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ABSTRACT 

 
Background.  Alcohol-use is an identifiable and preventable risk factor among 

women seeking to become pregnant. Maternal alcohol-use during pregnancy may be 

related to congenital cardiac defects, one of the leading types of birth defects. 

Methods.  This study used data from the Pregnancy Risk Assessment Monitoring 

Surveillance (PRAMS), an ongoing national study administered in selected participating 

states.  Alcohol use and other risk factors were obtained from the PRAMS survey linked 

to birth defects data from birth certificates in 9 participating states over a ten year period 

(1996-2005).   In this study cases included infants born with a congenital cardiac defect 

as indicated on the birth certificate. Cases were compared to two control groups. One 

control group consisted of infants with no indication of a congenital abnormality on their 

birth certificate. A second control group consisted of infants born with Down's syndrome 

indicated on their birth certificate. Odds ratios for congenital cardiac defects were 

computed for maternal alcohol use, frequent drinking, binge drinking and continued 

drinking through logistic regression.     

Results.  Differences were found in the odds of congenital cardiac defects among 

mothers who reported binge drinking on more than once occasion in the 3 months prior to 

pregnancy.  Maternal binge drinking on multiple occasions was found to be a risk factor 

for congenital cardiac defects (OR 2.99; CI 1.19-7.51) when nonaffected controls were 

used as a reference group.  Significant interaction between binge drinking and smoking in 

the 3 months prior to pregnancy was noted with both control groups.   

Conclusion.    Binge drinking in early pregnancy may be a risk factor for 

congenital cardiac defects, particularly when combined with smoking.  
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CHAPTER 1 

INTRODUCTION 

The impact of alcohol use among pregnant women is a significant public health 

issue in terms of infant morbidity, mortality and associated health care and social costs.  

Maternal alcohol use during pregnancy may be related to congenital cardiac defects, a 

group of anomalies that are among the most frequently occurring types of birth defects.  

Alcohol use is an identifiable and preventable risk factor among women of reproductive 

age seeking to become pregnant.  This study explored the association between congenital 

cardiac defects and maternal alcohol use in early pregnancy and the magnitude of recall 

and reporting biases in case-control studies.       

Alcohol Use among Women of Reproductive Age 
 and Pregnant Women 

In 2005, a Surgeon General's Advisory on Alcohol Use in Pregnancy claimed that 

"no amount of alcohol consumption can be considered safe during pregnancy," and as a 

result, "a pregnant woman should not drink alcohol during pregnancy" and "a woman 

considering becoming pregnant should abstain from alcohol” (Surgeon General's Press 

Release, February 21, 2005).  This advisory was an update that substantively revised a 

1981 recommendation that pregnant women limit the amount of alcohol they consume.  

Despite this warning and a growing body of literature that points to the negative effects 

of maternal alcohol use before and during pregnancy on the subsequent health of 
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offspring, the prevalence of drinking alcohol among women of reproductive age 

continues to be reported at high levels.  According to a multi-year analysis of Behavioral 

Risk Factor Surveillance System (BRFSS) data, drinking among pregnant women 

increased from 12.4% in 1991 to 16.3% in 1995 before declining to 12.8% in 1999.  Over 

the same time period, rates of binge drinking among pregnant women increased from 

0.7% in 1991 to 2.9% in 1995 and remained relatively stable through 1999 (Centers for 

Disease Control and Prevention, 1997, 2002). The 2006 National Survey on Drug Use 

and Health (NSDUH) found that in the United States: 53% of females aged 15-44 were 

current alcohol users (defined as at least one drink in the past 30 days); 23.6% were binge 

drinkers (defined as five or more drinks on the same occasion in the past 30 days); and 

5.4% were heavy drinkers (defined as five or more drinks on the same occasion on five or 

more of the past 30 days) (Substance Abuse and Mental Health Services Administration, 

2007).  In the same year, the NSDUH reported that among pregnant women: 11.8% were 

current alcohol users; 2.9% were binge drinkers; and 0.7 % were heavy drinkers.  A more 

stable estimate consisting of 2005-2006 pooled data found the prevalence of binge 

drinking among pregnant women to be 4.6 percent (Substance Abuse and Mental Health 

Services Administration, 2007).   

According to the 2002 Behavioral Risk Factor Surveillance Survey, risk factors 

for binge drinking among women of childbearing age include younger age (18-25 or 26-

34 compared to 35 and over), white non-Hispanic race/ethnicity (compared to non-white 

or Hispanic), current smoking, not married, and impaired driving (Centers for Disease 

Control and Prevention, 2004). The 1988 National Maternal and Infant Survey reported 

similar risk factors, but noted higher prevalences of any alcohol use among higher 
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educated, higher income women, but higher prevalences of frequent drinking among 

lower educated, lower income women (Centers for Disease Control and Prevention, 

1995). Pregnancy intention, whether a woman is contemplating becoming pregnant, was 

found to be a protective factor among white women, but no differences were found 

among African-American women (Naimi, Lipscomb, Brewer & Colley-Gilbert, 2004). 

Since pregnancy recognition often occurs several weeks after conception, many 

women continue to drink alcohol before a pregnancy is confirmed (Day, Cottreau & 

Richardson, 1993).  This period of early pregnancy is crucial in the healthy development 

of several organ systems, including cardiovascular structures that are in the early stages 

of formation (Moorman, Webb, Brown, Lamers & Anderson, 2003). 

Outcomes of Alcohol Use during Pregnancy 

Maternal alcohol use is associated with a wide range of poor birth outcomes 

including fetal death, low birth weight, premature birth, small for gestational age infants, 

infant morality and birth defects (Abel, 1997; Tolstrup et al., 2003; Whitehead & 

Lipscomb, 2003).  Chronic or persistent alcohol use during pregnancy is also known to be 

a cause of fetal alcohol syndrome which is often comorbid with congenital cardiac 

defects (Institute of Medicine, 1996; Kvigne et al., 2004).  The association between 

alcohol exposure during pregnancy and congenital cardiac defects, however, remains an 

area with conflicting research results.  A recent American Heart Association Scientific 

Statement, endorsed by the American Academy of Pediatrics, noted alcohol to be a 

suspected teratogen with insufficient data to determine risks for congenital cardiac 

defects (Jenkins et al., 2007). 
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Birth defects are a leading cause of infant mortality accounting for one in five 

infant deaths in 1999 and one in four infant deaths in 2002 (Callaghan, MacDorman, 

Rasmussen, Qin & Lackritz, 2006; Petrini et al., 2002).  Birth defects were estimated to 

cost more than $2.5 billion in hospital costs alone during 2003 in the United States 

(Centers for Disease Control and Prevention, 2007).   

Among the most common types of birth defects are congenital cardiac defects, 

estimated to occur in 4 to 10 out of every 1,000 births (Pierpont et al., 2007).  From 1995 

to 1997 congenital cardiac defects were associated with 1 in 10 infant deaths and were 

the primary cause of 1 in 13 infant deaths (Boneva et al., 2001).  In 1994, the lifetime 

costs for infants born with major cardiac defects were estimated to $1.2 billion 

(Waitzman, Romano & Scheffler, 1994). 

Differences in Reporting and Recall of Alcohol Use 

Given the social stigmatization of certain behaviors, the use of self-reported data 

collected through surveys and questionnaires can be problematic when trying to 

determine accurate estimates of health-related behaviors.  Among women who 

experience poor outcomes of pregnancy this issue may be even more of a concern.  

Related to alcohol use, mothers experiencing poor pregnancy/birth outcomes may 

underreport alcohol use, frequency of use and/or intensity of use due to guilt or shame 

associated with the outcome.  Underreporting would tend to mask any effect or 

association between the behavior (alcohol use) and the outcome (i.e., birth defect, 

prematurity, and stillbirth).  Conversely, women may be more sensitive to recalling such 

behaviors and over report (report more alcohol use, more frequent alcohol use and or 

more intense alcohol use).  Over reporting would tend to bias results away from the null 
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and suggest an association or effect when one does not exist.  In either scenario, the 

direction of the bias is unknown and presents a threat to the reliability and validity of 

study results.   

One approach to limit this potential threat is the use of two control groups, one 

“affected” group with a similar outcome (i.e., birth defect) that is not related to the 

exposure and one “nonaffected” group with no apparent “poor” outcome.  This study 

used such an approach by comparing infants with congenital cardiac defects with an 

affected control group (infants born with Down’s syndrome) and a nonaffected control 

group (infants born without a birth defect). 

Study Objectives 

This study assessed the association between maternal alcohol use around the time 

of early pregnancy and the odds of congenital cardiac defects.  As alcohol use and binge 

drinking continue at high rates among women of childbearing age, it is important to 

understand how these behaviors may impact fetal development and subsequent infant and 

child health.  This study was designed to use a large representative national dataset (the 

Pregnancy Risk Assessment Monitoring System [PRAMS])  to explore the role of early 

pregnancy alcohol consumption and characteristics of maternal alcohol use in terms of 

amount, frequency and binge drinking on the outcome of congenital cardiac defects (see 

Appendix A for a list of terms). 

This study explored the association between exposure to maternal alcohol use and 

the corresponding odds of being born with a congenital cardiac defect among a sample of 

live born infants in nine U.S. states over a 10 year period (1996-2005).  The first 

objective of this study was to examine the odds of congenital cardiac defects given 
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several types of alcohol exposure during early pregnancy.  Self-reported alcohol use 

patterns such as any alcohol use (yes/no), frequent drinking (seven or more drinks per 

week) and binge drinking (five or more drinks on one occasion) were examined in the 

three months prior to pregnancy. The second objective of this study was to examine the 

differences in effect size given the use of two control groups in this retrospective case-

control study utilizing self-reported alcohol use during early pregnancy.  The case group 

consisted of infants with heart malformations selected from live births with a congenital 

cardiac defect noted on the birth certificate.  The first control group, affected controls, 

were selected from infants born with Down’s syndrome as noted on the birth certificate.  

The second control group, nonaffected controls, were selected from infants born with no 

birth defects or Down’s syndrome as indicated on the birth certificate.  Comparative odds 

ratios by frequency of alcohol exposure and patterns of drinking were examined adjusting 

for potential confounding factors (age, race, ethnicity, marital status, smoking and 

additional factors) as described in the methods section.   

The main study hypotheses were: 

• H1: Infants born with cardiac defects are significantly different in terms of 

exposure to maternal alcohol use (yes/no) in early pregnancy compared to infants 

with Down’s Syndrome or infants with no birth defects noted on the birth 

certificate (OR<>1; p<.05). 

• H2: Infants born with cardiac defects are significantly different in terms of 

exposure to maternal binge drinking (yes/no) in early pregnancy compared to 

infants with Down’s Syndrome or infants with no birth defects noted on the birth 

certificate (OR<>1; p<.05). 
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• H3: Infants born with cardiac defects are significantly different in terms of 

frequency of maternal alcohol use in early pregnancy compared to infants with 

Down’s Syndrome or infants with no birth defects noted on the birth certificate 

(OR<>1; p<.05). 

• H4: Infants born with cardiac defects are significantly different in terms of 

maternal alcohol use in the three months prior to- and the last three months of- 

pregnancy compared to infants with Down’s syndrome or infants with no birth 

defects noted on the birth certificate (OR<>1; p<.05). 

To assess the role of validity of self-reported alcohol use, this study compared two 

control groups for the fifth hypothesis: 

• H5: Mothers of infants born with Down’s syndrome (affected controls) are 

significantly different in terms of self-report of alcohol use in early pregnancy 

compared to mothers of infants without birth defects (nonaffected controls) 

(OR<>1; p<.05). 

Conclusion 

The importance of this study stems from its two main objectives to assess the 

independent association of maternal alcohol use in early pregnancy and congenital 

cardiac defects and to examine the differential impact of this association when using self-

reported alcohol data by comparing cases to two distinct control groups, one with another 

birth outcome not related to alcohol use during pregnancy (Down’s syndrome) and 

another group of infants with no birth defects.  This study’s examination of the 

association of fetal exposure to maternal alcohol use and the outcome of congenital 

cardiac defects builds upon previous research that is still inconclusive (Jenkins et al., 
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2007).  In addition, the use of two different control groups in this observational 

epidemiologic study recognized and attempted to measure the amount of recall and 

reporting biases inherent in case-control studies that utilize self-reported prior alcohol 

use.  Finally, the study may be practically significant in both the design of public health 

interventions and the direction of future research using self-reported data in a case-

control study of pregnancy outcomes.  Before elaborating on the specific methods of this 

study, it is important to have an understanding of the adverse events and outcomes of 

maternal alcohol use during pregnancy, particularly the research concerning alcohol use 

and congenital cardiac defects, the terminology frequently used to describe maternal 

alcohol use and congenital cardiac defects, and the theoretical background. 
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CHAPTER 2 

LITERATURE REVIEW 

This chapter presents a literature review that is organized into three main 

emphases:  1) background concerning the exposure (alcohol) and outcome of interest in 

this study (congenital cardiac defects); 2) the theoretical framework underlying the study 

hypotheses regarding the association between alcohol use and congenital cardiac defects; 

and 3) methodological issues that are central to the manner in which data for this study 

were collected and analyzed.   

In the first section, the prevalence, correlates, and measurement of alcohol use 

among pregnant women and women of child-bearing age provides an overview of the 

scope of drinking behaviors in this population.  This discussion along with sections on 

the epidemiology and correlates of congenital cardiac defects provide a context for the 

presentation of a handful of studies that have investigated the association between 

maternal alcohol use and congenital heart defects over the past 25 years.   

The second section presents the current support for the biological plausibility of 

pregnancy-related alcohol use as a teratogenic agent affecting fetal heart development.  

The third section details the measurement of alcohol use during pregnancy using survey 

questions and the rationale underlying the use of two control groups in this study, and 

issues related to relying on birth certificates to ascertain congenital cardiac defects.  
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Background 

The Measurement, Prevalence and Correlates of Alcohol Use among 
Pregnant Women and Women of Child-Bearing Age 

Measurement of Alcohol Use among Women of Childbearing Age   

During early pregnancy many women continue preconception behaviors such as 

alcohol use which may increase the risk of poor birth outcomes (Floyd, Decoufle & 

Hungerford, 1999; Rayburn, Rayburn, Meng & Handmaker, 2007; Tough, Tofflemire, 

Clark & Newburn-Cook, 2006).  During pregnancy, many women may fail to recognize 

that they are pregnant and differences in risky health behaviors have been found between 

women trying to become pregnant and women who are not trying to become pregnant 

(Mohllajee, Curtis, Morrow & Marchbanks, 2007; Than et al., 2005).  Studies have found 

that as alcohol use increases, unplanned and unprotected sexual activity increases and the 

rate of alcohol use is higher among women who experience unplanned, mistimed or 

unwanted pregnancies (D’Angelo, Gilbert, Rochat, Santelli & Herold, 2004; Gladstone, 

Levy, Numan & Koren, 1997; Goldstein, Barnett, Pedlow & Murphy, 2007).  Thus, the 

ideal measurement of early pregnancy alcohol use should include not only alcohol use 

since pregnancy confirmation but alcohol use since last menstrual period (LMP). 

Drinking behaviors have been measured in a variety of ways which include 

dimensions of quantity (how much), intensity (how often) and duration (how long) 

(Jacobson, Chiodo, Sokol & Jacobson, 2002; Whitehead & Lipscomb, 2003). 

Additionally, maternal drinking patterns can be described in terms of drinking behaviors 

prior to- and during pregnancy (Kesmodel & Frydenberg, 2004; Kesmodel & Olsen, 

2001; Lundsberg, Bracken & Saftlas, 1998; Whitehead & Lipscomb, 2003). 

In epidemiological survey research, any alcohol use is generally defined as one or 

more drinks in a given time period such as the past month, past year or lifetime (Dawson 

& Room, 2000; Rehm et al., 1996; Tsai, Floyd, Green & Boyle, 2007).  Standards vary, 
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but generally 1 drink is the equivalent of a “standard drink unit” defined as 12 ozs. of 

beer, 6 ozs. of wine, or 1.5 ozs. of 80 proof liquor (Lemmens, 1994; Martin & Nirenberg, 

1991).   
The operational definition of frequent alcohol use varies considerably from daily 

drinking, a few times a week, or seven or more drinks per week (Floyd & Sidhu, 2004; 

Khaole, Ramchandani, Viljoen & Li, 2004; Rayburn, Meng, Rayburn, Proctor & 

Handmaker, 2006).  Frequent drinking, or drinking on multiple occasions, during a given 

time period may occur at low or moderate levels (one or two drinks per occasion) or may 

occur at higher levels of consumption over short periods.   

Intensity of drinking, or the amount of alcohol consumed on one occasion is also 

often used to describe patterns of drinking behavior.  Five or more drinks in one sitting 

are considered an indicator of “risk” or abusive drinking (however some studies have 

used different levels for males and females reasoning that females metabolize alcohol at a 

slower rate than males).  This level of drinking may result in psychomotor impairment or 

acute consequences such as accidents or assaults rather than chronic problems associated 

with alcohol dependence (Dawson, 2003; Gmel, Rehm, Room & Greenfield, 2000; Lo, 

1996; York, Welte and Hirsch, 2003).  In many studies, such as the BRFSS and PRAMS, 

five or more drinks in one setting is referred to as “binge drinking.” 

 

The Prevalence and Trends of Alcohol Use among Pregnant Women and Women of 
Childbearing Age   
 

In 2002, an estimated 55% of women of child-bearing age used alcohol in the past 

year (Centers for Disease Control and Prevention, 2004).  In 2002, 47.5% of new mothers 

responding to the Pregnancy Risk and Monitoring System (PRAMS) survey reported 
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drinking alcohol in the three months prior to pregnancy and 5.6% of new mothers 

reported drinking in the third trimester (Williams et al., 2006).   

Anderson, Ebrahim, Floyd and Atrash (2006) found that 12.9% of preconception 

women, those planning a pregnancy in the 2002-2004 Behavioral Risk Factor 

Surveillance System (BRFSS), reported frequent drinking, defined as an average of one 

or more drinks per day in the past month, and 2.2% of pregnant women from the same 

sample reported frequent drinking.  Based on 2002, BRFSS results, the Centers for 

Disease Control and Prevention (2004) reported a higher prevalence of frequent drinking, 

13.1%, when looking at drinking among preconception women who were either looking 

to become pregnant in the next 12 months or reported not using birth control.    

Estimates of binge drinking among women vary.  Naimi, Lipscomb, Brewer and 

Gilbert (2003) found about 15% of women reported binge drinking in the preconception 

period and the Centers for Disease Control and Prevention (2004) estimated that 12.4% 

of women who might become pregnant were binge drinkers, but only 1.9% of pregnant 

women were binge drinkers.  An increase in the prevalence of binge drinking has also 

been noted among women of childbearing age for the period 2001-2003, from 11.9% to 

12.4% accounting for an estimated additional 900,000 women in the United States (Tsai 

et al., 2007).  A 2002-2003 Canadian study found that 16.4% of women planning 

pregnancy reported binge drinking in the pre-pregnancy recognition period and 35.8% of 

women not planning pregnancy reported binge drinking in the pre-pregnancy period 

(Tough et al., 2006). Binge drinking among women of child-bearing age has been 

associated with other known risk factors for poor pregnancy outcomes such as smoking 

and illicit drug use (Gladstone et al., 1997). Additionally, the women reporting binge 
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drinking are also less likely to report either having health insurance or a personal doctor 

(Anderson et al., 2006).   

As shown in Figure 1, the increase in binge drinking among women of 

childbearing age (15-44) appears to correspond closely to an increase in chronic drinking 

(an average of more than one drink per day) among women 18 years and older (Centers 

for Disease Control and Prevention, 2008).  Pregnant women, as shown in figure 2, are 

consistently found to have lower rates of any alcohol use, binge drinking and frequent 

drinking than their non-pregnant peers, however these pooled prevalence rates (from 

1995-1999) are likely underestimates of the extent of drinking among pregnant women 

since the information was collected after pregnancy recognition.   
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Figure 1.  Past Month Binge Drinking and Chronic Drinking among Females, 18 and Older, 1990-2002 
(1990-2002 Behavioral Risk Factor Surveillance System Survey Data; Centers for Disease Control and 
Prevention, 2008) 
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Figure 2.  Percentage of Pregnant Women and Non-Pregnant Women Aged 18-44 Who Reported Alcohol 
Use, Binge Drinking and Frequent Drinking, United States, 1995-1999 (Centers for Disease Control and 
Prevention; 2002) 

 

Collapsing binge drinking and frequent drinking into one category, “hazardous 

drinking,” Rayburn, et al. (2006) prospectively studied a clinic-based cohort of post-

partum women (n=4,494) from 2000-2003 in New Mexico.   Among those reporting 

hazardous drinking (n=203) prior to pregnancy, there were significant reductions in the 

number of drink units consumed per drinking episode after pregnancy recognition 

regardless of type of alcohol consumed.  Hazardous beer drinkers consumed an average 

of 7.2 (standard deviation [SD]) 4.6) drinks per episode prior to pregnancy recognition 

compared to 3.4 (SD 6.8) drinks per episode after pregnancy recognition.   Among 

hazardous wine drinkers average consumption decreased from 3.2 (SD 1.5) drinks per 

episode to 0.6 (SD 0.7) drinks per episode and among hazardous liquor drinkers average 

consumption decreased from 6.0 (SD 4.4) to 1.0 (SD 2.1) per episode. 

In this study, any alcohol use (yes/no) was measured by self-reported alcohol use 

collected by categories ranging from less than 1 drink per week to 14 or more drinks per 
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week.  Frequent drinking was measured by women reporting an average of seven or more 

drinks per week. Binge drinking was measured by five or more drinks on one occasion.  

