

 

 Based on the original dataset, the total prevalence of CHD was 8.5 per 10,000 

births, with CHDs only representing 0.1 percent of the population.  For this assessment, 

there were a total of 1293 pregnancies examined, following the random sampling 

procedure for the controls during the years 2003-2013, of which 213 pregnancies were 

affected by a congenital heart defect with a control group of 1080 infants.  According to 

the p-values, we failed to reject the null hypothesis for cases and controls with regards to 

all characteristics ascertained from the birth certificate record except gestational age at 

birth (Table 1).   
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Table 1. Maternal Characteristics among cases and non-cases  

Variable Cases (n=213)                  
n                     % 

Controls (n=1080)                  
n                        % 

p Value* 

Maternal Age     0.47 

<20 11                   5.3 88                     8.6  

20-24 60                 29.0 305                 29.9  

25-29 63                 30.4 270                 26.4  

30-34 48                 23.2 228                 22.4  

≥35 25                 12.1 130                 12.7  

Maternal Race 
  

0.14 

White 72                 33.8 283                 26.2  

Black 94                 44.1 534                 49.4  

Other (non-white) 37                 17.4 217                 20.1  

Unknown 37                   4.7 26                      4.3  

Maternal Race (Hispanic) 
  

0.39 

Not Hispanic 189                 90.9 923                 88.8  

Hispanic 19                     9.1 116                 11.2  

BMI 
  

0.91 

<18.5 (underweight) 9                      4.5 40                     4.0  

18.5-24.9 (normal) 93                 46.3 466                 46.1  

25-29.9 (overweight) 56                 27.9 267                 26.4  

≥30 (obese) 43                 21.4 237                 23.5  

Gestational Age   0.00 

<24 weeks NA                 NA 8                        0.8  

24-36 weeks 52                 24.6 129                 12.3  

≥37 weeks 160               75.4 1232               86.9  

* χ
2 

test    
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Table 1. (continued)  
Variable Cases (n=213)                  

n                     % 
Controls (n=1080)                    
n                        % 

p Value* 

Cig. Smoking Status (Prior)   0.34 

No 178               87.3 882               84.6  

Yes 26                 12.7 160               15.4  

Cig. Smoking Status (1st Tri.) 
  

0.38 

No 186                91.2 925               89.1  

Yes 18                    8.8 113               10.9  

Cig. Smoking Status (2nd Tri.) 
  

0.28 

No 189               92.6 937               90.3  

Yes 15                    7.4 101                 9.7  

Cig. Smoking Status (3rd Tri.) 
  

0.08 

No 193               94.1 938               90.3  

Yes 12                    5.9 101                 9.7  

# of Cigarettes Smoked (Prior) 
  

0.61 

0 178              87.2 882               84.6  

1-10 14                   6.9 81                   7.8  

11+ 12                   5.9 79                   7.6  

# of Cigarettes Smoked (1st) 
  

0.47 

0 186               91.2 925                89.1  

1-10 11                   5.4 81                    7.8  

11+ 7                     3.4 32                    3.1  

# of Cigarettes Smoked (2nd) 
  

0.37 

0 189              92.6 937               90.3  

1-10 10                   4.9 79                   7.6  

11+ 5                     2.5 22                   2.1  

# of Cigarettes Smoked (3rd) 
  

0.17 

0 193              94.1 938               90.3  

1-10 9                     4.4 84                   8.1  

11+ 3                     1.5 17                   1.6  

Smoking Status (1-3 Trimester) 
  

0.27 

Nonsmoker 186                 91.2 919                 88.5  

Smoker 18                     8.8 119                 11.5  

* χ
2 

test    

 

The descriptive statistics, displayed in Tables 2-4, provide the means and 

standard deviations for each of the independent variables used in the current study for 
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cases and controls.  Again, there were no significant differences between cases and 

controls, with regards to maternal age. 