Each of these drinking behaviors was measured in the three months prior to pregnancy 

recognition and the last three months of pregnancy.  Since the effects of alcohol on a 

developing fetus are quite extensive and in part a result of the timing of the exposure and 

the dose, the next section highlights these dimensions and the differing outcomes. 

Risk factors (which are collected and available through the PRAMS dataset used 

in this study) for alcohol consumption among women of childbearing age and pregnant 

women can loosely be classified as demographic, socio-economic, psychosocial, 

reproductive history and mother’s behavioral health.  Each of these areas are presented 

next with the factors that are available in PRAMS and were initially analyzed in 

univariate analyses for significance, as described in the next chapter which details 

methods. 

 

Demographic Correlates of Alcohol Use among Pregnant Women and Women of 
Childbearing Age 

 The demographic correlates of alcohol use among pregnant women and women of 

child-bearing age are presented in Table 1.  These demographic characteristics include 

age, race/ethnicity and marital status. 

 Age.  Studies have found that teenage women (younger than 20 years of age) are 

less likely to consume alcohol before and during pregnancy and women 30 years of age 

and older are more likely to consume alcohol during pregnancy than their 20-29 year old 

peers (Floyd et al, 1999; Meschke, Hellerstedt, Holl & Messelt, 2007).  Women aged 18-

30, however, are more likely to engage in binge drinking prior to pregnancy than older 

women (Centers for Disease Control and Prevention, 2002).  
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 Race.  White women are more likely to use alcohol prior to conception and during 

pregnancy than their African-American, Asian and Hispanic peers (Caetano, Ramisetty-

Mikler, Floyd & McGrath, 2006; Floyd et al., 1999; Tough et al., 2006; Tsai et al., 2007).  

White women are also more likely to engage in binge drinking before pregnancy (Centers 

for Disease Control and Prevention, 2002; Tsai et al., 2007). 

 Marital Status.  Single women (never married, widowed, divorced or separated) 

are more likely to use alcohol prior to- and during pregnancy than married women.  

Single women that report cohabitating are more likely to use alcohol prior to pregnancy 

than married women, but pregnant single women reporting cohabitating do not differ 

from married women in their reported use of alcohol during pregnancy (Caetano et al., 

2006).  Unmarried women are more likely to report binge drinking during preconception 

and pregnancy than married women (Centers for Disease Control and Prevention, 2002). 
 
Table 1.   Demographic Risk Factors for Alcohol Consumption among Women of 
 Childbearing Age and Pregnant Women 
Risk/Protective 
Factors 

Pregnant/Not Pregnant  
(Alcohol use or binge drinking) 

OR 
(CI) 
p 

Study 

Pregnant 
(Alcohol use) 
 

OR 1.9   
(1.3-2.7) 
p<.01 

Age: 
21-29 (compared to 
30-44)  
 Not Pregnant 

(Alcohol use) 
OR 1.5 
(1.3-1.7) 
p<.001 

Caetano et al., 2006 
 

Age: 
Teens (compared to 
20-29 Year olds) 

Not Pregnant 
(Alcohol use) 

OR 0.53 
(0.38-0.74) 
p<.001 

Age: 
30 and older 
(compared to 20-29 
Year olds) 

Not Pregnant 
(Alcohol use) 

OR 1.33 
(1.13-1.56) 
p<.01 

Meschke, et al., 2007 
 

Age:  
<19 
(compared to 25-29) 

Pregnant 
(Alcohol use) 

OR 0.5 
(0.3-0.8) 
p<.05 

Age: 20-24 Pregnant 
(Alcohol use) 

OR 0.5 
(0.4-0.8) 
p<.05 

Floyd, et al., 1999 

Age: 18-30 
(compared to 31-44) 

Not Pregnant 
(Binge Drinking) 

OR 1.7 
(1.6-1.8) 
p<.05 

Centers for Disease 
Control and Prevention, 
2002 
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Table 1 (continued).   Demographic Risk Factors for Alcohol Consumption among 
 Women of Childbearing Age and Pregnant Women 
Risk/Protective 
Factors 

Pregnant/Not Pregnant  
(Alcohol use or binge drinking) 

OR 
(CI) 
p 

Study 

Pregnant 
(Alcohol use) 

OR 0.1 
(0.4-1.4) 
p<.001 

Race/Ethnicity: 
Asian 
(compared to White) 

Not Pregnant 
(Alcohol use) 

OR 0.2 
(0.1-0.3) 
p<.001 

Pregnant 
(Alcohol use) 

OR 0.3 
(0.2-0.5) 
p<.001 

Race/Ethnicity: 
Black (compared to 
White) 

Not Pregnant 
(Alcohol use) 

OR 0.2 
(0.2-0.3) 
p<.001 

Pregnant 
(Alcohol use) 

OR 0.5 
(0.3-0.8) 
p<.01 

Race/Ethnicity: 
Hispanic (compared 
to White) 

Not Pregnant 
(Alcohol use) 

OR 0.5 
(0.4-0.6) 
p<.001 

Caetano et al., 2006 
 

Race/Ethnicity: 
White (Hispanic) 
(compared to non-
Hispanic White) 

Pregnant 
(Alcohol use) 

OR 0.4 
(0.2-0.8) 
p<.05 

Race/Ethnicity: 
Black (Non-Hispanic) 
(compared to non-
Hispanic White 

Pregnant 
(Alcohol use) 

OR 0.4 
(0.3-0.6) 
p<.05 

Floyd et al., 1999 

Race/Ethnicity: 
Non-Hispanic White 
(Compared to non-
White or Hispanic) 

Not Pregnant 
(Alcohol use) 

OR 1.97 
(1.89-2.05) 
p<.05 

Tsai et al., 2007 

Race/Ethnicity: 
Caucasian 

Not pregnant 
(Alcohol use) 

OR 2.94 
(1.98-4.36) 
p<.05 

Tough et al., 2006 

Race/Ethnicity: 
Non-Hispanic White 
(Compared to non-
White or Hispanic) 

Not Pregnant 
(Binge drinking) 

OR 2.92 
(2.69-3.17) 
p<.05 

Tsai et al, 2007 

Race Ethnicity: 
White (compared to 
non-White) 

Not Pregnant 
(Binge drinking) 

OR 2.2 
(2.0-2.4) 
p<.05 

Centers for Disease 
Control and Prevention, 
2002 
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Table 1 (continued).   Demographic Risk Factors for Alcohol Consumption among 
 Women of Childbearing Age and Pregnant Women 
Risk/Protective 
Factors 

Pregnant/Not Pregnant  
(Alcohol use or binge drinking) 

OR 
(CI) 
p 

Study 

Pregnant 
(Alcohol use) 
 

OR 3.8 
(2.3-6.4) 
p<.001 

Marital Status: 
Never Married 
(compared to 
married) Not Pregnant 

(Alcohol use) 
OR 2.2 
(1.9-2.5) 
p<.001 
 

Pregnant 
(Alcohol use) 

OR 2.8 
(1.4-5.6) 
p<.01 
 

Marital Status: 
Single (widowed, 
divorced, separated) 
(compared to 
married) Not Pregnant 

(Alcohol use) 
OR 2.0 
(1.7-2.4) 
p<.001 
 

Marital Status: 
Living with Someone 
(compared to 
married) 

Not Pregnant 
(Alcohol use) 

OR 2.4 
(1.9-3.0) 
p<.001 

Caetano et al., 2006 
 

Marital Status: 
Not Married 
(compared to 
married) 

Pregnant 
(Binge drinking) 

OR 3.7 
(2.0-6.6) 
p<.05 

Marital Status: 
Not Married 
(compared to 
married) 

Not Pregnant 
(Binge drinking) 

OR 2.3 
(2.2-2.5) 
p<.05 

Centers for Disease 
Control and Prevention, 
2002 

 
Socioeconomic Correlates of Alcohol Use among Pregnant Women and Women of 
Childbearing Age 

 Socioeconomic factors that have been found to be associated with alcohol use 

before and during pregnancy include educational attainment, employment status and 

household income.  Among women prior to pregnancy, those with some college 

compared to those with a bachelor degree or higher are at higher risk for alcohol use as 

are those women who are homemakers or retired compared to employed women (Caetano 

et al., 2006).  Among pregnant women, those with household incomes of $40,000 - 

$59,000 or $80,000 and higher are at higher risk for alcohol use than those pregnant 

women with lower household incomes (Caetano et al., 2006; Tough et al., 2006).  Among 

pregnant and non-pregnant women, those who are employed are at a higher risk of binge 
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drinking compared to unemployed pregnant and non-pregnant women respectively 

(Centers for Disease Control and Prevention, 2002).  The socioeconomic correlates of 

alcohol use among pregnant women and women of child-bearing age are presented in 

Table 2. 
 
Table 2. Socioeconomic Risk Factors for Alcohol Consumption among Women of
 Childbearing Age and Pregnant Women 
Risk/Protective 
Factors 

Pregnant/Not Pregnant  
(Alcohol use or binge drinking) 

OR 
(CI) 
p 

Study 

Some college 
(compared to  
Bachelor degree, 
some grad, graduate 
degree 
 

Not Pregnant 
(Alcohol use) 

OR 1.2 
(1.0-1.4) 
p<.05 

Caetano et al., 2006 
 

Homemaker/retired 
(compared to 
employed) 
 

Not Pregnant 
(Alcohol use) 

OR 0.6 
(0.4-0.7) 
p<.001 

Caetano et al., 2006 
 

Income => $100,000 
(compared to income 
<= $19,999) 
 

Pregnant 
(Alcohol use) 

OR 3.4 
(1.6-7.3) 
P<.01 

Income $80,000-
$99,999 
(compared to income 
<= $19,999) 
 

Pregnant 
(Alcohol use) 

OR 3.1 
(1.6-6.6) 
p<.01 

Income $40,000-
59,999 
(compared to income 
<= $19,999) 

Pregnant 
(Alcohol use) 
 

OR 1.9 
(1.1-3.4) 
p<.05 

Caetano et al., 2006 
 

Income >$101,300 
(compared to incomes 
<$32,100) 

Pregnant 
(Alcohol use) 

OR 2.36 
(1.34-4.17) 
p<.05 
 

Tough et al., 2006 

Employed 
(compared to 
unemployed) 

Pregnant 
(Binge drinking) 

OR 2.7 
(1.4-5.3) 
p<.05 

Employed 
(compared to 
unemployed) 

Not Pregnant 
(Binge drinking) 

OR 1.3 
(1.2-1.4) 
p<.05 

Centers for Disease 
Control and Prevention, 
2002 
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 Psychosocial Correlates of Alcohol Use Among Pregnant Women and Women of 
Childbearing Age 

 Women who experienced an unintended pregnancy are at higher risk for alcohol 

use than women who intended to become pregnant and white women who experience an 

unintended pregnancy are more likely to binge drink during pregnancy than white women 

who intended to become pregnant (Naimi et al., 2002; Tough et al., 2006).  Pregnant 

women reporting a depressed mood are more likely to use alcohol during pregnancy than 

pregnant women not reporting a depressed mood (Meschke et al., 2007).  The 

psychosocial correlates of alcohol use among pregnant women and women of child-

bearing age are presented in Table 3. 
 
Table 3. Psychosocial Risk Factors for Alcohol Consumption among Women of 
 Childbearing Age and Pregnant Women 
Risk/Protective 
Factors 

Pregnant/Not Pregnant  
(Alcohol use or binge drinking) 

OR 
(CI) 
p 

Study 

Unintended 
Pregnancy (compared 
to intended to become 
pregnant) 

Pregnant 
(Alcohol use) 

OR 2.31 
(1.56-3.40) 
p<.05 
 

Tough et al., 2006 

Unintended 
Pregnancy (White 
women) compared to 
Intended Pregnancy 
among White women. 

Pregnant 
(Binge drinking) 

OR 1.63 
(1.47-1.80) 
p<.05 

Naimi et al., 2002 

Depressed Mood Pregnant 
(Alcohol use) 

OR 1.12 
(1.04-1.21) 
p<.01 

Meschke et al., 2007 

 
Maternal Reproductive History Correlates of Alcohol Use among Pregnant Women and 
Women of Childbearing Age 

As presented in Table 4, among non-pregnant and pregnant women having at least 

one prior pregnancy has been found to be a protective factor for alcohol use (Floyd et al., 

1999; Meschke et al., 2007).  Pregnant women without a history of miscarriage were 

found to be more likely to use alcohol during pregnancy than women with a previous 

miscarriage (Tough et al., 2006). 
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Table 4.   Maternal Reproductive History Risk Factors for Alcohol Consumption among 
 Women of Childbearing Age and Pregnant Women 
Risk/Protective 
Factors 

Pregnant/Not Pregnant  
(Alcohol use or binge drinking) 

OR 
(CI) 
p 

Study 

Gravidity (more than 
1) 

Not pregnant 
(Alcohol use) 

0.89 
(0.85-0.94) 
p<.001 

Meschke et al., 2007 

Gravidity: 
2 (compared to 1) 

Pregnant 
(Alcohol use) 

0.6 
(0.4-0.8) 
p<.05 

Floyd et al., 1999 

Previous miscarriage: 
No (compared to yes) 

Pregnant 
(Alcohol use) 

2.34 
(1.41-3.90) 
p<.05 

Tough et al., 2006 

 
Maternal Health Behavior Risk Factors of Alcohol Use among Pregnant Women and 
Women of Childbearing Age 
 
 As presented in Table 5, smoking has been found to be a risk factor for alcohol 

use among pregnant women and women of reproductive age (Floyd et al., 1999; Meschke 

et al., 2007; Tough et al., 2006; Tsai et al., 2007).  Among women of reproductive age 

smoking has also been found to be a risk factor for binge drinking (Tsai et al., 2007). 

In summary, from this review of risk factors for alcohol use and binge drinking 

among pregnant women and women of reproductive age, a number of variables have 

been identified that are available in the PRAMS dataset for univariate analyses and 

computation of unadjusted odds ratios, as further discussed in the next chapter focusing 

on methods.  These variables include demographic factors (age, race/ethnicity, marital 

status), socio-economic factors (educational attainment, household income, employment 

status), psychosocial factors (pregnancy intendedness, depressed mood), reproductive 

history factors (gravidity, history of miscarriage) and health behavior factors (smoking). 
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Table 5.   Maternal Health Behavior Risk Factors for Alcohol Consumption among 
 Women of Childbearing Age and Pregnant Women 
Risk/Protective 
Factors 

Pregnant/Not Pregnant  
(Alcohol use or binge drinking) 

OR 
(CI) 
p 

Study 

Smoking (compared 
to no smoking) 

Pregnant 
(Alcohol use) 

OR 1.50 
(1.22-1.84) 
p<.001 
 

Meschke et al., 2007 

Smoking 1-10 
cigarettes per day 
(compared to no 
smoking) 
 

Pregnant 
(Alcohol use) 

OR 3.2 
(2.2-4.8) 
p<.05 

Floyd et al., 1999 

Smoking > 10 
cigarettes per day 
(compared to no 
smoking) 

Pregnant 
(Alcohol use) 

OR 5.4 
(3.8-7.7) 
p<.05 

Floyd et al., 1999 

Smoking (compared 
to no smoking) 

Not Pregnant 
(Alcohol use) 

OR 1.30 
(1.25-1.36) 
p<.05 

Tsai et al., 2007 

Smoking (compared 
to no smoking) 

Pregnant 
(Alcohol use) 

OR 3.0 
(2.09-4.32) 
p<.05 

Tough et al., 2006 

Smoking (compared 
to no smoking) 

Not Pregnant 
(Binge drinking) 

OR 2.93 
(2.74-3.12) 
p<.05 

Tsai et al., 2007 

The Effects of Alcohol Use during Pregnancy on Pregnancy Outcomes 

In April 2004, the Centers for Disease Control, the National Institutes of Health, 

the Substance Abuse and Mental Health Services Administration and the National 

Organization on Fetal Alcohol Syndrome adopted the broad term “Fetal Alcohol 

Spectrum Disorders” to include the wide array of fetal effects attributable to maternal 

alcohol use during pregnancy (National Association of State Alcohol and Drug Abuse 

Directors, 2008).   The effects of alcohol exposure during pregnancy are thought to be 

dependent on drinking patterns as well as additional factors that may mediate or moderate 

these relationships in a dose-response continuum (Gladstone, Nulman & Koren, 1996; 

Sampson, Streissguth, Bookstein & Barr, 2000). 
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A diagnostic classification typology of the effects of alcohol exposure was 

developed by the Institute of Medicine (1996).  The classifications included three 

categories of fetal alcohol syndrome (FAS): FAS with confirmed maternal alcohol use, 

FAS without confirmed maternal alcohol use and partial FAS.  The classifications also 

included non-FAS categories - alcohol related birth defects and alcohol 

neurodevelopmental disorder.  With regard to alcohol-related birth defects, the Institute’s 

monograph (1996) notes, “Virtually every malformation has been described in [patients] 

with FAS.  The etiologic specificity of most of these anomalies to alcohol tertatogenesis 

remains uncertain” (p. 5). 

The effects of prenatal exposure to alcohol can be described along several 

dimensions.  First, the timing of the exposure, whether early in pregnancy, late in 

pregnancy or throughout pregnancy may produce different outcomes as biological 

processes occur during fetal development.  Second, the exposure to alcohol and a given 

outcome may have a linear or threshold relationship.  In a linear relationship, any 

exposure to alcohol will produce an effect while in a threshold relationship a critical level 

of exposure to alcohol will produce an effect, but exposure below the critical level will 

not produce an effect.  Larkby and Day (1997) broadly summarize these ideas into the 

following generalities:  exposure to alcohol in early pregnancy is associated with 

morphologic anomalies, such as defects in organ systems; exposure to alcohol in late 

pregnancy is associated with growth deficiencies; and exposure throughout pregnancy is 

associated with central nervous system deficits.  Furthermore, certain outcomes, such as 

growth deficits appear to have a linear relationship with alcohol exposure, while other 

outcomes, such as morphologic anomalies appear to have a threshold relationship. 

Alcohol use during pregnancy has been demonstrated to be associated with a wide 

range of negative consequences during fetal development and continuing well after birth 

into childhood. Maier and West (2001) found alcohol use in early pregnancy and binge 

drinking throughout pregnancy to have a wide array of negative effects on fetal brain 
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development and subsequent psychomotor, behavioral, and learning skills.  Light to 

moderate alcohol use during pregnancy, though found to be protective of intrauterine 

growth retardation, increased the risk of pre-term delivery and heavier patterns of 

drinking were found to further increase this risk (Lundsberg et al., 1998).  Differential 

risks by pattern of drinking were found for small-for-gestational age infants, with 

moderate drinking not elevating risk but heavy drinking combined with binge drinking 

increasing risk (Whitehead & Lipscomb, 2003). Low-to-moderate alcohol consumption 

(one to two drinks per day) in early pregnancy was not found to increase risk for 

spontaneous abortion (Tolstrup al., 2003). Heavier drinking, however, has been shown to 

increase risk of spontaneous abortion in numerous studies (Abel, 1997). Furthermore, 

even small amounts of alcohol may have longer term neurodevelopmental effects that are 

not diagnosed or recognized until the child reaches school age (Gladstone et al., 1996; 

Maier & West, 2001).   

In addition to patterns of drinking and dose, a number of factors should also be 

considered in understanding alcohol exposure and birth outcomes including differences in 

maternal metabolism, differences in maternal genetics and the timing of exposure during 

the pregnancy and the effects of this timing on the vulnerability of the fetus (Maier & 

West, 2001). 

While most women who are pregnant do not consume alcohol, it is evident that a 

significant number of women do use alcohol, with or without confirmation of the 

pregnancy.  From this discussion, it also apparent that even a small percentage of women 

engaging in more intensive drinking may have a significant impact in terms of the 

number of infants born with problems and the costs associated with treating these infants.  

Among the most costly types of defects, in terms of both the first year of life and the life 

course are congenital cardiac defects. 
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The Prevalence and Epidemiology of Congenital Cardiac Defects 

Congenital cardiac defects consist of the following conditions: common truncus; 

transposition of the great arteries; Tetralogy of Fallot; ventricular septal defect; atrial 

septal defect; endocardial cushion defect; pulmonary valve artresia and stenosis; 

Ebstein’s anomaly; aortic valve stenosis, hypoplastic left heart syndrome, patent ductus 

arteriosus; and coarctation of aorta (National Birth Defects Prevention Network, 2005; 

Ventura, Martin, Curtin, Menacker & Hamilton, 2001).  See Table 6 for a listing of the 

ICD-9 codes and descriptions for each of these defects.  These conditions are grouped 

together on 1989 US Standard Birth Certificate as heart malformations.  In 2003, the US 

Standard Birth Certificate was revised to include only cyanotic congenital cardiac 

defects.  (These defects are in bold typeface in Table 2.)  Cyanotic cardiac defects result 

in a lack of oxygen and cause cyanosis, which is likely to be detected in the period 

between birth and completion of the birth certificate.  Non-cyanotic cardiac defects 

(common truncus, ventricular septal defect, atrial septal defect and aortic valve stenosis) 

are less likely to be recognized and contributed to underreporting of such defects in 

previous versions of the birth certificate (Martin & Menacker, 2007). Although non-

cyanotic defects can co-occur with cyanotic defects, these defects are not likely to be 

diagnosed at birth.  In this study, anomalies coded as heart malformations on the 1989 

revision and cyanotic congenital heart disease on the 2003 revision were aggregated into 

one category, “congenital cardiac defects.”  Heterogeneous aggregation, though not the 

optimal method of classification a diverse range of defects, is the approach most 

commonly used in the research related to this study given the relatively small number of 

events within each defect category (Adams, Mulinare & Dooley, 1989; Cedergren, 

Selbing & Kallen, 2002; Ferencz, Loffredo, Correa-Villasenor & Wilson, 1993; 

Martinez-Frias, Bermejo, Rodriguez-Pinilla & Frias, 2004; Shaw, Malcoe, Swan, 

Cummins & Schulman, 1992; Tikkanen & Heinonen, 1991). 
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Table 6.  ICD-9 Codes and Descriptions for Congenital Cardiac Defects 
Defect* ICD-9 Code ICD-9 Description 
Transposition 
of great 
vessels 

745.1 A congenital cardiovascular malformation in which the aorta arises entirely 
from the right ventricle and the pulmonary artery from the left ventricle, so that 
the venous return from the peripheral circulation is recirculated by the right 
ventricle via the aorta to the systemic circulation without being oxygenated in 
the lungs. 