Table 2. Descriptive Statistics (All) 

  Mean Std. Deviation N 

Age 27.28 5.94 1228 

CigsPrior 2.23 7.12 1246 

Cigs1st 1.2 4.52 1242 

Cigs2nd 0.87 3.43 1242 

Cigs3rd 0.77 3.2 1244 

Prepregnancy Wt. 153.94 39.57 1239 

Maternal BMI 26.26 6.35 1229 

    Table 3. Descriptive Statistics (Cases) 

  Mean Std. Deviation N 

Age 27.54 5.77 207 

CigsPrior 1.85 5.9 204 

Cigs1st 0.97 3.78 204 

Cigs2nd 0.67 3.03 204 

Cigs3rd 0.54 2.73 205 

Prepregnancy Wt. 155.2 44.07 203 

Maternal BMI 26.39 6.91 202 

    Table 4. Descriptive Statistics (Controls)   

  Mean Std. Deviation N 

Age 27.23 5.98 1021 

CigsPrior 2.31 7.33 1042 

Cigs1st 1.24 4.65 1038 

Cigs2nd 0.91 3.5 1038 

Cigs3rd 0.81 3.28 1039 

Prepregnancy Wt. 153.69 38.64 1036 

Maternal BMI 26.23 6.23 1027 

 

Smoking 

 

 We first examined the association between the number of cigarettes smoked prior 

to or during pregnancy and CHDs.  On the birth certificate mothers were asked to report 

their cigarette smoking, 3 months prior to pregnancy and during each trimester.  No 

associations were observed between the number of cigarettes smoked prior to or during 
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each trimester and the odds of CHDs.  The odds ratios and 95% CI for CHD at a dose 

exposure of greater than 11 cigarettes per day were small, and not significant (OR=0.753; 

95% CI 0.402, 1.411).  However, there were only a combined 15 case subjects and 81 

subjects overall who smoked more than 11 cigarettes per day during each trimester.  

Tables 5-8 display the odds ratios for each time point. 

Table 5. # of Cigarettes Smoked 3 Months Prior to Pregnancy Compared to Non-Smokers in 
Pregnancy and Odds of CHD 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

0 Reference 0.992 0.609 - 

1-10 -0.155 0.265 0.606 0.856 (0.475,1.545) 

11+ -0.284 0.786 0.375 0.753 (0.402,1.411) 

 
Table 6. # of Cigarettes Smoked During 1st Trimester Compared to Non-Smokers in Pregnancy 
and Odds of CHD 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

0 Reference 1.468 0.480 - 

1-10 -0.393 1.404 0.236 0.675 (0.353,1.293) 

11+ 0.084 0.039 0.843 0.753 (0.473,2.502) 

 
Table 7. # of Cigarettes Smoked During 2nd Trimester Compared to Non-Smokers in 
Pregnancy and Odds of CHD 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

0 Reference 1.907 0.385 - 

1-10 -0.466 1.824 0.177 0.628 (0.319,1.234) 

11+ -0.119 0.057 0.812 1.127 (0.421,3.013) 

 
Table 8. # of Cigarettes Smoked During 3rd Trimester Compared to Non-Smokers in Pregnancy 
and Odds of CHD 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

0 Reference 3.331 0.189 - 

1-10 -0.653 3.294 0.070 0.521 (0.257,1.054) 

11+ -0.154 0.059 0.808 0.858 (0.249,2.955) 

 

 We also examined the association between smoking status (smoker vs. 

nonsmoker) prior to or during pregnancy and CHDs.  A logistic regression model was 
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performed for each exposure group in order to obtain odds ratios.  Tables 9-12 display 

the odds ratios and 95% CI of the four exposure groups and CHD.   We found no 

significantly increased odds for CHD among each of the exposure groups. 

Table 9. Smoking Status 3 Months Prior to Pregnancy Compared to Non-Smokers in 
Pregnancy and Odds of CHD 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

Intercept -1.600 379.354 0.000 - 

Smoker -0.217 0.912 0.340 0.805 (0.516,1.256) 

 
Table 10. Smoking Status During 1st Trimester Compared to Non-Smokers in Pregnancy and 
Odds of CHD 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

Intercept -1.604 398.451 0.000 - 

Smoker -0.233 0.766 0.381 0.792 (0.470,1.335) 

 
Table 11. Smoking Status During 2nd Trimester Compared to Non-Smokers in Pregnancy and 
Odds of CHD 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

Intercept -1.601 403.098 0.000 - 

Smoker -0.306 1.130 0.288 0.736 (0.419,1.295) 

 
Table 12. Smoking Status During 3rd Trimester Compared to Non-Smokers in Pregnancy and 
Odds of CHD 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

Intercept -1.581 400.124 0.000 - 

Smoker -0.549 3.031 0.082 0.577 (0.311,1.071) 

 

 Finally, we examined smoking status (each trimester combined) and CHD.  

Mothers who reported smoking during any trimester were considered smokers and 

mothers who did not smoke during pregnancy were considered nonsmokers.  A logistic 

regression was performed to obtain odds ratios and 95% CI.  Again, we found that 

smoking was not significantly associated with CHD (OR=0.747; 95% CI 0.444, 1.257).  

Table 13 displays the odds ratios and 95% CI.   
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Table 13. Smoking Status (Each Trimester Combined) Compared to Non-Smokers in Pregnancy 
and Odds of CHD* 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

Intercept -1.598 394.793 0.000 - 

Smoker -0.291 1.204 0.272 0.747 (0.444,1.257) 

* = Includes only smoking status during pregnancy 

 

Prepregnancy BMI 

 

The association between prepregnancy BMI and CHD was also examined.  There 

were no statistically significant differences between mothers who were underweight, 

overweight, or obese compared to mothers who were of normal weight.  A logistic 

regression model was developed to examine the association between BMI and CHD.  

Normal weight was used as the reference category.  No association was observed 

between any of the prepregnancy BMI categories and CHD.  When overweight and 

obesity were combined into a single category to increase the sample size, there was still 

no association between BMI and CHD (OR=0.984; 95% CI 0.722, 1.342).  Table 14 

displays the odds ratio and 95% CI. 

Table 14. Association Between Pre-Pregnancy BMI and Odds of CHD 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

Normal Weight Reference 0.550 0.908 - 

Underweight 0.120 0.097 0.756 1.127 (0.529,2.403) 

Overweight 0.050 0.072 0.789 1.051 (0.730,1.512) 

Obese -0.095 0.225 0.635 0.909 (0.613,1.348) 

 

Maternal Age 

 

 The association between maternal age and CHD was examined to determine 

whether increased maternal age increased the risk for CHD.  The logistic regression 

model used maternal age as a continuous variable and then as a categorical variable.  

When age was used as a categorical variable, age group 25-29 was used as the reference 

category.  The results shown in Table 15 noted no association between age and CHD.  
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Table 15 displays the odds ratios and 95% CI for the model when age was entered 

continuously.  However, when age was entered as a categorical variable, mothers who 

were younger than 20 were less likely than mothers aged 25-29 to experience a CHD 

(OR=1.867; 95% CI 0.942, 3.700), although the p-value is slightly greater than 0.05.  

Table 16 displays the odds ratios and 95% CI for the other age categories. 

Table 15. Association Between Maternal Age and Odds of CHD 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

Intercept -1.833 26.114 0.000 - 

Age, yrs 0.009 0.460 0.498 1.009 (0.984,1.034) 

 
Table 16. Association Between Maternal Age Groups and Odds of CHD 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

25-29 Reference 3.446 0.486 - 

<20 -0.624 3.197 0.074 0.536 (0.270,1.062) 

20-24 -0.171 0.737 0.391 0.843 (0.571,1.245) 

30-34 -0.103 0.236 0.627 0.902 (0.596,1.366) 

≥35 -0.193 0.556 0.456 0.824 (0.496,1.370) 

 

Race 

 

 Mother’s racial group as a potential risk factor for CHD was examined.   Mother’s 

race was classified as: white, black, other non-white, and unknown.  White mothers were 

used as the reference category.  A small significance difference in CHD was found 

between black mothers and white mothers (OR= 0.692; 95% CI 0.493, 0.971) with black 

mothers significantly less likely than white mothers to experience a CHD.  Table 17 

displays the odds ratios and 95% CI.   

Table 17. Association Between Race and Odds of CHD 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

White Reference 5.485 0.140 - 

Black  -0.368 4.532 0.033 0.692 (0.493,0.971) 

Other Non-
White 

-0.400 3.265 0.071 0.670 (0.434,1.034) 

Unknown -0.157 0.178 0.673 0.854 (0.411,1.775) 
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Selected Maternal Risk Factors 

 

 In the final multiple logistic model, maternal smoking status during pregnancy, 

age, race, and prepregnancy BMI were all selected risk factors for CHD that were 

examined.  Smoking status (smoker vs. nonsmoker) during any trimester was the 

independent variable chosen for this model, along with age as a continuous variable.  No 

association was found after the model was adjusted for the selected maternal risk factors.  