 
Tetralogy of 
Fallot 

 

745.2 A combination of congenital cardiac defects consisting of pulmonary stenosis, 
interventricular septal defects, dextroposition of the aorta so that it overrides 
the interventricular septum and receives venous as well as arterial blood, and 
right ventricular hypertrophy. 

 
Pulmonary 
valve atresia 
& 
Tricuspid 
valve atresia
  

 

746.01 
746.02 

Congenital absence of the normal valvular orifice into the pulmonary artery. 
This condition is characterized by cardiomegaly, reduced pulmonary 
vascularity, and right ventricular atrophy. 

Ebstein’s 
anomaly 

746.2 Congenital downward displacement of the tricuspid valve with the septal and 
posterior leaflets being attached to the wall of the right ventricle. 

 
Hypoplastic 
left heart 

746.7 A condition characterized by underdevelopment of the left cardiac chambers, 
atresia or stenosis of the aorta or mitral valve or both, and hypoplasia of the 
aorta. These anomalies are a common cause of heart failure in early infancy. 

 
Coarctation 
of aorta 
 

747.1 Narrowing of the lumen of the aorta, caused by deformity of the aortic media. 
 

Common 
truncus 

745.0 A congenital anomaly in which there is abnormal communication between the 
ascending aorta and pulmonary artery just above the semilunar valves. 

 
A congenital anomaly resulting from the failure of the aorticopulmonary 
system to develop and divide the truncus arteriosus into the aorta and the 
pulmonary trunk. 
 

*(Cyanotic Congenital Heart Defects in Bold)
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Table 6 (continued).  ICD-9 Codes and Descriptions for Congenital Cardiac Defects 

Defect ICD-9 Code ICD-9 Description 
Ventricular 
septal defect 

745.4 Congenital defects in the septum between the cardiac ventricles, most often due 
to failure of the bulbar septum to completely close the interventricular foramen. 
 
Defect of the interventricular septum with severe pulmonary hypertension, 
hypertrophy of the right ventricle, and latent or overt cyanosis. 
 

Atrial septal 
defect 

745.5 A combination of atrial septal defect and mitral stenosis. 
 
 

Aortic valve 
stenosis 
 

746.3 A narrowing of the aorta in the region above the aortic valve. 
 

Source:  http://www.icd9data.com/2007/Volume1/default.htm 

Severe congenital heart defects are estimated to occur in 8 out of 1,000 live births. 

Among less common defects of the heart/cardiovascular system, the prevalence ranges 

from under 1 per 10,000 for common truncus and Ebstein’s anomaly to 4.74 per 10,000 

for transposition of the great arteries (Centers for Disease Control and Prevention, 2006). 

Among the more common forms of congenital heart defects the rates are 36.3 per 10,000 

for ventricular septal defect and 44.8 per 10,000 for atrial septal defect (Bird, Hobbs, 

Cleves, Tilford & Robbins, 2006). There were over 4,140,000 live births in the United 

States in 2005 (Hamilton, Martin & Ventura, 2006). Based on these data, between 32,000 

and 44,000 babies are born each year in the U.S. with congenital cardiac defects (Malik et 

al., 2007). 

  Congenital cardiac defects accounted for an estimated $1.4 billion in hospital 

charges for newborn infants in the United States in 2003 with an average cost per stay 

ranging from $80,814 for pulmonary valve stenosis to $199,597 for hypoplastic left heart 

syndrome.  In-hospital death rates immediately after birth are greater than 20% for 

common truncus,  arteriosus and pulmonary valve atresia, and over 30% for hypoplastic 

left heart syndrome (Centers for Disease Control and Prevention, 2007). The most 

frequent cause of infant death in the United States is pre-term birth accounting for about 

one-third of all infant deaths in 2002 (Callaghan et al., 2006).  Among infants born pre-

term, more than two times the number are born with cardiovascular malformations as the 
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number of infants born at term and an estimated 16% of infants with cardiovascular 

malformations are born preterm.  (Tanner, Sabrine & Wren, 2005). 

Though infants with complex cardiac defects often do not survive the first few 

weeks of life, less complex defects can go undetected well into adulthood (Hoffman, 

Kaplan, & Liberthson, 2004; Marelli, Mackie, Ionescu-Ittu, Rahme & Pilote, 2007).  

Figure 3 illustrates the changing survival rates in the first year of life among those infants 

born with simple and complex congenital cardiac defects over the last half-century.  

During this same period and continuing into the new millennium, the infant death rate 

(deaths prior to 1 year of age) has continued to decline (see Figure 4). 

 

Figure 3.  Estimated Survival to 1 Year of Infants with Simple and Complex Congenital Heart Defects, 
1940-1989 (Warnes, Liberthson, Danielson, Dore, Harris et al., 2001) 
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Figure 4.  Infant Deaths per 100,000 from Congenital Malformations of the Heart in the United States, 
1979-2004 (Boneva, Botto, More, Yang, Correa & Erickson, 2001; Miniño, Heron, Murphy & Kochankek 
2007) 
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Congenital cardiac defects can be diagnosed prenatally through ultrasonography 

and echocardiography.  These screening and diagnostic tools have high levels of 

specificity and positive predictive value (Bakiler, Ozer, Kanik, Kanit & Aktas, 2007; 

Buskens, Stewart, Hess, Grobbe & Wladimiroff, 1996) These types of diagnostic tools  

are discussed in more detail in a later section of this chapter focusing on birth certificates 

and ascertainment of congenital heart defects.  The important point to stress here is that 

the number of cases of congenital heart disease that are being found early in pregnancy 

has been increasing over the last several decades.  The increased effectiveness of 

diagnosing cardiac defects prenatally has led to a corresponding increase in early 

pregnancy terminations (Germanakis & Sifakis, 2006; Khoshnood et al, 2005).  Overall, 
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however, advances in screening and treatment of congenital heart disease have 

contributed to an increasing prevalence of these birth defects in the general population by 

reducing associated mortality among children, adolescents and young adults (Adams et 

al., 1989; Botto, Correa & Erikson, 2001).  The resulting increases in prevalence and 

expected lifespan has resulted in an increasing demand for more specialized and costly 

medical resources (Marelli et al., 2007). 

Figure 5 illustrates the increasing number of liveborn infants that were diagnosed 

in the Baltimore, MD and Washington, DC greater metro area with congenital heart 

disease during the 1980s and that a large portion of this increase was attributable to the 

use of fetal echocardiography during pregnancy.    

 

Figure 5.  Number of Live Births and Liveborn Isolated Cardiovascular Cases by Year at  Birth and Method 
of Diagnosis in Maryland and DC, 1981-1988 (Wilson, Correa-Villasenor, Loffredo & Ferencz, 1993) 

0

50

100

150

200

250

300

350

400

450

1981 1982 1983 1984 1985 1986 1987 1988

Years

N
um

be
r o

f C
as

es

Echocardiography

Cardiac
Catherization/Surgery

Autopsy

Number of Liveborn



 31

Figure 6, based on data from a registry of malformations from France, shows that 

while prenatal diagnosis for all types of congenital heart defects has increased, the largest 

increases are among the more severe forms of CHD including transposition of the great 

arteries, hypoplastic left heart syndrome and Tetralogy of Fallot (all forms of cyanotic 

congenital cardiac defects). 
 

Figure 6.  Prenatal Diagnosis by Type of Congenital Heart Defect, 1983-2000 (Khashnood et al., 2005) 
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 With this discussion of the changing nature of the understanding of the 

classification, prevalence and ascertainment of congenital heart defects, we can now turn 

to a review of the literature concerning the current evidence regarding alcohol use in 

early pregnancy as a cause of these defects individually and in aggregate. 

Association of Alcohol Use in Early Pregnancy and Congenital Cardiac Defects 

Table 7 summarizes 10 case-control studies and two cohort studies reviewed for 

this study by study author, study design, sample size, effect-size, exposure definition, 

outcome definition and limitations.  Overall, most of these studies suggested an elevated 
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odds ratio for congenital cardiac defects given maternal alcohol use during pregnancy, 

but failed to establish  statistical significance.  Several of the case control studies were 

limited by a small number of cases.  Additionally, the majority of these studies employed 

a crude assessment of alcohol use thus not adjusting for confounding factors.    

In a case-control study examining births in southwest Sweden between 1982 and 

1996, Cedergren et al. (2002) found no association between any maternal alcohol use in 

early pregnancy and  congenital cardiac malformations in the offspring (OR 0.95, CI 

0.69-1.31).  In a similar study in north England, Bateman et al. (2004) found no 

association between any maternal alcohol use in the three months prior to pregnancy and 

the first three months of pregnancy and ventricular septal defects among infants in 

pediatric clinics in 1999 (OR 1.39, CI 0.94-2.08).  Both of these studies used a 

dichotomous measure of alcohol exposure (yes/no) and had a relatively few number of 

cases with limited power. 

In two related studies from Finland, Tikkanen and Heinonen (1991, 1992) found 

no association between any alcohol use in the first three months of pregnancy and 

congenital cardiac malformations (OR1.2, CI 0.7-2.4) or conal heart malformations (OR 

1.5, CI 0.9-2.6), respectively.  Though the first study of congenital malformations had a 

higher number of cases (n=773), the study did not differentiate between levels of alcohol 

exposure. 

Adams et al. (1989) examined cases  of conotruncal cardiac defects born between 

1976 and 1980 in Atlanta and found no association with either any alcohol use (OR 0.72, 

CI 0.49-1.06) or binge drinking (OR 0.44, CI 0.13-1.46), defined as six or more drinks on 

one occasion, in the month preceding pregnancy and the first three months of pregnancy.  

In addition to a small number of cases (n=83), this study was limited by an extended 

period of time for collection of the alcohol exposure data (2 to 7 years after birth). 

Drawing from a total of 207 cases, Carmichael, Shaw, Lang and Lammer (2003) 

studied the association of several levels of maternal alcohol use in the month preceding 
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pregnancy and first three months of pregnancy with conotruncal cardiac defects.  No 

association was found for less than one drink per week (OR 1.2, CI 0.8-1.7), one drink or 

more per week (OR 1.6, CI 0.8-3.0), consuming five or more drinks per occasion less 

than once per week (OR 1.4, CI 0.7-2.9), or consuming five or more drinks per occasion 

once or more per week (OR 1.7, CI 0.4-7.0).  This study also had a relatively low number 

of cases (N=4, for the highest level of alcohol consumption, for example).  Additionally, 

the data regarding drinking patterns were collected an average of 3.7 years after delivery 

of the offspring. 

In a secondary case-control analysis of maternal exposures and congenital cardiac 

defects, Shaw et al. (1992) reported elevated odds, but an insufficient sample to 

determine significance for mothers reporting heavy drinking during pregnancy defined as 

four or more drinks on one occasion at least once per week or two to three drinks per 

occasion several times per week during pregnancy (OR 1.7, CI 0.58-5.2).  

Steinberger, Ferencz, and Lofredo (2002) studied 55 cases of ventricular cardiac 

defects and found no association of daily alcohol use in the three months prior to 

pregnancy and the first three months of pregnancy with cases with normal laterality (OR 

0.4, CI 0.1-3.1) or cases with abnormal situs (OR 1.0, CI 0.1-7.7).  The study included 

only 55 cases and did not specify the quantities of alcohol consumed on a daily basis.   

Ferencz et al. (1993) did not find any association between congenital cardiac 

defects and alcohol use when classified by the greatest number of drinks during the three 

months prior to pregnancy and the first three months of pregnancy.   

In a recent large case-control study from Spain, Martiez-Frias et al. (2004) found 

no association between congenital cardiac defects and alcohol use classified by four 

levels of intensity:  No more than one or two standard units of beer, wine or distilled 

spirits sporadically throughout pregnancy (OR 1.01 CI 0.76-1.34); several glasses of wine 

and/or beer with several glasses of distilled spirits sporadically (OR 1.66, CI 0.35-8.73); 

daily consumption of 250-500 ml of wine or 500-1000 ml of beer (OR 0.82, CI 0.59-
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1.15); and daily consumption of 500 ml of wine and 1000 ml of beer plus 1 or 2 glasses 

of distilled spirits (OR 1.99, CI 0.32-15.60).  The authors did find a significant 

association among women who were reported alcoholics and consumed 500 ml or more 

of wine or 1000 ml or more of beer plus distilled spirits on a daily basis (OR 11.93, CI 

1.62-246.). 

In a prospective cohort study of 24,732 births in Hungary from January 1, 1985 to 

June 30, 1990, Pejtsik, Pinter, Horvath and Hadnagy (1992) reported an association 

between regular alcohol use during pregnancy and congenital heart defects (OR 3.5 CI 

2.3-5.3).  Mills and Graubard (1987) conducted a trend analysis of levels of drinking and 

congenital defects,  including cardiac defects.  In this prospective cohort study of 32,870 

confirmed pregnant women enrolled in Kaiser-Permanente of Northern California 

between 1974 and 1977, the authors did not find a significant trend for level of alcohol 

consumed per day (none, less than one drink, one to two drinks, three to five drinks and 

six or more drinks) during the first trimester for rates of cardiac malformations (trend p 

value .90), ventricular septal defect (trend p value .24), or atrial septal defect (trend p 

value 1.00).  The study was limited, however, by a very small sample size for those 

women reporting drinking one or more drinks per day (total n=8) with infants with 

cardiac defects (total n=122). 
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Table 7.  Summary of Research Reviewed:  Association between Maternal Alcohol Use and Congenital Cardiac Defects 
Study Study 

Design 
Sample Effect Alcohol Use Outcome 

Classification 
Possible Issues 

Martinez-
Frias et al., 
2004 

Case-
Control 

4,705 Cases 
(Malformed 
Infants) 

 
4,329 Controls 
(Non-Malformed 
Infants) 

OR 1.01  
CI 0.76-1.34 

 
 
 

OR1.66 
CI 0.35-8.73 

 
 
 

OR 0.82 
CI 0.59-1.15 

 
 
OR 1.99 
CI 0.32-15.60 

 
 
 

OR 11.93   
CI 1.62 – 
246.0 

   - (1737 cases and 1633 controls). No  
   more than one or two standard units of 
   beer, wine or distilled spirits sporadically  
   throughout pregnancy. 

 
- (101 cases and 101 controls).  Several glasses 
of wine and or beer with several glasses of 
distilled spirits sporadically throughout 
pregnancy.   

 
   - (2267 cases and 2141 controls).  Daily     
   consumption of 250-500 ml. of wine or 500- 
   100 ml of beer daily. 
 

- (109 cases and 86 controls).  Daily 
consumption of 250 ml of wine or 500-1000 ml 
of beer plus 1 or two glasses of distilled spirits 
or 500 – 1000 ml of wine or 1000-2000 ml of 
beer and no distilled spirits. 

 
- (67 cases and 20 controls).  Daily 
consumption of 500 ml or more of wine or 
1000 ml of beer or more plus several glasses of 
distilled spirits and those who were reported as 
alcoholic. 
 

Any cardiac 
defect and/or 
any vascular 
defect. 

Small number of cases 
for some levels of 
alcohol exposure. 
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Table 7 (continued).  Summary of Research Reviewed:  Association between Maternal Alcohol Use and Congenital Cardiac Defects 
Study Study 

Design 
Sample Effect Alcohol Use Outcome 

Classification 
Possible Issues 

Bateman et 
al., 2004 
 

Case-
Control 

296 Cases 
296 Controls 
From 2 pediatric 
clinics in the North 
of England, 1999 

OR 1.39  
CI 0.94-2.08 

Any alcohol use in the three months prior to 
pregnancy or the first three months of pregnancy. 

Ventricular 
septal defects 

Small number of cases.  
 

No differentiation 
between levels of 
exposure. 
Outcome based on 1 type 
of cardiac defect. 

Carmichael 
et al., 2003 

Case-
Control 

207 Cases with 
Conotruncal Heart 
Defects 

 
481 Controls 
without Defects 

 
 
 
 
OR 1.2 
CI 0.8-1.7 
 
OR 1.6 
CI 0.8-3.0 
 
OR 1.4  
CI 0.7–2.9 
 
OR 1.7 
CI 0.4-7.0 
 

In the four month period that includes the month 
prior to conception and the first three months of 
pregnancy: 
 
Less than once per week drinking an alcoholic 
beverage (82 cases and 65 controls) 

 
Once per week or more often drinking an 
alcoholic beverage (20 cases and 29 controls) 

 
Less than once per week drinking five or more 
drinks on one occasion (14 cases and 21 controls) 

 
One per week or more drinking five or more 
drinks per week on one occasion (4 cases and 4 
controls) 

Conotruncal 
heart defects 
(tetrology of 
Fallot, 
pulmonary 
valve atresia 
with septal 
defect, d-
transposition of 
the great 
arteries, truncus 
arteriosus 
communis, 
double outlet 
right ventricle, 
subaortic 
ventricular 
septal defect and 
aortico 
pulmonary 
window) 
 

Small number of cases. 
 
Retrospective data 
collected an average of 
3.7 years after delivery. 
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Table 7 (continued).  Summary of Research Reviewed:  Association between Maternal Alcohol Use and Congenital Cardiac Defects 
Study Study 

Design 
Sample Effect Alcohol Use Outcome 

Classification 
Possible 
Issues 

Cedegren et al., 2002 Prospective 
Case-
Referent 

269 Cases (congenital 
cardiac defects) 

 
524 Referents 

 
From a Registry of 
175,768 births in 
Southwest Sweden, 1982-
1996. 
 
Referents matched by age 
(2:1) with Cases. 

 

OR 0.95  
CI 0.69-1.31 

Any Alcohol Use, Dichotomized 
Yes, any self-reported alcohol use 
in early pregnancy 
No, no self-reported alcohol use in 
early pregnancy 

Congenital 
cardiac 
malformations 
excluding 
persistent ductus 
arteriosus. 

Low validity 
of exposure 
information 
 
No 
differentiation 
between 
levels of 
exposure 

Steinberger et al., 
2002 

Case-
Control 

55 Cases of Single 
Ventricle Cardiac Defects) 
 
3572 Controls with no 
Cardiac Defects 

 
Baltimore Washington 
Infant Study, 1981-1989 

OR 0.4   
CI 0.1-3.1 
(Cases with 
Normal 
Laterality) 

 
OR 1.0   
CI 0.1-7.7 
(Cases with 
Abnormal 
Laterality) 

 

Daily alcohol use in the three 
months prior to pregnancy and the 
three months following pregnancy. 

Single ventricle 
with normal and 
abnormal situs. 

One type of 
cardiac 
defect. 
 
Low number 
of cases. 
 
No 
differentiation 
between 
levels of 
alcohol 
exposure. 
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Table 7 (continued).  Summary of Research Reviewed:  Association between Maternal Alcohol Use and Congenital Cardiac Defects 
Study Study Design Sample Effect Alcohol Use Outcome 

Classification 
Possible 
Issues 

Ferencz et al., 1993 Case-Control 3,377 Cases (congenital 
cardiac defects) 
 
3,572 Controls 

 
Baltimore-Washington 
Infant Study, 1981-1989 

Drinks 
Consumed 

 
1-2:   
OR 1.03  
CI 0.92-1.15 

 
3-4:   
OR 1.03  
CI 0.92-1.19 

 
5-6:   
OR 1.05  
CI 0.092-1.39 

 
7 or More:  
OR 1.08  
CI 0.81-1.43 
 

Greatest Number of Drinks 
consumed during the critical period 
(three months prior to- and first 
three months of pregnancy) 
 
1 Drink = 1 Beer, 1 6oz Glass 
Wine or 1.5 ozs of Liquor 

Congenital 
cardiac 
malformations 

Low validity 
of exposure 
information 

 
Recall bias 

 
Reporting 
bias 

 
Measures 
single 
occasion 

Shaw et al., 1992 Case-Control 141 Cases 
176 Controls 

Light 
OR 1.1 
CI 0.65-1.9 

 
Medium 
OR 0.92 
CI 0.42-2.0 
 
Heavy 
OR 1.7 
CI 0.58-5.2 

One or less drinks per occasion 
 

 
 

Two to three drinks per occasion 
less than several times per week 

 
 

Four or more drinks per occasion 
at least once a week or two to three 
drinks per occasion several times 
per week 

Congenital 
cardiac 
malformations 
as ascertained in 
the California 
Birth Defects 
Monitoring 
Program. 

Small number 
of cases. 
 
Retrospective 
data collected 
an average of 
4.6 years after 
birth. 
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Table 7 (continued).  Summary of Research Reviewed:  Association between Maternal Alcohol Use and Congenital Cardiac Defects 
Study Study Design Sample Effect Alcohol Use Outcome 

Classification 
Possible 
Issues 

Tikkanen & 
Heinonen, 1992 

Case-Control 90 Cases 
756 Controls 

OR 1.5 
CI  0.9-2.6 

Any alcohol use in the first three 
months of pregnancy 

Conus arteriosus 
syndrome 
(tetralogy of 
Fallot, 
transposition of 
the great 
arteries, truncus 
arteriosus, 
double outlet 
ventricle, aorto-
pulmonic 
window and 
pulmonic valve 
atresia. 
 

Small number 
of cases. 
 
No 
differentiation 
between 
levels of 
alcohol 
exposure. 

Tikkanen & 
Heinonen, 1991 

Case-Control 773 Cases 
1,055 Controls 

OR 1.2 
CI 0.7-2.4 

Any alcohol use in the first three 
months of pregnancy 

Congenital heart 
defects 
 

 

Adams et al., 1989 Case-Control 83 Cases 
1303 Controls 
From infant births in 
Atlanta, 1976-1980 

Any Alcohol 
Use 
OR 0.72 
CI 0.49-1.06 
 
Bing Drinking 
OR 0.44 
CI 0.13-1.46 

Any alcohol use 1 month before 
pregnancy through the third month 
of pregnancy. 

 
 

Six or more alcoholic drinks on 
one occasion 1 month before 
pregnancy through the third month 
of pregnancy. 

Conotruncal  
Cardiac Defects 

Small number 
of cases. 

 
Interviews 
conducted at 
least 2 years 
after birth and 
up to 7 years 
after birth. 
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Table 7 (continued).  Summary of Research Reviewed:  Association between Maternal Alcohol Use and Congenital Cardiac Defects 
Study Study Design Sample Effect Alcohol Use Outcome 

Classification 
Possible 
Issues 

Pejtsik et al., 1992 Cohort 24,732 births in Baranya, 
Hungary between 
January 1, 1985 and June 
30, 1990. 

Chi-Square 
(P<.05) 
alcohol 
consumption 
during 
pregnancy and 
Congenital 
Heart Disease 

 
Odds Ratio 3.5 
CI 2.3 – 5.3  

Maternal alcohol use during 
pregnancy compared to non-
alcohol user.  

 

Congenital 
cardiac defects 

No 
differentiatio
n between 
levels of 
alcohol 
exposure 

Mills & Graubard, 
1987 

Cohort Confirmed pregnancies 
in a Kaiser-Permanente 
facility between 1974 
and 1997 (n=32,970) 

Trend P Value 
.90 

Average number of drinks per day 
in first three months of pregnancy. 

Cardiac 
malformations 

Among 
infants with 
cardiac 
malformation
s, small 
number of 
women 
reporting 
drinking 
(n=126) and 
drinking one 
or more 
drinks per 
day (n=8).  
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Risk Factors for Congenital Cardiac Defects 

As with maternal alcohol consumption during pregnancy, studies have found 

conflicting results regarding maternal and infant, social, demographic and/or health risk 

factors for congenital heart disease.  Table 8 summarizes the selected literature reviewed.  
 
Table 8.  Risk Factors for Congenital Cardiac Defects  
Type of Risk 
Factor 

Risk Factor Outcome  Sig. Study-Design 

Infant Gender 
Males (vs. 
Females) 
 

Cardiac Defects 
 

OR (not reported)
p<.05  

Malik et al., 2007 
Case-Control 

Infant 
Characteristics 

Gestational Age 
(Preterm vs. 
Term) 
 

Cardiac Defects 
 

OR (not reported) 
p<.05  

Malik et al., 2007 
Case-Control 

Cardiac Defects 
 

OR (not reported) 
p<.05  

Malik et al., 2007 
Case-Control 
 

Maternal Health 
Characteristics 

Maternal 
Hypertension 
(vs. no 
hypertension) Conotruncal 

Cardiac Defects 
 

N.S. 
 

Adams et al., 1989 
Case-Control 
 

Conotruncal 
Cardiac Defects 
 

OR 5.55   
CI 2.49-12.34 

Adams et al., 1989 
Case-Control 
 

Major Cardiac 
Defects 

OR 2.67  
CI 1.43-4.99 
 

Pradat, 1992 
Case-Control 

Maternal 
Diabetes 

Cardiac Defects OR 2.98  
CI 1.85-4.81 

Ferencz et al., 1997 
Case-Control 
 

Gestational 
Diabetes 

Cardiac Defects OR 1.40  
CI 1.09-1.79 
 

Ferencz et al., 1997 
Case-Control 

 

 

Hydraminos Major Cardiac 
Defects 

OR 8.0 
CI 3.76-17.0 
 

Pradat, 1992 
Case-Control 
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Table 8 (continued).  Risk Factors for Congenital Cardiac Defects 
Type of Risk 
Factor 

Risk Factor Outcome  Sig. Study-Design 

Maternal Health 
Characteristics 
(continued) 

Obesity  Cardiac Defects OR 1.41  
CI 1.22-1.64 
 

Cedergren & Kallen, 
2003 
Case-Control 

 Severe Cardiac 
Defects 

OR 1.46  
CI 1.12-1.90 
 

Cedergren et al., 2002 
Case-Control 

Asthma Cardiac Defects OR 1.35  
CI 1.13-1.63 
 

Ferencz et al., 1997 
Case-Control 

 

Previous 
Perinatal Death 

Major Cardiac 
Defects 

OR 1.89,  
CI 1.20-2.99 
 

Pradat, 1992 
Case-Control 

Maternal 
Smoking (vs. 
no smoking) 

Cardiac Defects 
 

OR (not reported) 
p<.05  
 

Malik et al., 2007 
Case-Control 
 

 Cardiac Defects N.S. Ferencz et al., 1997 
Case-Control 
 

 Conotruncal 
Cardiac Defects 

N.S. Adams et al., 1989 
Case-Control 
 

Smoking 
(continued) 

Major Cardiac 
Defects 

N.S. Pradat, 1992 
Case-Control 
 

Maternal 
Behavioral 
Characteristics 

 

Benzodiazepine 
Use 

Conotruncal 
Cardiac Defects 

OR 3.02 
CI 1.05-8.67 

Adams et al., 1989 
Case-Control 
 

Maternal 
Demographics 

Maternal 
Employment in 
Agriculture 

Conotruncal 
Cardiac Defects 

OR 16.06 
CI 3.05-85.54 

Adams et al., 1989 
Case-Control 
 

   
A population based case-control study by Malik et al. (2007) found the following 

significant differences among mothers and  infants with congenital heart defects 

(n=3,395) compared to a reference group of controls without defects (3,924) selected 

from the National Birth Defects Prevention Study’s clinical dataset of births from 

October 1997-December 2002:  53.6% of cases were male compared to 50.1 % of 

controls (p<.05); 17.3% of cases were delivered preterm compared to 6.0% of controls 

(p<.05); 10.9% of mothers of cases had hypertension compared to 8.9% of mothers of 

controls (p<.05); and 22.0% of mothers of cases smoked during pregnancy compared to 

19.8% of mothers of controls (p<.05). 
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Adams et al. (1989) while investigating an increase in the number of congenital 

cardiac defects in Atlanta, Georgia from 1976-1980 found mothers of infants with 

conotruncal cardiac defects (n=83) to have higher rates of diabetes (OR 5.55, CI 2.49-

12.34) and stress (OR 2.39, CI 1.26-4.22) compared to controls with no birth defects 

(N=1,0303).  The study also found benzodiazepine during pregnancy as a significant 

factor (OR 3.02, CI 1.05-8.67) as well as maternal employment in the agriculture industry 

(OR 16.06, CI 3.05-85.54). 

In a case-control study in Sweden for the period 1981-1986, Pradat (1992) found 

cases with major congenital cardiac defects (n=1,108) at significantly greater odds than 

controls without birth defects (n=2,216) for: a previous history of maternal experience of 

perinatal death from a prior pregnancy (OR 1.89, CI 1.20-2.99); maternal diabetes (OR 

2.67, CI 1.43-4.99); and maternal hydraminos (OR 8.0, CI 3.76-17.0). 

In two case-control studies by Cedergren et al. (2002) and Cedergren and Kallen 

(2003) obesity (body mass of greater than 29 kg/m2) was found to be a significant risk 

factor for congenital cardiac defects (OR 1.46 CI1.12-1.90 and OR 1.41 CI 1.22-1.64, 

respectively). 

In the Baltimore-Washington Infant Study, Ferencz et al. (1993) compared 3,377 

cases of congenital cardiac defects with 3,572 controls with no birth defects and found 

elevated odds for maternal diabetes (OR 2.08, CI 1.85-4.81), maternal asthma (OR 1.35, 

CI 1.13-1.63), gestational diabetes (OR 1.40, CI 1.09-1.79).  

Botto et al. (2001) found racial variations in the prevalence of congenital heart 

defects with African-Americans experiencing higher incidences of pulmonic stenosis and 
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atrial septal defects while whites had higher incidences of transposition of the great 

arteries and other outflow defects. 

In a study of three large birth registries of congenital malformations (Sweden, 

France and California) consisting of 12,932 infants with congenital heart defects, Pradat, 

Francannet, Harris and Robert (2003) noted significant gender differences with males 

more likely to experience hypoplastic left heart syndrome, coarctation of aorta, aortic 

valve stenosis and ventricular septal defect/coarctation of aorta.  Females were found to 

be significantly more likely to have interrupted aortic arch, endocardial cushion defect, 

atrial septal defect, and atrial septal defect/pulmonary stenosis. 

Several of these risk factors (diabetes, gestational diabetes, maternal weight and 

preterm labor) are included in the PRAMS survey questions.  As discussed in the next 

chapter, these risk factors for congenital cardiac defects were included in the analyses.     

Theoretical Framework 

The theoretical framework of this study builds upon previous research in the 

context of increasing evidence for causation of congenital cardiac defects from maternal 

alcohol use in early pregnancy and, more specifically, derives from a strong biologic 

plausibility for alcohol as a teratogen.  This section reviews the current case for causation 

noting where this study may potentially build upon the existing literature.  This section 

also reviews several possible biological processes through which cardiogenesis may be 

compromised by maternal alcohol consumption. 
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Overview of Criteria for Causation 

 
In order to understand the theoretical framework of the proposed study, it is 

important to outline the potential strengths of the study in relation to Hill’s criteria for 

causation, as well as findings from previous research and scientific speculation which 

may provide evidence for a potentially causal relationship (Timmreck, 2002).  Table 9 

outlines results from prior research in terms of their contribution toward causality in this 

area of research.  Although a temporal relationship is difficult to establish in a case-

control study, this study may add to the current body of research by utilizing 

retrospectively collected data (2-6 months postpartum) that may provide a better 

assessment of early pregnancy maternal alcohol use than several other case-control 

studies which have collected the data a number of years afterwards (Adams et al., 1989; 

Carmicheal et al., 2003; Shaw et al., 1992).  Since this study relied upon a large national 

dataset over a 10 year period (1996-2005), the yield of CHD cases was higher than 

several other studies and this allowed for greater statistical power in examining the 

strength of the association between maternal alcohol use and congenital cardiac defects 

(Adams et al., 1989; Carmicheal et al., 2003; Cedergren et al., 2002; Shaw et al., 1992; 

Steinberger et al., 2002; Tikkanen & Heinonen, 1992).  Alcohol use, in this study, was 

examined at several levels (any alcohol use, number of drinks per week, binge drinking, 

number of binge drinking episodes, etc).  Several earlier studies have only reported 

results on maternal  alcohol use during pregnancy on one dichotomous level (any alcohol 

use; yes or no) (Bateman et al., 2004; Cedergren et al., 2002; Tikkenanen & Heinonen, 

1991, 1992).  Finally, this study was built upon a strong biological plausibility that 

maternal alcohol use during pregnancy is associated with the odds of a congenital cardiac 
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defect.  This plausibility is premised on the results of experimental animal studies, studies 

of other birth defects and a biological model of the exposure occurring during critical 

stages of development of the heart and circulatory system. (Institute of Medicine, 1996;  

Jenkins et al., 2007; Sampson et al., 2000). 

Table 9.  Supportive Criteria for Causation as Related to Strengths of this Study 

Criteria 
Strengths of Study Regarding Criteria and Previous Research 

Temporal Relationship: 
Does the exposure precede the 
outcome? 

Although retrospectively collected, this study collected the exposure in 
closer proximity to the outcome than several other studies (Adams et 
al., 1989; Carmicheal et al., 2003; Shaw et al., 1992). 
 

Strength of the Association This study had a comparatively large sample size to determine effect 
size (Adams et al., 1989; Carmicheal et al., 2003; Cedergren et al., 
2002; Shaw et al., 1992; Steinberger et al., 2002; Tikkanen & 
Heinonen, 1992). 
 

Dose-Response Relationship This study employed several measures of drinking frequency and 
intensity.  Several previous studies have only looked at one dimension 
of alcohol use during pregnancy (Bateman et al., 2004; Cedergren et 
al., 2002; Tikkenanen & Heinonen, 1991, 1992). 
 

Plausibility Biological plausibility has been determined through animal studies, 
studies for other birth defects, and stated as a suspected risk for 
congenital cardiac defects, but not confirmed and Fetal Alcohol 
Syndrome (Institute of Medicine, 1996;  Jenkins et al., 2007; Sampson 
et al., 2000). 

Biologic Plausibility: Etiology & Teratology 

It has been theorized that exposure to a threshold peak blood alcohol 

concentration rather than a dose-response relationship is the causal component of many 

alcohol-related birth defects (Gladstone et al., 1996; Kesmodel, 2001; Maier & West, 

2001).  Factors affecting blood alcohol concentration include maternal drinking patterns, 

maternal metabolism, genetic susceptibility, timing of alcohol consumption, and variation 

in vulnerability of different physiologic regions (Maier & West, 2001). 

Animal and human studies suggest that exposure to alcohol peak blood 

concentrations at critical points throughout pregnancy has differential effects on various 
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physiological and developmental outcome (Abel, 1997; Sampson et al., 2000).  Heavy 

alcohol exposure early in pregnancy is associated with non-viability of the fetus and 

morphologic anomalies.  Alcohol exposure throughout pregnancy has been demonstrated 

to result in compromised fetal growth and alcohol exposure in late pregnancy may result 

in developmental delays and learning disabilities (Coles, 1994).  Ferencz (1993) 

succinctly describes the process: 

“Qualitative and quantitative differences in maternal metabolism, 
detoxification, placental transmission, and release of stored teratogens 
during pregnancy may produce variable levels of fetal toxicity despite 
similar xenobiotic exposures.  In the fetus, the same end-point disturbance 
of development may result from various agents, each leading to a limited 
variety of consequent pathogenic alterations, which eventually result in 
four possible outcomes:  fetal death, malformation, growth disturbance, 
and functional deficit (p.13).” 

According to the Institute of Medicine (1996), the period between early germ 

layer differentiation and major organ formation during the period of the embryo (from the 

time of implantation in the endometrium until approximately through the eighth week of 

gestation), appears to be a particularly vulnerable period when alcohol’s effects have 

been documented in mice to affect craniofacial development, brain anomalies, ocular 

defects, skeletal anomalies, urogenital anomalies, limb anomalies, and cardiac 

development.  The Institute of Medicine includes cardiac tube, atrioventricular canal, 

ventricular septal defects and anomalies of the great vessels in the structural 

malformations that have been documented to date in mice studies. 

The field of teratology has developed a framework for understanding the 

development of malformations during embryonic development.  This framework consists 

of a genetic basis, embryonic sensitivity, the effect of toxic agents, the interaction of 

agents, and the cumulative dose.  The critical period in the search for teratogens, as 
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explained by Ferencz et al, (1993) is in the three months prior to pregnancy and the first 

three months after conception.   As related to the development of the heart in the embryo, 

the first three months of development are critical.  The mesodermal tissues that are 

precursors to the heart are now known to be at work during gastrulation, a process that 

occurs about three weeks after conception (Moorman, Webb, Brown, Lamers & 

Anderson, 2003).    

Approximately 25 days after fertilization, the developing embryo’s cardiac tube 

has initiated looping, a process which establishes the positions of the future heart 

chambers, and begun morphologically differentiating into an asymmetrical structure 

(Moorman et al., 2003; Smith & Bader, 2007).  Much of what is currently understood or 

theorized about cardiac development at this stage is based on research findings from 

animal studies using chick, rat, zebra-fish or insect embryos (Collins-Nakai & 

McLaughlin, 2002; Gittenberger-de Groot, Bartelings, Deruiter & Poelmann, 2005).  The 

effects of alcohol exposure have been studied and several mechanisms which may 

produce embryopathies consistent with congenital cardiac defects have been proposed 

(Bruyere & Stith, 1994; Li et al., 2007; Twal & Zile, 1997).  Three such proposed 

processes include the role alcohol in compromising Sonic hedgehog signaling, promoting 

retinoic acid (Vitamin A) deficiency, and restricting blood flow. 

A recent possible explanation of alcohol exposure’s effect on cardiogenesis 

involves the gene Sonic hedgehog (Shh) and its role in cholesterol modification and 

signaling (Li et al., 2007; Zhang, Ramalho-Santos & MacMahon, 2001).  In mice, a 

breakdown in the Shh signaling process results in failure to develop proper situs and 

defects in left to right differentiation during cardiac looping (Heussler & Suri, 2003).  It 
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is thought that alcohol exposure results in inhibition of the cholesterol modification of 

Shh and this process is manifested in the development of defects, including cardiac 

defects, in physiologic structures and systems affected by Shh signaling (Li et al., 2007; 

Odent, 1999).     

A second possible mechanism explaining the role of alcohol exposure on 

embryonic cardiac development involves retinoic acid (DeJonge & Zachman, 1995; Twal 

& Zile, 1997; Zile et al., 2000).  In rat studies it has been found that increasing levels of 

alcohol correspond to decreasing levels of retinoic acid (DeJonge & Zachman, 1995).  In 

studies of quail embryos, Twal and Zile (1997) found that alcohol exposure produces 

retinoic acid deficiencies during embryonic cardiac development and Zile et al. (2000) 

found an absolute requirement for adequate retinoid signaling for normal cardiogenesis 

and left/right cardiac specification.  Alcohol is thought to be a competitive inhibitor of 

retinol in the generation of retinoic acid through the process of alcohol dehyrogenase 

(Twal & Zile, 1997).   

After initial cardiac looping, the chambers of the heart begin to form through a 

process of septation.  Correct looping is required for normal septation to occur 

(Gittenberger-De Groot et al., 2005).  However, abnormal septation may occur, even in 

the presence of normal looping, and possible causes of abnormal septation include 

reduced blood flow or obstructed blood flow (Maeno et al., 1999).  It has been 

demonstrated in chick embryos that exposure to alcohol reduces cardiac output and 

results in cardiac abnormalities.  Furthermore, this relationship is dose dependent, with 

higher levels of alcohol resulting in more reduced blood flow. (Bruyer & Stith, 1994). 
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Although the primary focus of this discussion is the period from fertilization until 

about 7 weeks gestation  (early pregnancy), and during this period many major cardiac 

defects develop (including abnormalities of situs, defects of septation, conotruncal 

lesions, ventricular looping abnormalities and transposition of the great arteries), it is 

important to recognize that cardiac development continues throughout pregnancy and 

defects can continue to evolve beyond the initial periods of cardiogenesis or may occur 

after early pregnancy (Trines & Hornberger, 2004) and that the definitive origins of 

congenital heart disease remain unknown (Collins-Nakai & McLaughlin, 2002).  

Furthermore, the effects of alcohol exposure may be moderated by other factors including 

genetic predisposition (Cavieres & Smith, 2000). 

The Centers for Disease Control and Prevention (2003) in its PRAMS 

Surveillance Protocol rationale, states that self-reported measures of alcohol use are 

obtained: 

To obtain prevalence and amount of alcohol use around time of 
conception (when structural malformations can occur) and late in 
pregnancy (when the brain develops). [Furthermore], [t]he binge drinking 
questions are relevant because clinical and anecdotal reports indicate that 
many women who are not necessarily abusive drinkers have occasional or 
weekend binges in the first few weeks after conception, before they know 
they are pregnant. Relatively few studies report on this common pattern of 
drinking: binge drinking or massing five or more drinks on an occasion (p. 
D-5). 
 
Drinking is measured through a variety of ways that include measures of quantity 

(how much), intensity (how often) and duration (how long) (Jacobson et al., 2002; 

Whitehead & Lipscomb, 2003). Additionally, maternal drinking patterns can be described 

in terms of relevant time periods such as during the periconceptional period (around the 

time of conception) and perinatal (around the time of pregnancy) (Kesmodel  & 
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Frydenberg, 2004; Kesmodel & Olsen, 2001; Lundsberg et al., 1998; Whitehead & 

Lipscomb, 2003). 

As such, the effects of fetal alcohol exposure may be expressed as a function of 

maternal drinking patterns. For example, low-to-moderate alcohol consumption (one to 

two drinks per day) in early pregnancy was not found to increase risk for spontaneous 

abortion (Tolstrup et al., 2003).  Heavier drinking, however, has been shown to increase 

risk of spontaneous abortion in numerous studies (Abel, 1997).  Furthermore, even small 

amounts of alcohol may have longer term neurodevelopmental effects that are not 

diagnosed or recognized until the child reaches school age (Gladstone et al., 1996; Maier 

& West, 2001). 

The framework of this study suggests a differential risk may occur as alcohol 

consumption varies in the forms of any alcohol use, binge drinking (five or more drinks 

in one setting) or frequent drinking (seven or more drinks in one week) during the 

periconceptional and perinatal periods.   

 It is widely accepted that alcohol use during pregnancy can result in a number of 

teratogenic effects including fetal alcohol syndrome and alcohol-related birth defects 

(Institute of Medicine, 1996).  Also, it is thought that the intensity and frequency of 

alcohol use coupled with use at varying periods of embryonic/fetal development produces 

a wide range of effects from subtle psychosocial behaviors and cognitive developmental 

delays to severe physiological malformations in a number of body systems (Gladstone et 

al., 1996; Maier & West, 2001).  However, the effects of low- to moderate-alcohol 

consumption and the effects of drinking patterns of non-alcoholic women during 

pregnancy are less understood (Mills & Graubard, 1987).  Although some previous 
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research has found a moderate association between maternal alcohol use and congenital 

heart defects in newborns, other studies have reported no increased risk (Jenkins et al., 

2007).   