Table 18 displays the odds ratios and 95% CI. 

Table 18. Association Between Selected Risk Factors and Odds of CHD 

Outcome: CHD Regression Coefficient Chi-square P-value Odds Ratio (95% CI) 

Age, yrs 0.000 0.000 0.986 1.000 (0.973,1.028) 

Smoking Status -0.353 1.639 0.200 0.703 (0.409,1.206) 

Normal Weight Reference 0.862 0.835 -  

Underweight 0.307 0.597 0.440 1.359 (0.624,2.959) 

Overweight 0.065 0.111 0.739 1.067 (0.729,1.560) 

Obese -0.053 0.062 0.804 0.949 (0.626,1.438) 

White Reference 4.115 0.249 -  

Black  -0.345 3.138 0.076 0.708 (0.484,1.037) 

Other Non-
White 

-0.383 2.612 0.106 0.682 (0.429,1.085) 

Unknown -0.433 0.857 0.354 0.648 (0.259,1.622) 

 

Trend Analysis 

  

 We examined the overall occurrence rate of CHD from years 2003-2013 and the 

overall rate of CHD among races, specifically blacks and whites.  The overall rates were 

determined by the # of cases divided by the # of births per year.  The CHD rates by race 

were determined by the #of cases per race divided by the # of births per year in that racial 

group.  Figures 1 and 2 display the number of cases per year, overall and by race, 

respectively.  Since 2008, we noted a slight increase in CHDs both overall and among 

whites and blacks. When year’s 2003-2013 were analyzed, CHD cases seem to be 

increasing (Figures 3 & 4).  There was also a rapid increase in the fraction of CHD cases 
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from 2008 to 2009 and a steady increase from 2010 to 2013.  Overall, the results of the 

trend analysis show a small positive linear association according to the R-squared values. 
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CHAPTER 5 

CONCLUSION 

 

This study was unable to identify an association between the selected maternal 

risk factors and CHDs.  Through the logistic regression analysis, it was determined that 

maternal smoking, prepregnancy BMI, and increased maternal age were not related to 

CHD.  More specifically, smoking status, regardless of time period the mother smoked 

during pregnancy or the number of cigarettes smoked prior to or during pregnancy, 

analysis suggested that there was no increased risk for CHD compared with mothers who 

did not smoke.  However, when examining race and CHD, blacks were less likely to 

experience a CHD compared to white mothers. We also identified that mothers who were 

less than 20 years of age were more likely to experience a CHD than mothers aged 25-29.    

 When comparing variables used in the current study by cases and controls a few 

points of interest were observed.  First, cases and controls were very similar by all 

variables ascertained from the birth certificate, except gestational age.  Second, the 

majority of both cases and controls were of normal weight, were between the ages of 20-

29, and did not smoke.   

 The trend analysis was able to determine a slight increase in prevalence of CHD 

cases overall and among race.  Specifically, white mothers experienced a higher rate of 

CHDs compared to black mother’s overtime.   From 2008-2013, CHD increased the 

most, suggesting more education on risk factors during prenatal care visits may be 

warranted.  However, these results may also indicate that prenatal care diagnosis have 

improved and more cases of CHD were determined at birth.  We were unable to ascertain 

site of birth, which could reflect the reporting of CHDs.  Perhaps certain hospitals were 
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not as consistent in their reporting of CHD, and/or their reporting increased overtime.  

According to the trend analysis, an increase in reporting may have taken place from years 

2008-2013. 
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CHAPTER 6 

DISCUSSION 

 

 The main objective of this study was to examine the effects of selected maternal 

risk factors associated with CHD.  The independent variables used in this study were 

selected based on previous research described in the background section.  Using 

Philadelphia birth certificates from years 2003-2013, we were unable to identify an 

association between smoking and prepregnancy BMI and CHD.  No association between 

each of the smoking variables and CHD was identified.  We did find that younger 

mothers are more likely to experience a CHD compared to other age groups. The analysis 

also identified that African Americans are at a slightly lower risk for CHD compared to 

white mothers.  No associations seen among the risk factors are likely due to the limited 

sample size of cases.  Overall, these findings are not consistent with the previous research 

described.  Findings may not be consistent due to the birth certificate not stating the type 

of CHD and only identifying cyanotic CHDs, which excludes approximately 75% of 

CHD cases.  This may be the reason for null findings.  Also, most studies such as the 

study conducted by Sullivan (2015), linked birth certificates to hospital discharge codes 

in order to accurately identify CHD codes and maternal prenatal smoking status.  Sullivan 