 Particular Methodological Considerations: Operational Definitions and  
Two Control Groups 

There are several methodological issues that are important to acknowledge in this 

study.  These issues include: 1) the measurement and operational definition of alcohol 

consumption (the exposure) in this study, including accurately measuring the timing of 

exposure during gestation; 2) the selection of appropriate comparison groups given the 

case-control design, including the advantages and disadvantages of a two control group 

design using affected and nonaffected infants; and 3) limitations of birth certificate data 

for the accurate ascertainment of congenital defects.    

Measurement of Alcohol Use:  Frequency, Intensity and Timing during Pregnancy 

Determining the timing of alcohol exposure during pregnancy is a main concern 

in understanding which biological processes may be affected at a point in time during 

gestation.  Establishing a reasonable estimate of gestational age, however, can be 

problematic due to a number of complexities.  First, establishing gestational age is 

difficult.  Gestational age can either be based on last menstrual period (LMP) or on 

clinical estimates based on ultrasound or other obstetric measurements.  Wingate, 

Alexander, Buekens, and Vahratian (2007) found general agreement between the two 

methods, but noted varying discordance for blacks and Hispanics compared to non-

Hispanic whites using the two methods with LMP estimates generally resulting in greater 
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risks for preterm birth among these comparison groups.  The authors speculate that one 

source of these differences in risk may be the time when the first prenatal visit occurs.  If 

a prenatal visit occurs later in pregnancy, the LMP estimate is more likely to be missing 

or an invalid value which would result in the clinical estimate of gestational age being 

used.   As a result, determining the point in pregnancy when alcohol exposure occurs is 

subject to error when considering gestational age as a reference point.  Furthermore, this 

error may be non-randomly distributed among certain racial and ethnic groups.  

Additionally, these same difficulties should be considered when controlling for 

gestational age as a potential confounder.  Second, retrospective data on alcohol use are 

subject to recall bias. Third, self-reported measures of alcohol use are subject to 

underreporting.  This study was not able to pinpoint the timing of alcohol exposure 

during early pregnancy.  Rather, as discussed earlier, the conceptual framework relies on 

the period of “the three months prior to pregnancy” as a proxy indicator of the first 

several weeks of pregnancy, a time between conception and pregnancy confirmation.  

The study attempted to examine the extent of recall and reporting biases through the use 

of two control groups (see next section).      

As discussed earlier, evidence from animal studies suggests that both dose-

response and threshold models can explain alcohol’s effects on various physiologic 

systems. In certain threshold models it is assumed that there is a level of alcohol 

consumption with no apparent effects (Sampson et al., 2000).  It appears that peak blood 

alcohol concentrations as a function of both the dose and rate of consumption may 

provide a useful framework for studying the effects of harmful alcohol consumption 

rather than merely relying on total volume consumed (Abel, 1997; Gladstone et al., 1996; 
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Maier & West, 2001; Sampson, et al., 2000).  This study attempted to capture these 

differences in drinking behaviors by measuring maternal alcohol use along dimensions of 

any use, frequency of use and intensity of use. 

As the understanding of alcohol consumption and associated patterns of 

consumption has progressed, researchers have refined measures of alcohol use to 

differentiate between types of drinking behavior.  Two considerations related to an 

appropriate line of questioning regarding alcohol use are the reference period (the three 

months prior to pregnancy, for example) and how alcohol use is measured in terms of 

consumption (frequency, intensity and duration).  Ascertainment of alcohol consumption 

can generally be obtained through specific questions regarding exact amounts if the 

reference period is one week or less.  Short-term periods, however, are not reliable in 

representing typical consumption over longer periods of time or for assessing the 

relationship of alcohol use for problems that have occurred prior to the reference period.  

Longer reference periods are not suitable for measuring exact consumption, but may be 

more reliable in determining typical drinking behaviors and inferring a relationship 

between alcohol and behavioral and health outcomes (Dawson, 2003).  At a minimum, 

Dawson and Room (2000), suggest that questions structured to determine quantity and 

frequency of alcohol consumption should consist of measures of usual quantity 

consumed, overall frequency and the frequency of consuming five or more drinks per 

day.  These suggestions are incorporated into the PRAMS series of questions relating to 

maternal alcohol use. 
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Selection of Controls in a Case-Control Study: Definition/Advantage  
of Affected and Nonaffected Control Groups 

Concern, particularly in reproductive outcome epidemiological research, about 

potential recall bias introduced in a case-control design has led researchers to study the 

impact of using affected control groups (i.e. comparison groups with a different adverse 

outcome not related to the exposure under study) (Drews & Greenland, 1990; Drews, 

Greenland, & Flanders, 1993; Leiff, Olshan, Werler, Savitz & Mitchell, 1999; Swan, 

Shaw & Schulman, 1992).  In the area of reproductive epidemiology, one often cited 

difficulty is that mothers of infants born with congenital or genetic defects or infants that 

experience other poor pregnancy outcomes or death may be more likely to report 

exposures, resulting in an overestimate of the true odds ratio.  However, it is also possible 

that mothers of affected infants may be more likely to underreport exposure if that 

exposure is a stigmatized behavior, such as drinking or binge drinking during pregnancy 

which would result in an underestimate of the true odds ratio.  By using two control 

groups, this study was able to investigate differences between rates of the exposure 

(alcohol use) between nonaffected and affected controls and compare each of these 

groups with the cases of congenital cardiac defects. 

Infants with Down’s Syndrome:  Affected Comparison Group 

In this study an affected comparison group consisted of live births with Down’s 

syndrome noted on the birth certificate.  This group was used to compare the association 

of maternal alcohol use before and during pregnancy on congenital cardiac defects.  As 

background, this section briefly reviews epidemiology of Down’s syndrome, in particular 

noting the lack of association between alcohol use in early pregnancy and Down’s 

Syndrome and justifies the selection of Down’s syndrome infants for an affected 

comparison group. 
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Down’s syndrome is estimated to occur in approximately 12.8 out of every 10,000 

live births (Canfield et al., 2006).  The main risk factor for Down’s syndrome is 

advancing maternal age with risk of Down’s syndrome increasing dramatically after 35 

years of age (Chan, McCaul, Keane & Haan, 1998; Doria-Rose, Kim, Augustine & 

Edwards, 2003; Torfs & Christianson, 2000).  The association of other risk factors, such 

as parity and gravidity, adjusted for maternal age is less clear and difficult to study, since 

a large portion of pregnancies with Down’s syndrome result in spontaneous abortion 

(Chan et al., 1998; Doria-Rose et al., 2003).  In a cohort study from South Australia, 

Chan et al. (1998) studied 197,912 live births and terminations from 1986-1995 and 

found a relative risk of Down’s syndrome given advanced maternal age of 1.20 (CI 1.14-

1.26). 

Maternal alcohol use has not been shown be a risk factor for Down’s syndrome.  

Torfs and Christianson (2000) analyzed the California Birth Defects Monitoring Program 

data for 1991-1993 and found no increased odds for Down’s Syndrome (n=997) by 

maternal alcohol use among cases for either one to three drinks per week during 

pregnancy (OR 0.98, CI 0.72-1.33) or four or more drinks per week during pregnancy 

(OR 0.54, CI 0.34-0.85) compared with controls without birth defects (n=1,007).  

Similarly, Stoll, Alembik, Dott and Roth (1998) found no association between maternal 

alcohol use during pregnancy and Down’s syndrome in 398 cases of Down’s syndrome 

and 398 controls matched for maternal age from 238,942 consecutive births in France 

from 1979-1996. 

 In a study of three birth registries (California, Sweden and France), Harris, 

Francannet, Pradat and Robert (2003) studied comorbidity of chromosomal abnormalities 

in 12,932 infants born from 1983-1992 with congenital cardiac defects.  Chromosomal 

abnormalities were found to occur in 2,334 (18%) of infants with heart defects.  Down’s 

syndrome was the most prevalent chromosomal abnormality occurring in 264 (2%) of 

these infants.   
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 Fixler and Threlkeld (1998) studied the association of prenatal exposures with 

congenital heart defects in infants born with Down’s syndrome.  The case-control study 

included 89 cases with Down’s syndrome and congenital cardiac defects and 82 controls 

with Down’s syndrome.  No association was found for maternal alcohol use in the three 

months prior to pregnancy and the first three months of pregnancy.  The authors 

speculate that the statistical power of the study was inadequate. 

Measurement of Pregnancy Outcomes: Limitation with Birth Certificate Data 

Birth defects apparent at birth are likely to be recorded on birth certificates and 

despite a low overall sensitivity for detecting the true number of cases of birth defects, 

the positive predictive value is reasonable for some disorders such as Down’s syndrome.   

Underreporting of birth defects is believed to be due to a number of factors including: the 

defect is unknown at the time of birth; and a frequent lack of understanding of the 

terminology among the staff responsible for entering this information results in coding 

errors.   

The positive predictive value of birth certificate data in determining congenital 

cardiac defects, the outcome of interest, has not been adequately addressed.  Most of the 

studies to date that have investigated at these issues addressed selected birth defects and 

excluded heart anomalies.  One study did examine the positive predictive value of birth 

certificates for cardiac defects among pregnant women receiving Medicaid in New Jersey 

and enrolled in a prenatal care program.  The authors found a positive predictive value of 

44.99% for cardiac defects on the birth certificate when compared to the program’s case 

management records (Reichman & Hade, 2001). In a study examining a representative 

sample of births in Indiana comparing birth certificates to hospital records, a positive 
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predictive value of 99.7% was reported (Zollinger, Przybylski & Gamache, 2006).  From 

these two examples, it can be seen that the variability in defects reported between states is 

likely to be high; however, in the absence of research on this topic it is difficult to 

speculate on which states or jurisdictions are the most consistent in reporting the variety 

of birth defects on the birth certificate. 

The positive predictive value of fetal echocardiography is high, approaching 

100% (Bakiler et al., 2007; Comas-Gabriel et al., 2002).  In a systematic review of fetal 

echocardiography among unselected and low-risk populations, Randall, Brealey Hahn 

and Khan (2005) reported specificity for all types of congenital heart defects to range 

from 99.6 to 99.9 and sensitivity to range from 35.4 to 86.1; however, among major 

defects the sensitivity was much higher ranging from 83.3 to 94.0.  Intuitively, it would 

seem that babies with a prenatal diagnosis of congenital heart defects are likely to have 

this recorded on their birth certificate and these babies are likely to be infants with the 

most complex types of heart defects that require intervention soon after birth.   Wren, 

Reinhardt and Khawaja (2008) studied 20 year trends in the diagnosis of neonatal 

cardiovascular malformations in England between 1985 and 2004 and found that 70.4% 

of congenital cardiac defects were diagnosed prior to initial hospital discharge after birth.   

Down’s syndrome can be diagnosed prenatally through a number of screens 

including ultrasonography, amniocentesis, chorionic villus sampling, and the triple or 

quadruple screen. The proportion of cases that are diagnosed prenatally or at birth is low 

as reflected in the low sensitivity of overall birth defects reported on birth certificates, but 

the positive predictive value of those identified as Down’s syndrome on the birth 

certificate is relatively high (generally, over 90%) (Hexter et al., 1990). 
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The use of birth certificates as a source of ascertainment for cases and controls, 

therefore, was premised on the belief that the positive predictive value of the birth 

certificate was adequate for congenital cardiac defects and for chromosomal 

abnormalities, including Down’s syndrome, and that use of this classification was 

adequate for the large sampling frame that was used.  Additionally, it would seem that 

those infants with congenital cardiac defects identified on the birth certificate are more 

likely to have complex malformations of the heart including multiple conditions (e.g. 

more than one heart defect).  Infants identified as Down’s syndrome on the birth 

certificate are more likely to have been identified through prenatal screening and are 

more likely to have been born to older mothers (35 years of age or older).  For this 

reason, age was one of the variables studied as a potential confounder.  Misclassification, 

based on false negatives (those infants not identified through birth certificates), if 

possible.  This type of misclassification tends to bias any noted effect towards the null. 

Summary 

The background discussed above demonstrates that alcohol use during pregnancy 

and congenital heart defects continue to be chronic public health issues with significant 

costs in terms of morbidity, mortality and associated short- and long-term costs.  Alcohol 

exposure during pregnancy as a risk factor for congenital heart defects is biologically 

plausible, though research has yet to demonstrate this link with a rigor that approaches 

causality.  The proposed study is designed to address several limitations of previous 

retrospective case-control studies including an improved sample size, better measures of 

alcohol use during early pregnancy, and the incorporation of two different comparison 

groups to measure the extent of reporting and recall biases.   
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CHAPTER 3 

METHODS 

Overview 

This study is an exploratory case-control study consisting of three groups of 

infants: infants with congenital cardiac defects (cases); infants with Down’s syndrome 

(affected controls); and infants with no apparent birth defect (nonaffected controls). 

Broadly speaking, this chapter describes the methods used to determine: 1) the study 

sample or how the study’s sample (n=1,267), consisting of 237 cases with congenital 

cardiac defects, 82 affected controls with Down’s syndrome, and 948 nonaffected 

controls with no apparent birth defect, was chosen from 123,124 surveys in nine 

participating states; 2) the study measures included in the analysis from the Pregnancy 

Risk Assessment and Monitoring Surveillance (PRAMS) survey and birth certificates; 

and 3) the statistical tests employed to answer the study’s hypotheses. 

 This study’s hypotheses were tested using data from the PRAMS survey linked to 

birth certificate data to determine the association between maternal alcohol use in early 

pregnancy and the odds of congenital cardiac defects in offspring of surveyed mothers.  

Cases of infants with congenital cardiac defects, affected controls with Down’s 

syndrome, and nonaffected controls without an apparent birth defect were compared on 

measures of any alcohol use, frequent drinking, binge drinking and continued drinking 

throughout pregnancy.  Maternal alcohol use measures were based on self-reported 

responses to survey questions designed to collect information about two time periods: 
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the three months prior to- and the last three months of- pregnancy.  Demographic, socio-

economic, maternal reproductive history, infant health and maternal health variables 

found to be significantly associated with congenital cardiac defects as determined by 

univariate analyses were entered into a binomial logistic regression model.  Complex 

samples logistic regression was used to test the weighted sample for association of 

alcohol use, frequent drinking, binge drinking and continuous drinking (in both time 

periods) with congenital cardiac defects.  The resulting odds ratios were compared for 

differences when using affected controls and nonaffected controls as the reference group.   

Chapter Organization 

This chapter is organized into four main sections starting with a general 

discussion of PRAMS and moving to specific techniques used for this study’s sample 

selection and analyses:  

1)  The first section provides an overview of the PRAMS survey.  Included in this 

section are a discussion of the PRAMS survey instrument, an explanation of states 

that participate in PRAMS, and a summary of the Center for Disease Control and 

Prevention’s (CDC) protocol for survey administration, survey sampling, quality 

assurance and weighting procedures.  The section concludes with a description of 

the inclusion and exclusion criteria for the national PRAMS dataset.   

2) The second section consists of a detailed rationale of how PRAMS states were 

prioritized to determine feasibility for this study. This section summarizes the 

inclusion and exclusion criteria for the 12 states that were initially asked to 
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participate in this study, the nine states that eventually agreed to participate and 

the selection of cases and controls from these nine states. 

3) The operational definitions and levels of measurement for the study’s variables 

including the outcomes that determined case/control group assignment, exposures, 

covariates and possible interaction and/or confounding variables are presented in 

the third section.   

4) The final section of this chapter provides a description of the dataset assembly 

procedures, power analyses, descriptive statistics, and the inferential statistical 

tests for each of the study’s hypotheses.  This section also describes potential 

limitations of the study’s case-control design and retrospectively collected survey 

data. 

Threats to reliability and validity are covered at several points throughout the 

chapter.  The first three sections address issues related to the reliability of the 

questionnaire and selected measures as well as the external validity or the extent to which 

the study’s findings are generalizable.  The fourth section, a discussion of statistical 

procedures points to the study’s internal validity, or the extent to which the study’s 

findings point to a causal relationship and control for potential threats such as 

confounding.   
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The Pregnancy Risk Assessment Monitoring and Surveillance (PRAMS) Survey 

Survey Instrument 

PRAMS is an ongoing, CDC supported surveillance project that is carried out in 

participating states.  One of the program’s aims is to monitor risk factors associated with 

poor birth outcomes among women who have a baby so that states can ultimately use this 

information to design appropriate public health interventions to reduce these risks.  

Appendices C and D contain the core and standard questionnaires that comprise the 

PRAMS instrument, respectively. 

The survey was conceived in 1987 when it became apparent that the national 

infant mortality rate was slowing in its rate of decline over previous decades 

(http://www.cdc.gov/PRAMS/).  The original PRAMS questionnaire was piloted in 1988 

and 1989.  Since the original questionnaire was piloted, there have been five versions of 

the questionnaire which have been used.  A sixth phase is scheduled for implementation 

in 2009.  The instrument is periodically updated to improve reliability and address 

emerging issues (Colley-Gilbert, Shulman, Fisher & Rogers, 1999).  The current version 

of the questionnaire consists of a core instrument with 32 indicators in a number of 

domains including alcohol use, smoking, breastfeeding, family planning, maternal health, 

infant health, and stress and social support.  In addition states can develop their own 

questions or chose from 124 standard questions on 32 topics that have been developed 

and tested for validity and reliability by the CDC or states that field test them.  This study 

utilized core data from the 3rd-  (1996-1999), 4th- (2000-2003) and 5th-  (2004-2008) 

editions of the PRAMS questionnaire.  The series of questions (See Appendix B, 

questions 28-30b) that were included to obtain information on alcohol exposure and 
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characteristics of alcohol use in the three months prior to- and the last three months of- 

pregnancy have not changed over the time period of this study, 1996-2005 

(www.cdc.gov/PRAMS/Questionnaire.htm).  

States Participating in PRAMS 
 

In 1988, four states implemented PRAMS surveillance.  Since then the number of 

participating states has increased significantly.  Currently, in 2008, 37 states, New York 

City, and the Yankton Sioux Tribe in South Dakota are active in collecting PRAMS 

surveys.  In 2005, the last year of this study’s time period, 26 states and New York City 

participated in PRAMS.  Response rates in 2005 ranged from 59% in Texas to 87% in 

Utah (See Appendix D, PRAMS Response Rates).  Generally speaking, response rates in 

PRAMS have been adequate with most states meeting or exceeding the 70% response 

rate threshold set by the Centers for Disease Control and Prevention (Adams, Shulman, 

Bruce, Hogue & Brogan, 1991; Shulman, Colley-Gilbert & Lansky, 2006).  The CDC 

recommends the exclusion of states with a response rate below 70% during a given year 

in research studies and does not publicly release states’ data with response rates below 

this threshold.   

PRAMS Protocol 

Survey Administration 

States follow a detailed standard protocol for administering PRAMS.  Figure 7 

summarizes the PRAMS recommended time frames for each step after a woman is 

selected for the sample.     
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Figure 7.  Steps in the PRAMS Data Collection Process and Timeline (PRAMS Surveillance Model 
Protocol, 2006) 

 
Post-partum women selected through systematic stratified sampling are mailed an 

introductory mail packet that includes an informational letter about the PRAMS project 

and its purpose.  Within seven days of sending the introductory packet, an initial survey 

packet is mailed.  To increase response rates, the survey package includes materials 

explaining the PRAMS survey, how women are chosen for participating, instructions for 

filling out the survey, a calendar to aid memory and an optional incentive such as gift 

cards or baby supplies. 

Three survey mailings are sent to selected women unless there is no response.  

The mailed survey is self-administered.  If mailed survey attempts do not result in a  
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completed survey, and no refusal to participate has been obtained, a minimum of 15 

follow-up calls are made at varying times throughout the day to attempt to complete the 

survey by telephone interview.  Since phone numbers are not part of the birth certificate 

record, states use a number of sources to attempt to contact the mother by phone.  These 

sources include:  directory assistance, Medicaid, WIC, other state databases such as birth 

defects registries, internet databases, motor vehicle registration records and voter 

registration records (PRAMS Model Surveillance Protocol, 2006). 

Women are selected into the sample 2-6 months after delivery of their infant.  The 

delay between birth and initial contact allows for women to respond to questions about 

the early post-partum period.   The complete data collection cycle from initial letter to 

completed survey can last up to 95 days. 

Survey Sample   

In any given year a proportion of women of childbearing age become pregnant.  

Of these pregnancies, some are electively terminated, some are spontaneously terminated 

through miscarriage and some result in fetal death through stillbirth.  The remaining 

pregnancies result in the live birth of an infant (singleton) or infants (multiple births).  

The PRAMS sample selection criteria are based on stratified systematic sampling of live 

births with a random starting point within each stratum.  Samples are generated on a 

monthly basis from recent birth certificates in each participating state (Adams et al., 

1991).  Thus, PRAMS is not representative of pregnancies, only of pregnancies resulting 

in live births within a participating state during a given year.  Additionally, infants who 

were adopted at birth, infants with non-state resident mothers, infants born out-of-state to 

resident mothers, infants born to mothers who are under age 15, infants with birth 
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certificates that do not capture the mother’s last name, and infants with birth certificates 

that are processed more than 6 months after birth are excluded from the PRAMS sample.  

For multiple births, one infant from a twin or triplet birth, may be included, but multiple 

gestations with greater than 3 infants (quadruplets and quintuplets, for example) are 

excluded because of the unique circumstances which are unlikely to be representative of 

women’s general experiences (PRAMS Model Surveillance Protocol, 2006).  

After a birth certificate is selected for inclusion in the state’s PRAMS sample  

from the state’s  sampling frame of live births through stratified systematic sampling, 

there are a number of factors that may impact if a woman completes the survey regimen.  

These factors include whether selected mothers elect to participate and whether a selected 

mother can be contacted.  Participation in PRAMS is voluntary, therefore all selected 

mothers may refuse to participate. A typical concern is that mothers with poor birth 

outcomes may be more likely to refuse to participate than mothers with better more 

optimal birth outcomes.  In addition to refusal, a mother may not be able to be contacted 

either because of erroneous information on the birth certificate, relocation since birth, or 

other circumstances such as institutionalization or incarceration which preclude PRAMS 

administrators from locating the mother.  As already mentioned, completed surveys may 

also be excluded from the national dataset by the Centers for Disease Control and 

Prevention based on a state’s data quality evidenced through low response rates (less than 

70%) or incomplete survey responses.      

Sample Selection and Sample Size 

Each state may stratify their sampling design based on up to two of the following 

variables:  birthweight, race/ethnicity, maternal education, maternal age, geographic area, 
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and Medicaid status.   This allows states to oversample in subpopulations of interest.  The 

general process to determine adequate sample size considers a number of factors 

including the total number of resident births during the time period, the number of 

exclusions based on criteria discussed above, the unadjusted sample size for each stratum 

(an estimate based on the preferred precision desired), a finite population correction for 

strata with small samples, and the estimated response rate that could be expected.   For 

large populations within a stratum, the CDC suggests about 400 surveys (the unadjusted 

stratum sample size) are required based on an estimated proportion of 50% for a 

dichotomous variable at a confidence level of 95 percent.  To estimate the response rate, 

the CDC suggests an estimate of between 70% and 75% for high risk populations and an 

estimate of between 75% and 85% for low risk populations.  For a simple example, in a 

state stratifying on age group with four groups (under 18, 18-24, 25-34, and 35 or older), 

400 surveys from each stratum would be required.  Assuming each stratum is a large, 

low-risk population and a 75% response rate could be expected, the sampling frame 

should include about 533 women (400/.75) in each stratum.    

Based on these considerations, the average annual required sample size for states 

is within the range of 1,600 to 2,500 surveys annually (CDC Model Surveillance 

Protocol, 2006).  The actual percentages of total occurring births that are sampled within 

a state varies widely since states with smaller populations survey larger proportions of 

total births than states with larger populations.  Rhode Island, for example, completed 

2,030 surveys in 2004 with 12,779 births occurring during the year (response rate 75%).  

Overall, completed surveys accounted for 15.9% of all births.  Michigan, on the other  
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hand, completed 1,890 surveys in 2004 and had 129,776 total births in the same year 

(response rate 70%).  Completed surveys in Michigan only accounted for 1.5% of all 

births. 

Quality Control 

The Centers for Disease Control and Prevention rigidly evaluates, on an ongoing 

basis, the quality of samples, both in terms of response rates (those completing the 

survey) and responses (the quality of the dataset) through several routine activities.  First, 

response rates are tracked to ensure an adequate sample that is representative of the 

state’s annual births and statistically sufficient for generalizing results to the experiences 

of women with live births within the state.  As mentioned above this typically involves 

estimating an assumption of a 50% proportion for a dichotomous variable and confidence 

level of 95 percent (for strata with large populations).  Based on the results of prior year 

sampling and responses and comparison with birth distributions from the same year, the 

CDC makes necessary modifications to sampling fractions in the weighting of the data to 

ensure an approximation of total occurring births within a state.  Second, CDC pilot tests 

questions with each revision to the survey.  Pilot testing includes the use of university 

faculty, focus groups, analysis of response distributions and review of comments.  Items 

with poor homogenous distributions (greater than 90% with the same response, for 

example) or high levels of missing data are revised accordingly (Adams et al., 1991).  

Third, CDC carefully monitors the sampling procedures through four evaluative analyses:  

sampling frame bias; selection bias; sampling fractions; and multiple birth selection 

(Centers for Disease Control and Prevention, 2003).  Sampling frame bias occurs through 

inclusion of ineligible records or exclusion of eligible records.  CDC compares the annual 
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sampling frame to the complete annual birth certificate registry to identify the extent of 

sampling frame bias exists and adjusts weights accordingly.  Selection bias occurs when 

the sample selected is not representative of all births in the area sampled.  CDC compares 

the sample to the sample frame using the distributions of demographic variables 

(maternal age, maternal education, marital status, race, county of birth, hospital of birth) 

for the state as a whole.  When sampling bias occurs, CDC identifies the source(s) of bias 

and examines the sampling procedures.  The procedures are then adjusted as needed to 

correct identified sampling biases.  If the necessary corrective actions do not produce an 

adequate sample in accordance with CDC’s methods, the resulting data are excluded and 

not made available for public use.  The CDC also compares the sample sizes with the 

sampling frame to determine that the sampling fractions are applied correctly.  

Discrepancies result in a review of the algorithm and appropriate corrections.  Finally, 

multiple births increase the probability of selection and to compensate, The CDC adjusts 

sample weights accordingly in the weighing algorithm and verifies that states are 

adhering to procedures for identification and selection of multiple births (Centers for 

Disease Control and Prevention, September 2003). 

Weighting   

 Since PRAMS employs a systematic stratified sampling design, the data were 

weighted.  The Centers for Disease Control and Prevention provides three weighting 

factors.  These factors are: 1) an adjustment for sample size, 2) and adjustment for non-

response; and 3) an adjustment for omissions in the sampling frame.  Thus, the analysis 

weight is comprised of three factors:  sampling weight, a unit nonresponse weight and a 

sampling frame noncoverage weight that are multiplied and produce an analysis weight. 
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(Centers for Disease Control and Prevention, 2003).  Table 10 summarizes these 

weighting factors.   

Table 10.  PRAMS Survey Weighting Factors 
Weighting Factor Formula 
Sampling Weight Wsi = Ni / ni 

 
Where:    
Ni = Total number of sampling frame records in stratum I 
ni = Total number of records sampled for stratum I 

Unit 
Nonresponse 
Weight 

Wnij = nij / rij 
 
Where: 
nij  = Total number of records sampled for stratum I with J nonresponse  characteristic. 
rij = Total number of respondents in stratum I with J nonresponse  characteristic. 

Noncoverage 
Weight 

Wck = (Nk + N*
k) / S  

 
Where: 
Nk = Total number of records actually in sampling frame from k-th category of 
associated variables. 
N*

k = Total number of eligible records omitted from sampling frame from k-th 
category of associated variables 
S = Sum of Wsi 

Analysis Weight Wijk = Wsi  *  Wnij  *  Wck 

 
Source:  PRAMS Surveillance Model Protocol, 2006 

The sampling weight is the reciprocal of the selection probability for a stratum 

and the sum of the sampling weights for all mothers in a stratum equals the population 

within the stratum.  States typically stratify their samples on race, birthweight, population 

density or a combination of these characteristics.  The unit nonresponse weight is 

computed based on the relationship of characteristics within a stratum that are associated 

with response.  The CDC considers these characteristics to include maternal age, 

maternal education, marital status, trimester of initial prenatal care visit, parity, race, 

ethnicity and unknown birthweight.  The sampling frame noncoverage weight is an 

adjustment for mothers who were not included in the sampling frame.  To compute this 

the CDC identifies characteristics associated with noncoverage.  Such characteristics may 

be the stratum itself (race, for example) or geographic attributes such as the mother’s 
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county of residence or the hospital of delivery.  The mothers in the sampling frame are 

added to the mothers who are not in the sampling frame to produce the “corrected frame.”  

The number of mothers in the corrected sampling frame in the noncoverage category is 

then divided by the number of mothers in the original sampling frame in the noncoverage 

category to calculate the sampling frame noncoverage weight. 

 The sampling and weighting methods used for PRAMS require the data to be 

analyzed in a statistics software package capable of adjusting for analysis weight, stratum 

and population to produce a representative sample of births occurring within a state 

during a year.  For this study SPSS 16.0 Complex Samples was used to perform the 

weighted data analyses.  Weighting in SPSS Complex Samples requires entering of the 

strata identification variable, the analysis weight, the estimation method (equal 

probability sampling without replacement), and population size.  The analysis weight, 

population size and total count variables for the population were provided as part of the  

CDC PRAMS dataset.  Appendix E contains a list of the sampling strata by state. 

 This section has provided an overview of PRAMS, the CDC protocol for survey 

administration and the proscribed sampling and weighting procedures designed to 

provide a representative sample of births occurring within participating states annually.  

Table 11 summarizes the inclusion and exclusion criteria for the National PRAMS 

Dataset.  In the next section, the procedures for selecting a subset of states and 

identifying cases and controls for inclusion in this study are detailed. 
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Table 11.  Inclusion/Exclusion Criteria for the National PRAMS Dataset  

Level of Selection Inclusion Criteria Exclusion Criteria 
Live birth of infant. 

 
 
 
 
 

Selective and spontaneous 
abortions, stillbirths or miscarriages. 
 
Birth occurs in state in which 
mother is a non-resident. 
 
Adoption of infant at birth.  

Completed birth certificate 
available in state’s vital statistics 
records. 

Birth certificate not available in 
sampling frame. 

Selected through stratified 
systematic sampling procedures.  
Sampling strata vary by state. 
 
 
 
 

Not selected through sampling 
procedures. 
 
Refusal to participate. 
 
No response to mailings  
 
No response to phone calls. 

Successful contract with mother. Incorrect contact information. 
 
Not able to contact mother. 

National PRAMS Sampling 
Selection 

Agreement to participate in survey. Refusal to participate in survey. 
State participates in PRAMS 
during 1996-2005. 

States not participating in PRAMS. PRAMS State Selection 

State dataset meets CDC quality 
control standards (70% or higher 
response rate). 

State dataset fails to meet CDC 
quality control standards (response 
rate lower than 70%). 

Selection of Study Sample 

 In order to obtain the outcome of interest (congenital cardiac defects) and for 

assignment of affected controls (Down’s syndrome) and nonaffected controls (infants 

with no birth defects) it was necessary to obtain birth certificate data from individual 

states in addition to the PRAMS survey data provided by the CDC.  The two sources of 

data are linked through a PRAMS unique identifier which is assigned at the time the 

sample is drawn from the birth certificate pool within a state.  The inclusion of birth 

certificate data in this study presented two potential barriers.  First, each state is assumed 

to have varying levels of quality of birth certificate data with respect to recorded birth 

defects.  Therefore, some way of limiting bias based on non-reporting or underreporting 
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of defects needed to be considered.  Related to this concern was the realization that a 

sufficient number of cases were needed to complete the analyses of this study and 

provide adequate statistical power to test the hypotheses.  Second, restrictions on the 

release of vital statistics data presented realistic barriers to certain states participating in 

this study.  Some states, for example, prohibit the release of birth certificate data.  For 

these reasons, it was not practical or feasible to include all PRAMS participating states in 

this study.  Additionally, the CDC strongly recommended approaching no more than 12 

states as a practical matter.i   

Identification of Study States 

 In order to prioritize which subset of states to include, a feasibility analysis was 

completed to identify which states were likely to produce a yield of cases and controls to 

address the specific aims of this study – to investigate differential odds of maternal 

alcohol use during pregnancy between cases and affected/nonaffected controls.  This 

analysis consisted of two parts.  First, descriptive statistics of the estimated prevalence of 

alcohol use and binge drinking among women of child-bearing age and pregnant women 

within each state were obtained to examine the extent to which women self-reported 

these behaviors and the range of these prevalence estimates across states.  Second, the 

number of PRAMS surveys for each state was compared with the rates of cardiac defects 

and Down’s syndrome to estimate the number of these defects that were expected from a 

random sample of birth certificates in each state.     

 

i Personal conversation with Denise D’Angelo, August 2007. 
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Estimates of Alcohol Use Prevalence   

 The first step in identifying potential states was to analyze a simple distribution of 

the prevalence of reported drinking in the three months prior to pregnancy in PRAMS 

and the estimated range of binge drinking among women of childbearing age in the 

Behavioral Risk Factor Surveillance Survey (BRFSS) in 2002 (the last year a 

comprehensive national PRAMS surveillance report was published) to determine if the 

reported levels were sufficient to examine the exposures of interest (drinking, frequent 

drinking, binge drinking) among the target population during the critical period (the three 

months prior to pregnancy recognition).  As shown in Table 12, the prevalence of alcohol 

in the three months prior to pregnancy ranged from 21.4% in Utah to a high of 65.2% in 

North Dakota.  In all but four of the states participating in the 2002 PRAMS survey, the 

prevalence of alcohol use was 40% or higher.  The prevalence of binge drinking (five or 

more drinks in one setting) reported in the BRFSS among women aged 18-44 ranged 

from 5.4% to 21.6% in these PRAMS states.  The BRFSS was used as an approximation 

of rates for binge drinking that would be found in PRAMS.  To date, state-specific rates 

of binge drinking from PRAMS have not been published.  Based on this range of rates 

and the apparent consistency of these rates with other available national datasets such as 

the National Household Survey on Drug Abuse, as well as national prevalence rates for 

binge drinking in PRAMS discussed previously in Chapter 2, it was thought that PRAMS 

data would provide stable estimates of the exposures of alcohol use (yes/no), frequent 

drinking (seven or more drinks in a one week period) and binge drinking (five or more 

drinks in one setting) in the three months prior to- and the last three months of pregnancy.   
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Table 12.   Self-Reported Drinking in the Three Months Prior to Pregnancy, 2002 
 PRAMS Data* 

State Any Alcohol Use 
 Three Months Prior to Pregnancy 

2002 (PRAMS) 

Binge Drinking Among  
Childbearing Aged Women  

(18-44), 2002  (BRFSS) 
North Dakota 65.2% 16.3%-21.6% 
Montana 64.9% 16.3%-21.6% 
Vermont 64.9% 12.4%-16.2% 
Minnesota 62.2% 16.3%-21.6% 
Maine 61.9% 12.4%-16.2% 
Nebraska 57.9% 12.4%-16.2% 
Ohio 57.4% 12.4%-16.2% 
Michigan 56.9% 12.4%-16.2% 
Colorado 54.2% 12.4%-16.2% 
New York 53.7% 12.4%-16.2% 
Rhode Island 53.1% 12.4%-16.2% 
Maryland 51.8% 12.4%-16.2% 
Alaska 50.2% 12.4%-16.2% 
Washington 49.9% 12.4%-16.2% 
Illinois 47.5% 12.4%-16.2% 
New Jersey 46.1% 9.8%-12.3% 
New Mexico 45.9% 9.8%-12.3% 
Oklahoma 44.4% 9.8%-12.3% 
Arkansas 42.8% 5.4%-9.7% 
Louisiana 41.7% 9.8%-12.3% 
South Carolina 41.7% 9.8%-12.3% 
Florida 40.3% 9.8%-12.3% 
Hawaii 40.3% 5.4%-9.7% 
Alabama 38.7% 9.8%-12.3% 
North Carolina 37% 5.4%-9.7% 
West Virginia 37% 5.4%-9.7% 
Utah 21.4% 5.4%-9.7% 

*States in bold typeface selected for study (n=12); states in shaded rows participated in study (n=9). 
  

Estimates of Congenital Cardiac Defects and Down’s Syndrome in PRAMS States 

 At the time of developing the proposal for this study (Spring and Summer, 2007), 

PRAMS data were available through the 2004 calendar year.  Since acceptance of the 

proposal (September, 2007) and the period of data collection (September, 2007 - April 

2008), the 2005 PRAMS data also became available and are included in the study’s 

dataset.  Also, PRAMS data were available from the time of implementation of the 

program (1988), but to ensure consistency in the wording of the key variables identified 

in the next section, it was decided to begin this study’s period in 1996.  A second reason 

for beginning in 1996 was to limit the study to the latest 10 year period of available data.  
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In this section, therefore, PRAMS data for the years of 1996-2004 were used for the 

preliminary analysis to select states.  Also, at the time of the developing the proposal, the 

National Center for Health Statistics’ birth certificate data for the years 2000-2004 were 

available, so these data were used to estimate rates of congenital cardiac defects and 

Down’s syndrome. 

 Morbidity rates based on recorded congenital cardiac defects and Down’s 

syndrome from the National Center for Health Statistics’ birth certificate data were 

calculated based on a five-year average rates for these conditions over the time period 

2000-2004 for PRAMS states with at least 3 years of available data during the period 

1996-2004.  Rates were calculated using total reported congenital cardiac defects/Down’s 

syndrome divided by total live births occurring during the period of available NCHS data 

(2000-2004).  These rates, per 10,000 live births, were applied to the number of PRAMS 

surveys completed in each state over the time period 1996-2004 to produce an expected 

number of cases and affected controls.  States were then ranked by the expected number 

of cases that would be available.  The top 12 states were chosen and power tests were 

completed.   (Power tests are described in the last section of this chapter.) Formal 

requests were made to this subset of 12 states first via an e-mailed group request from the 

CDC’s PRAMS Program and then through individual contact and follow-up with each 

state’s PRAMS coordinator by myself. 

The data collection process in total lasted 11 months with the initial proposal 

submitted in June 2007, proposal acceptance in September 2007, and individual follow-

up with states completed in April 2008.  A copy of the CDC Guidelines for obtaining 
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PRAMS data is included in Appendix F.  Copies of the letters submitted to the CDC and 

identified states are included in Appendix G.   

 Table 13 lists the 28 states and New York City that had at least 3 years of 

PRAMS data available, the inclusive years of data, the total surveys for the years 

included, the annual average rate of congenital cardiac defects per 10,000 live births for  

2000-2004, the average annual rate of Down’s syndrome per 10,000 live births for 2000-

2004, the expected pool of congenital cardiac defect cases, and the expected pool of 

Down’s syndrome affected controls for each state’s PRAMS dataset linked to birth 

certificate data.  

Table 14 presents the findings of the analysis for the 12 selected states.  Based on 

five year average annual rates for congenital cardiac defects and Down’s syndrome, it 

was estimated that 328 potential cases and 96 potential affected controls would be 

available from the selected states.  However, this analysis did not account for the 

potential of comorbid congenital cardiac defects and Down’s syndrome.  A final step in 

determining whether the proposal for this study could yield a sufficient number of cases 

and controls was to analyze 2003 National Center for Health Statistics Birth Certificate 

data to determine the extent of overlap or the percentage of potential cases that may also 

have co-occurring Down’s syndrome.  Nationally, out of 4,089,950 birth records for 

2003, 4916 were noted to have a cardiac birth defect.  During the same year, 1,881 birth 

records were noted with Down’s syndrome.  Of the 4,916 cardiac defect cases, 230 cases 

had Down’s syndrome (4.7%). From this example, it was expected that less than 5% of 

birth records with a congenital cardiac anomaly would be excluded on the basis of 

coexisting Down’s syndrome noted at birth on the birth certificate. 
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Table 13.  Estimated Congenital Cardiac Defects and Down’s Syndrome Infants in 
 PRAMS Survey Data, 1996-2004* 

State/Jurisdiction 
Years 

Inclusive 
Total 

Surveys 

Annual CHD 
Rate  
(2000-2004) 
Per 10,000 
Live Births 

Annual 
Downs 

Syndrome 
Rate (2000-

2004) 
Per 10,000 
Live Births 

Estimated 
CHDs In 
PRAMS 

Estimated 
Down's 

Syndrome in 
PRAMS 

Hawaii 2000-2004 11769 57.3 6.1 67.4 7.2 
Utah 1998-2004 12567 37.6 9.8 47.2 12.3 
Nebraska 2000-2004 11259 27.5 7.1 30.9 8.0 
Rhode Island 2002-2004 5602 46.8 8.6 26.2 4.8 
Michigan  2001-2004 8767 28.8 4.7 25.3 4.1 
Arkansas 1997-2004 17937 11.9 4.6 21.3 8.2 
Alaska 1996-2004 15215 13.9 5.2 21.2 7.9 
South Carolina 1996-2004 17573 11.9 4.6 20.9 8.0 
Colorado 1997-2004 19856 9.8 5.2 19.4 10.4 
Illinois 1997-2004 16850 10.4 5.1 17.5 8.6 
Oklahoma 1996-2004 20634 8.3 4.7 17.1 9.6 
Maine 1996-2004 12294 12.8 5.8 15.7 7.2 
Washington 1996-2004 19527 7.9 5.9 15.4 11.5 
New York 1996-2003 13329 11.5 4.9 15.3 6.5 
West Virginia 1996-2004 15293 9.0 4.3 13.7 6.6 
Alabama 1996-2003 15504 8.7 3.9 13.5 6.0 
Oregon 2001-2004 6441 18.2 9.5 11.8 6.1 
Louisiana 1997-2004 18918 6.0 3.0 11.3 5.6 
Maryland 2000-2004 8734 12.7 3.7 11.1 3.3 
North Carolina 1997-2004 14637 7.1 3.4 10.4 5.0 
New Jersey 2001-2004 7456 13.8 4.0 10.3 3.0 
Texas 2001-2004 8276 12.4 4.1 10.2 3.4 
Florida 1996-1998 8481 12.0 10.2 10.2 8.6 
Vermont 2001-2004 5347 18.2 9.5 9.8 5.1 
Ohio 1998-2004 12428 7.1 4.3 8.9 5.3 
Georgia 2000-2004 9272 9.1 3.6 8.4 3.3 
New York City 2001-2004 5507 11.5 4.9 6.3 2.7 
Minnesota 2001-2004 6609 9.3 4.6 6.2 3.0 
New Mexico 1997-2004 14387 No Data No Data   

*States in bold typeface selected for study (n=12); states in shaded rows participated in study (n=9). 
 