(2015) was able to identify CHD cases either by the birth certificate or by a relevant 

International Classification of Diseases, code on hospital discharge records up to ten 

years after delivery.  This process allowed Sullivan (2015) to accurately identify cases 

that were diagnosed post-delivery, resulting in a more accurate number of cases than the 

current study.  Our study did not link records, so we were unable to identify the cases 
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diagnosed post-delivery, which could have affected the sample size of cases.  Also, our 

study did not measure nicotine levels in the newborn or mother. 

The increase in overall occurrence rates of CHD does not seem to have ended yet.  

Findings suggest that there was an increase in the rate of CHDs, not only among whites 

and blacks, but overall.  Racial variations could be associated with socioeconomic status, 

lifestyle differences, cultural factors, and different environmental exposures.  Racial 

differences could also be due to the delivery site, and their ability to accurately report 

CHDs.  The findings may suggest an improvement in diagnosis and reporting of CHD, 

specifically severe defects such as cyanotic heart defects.  The findings may also suggest 

better prenatal care, resulting in earlier diagnosis, improving ascertainment of the defect.  

The challenge is being able to determine the factors associated with the increase of CHD, 

even though screening and reporting has improved.  Continuing to track trends are 

important for gathering information about CHD.  Tracking trends will help determine if 

CHD is increasing or decreasing over time, allow us to continue to investigate possible 

risk factors for CHD, and use the trends to educate mothers about CHD and help find 

ways to prevent this birth defect throughout a mother’s pregnancy. 

There are several limitations of this study that must be considered.  First, 

approximately 1 in 100 newborns per year are listed as having congenital heart defects 

(CHD).  However, from years 2003-2013 only 213 cases were identified from an average 

of 22,619 births per year in Philadelphia.  This is significantly lower than the national 

prevalence rates. The number of cases in this study are limited to those that were 

diagnosed prenatally.  Also, the Philadelphia birth certificate does not specify what type 

of cyanotic CHD was diagnosed.  Perhaps the small number of cases are due to the fact 



46 

that Pennsylvania just recently, since 2014, started screening for critical congenital heart 

defects via pulse oximetry.  This would result in a reduction in the actual number of CHD 

cases identified.  Therefore, one limitation to the study is the grouping of all cyanotic 

congenital heart defects, not having the ability to associate a specific exposure with a 

specific CHD, and the small number of cases resulting in a smaller sample size, which 

ultimately affected the power of the study.  

Also, all independent variables (i.e. maternal height, weight, and smoking status) 

were self-report by the mother.  There was no genetic information on the mother or 

newborn available, along with any environmental exposures the mother may have 

experienced prior to or during pregnancy.  These are potential confounders that could 

have an impact on CHD.  Self-reported smoking status could be inaccurate and could 

lead to misclassification of exposure status.  Birth certificates are a key data source for 

identifying causes of CHD in the U.S., but have reliability and validity issues due to self-

report, is a limitation for this study.  According to previous studies, self-report of pre-

pregnancy weight is highly reliable and accurate thus these findings may be more 

reliable.   

Additionally, our cases are limited to live-born infants and did not account for 

pregnancies that ended in miscarriage or elective/spontaneous abortion.  Since cases are 

limited to live-born infants, the case sample size is probably too small to detect any 

significant relationships.  Our estimated prevalence of CHDs is not consistent with other 

published estimates.  Furthermore, there are some potentially confounding variables that 

are not listed on the birth certificate, such as alcohol use or maternal vitamin use.  It 
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should be noted that the major strengths of this study is that it was population based and 

may be generalizable to other areas of Pennsylvania.   

The observation of an increased prevalence of CHD cases among Philadelphia 

residents is intriguing and should promote ongoing epidemiologic research to better 

understand the risk factors for cardiovascular defects.  These findings suggest further 

research is warranted in examining selected maternal risk factors such as the BMI and 

smoking interaction.  Furthermore, more studies examining and linking birth certificate 

records and  hospital discharge records may provide us with a better explanation on the 

rise in CHD cases overall in Philadelphia and risk factors associated with these increases. 
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