 80

 

Table 14.  Selected States, Study States and Estimated Total Surveys, Congenital Cardiac 
 Defects and Down’s Syndrome Birth Certificates* 

State/Jurisdiction 
Years 

Inclusive 
Total 

Surveys 

Estimated 
CHDs In 
PRAMS 

Estimated 
Down's 

Syndrome in 
PRAMS 

Utah 1998-2004 12567 47.2 12.3 
Nebraska 2000-2004 11259 30.9 8.0 
Rhode Island 2002-2004 5602 26.2 4.8 
Arkansas 1997-2004 17937 21.3 8.2 
Alaska 1996-2004 15215 21.2 7.9 
South Carolina 1996-2004 17573 20.9 8.0 
Colorado 1997-2004 19856 19.4 10.4 
Illinois 1997-2004 16850 17.5 8.6 
Maine 1996-2004 12294 15.7 7.2 
     
Subtotal  129153 219 75 
     
Hawaii 2000-2004 11769 67.4 7.2 
Michigan  2001-2004 8767 25.3 4.1 
Oklahoma 1996-2004 20634 17.1 9.6 
     
Subtotal  41170 109 21 
     
Total  170323 328 96 

*States in bold typeface selected for study (n=12); states in shaded rows participated in study (n=9). 
 

As seen in the above tables, of the 12 states that were selected three states 

declined to participate (Michigan, Oklahoma and Hawaii) due to technical limitations or 

confidentiality procedures within the state.  The 9 states included in this study are Rhode 

Island, Nebraska, Alaska, Illinois, South Carolina, Utah, Maine, Colorado and Arkansas.  

For these states, the data are from continuous multiple year time periods of at least four 

years within a ten year time frame (1996-2005). 

Table 15 lists the number of live births in each state for the years data were 

collected included in this study, the actual number PRAMS surveys included in this 

study’s dataset, the number of cardiac congenital defects and the number of Down’s 
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syndrome infants, as recorded on the birth certificate and the number of cases and 

controls selected.   The table also includes data for the included years for each state from 

the National Center for Health Statistics for total births, total congenital cardiac defects 

from birth certificates and total Down’s syndrome from birth certificates.  These data 

which expand beyond the 2000-2004 time period used in the previous analysis became 

available after submission of the study’s proposal.   

Table 16 presents the weighted response rates reported by the Centers for Disease 

Control and Prevention for the nine participating states during each year included in the 

study.  All response rates meet or exceed the 70% minimum required by the CDC. 

Together, the nine participating states during the included years reported 

3,913,509 births.   The PRAMS surveys that were obtained (n=123,124, unweighted) 

represented about 3.2% of these births.  From these states during the included years, 

selected controls with congenital cardiac defects consisted of 4.3% of all congenital 

cardiac defects recorded on birth certificates (n=5,523) and selected affected controls 

with Down’s syndrome (n=82) consisted of 3.8% of all Down’s syndrome diagnoses 

recorded on birth certificates (n=2,137).  Selection of cases, affected controls and 

nonaffected controls is described below. 
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Table 15.   Live Births During Study Years for Each State, PRAMS Surveys, Birth 
 Certificates with Congenital Heart Defects and Down’s Syndrome, Selected 
 Cases and Controls 
State 
(Study 
Years) 

Live 
Births 

Birth 
Certificates 

With 
Congenital 

Cardiac 
Defects 

Birth 
Certificates 

With 
Down’s 

Syndrome 

PRAMS 
Surveys 
(% of Live 
Births) 

Selected 
Cases 
(% of 
Births 
with 
CHD) 

Selected  
Affected 
Controls 
(% of 
Births 
with 
Down’s 
Syndrome) 

Alaska 
(1996-2005) 

100,658 112 49 14569 
(14.5) 

19 
(17.0) 

5 
(10.2) 

Arkansas  
(1997-2005) 

337,867 444 167 17414 
(5.2) 

9 
(2.0) 

8 
(4.8) 

Colorado 
(1997-2005) 

585,926 503 291 17074 
(2.9) 

27 
(5.4) 

15 
(5.2) 

Illinois  
(1997-2005) 

1,637,474 1616 827 16427 
(1.0) 

13 
(0.8) 

10 
(1.2) 

Maine 
(1998-2005) 

110,181 145 71 11797 
(10.7) 

26 
(17.9) 

11 
(15.5) 

Nebraska 
(2000-2005) 

153,243 349 107 11868 
(7.7) 

1 
(0.3) 

0 
- 

Rhode 
Island 
(2002-2005) 

51,579 317 55 5877 
(11.4) 

36 
(11.4) 

0 
- 

South 
Carolina 
(1996-2005) 

548,546 636 210 15845 
(2.9) 

39 
(6.1) 

13 
(6.2) 

Utah 
(1998-2005) 

388,035 1401 360 12253 
(3.2) 

67 
(4.8) 

20 
(5.6) 

Total 3,913,509 5523 2137 123,124 
(3.2) 

237 
(4.3) 

82 
(3.8) 

 
Table 16.   Ten Year PRAMS Response Rates (%) for States Selected for Inclusion in 
 the Proposed Study 
 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
Alaska 72.5 76.6 76.2 80 80 83 86 85 77 80 
Arkansas   71.6 73.9 74.3 74 74 75 73 76 80 
Colorado   70 76.2 72.7 73 71 74 75 74 71 
Illinois    78.5 78 82 84 83 81 81 77.8 
Maine 80.1 79.7 80.9 78.6 76 77 75 76.2 76.2 75.0 
Nebraska         79 78 76 77 80 83 
Rhode Island             70 71 76 75 
South Carolina 72.9 73.8 71.3 71.6 75 75 70 67 71 72 
Utah     71.7 72 72 78 76 81 89 87 
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Selection of Cases/Controls 

Cases were selected based on the aggregate diagnoses for congenital cardiac 

defects as noted on the birth certificate.  As presented in the previous chapter, these 

defects include the diagnoses in Table 17.  Infants with a congenital cardiac defect and 

comorbid Down’s syndrome were excluded from the case group.  Affected controls were 

selected based on a diagnosis of Down’s syndrome recorded on the birth certificate.  

Down’s syndrome infants with comorbid congenital cardiac defects were excluded from 

the affected control group.  The nonaffected control group was selected randomly among 

all live births with no indication of other outcomes within each study state.   The 

outcomes are low-birthweight (less than 2,500 grams) and preterm delivery (less than 37 

weeks) were excluded from the nonaffected controls.  Four controls for each case within 

each state were ultimately selected. 

 In this study, only singleton infants are included.  Since pregnancies resulting in 

multiple births are more likely to result in low-birth weight and/or preterm birth, infants 

from pregnancies with multiple fetuses were excluded from all three groups. 

Table 17.  ICD-9 Codes for Congenital Cardiac Defects 
Defect ICD-9 Code 
Transposition of great vessels 745.1 
Tetralogy of Fallot 745.2 
Pulmonary valve atresia & Tricuspid valve atresia 746.01/746.02 
Ebstein’s anomaly 746.2 
Hypoplastic left heart 746.7 
Coarctation of aorta 747.1 
Common truncus 745.0 
Ventricular septal defect 745.4 
Atrial septal defect 745.5 
Aortic valve stenosis 746.3 
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This section has detailed the selection of a subset of study states from the National 

PRAMS dataset and the selection of cases, affected controls and nonaffected controls 

from the resulting subset of states.  Since the data in this study originate from nine states, 

the data may not be representative of live births in the nation, only live births in these 

nine states. Despite this limitation, the nine states provide a mix of states that are not 

necessarily homogeneous, somewhat diverse, and are geographically located throughout 

the continental United States and Alaska.  For example, the states include small states 

(Rhode Island, Maine), southern states (South Carolina and Arkansas), western states 

(Colorado, Utah), states with large populations (Illinois), primarily rural states (Nebraska, 

Utah), states with large African-American populations (South Carolina), and states with 

large Native American and Alaskan populations (Utah, Alaska).  

Thus, the nine states in this study were included for several reasons.  First, 

selected states were among the 28 states and New York City that participated in PRAMS 

for more than 3 years during the 1996-2004 time period.  The 2004 end date was used in 

the analysis because at the time of proposal development 2005 data were not yet 

available.  Second, there was a reasonable probability that the aggregated states’ birth 

certificate data would yield a sufficient number of cases and controls to address the 

specific aims of the study.  This probability was based on an expected number of cases 

and controls subject to power analyses, as described in the final section of this chapter.  

Finally, once selected through the process described in this section, the states agreed to 

participate and provide birth certificate data for linking to the PRAMS dataset. 
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Table 18 summarizes the factors influencing selection of a subset of PRAMS 

states and the selection of cases, affected controls and nonaffected controls within the 

nine participating states.  Figure 8 provides an overall schematic diagram of National 

PRAMS participation, CDC requirements for inclusion, state selection for this study and 

the assignment of case/controls in this study.  Because of the multiple levels of selection 

and the inclusion/exclusion criteria discussed, the external validity of this study may be 

limited to resident mothers and infants of the states included during the respective years 

within the study’s time period.  Additionally, it is important to note that cases consist of a 

heterogeneous aggregation of congenital cardiac defects.  Cases do no represent any one 

specific cardiac diagnosis.  These limits on external validity suggest that results should be 

interpreted with caution, as this is an exploratory study. 

In the next section, the study’s measures are defined in terms of operational 

definitions from the PRAMS survey and birth certificate.  These measures include the 

outcome of interest for case/control assignment, definitions of several dimensions of the 

exposure (maternal alcohol use), and suspected covariates and possible interaction and/or 

confounding variables.   
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Table 18. Inclusion/Exclusion Criteria for Study States and Assignment to Case and 
 Control Groups  

Level of Selection Inclusion Criteria Exclusion Criteria 
State completed at least 4 
consecutive years of PRAMS data 
collection over the 1996-2005 
period. 

State did not complete at least 4 
consecutive years of PRAMS data 
collection over the 1996-2005 
period. 

State was ranked in top third of 
States participating in PRAMS in 
terms of congenital cardiac defects 
recorded on birth certificates in the 
2000-2004 National Center for 
Health Statistics dataset. 

State was not ranked in the top third 
of States participating in PRAMS in 
terms of congenital cardiac defects 
recorded on birth certificates in the 
2000-2004 National Center for 
Health Statistics dataset. 

Selection of States in Study 

State agreed to release birth 
certificate data. 

State did not agree to release birth 
certificate data. 

Birth was a singleton birth. Multiple  births. 
Cases:  Birth certificate indication 
of congenital cardiac defect. 

Birth Certificate indication of 
congenital cardiac defect and 
Down’s Syndrome. 

Affected Controls:  Birth 
certificate indication of Down’s 
syndrome. 

Birth certificate indication of 
Down’s syndrome and congenital 
cardiac defect. 

Selection of Cases/Controls 

Nonaffected Controls:  No 
indication of birth defect, low birth 
weight or preterm birth.  

Indication of any birth defect, low 
birth weight or preterm birth. 
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Figure 8.  Inclusion/Exclusion Criteria and Decision Points for Sample Selection

All live births in U.S. States and D.C., 
1996-2005

Birth certificates 
randomly selected 
and selected for 
oversampling

Women not 
randomly 
selected

Women successfully 
contacted for participation 
in PRAMS

Women not 
able to be 
contacted

Live births in states 
participating in 
PRAMS in the 1996-
2005 timeframe.

Women not 
completing 
survey

Women completing 
PRAMS Survey

Live births 
in all other 
States and 
D.C., 1996-
2005

PRAMS respondents in a 
State selected for possible 
inclusion in the Study

Women completing 
Survey in PRAMS 
state with a response 
rate below 60% from 
1996-2005

Women completing Survey 
in PRAMS state with a 
response rate over 70% 
from 1996-2005

PRAMS 
respondents in a 
State not selected 
for inclusion in 
the study

Selected PRAMS state 
provides BC data.

Selected 
PRAMS state 
does not 
provide BC 
data.

Birth Certificate
Indicates Cardiac Defect

Birth Certificate
Indicates Down’s Syndrome

Birth Certificate
Indicates no Birth Defects

Birth Certificate
Indicates Cardiac 
Defect with Co-
Occurring Birth 
Defect

Birth Certificate
Indicates Cardiac Defect 
with no Co-Occurring Birth 
Defect (CASES)

Birth Certificate
Indicates Down’s Syndrome 
with no Co-Occurrng 
Cardiac Defect
(AFFECTED CONTROLS)

Birth Certificate
Indicates Down’s Syndrome 
with Co-Occurrng Cardiac 
Defect

Randomly Selected Birth 
Certificate with no Birth 
Defects (NON-AFFECTED 
CONTROLS)

Birth Certificate with no Birth 
Defects not randomly selected. Any other Birth 

Defect(s)
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Measures 

PRAMS/Birth Certificate Variables 

 
The variables included in this study are classified into four types.  First, the 

dependent variable, or outcome of interest, is categorical and was used for assignment to 

case, affected control or nonaffected control groups.  Second, the primary independent 

variables are the exposures of interest or the measures of alcohol use in the three months 

prior to- and the last three months of- pregnancy.  Third, suspected covariates of both the 

exposures and the outcome are included.  Finally, several variables have been identified 

for their potential interaction and/or confounding effects (age, race/ethnicity, marital 

status, and smoking).  This section discusses the variables, the operational definitions and 

the levels of measurement. 

 The Measurement of Outcomes:  Congenital Cardiac Defects, Down’s Syndrome 

and Nonaffected Infant.  The dependent variable, or outcome of interest, was obtained 

primarily from the birth certificate data available in the PRAMS standard release dataset 

and supplemented with the linked congenital defect variables from the birth certificates 

obtained from individual states.  Additionally, several PRAMS questions were used to 

supplement the selection process for nonaffected controls.   

Congenital cardiac defects were selected from the birth certificate (either yes or 

no) as were the affected control group with Down’s syndrome (either yes or no).  Cases 

and affected controls are mutually exclusive, so co-morbid congenital cardiac defects 

with Down’s syndrome were excluded from both the case and affected control groups. 
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In addition to selecting nonaffected controls based on no indication of a birth 

defect on the birth certificate, two other indicators of suboptimal birth outcomes were 

used as exclusion criteria.  These are pre-term birth (less than 37 weeks gestation) and  

low birth weight (less than 2,500 grams).  Term delivery is considered to be at 37-42 

weeks gestation.  Delivery at less than 37 weeks is considered pre-term.  Birth weights of 

less than 2,500 grams are considered low birth weight and birth weights below 1,500 

grams are considered extremely low birth weight.   Table 19 summarizes the operational 

definitions of the variables employed to determine birth outcome. 

Table 19.  Birth Outcomes Used to Select the Nonaffected Controls 

Variable 
Source of  
Variable 

Question Responses/Calculation 
Level of 
Measurement 

Birth Certificate 
Data as Captured in 
PRAMS 
Standard Release 
Dataset  

Date of Last Normal 
Menses Began 
(or) 
Clinical Estimate of 
Gestation (Weeks) 
 
Date of Birth 

Either calculated 
(Date of Birth – Last 
Menses) or Clinical 
Estimate of Gestation 
(in Weeks) 

 

Interval Preterm Birth 

PRAMS Survey When was your baby 
due? 
What is your baby’s 
birthdate? 

Birthdate – Due Date Interval 

Birthweight Birth Certificate 
Data as Captured in 
PRAMS 
Standard Release 
Dataset 

Birthweight  Grams or lbs. and ozs. 
converted to grams 

Interval 
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Exposures:  Alcohol Use, Frequent Drinking, Binge Drinking, Continued Drinking 

  In the core instrument of the PRAMS survey, respondents are asked a series of 

questions regarding their alcohol consumption during the three months prior to pregnancy 

and the last three months of pregnancy.  First, respondents are asked a screening 

question, “Have you had any alcohol drinks in the past two years?”  Respondents who 

answer no are skipped out of the remaining alcohol questions sequence.  Respondents 

who answer yes are then asked about average alcohol consumption per week in terms of 

number of drinks, whether on any occasion they consumed five or more drinks on one 

occasion, and the number of times they consumed five or more drinks.   

Alcohol use, binge drinking and frequent drinking required mothers to recall 

consumption at two time periods: 1) the three months prior to pregnancy recognition; and 

2) the last three months of pregnancy.    As presented in Table 20, eight measures of 

maternal alcohol use were included in the analyses corresponding to the first four study 

hypotheses.  These measures of exposure are: any alcohol use in the three months prior to 

pregnancy (yes/no), binge drinking in the three months prior to pregnancy (yes/no), binge 

drinking more than 1 time in the three months prior to pregnancy, binge drinking more 

than four times in the three months prior to pregnancy,  frequent alcohol use in the three 

months prior to pregnancy (yes/no), any alcohol use in the last three months of pregnancy 

(yes/no), continuing drinking during pregnancy (continued, quit, abstained as determined 

by response for the three months prior to pregnancy and the last three months of 

pregnancy), and binge drinking in the three months prior to pregnancy and continuing to 

drink in the last three months of pregnancy.  Because of the small number of women 

reporting binge drinking or frequent drinking, (n < 5 for cases with congenital cardiac 
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defects and/or affected controls with Down’s syndrome) in the last three months of 

pregnancy, these measures were not included.    

Table 20.  Exposures Examined by Study Hypothesis 
Study Hypotheses  Exposures Examined 
Hypothesis 1:  Infants born with cardiac defects are 
significantly different in terms of exposure to 
maternal alcohol use (yes/no) in early pregnancy 
compared to infants with Down’s Syndrome or 
infants with no birth defects. 

Any alcohol use in the three months prior to 
pregnancy  

No (Reference Group) 
Yes 

Binge drinking in the three months prior to 
pregnancy 

No (Reference Group) 
Yes 

Binge drinking more than once in the three months 
prior to pregnancy 

No (Reference Group) 
Yes 

Hypothesis 2:  Infants born with cardiac defects are 
significantly different in terms of exposure to 
maternal binge drinking in early pregnancy 
compared to infants with Down’s Syndrome or 
infants with no birth defects. 

Binge drinking more than 4 times in the three 
months prior to pregnancy 

No (Reference Group) 
Yes 

Hypothesis 3:  Infants born with cardiac defects are 
significantly different in terms of amount of 
maternal alcohol use in early pregnancy compared 
to infants with Down’s Syndrome or infants with no 
birth defects. 

Frequent drinking in the three months prior to 
pregnancy. 

No (Reference Group) 
Yes 

Any alcohol use in the last three months prior to 
pregnancy 

No (Reference Group) 
Yes 

Continuing to drink (three months prior and last 
three months) 

Didn’t Drink (Reference Group) 
Continued to Drink 
Quit Drinking 

Hypothesis 4:  Infants born with cardiac defects are 
significantly different in terms of maternal alcohol 
use in the three months prior to- and the last three 
months of- pregnancy. 

Binged in the three months prior to pregnancy and 
continued to drink 

No (Reference Group) 
Yes 

 

Any alcohol use was determined through the question, “During the three months 

before you got pregnant, how many alcoholic drinks did you have in an average week.”  

A response of “I didn’t drink then,” was classified as no alcohol use.  Responses of “less 

than 1 drink a week,” “1 to 3 drinks a week,” “4 to 6 drinks a week,” “7 to 13 drinks a 

week,” and “14 or more drinks a week,” were classified as “any alcohol use.”  Frequent 
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drinking was derived from the same question and set of responses.  Responses of “7 to 13 

drinks a week,” and “14 or more drinks a week” were classified as a yes for frequent 

drinking.  Responses of “4 to 6 drinks a week” and lower and “I didn’t drink then,” were 

classified as a no for frequent drinking.  Responses of “I don’t know” were excluded 

from the analysis.  Binge drinking was determined from the question, “During the three 

months before you got pregnant, how many times did you drink 5 alcoholic drinks or 

more in one setting?”  A response of “1 or more” was defined as a yes for binge drinking.  

A response of “I didn’t drink then” was defined as a no for binge drinking  

In order to study the effect of continuing alcohol use throughout pregnancy, 

continued drinking was assessed based on any drinking (yes) in the three months prior to 

pregnancy and any use (yes) in the last three months of pregnancy.  Quitters were defined 

based on any drinking in the three months prior to pregnancy and no report alcohol use in 

the last three months of pregnancy.  Abstainers were defined based on no reported 

alcohol use in the three months prior to pregnancy and the last three months of 

pregnancy.  Table 21 summarizes the operational definitions of the exposures of interest. 
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 Table 21.  Exposures of Interest: Operational Definitions of Alcohol Use 

Variable 
Source of 
Variable 

Question Responses 
Level of 

Measurement 

Any alcohol use in 
the three months 
prior to pregnancy 

 

 

PRAMS 
questions 

 

During the three months 
before you got pregnant, how 
many alcoholic drinks did 
you have in an average 
week? 
 
 

No Alcohol Use 
I didn’t drink then 
(or no to initial 
screening – past 2 
years). 

 
Yes Alcohol Use 
Less than 1 drink a 
week 
1 to 3 drinks a week 
4 to 6 drinks a week 
7 to 13 drinks a week 
14 drinks or more a 
week 

 
Excluded 
I don’t know 
Missing 

Nominal 
 

Binge drinking 
 
 

 
 
PRAMS 
questions 
 

 
 
 
 
During the three months 
before you got pregnant, how 
many times did you drink 5 
alcoholic drinks or more in 
one sitting? 
 

Yes Binge Drinking 
# of times => 1 

 
No Binge Drinking 
I didn’t drink then 
(or no to initial 
screening – past 2 
years). 

 
Excluded 
I don’t know 

 
 
 
 
 
 

Nominal 

Binge drinking 
more than once 
 
 

PRAMS 
questions 
 

 
 
 
 
During the three months 
before you got pregnant, how 
many times did you drink 5 
alcoholic drinks or more in 
one sitting? 
 

Yes Binge Drinking 
# of times > 1 
 
No Binge Drinking 
Binge Drinking = 1 
I didn’t drink then 
(or no to initial 
screening – past 2 
years). 

 
Excluded 
I don’t know 

 
 
 
 
 
 

Nominal 
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Table 21 (continued).  Exposures of Interest: Operational Definitions of Alcohol Use 

Variable 
Source of 
Variable 

Question Responses 
Level of 
Measurement 

Binge drinking 4 
or more times 
 
 

PRAMS 
questions 
 

 
 
 
 
 
During the three months 
before you got pregnant, how 
many times did you drink 5 
alcoholic drinks or more in 
one sitting? 
 

Yes Binge Drinking 
# of times => 4 
 
No Binge Drinking 
Binge Drinking <= 3 
I didn’t drink then 
(or no to initial 
screening – past 2 
years). 

 
Excluded 
I don’t know 

 
 
 
 
 
 

Nominal 

Frequent drinking 
(7 to 13 drinks a 
week) 

 

 

 

 

 
 
PRAMS 
questions 

 

During the three months 
before you got pregnant, how 
many alcoholic drinks did 
you have in an average 
week? 
 
 

No Frequent Alcohol 
Use 
I didn’t drink then 
Less than 1 drink a 
week 
1 to 3 drinks a week 
4 to 6 drinks a week 
(or no to initial 
screening – past 2 
years). 

 
Yes Frequent Alcohol 
Use 
7 to 13 drinks a week 
14 drinks or more a 
week 

 
Excluded 
I don’t know 
Missing 

Nominal 
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Table 21 (continued).  Exposures of Interest: Operational Definitions of Alcohol Use 

Variable 
Source of 
Variable 

Question 
Responses 

Level of 
Measurement 

Any alcohol use in 
the last three 
months of 
pregnancy 

 
 

PRAMS 
questions 

 

During the last three months 
of pregnancy, how many 
alcoholic drinks did you have 
in an average week? 
 
 

No Alcohol Use 
I didn’t drink then 
(or no to initial 
screening – past 2 
years). 

 
Yes Alcohol Use 
Less than 1 drink a 
week 
1 to 3 drinks a 
week 
4 to 6 drinks a 
week 
7 to 13 drinks a 
week 
14 drinks or more 
a week 

 
Excluded 
I don’t know 
Missing 

Nominal 
 

Continued 
Drinking 
 
 

 
 
PRAMS 
questions 

During the three months 
before you got pregnant, how 
many alcoholic drinks did 
you have in an average week? 
 
During the last three months 
of your pregnancy, how many 
alcoholic drinks did you have 
in an average week? 

Continued 
Drinking 
Yes for both 

 
Quitters 
Yes for before 
No for last three 
months 

 
Abstainers 
No for both 

Nominal 

Binge Drinking in 
the first three 
months of 
pregnancy & any 
alcohol use in the 
last three months 
of pregnancy. 

 
 
Recoded 
Variable 

 
During the three months 
before you got pregnant, how 
many times did you drink 5 
alcoholic drinks or more in 
one sitting? 
 
& 
 
During the last three months 
of pregnancy, how many 
alcoholic drinks did you have 
in an average week? 
 
 

Yes 
Yes for Binge 
Drinking in three 
months prior to 
pregnancy & Yes 
for Any alcohol 
use in the last three 
months of 
pregnancy 
 
No 
All others 
 

Nominal 
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The Measurement of Risk Factors Related to Alcohol Use 

 Risk factors, including demographic, socio-economic, psychosocial, and maternal 

reproductive history and maternal health have been demonstrated to be associated with 

alcohol use before- and during pregnancy.   This information is available in the PRAMS 

survey and each of these measures is discussed below. 

Demographic factors.   

Maternal age was examined for potential interaction and confounding.  Maternal 

Age is captured in the PRAMS data as a computed variable from the birth certificate.  

The birth certificate records the mother’s date of birth, as well as the infant’s date of 

birth.  Maternal age is then computed from the difference between these two values.  This 

birth certificate data is in the standard release of PRAMS data.  Age was grouped into 

three categories: 17 and under; 18-34; and 35 and older 

Maternal race was examined for potential interaction and confounding.  

Maternal race is captured on the birth certificate and is recorded as one or more of: 

White; Black or African American; American Indian or Alaska Native; Asian Indian; 

Chinese; Filipino; Japanese; Korean; Vietnamese; Other Asian; Native Hawaiian; 

Guamanian or Chamorro; Samoan; Other Pacific Islander or Other.  These categories 

were collapsed into the following:  White; Black; and Other.  This birth certificate data 

are in the standard release of PRAMS data. 

Maternal Hispanic origin was examined for potential interaction and 

confounding.  Maternal Hispanic origin is recorded on the birth certificate as: No, not 

Spanish/Hispanic/Latina; Yes, Mexican, Mexican American, Chicana; Yes, Puerto Rican; 

Yes, Cuban, Other.  These categories were collapsed into Hispanic or Not Hispanic.  
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These birth certificate data are in the standard release of PRAMS data. 

 Marital status was examined for potential interaction and confounding.  Marital 

status is recorded on the birth certificate as:  Mother married (at child birth, conception or 

any time between), yes or no.  These birth certificate data are in the standard release of 

PRAMS data. 

Table 22 summarizes the demographic factors thought to be associated with 

alcohol use, as well as frequent drinking and binge drinking, in the three months prior to 

pregnancy recognition. 
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Table 22.  Demographic Factors Associated with Alcohol Use: Operational Definitions 
 of Age, Race, Hispanic Origin and Marital Status 

Variable 
Source of  
Variable 

Question Responses/How Computed 
Level of 
Measurement 

Maternal 
Age 

Birth 
Certificate 
Data as 
Captured in 
PRAMS 
Standard 
Release 
Dataset 

Mother Date of Birth 
Child Date of Birth 

Child DOB – Mother DOB Continuous 
(Maternal 
Age) 
 
Ordinal 
(Age Group)  

Maternal 
Race 

 
 

Birth 
Certificate 
Data as 
Captured in 
PRAMS 
Standard 
Release 
Dataset 

 

Mother’s Race (Check 
one or more races to 
indicate what the mother 
considers herself to be): 

White 
White 
 
Black 
Black or African American 
 
Other 
American Indian or Alaska 
Native 
Asian Indian 
Filipino 
Japanese 
Korean 
Vietnamese 
Other Asian 
Native Hawaiian 
Guamanian or Chamorro;  
Samoan 
Other Pacific Islander 
Other 
 
Excluded 
Missing 

Nominal 
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Table 22 (continued).    Demographic Factors Associated with Alcohol Use: Operational 
 Definitions of Age, Race, Hispanic Origin and Marital Status 

Variable 
Source of  
Variable Question 

Responses/How Computed Level of 
Measurement 

Maternal 
Hispanic 
Origin 

 

Birth 
Certificate 
Data as 
Captured in 
PRAMS 
Standard 
Release 
Dataset 

 

Mother of Hispanic 
Origin? (Check the box 
that best describes 
whether the mother is 
Spanish/Hispanic/Latina.  
Check the No box if 
mother is not 
Spanish/Hispanic/Latina. 

Not Hispanic 
No, not Spanish/Hispanic 
Latina 

 
Hispanic 
Yes, Mexican, Mexican 
American, Chicano 
Yes, Puerto Rican 
Yes, Cuban 
Yes other 
Spanish/Hispanic Latino 

 
Excluded 
Missing 

Nominal 

Marital 
Status 

Birth 
Certificate 
Data as 
Captured in 
PRAMS 
Standard 
Release 
Dataset 

Mother Married (at birth, 
conception, or any time 
between) 

Yes 
 

No 
 

Excluded 
Missing 

Nominal 

 

Socioeconomic factors.   

Educational level is captured on the birth certificate and is recorded as:  0-8 

years; 9-11 years; 12 years; 13-15 years; and 16 or more years.  This birth certificate data 

are in the standard release of PRAMS data. 

Insurance status is captured on the PRAMS core questionnaire and recorded as:  

private insurance; Medicaid; or neither.   

Table 23 details the operational definitions of the socioeconomic factors thought 

to be associated with alcohol use, frequent drinking and binge drinking in the three 

months prior to pregnancy recognition. 
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Table 23.   Socioeconomic Factors Associated with Alcohol Use: Maternal Educational 
 Attainment, Insurance Status and Source of Income 

Variable 
Source of  
Variable Question 

Responses/How Computed Level of 
Measurement 

Maternal 
Educational 
Attainment 

 

Birth 
Certificate 
Data as 
Captured in 
PRAMS 
Standard 
Release 
Dataset 

 

Mother’s Education 
(Check the box that best 
describes the highest level 
of school completed at the 
time of delivery. 

0-8 Years 
9-11 Years 
12 Years 
13-15 Years 
16 or More Years 

Ordinal 

Insurance 
Status 

PRAMS Core 
Questionnaire 

Type of insurance before 
pregnancy. 

Private Insurance 
Medicaid 
Neither 

Nominal 

  
Psychosocial factors.   

Pregnancy intention is captured in the PRAMS survey through the question, 

“When you got pregnant with your new baby, were you trying to become pregnant?”  The 

possible responses are either yes or no.   

Depressed mood is not captured directly in the PRAMS survey; however the 

survey does include a stressful life events inventory with 13 items including 

death/sickness of a close family member, separation/divorce, relocation, homelessness, 

unemployment of self or partner, relationship difficulties, partner opposed to the 

pregnancy, financial difficulties, physical violence, incarceration, substance abuse issues 

and death of close friend.  Each item was assigned a score of 1 for each yes response.  

Total scores were computed and quartiles were obtained (very high, high, low, very low) 

to produce a scale for analysis.  The yes/no items are presented in Table 24. 
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Table 24.   Psychosocial Factors Associated with Alcohol Use: Pregnancy Intention and 
 Stressful Life Events 

Variable Source of  

Variable 

Question 
Responses/How 
Computed 

Level of 
Measurement 

Pregnancy 
Intention 

PRAMS 
Survey 

When you got pregnant with your 
new baby, were you trying to 
become pregnant? 

Yes 
No 
Excluded 
Missing 

Nominal 

Stressful 
Life Events 

PRAMS 
Survey 

This question is about things that 
may have happened in the during 
the 12 months before you new 
baby was born. 

- A close family member 
was very sick and had to 
go to the hospital. 

- You got separated or 
divorced. 

- You moved to a new 
address. 

- You were homeless. 
- Your husband or partner 

lost his job. 
- You lost your job even 

through you want to go 
on working. 

- You argued with your 
husband or partner more 
than usual. 

- Your husband or partner 
said h e didn’t want you 
to be pregnant. 

- You had a lot of bills you 
couldn’t pay. 

- You were in a physical 
fight. 

- You or your husband or 
partner went to jail 

- Someone very close to you 
had a bad problem with 
drinking or drugs. 

- Someone very close to you 
died. 

Yes 
No 

Ordinal 
0-1 Low 

Stress 
2+   High    
       Stress 
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Maternal reproductive history factors.    

Gravidity is the number of pregnancies, complete or incomplete, that a woman 

has experienced in her lifetime.  Gravidity is captured in the PRAMS standard release 

dataset and is computed based on birth certificate data (number of previous live births + 

number of terminations + current birth).  Thus, gravidity was recorded as a whole number 

and is an interval level variable.  Previous pregnancy terminations are captured on the 

birth certificate and included in the PRAMS standard release data set.  These terminations 

include miscarriages, stillbirths and elective terminations.  

Table 25 presents the maternal reproductive history factors that were suspected of 

being associated with maternal alcohol use, frequent drinking and binge drinking in the 

three months prior to pregnancy recognition. 

Table 25.   Maternal Reproductive History Factors Associated with Alcohol use: 
 Gravidity and Previous Pregnancy Terminations 
Variable Source of  

Variable 
Question Responses/How 

Computed 
Level of 
Measurement 

Gravidity Birth 
Certificate 
Data as 
Captured in 
PRAMS 
Standard 
Release 
Dataset 

Number of Previous Live Births 
Number of Other Pregnancy 
Outcomes (spontaneous or 
induced abortion, ectopic 
pregnancies) 

Previous Live 
Births + Other 
Pregnancy 
Outcomes + 
Current Live Birth 

Interval 

Previous 
Pregnancy 
Terminations 

Birth 
Certificate 
Data as 
Captured in 
PRAMS 
Standard 
Release 
Dataset 

Number of Other Pregnancy 
Outcomes (spontaneous or 
induced abortion, ectopic 
pregnancies) 

Number of other 
pregnancy 
outcomes reported 

Interval 
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Maternal health behaviors.   

Smoking was examined for possible interaction and confounding effects.  Similar 

to alcohol use, PRAMS assesses maternal smoking in the three months prior to 

pregnancy recognition and during the last three months of pregnancy through a series of 

questions that first screen for smoking within the past two years and then determine the 

intensity of smoking during the respective time periods: “In the three months before you 

got pregnant (and the last three months of your pregnancy), how many cigarettes or packs 

of cigarettes did you smoke on an average day?  The possible response are “less than 1 

cigarette a day,” “I didn’t smoke,” “I don’t know,” or the number of cigarettes smoked 

per day.  Table 26 details the operational definition of maternal smoking in the three 

months prior to pregnancy recognition. 

Table 26.  Maternal Health Behavior Associated with Alcohol Use:  Smoking 

Variable 
Source of  
Variable 

Question Responses 
Level of 
Measurement 

Maternal 
smoking 

 
 

PRAMS 
questions 

 

During the three months 
before you got pregnant, how 
many cigarettes or packs of 
cigarettes did you smoke on 
an average day? 
 
During the last three months 
of your pregnancy, how many 
cigarettes or packs of 
cigarettes did you smoke on 
an average day? 

Yes 
# of cigarettes (or 
packs converted to 
number of 
cigarettes) 

 
Less than 1 
cigarette per day  

 
No 
I didn’t smoke 

 
I don’t know 

 
Excluded 
Missing 

 

Nominal 
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The Measurement of Factors Associated with Congenital Cardiac Defects 

 Factors that were previously found to be associated with congenital cardiac 

defects and were available in the dataset were included in the analyses.  These factors 

include infant characteristics and maternal health characteristics.  Smoking, as noted 

previously, was examined for its potential interaction/confounding effects because of its 

probable association with both the exposures and the outcome.   

Gender is a dichotomous variable (male or female) collected on the birth 

certificate and included in the PRAMS standard release dataset.   

Obesity is determined through body mass index (BMI), as calculated from 

PRAMS survey data.  The related questions are “Just before you got pregnant, how much 

did you weigh?” and “How tall are you without shoes?”  BMI is calculated from a 

standard formula: weight (converted to kilograms) / (height [converted to meters]2  

(CDC, 2008).  BMI’s of 30.0 or above are considered obese.  The PRAMS dataset 

includes both the BMI score and categorized BMI (underweight, normal, overweight and 

obese).  Both the continuous variable and the categorized variable will be examined to 

examine the role of alcohol use in early pregnancy and congenital defects. 

 Hypertension is collected on the PRAMS survey through the question, “Have 

you had any of these problems during your pregnancy? (Yes or No).  The hypertension 

item includes high blood pressure, preeclampsia, toxemia and/or edema. 

Diabetes is collected on the PRAMS survey through the question, “Have you had 

any of these problems during your pregnancy? (Yes or No). 
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One final variable used to screen all the birth certificates in this study is plurality 

which is recorded on the birth certificate and available in the PRAMS standard release 

data set.  Plurality indicates whether the pregnancy resulted in more than one fetus (twins, 

for example).  Since infants born with multiple plurality are more likely to be delivered 

pre-term and have low-birth weight, only singleton births are included in the study.  

Table 27 summarizes the maternal health characteristics associated with congenital 

cardiac defects and Figure 9 schematically displays each of the variables included in the 

analyses as exposures, outcomes, covariates and potential interaction/confounding terms. 

Table 27.  Factors Associated with Congenital Cardiac Defects 

Variable 
Source of  
Variable 

Question Responses/Calculation 
Level of 
Measurement 

Obesity  
PRAMS 
Survey 

Just before you got 
pregnant, how much did you 
weigh? 
 
How tall are you without 
shoes? 

BMI > 30.0 
BMI = weight 
(kg)/height (m)2 

 

Underweight 
Normal 
Overweight 
Obese 

Continuous 
 
Ordinal 

Hypertension PRAMS 
Survey 

Have you had any of these 
problems during your 
pregnancy?  High Blood 
Pressure (hypertension, 
preeclampsia, toxemia, 
edema) 

Yes 
No 

Nominal 

Diabetes PRAMS 
Survey 

Have you had any of these 
problems during your 
pregnancy?  Diabetes (high 
blood sugar) 

Yes 
No 

Nominal 
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Figure 9.  Function of Study Variables: :  Exposures, Outcomes, Covariates and Potential Interaction/Confounding 
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Statistical Procedures and Tests 

Power Analysis 

A series of power analyses were completed to determine the required sample size 

at an alpha level of .05 and a power of .80 (beta level of .20).   The series of tests used 

two independent proportions power analyses with assumed levels of exposure for 

alcohol-use and binge drinking in the control group of 50% and 15% respectively.  These 

levels of exposure, as discussed previously, are not uncommon among women in the 

early stages of pregnancy (Naimi et al., 2003).  The analyses were completed for odds 

ratios ranging between 1.7 and 3.0. Based on the results, the required sample size to 

detect an effect of alcohol use (y/n) on congenital cardiac defects of 3fold, 56 cases and 

56 controls would be needed. To detect an OR=1.7, 229 cases and 229 controls would be 

needed. For binge drinking the required sample size ranged from 75 cases and 75 controls 

to detect an OR=3.0 to 370 cases and 370 controls to detect an OR=1.7.  Results of the 

power analysis are presented in Appendix H. 

 

Statistical Analyses 

Examination of the Data Set and Descriptive Statistics for the Sample 

Continuous variables were checked for outliers (less than 500 g. birthweight, for 

example).  Each variable was examined for missing data with a 20% criterion set for 

exclusion.  Variables with a low number of responses in one or more categories were also 

examined to determine if aggregation of two or more categories made clinical sense. 

 Frequency tables for the weighted sample were generated for the exposures of 
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interest.  Frequency tables were also generated for weighted samples for the nominal 

level covariates and potential interaction terms/confounders.  For the weighted sample 

population estimates, percentages and standard error (in percentage form) were generated 

for each variable’s categories.  For continuous covariates, the estimated population, 

estimated mean, 95% confidence intervals for the estimated mean and standard deviation 

were computed.   

 Binomial Logistic Regression Models.   

 As detailed by Hosmer and Lemeshow (2000), a series of five steps were 

completed to build the logistic regression models for each hypothesis.  The five steps are 

univariate analysis, multivariate analysis selection, verification of each variable included 

in the preliminary model, determination of interactions, and model refitting for the final 

model.  For each of the first four hypotheses (examining alcohol exposures) two binomial 

logistic regression models were completed.  One model compared the affected control 

group with Down’s syndrome to cases and the second model compared the nonaffected 

control group to cases.   

Two sets of univariate analyses were completed for each of the exposures of 

interest and suspected covariates.  One set consisted of comparisons between nonaffected 

controls and cases and the second consisted of comparisons between affected controls 

and cases.  Crude odds ratios, corresponding 95% confidence intervals, and Wald statistic 

p values for each covariate were generated.  Because of the suspected clinical 

significance of the exposures of interest (assorted measures of alcohol use) each of the 

exposures was selected for inclusion in an initial binomial logistic regression model for 

the corresponding hypothesis.  The remaining covariates were selected for inclusion 
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based on a p value of .25 or less, as recommended by Hosmer and Lemeshow (2000).  

Several factors were also retained despite the p value, again for suspected clinical 

significance and/or possible interaction and/or confounding.  These factors were  age, 

race, ethnicity and marital status.  Maternal smoking (a significant factor) was designated 

to be included in further analysis to determine interaction and/or confounding with the 

exposures. 

 An initial step in evaluation of the first four study hypotheses was construction of 

binomial logistic regression models for each hypothesis using the primary exposure 

measures and alternate exposure measures (such as binge drinking more than once and 

binge drinking more than four times, for example). 

The four hypotheses are: 

• H1: Infants born with cardiac defects are significantly different in terms of 

exposure to maternal alcohol use (yes/no) in early pregnancy compared to infants 

with Down’s Syndrome or infants with no birth defects noted on the birth 

certificate (OR<>1; p<.05). 

• H2: Infants born with cardiac defects are significantly different in terms of 

exposure to maternal binge drinking (yes/no) in early pregnancy compared to 

infants with Down’s Syndrome or infants with no birth defects noted on the birth 

certificate (OR<>1; p<.05). 

• H3: Infants born with cardiac defects are significantly different in terms of 

frequency of maternal alcohol use in early pregnancy compared to infants with 

Down’s Syndrome or infants with no birth defects noted on the birth certificate 

(OR<>1; p<.05). 
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• H4: Infants born with cardiac defects are significantly different in terms of 

maternal alcohol use in the three months prior to- and the last three months of- 

pregnancy compared to infants with Down’s syndrome or infants with no birth 

defects noted on the birth certificate (OR<>1; p<.05). 

Variables entered into the preliminary binary logistic regression models were 

examined for relative importance and whether any of the variables were multi-collinear.  

This was accomplished first by an examination of the Wald chi-square statistic for each 

variable comparing each coefficient with the coefficient from the univariate analysis for 

that variable and examination of correlation matrices, and second by the removal of 

variables that do not contribute to the model.  This was determined by comparing the 

changes in the coefficients of the variables remaining in the new model to the model with 

the variable being examined.  Changes of less than 10% in the coefficients were deemed 

to be insignificant and therefore removal of the variable was appropriate.  If coefficients 

varied by more than 10% the variable was retained because of its possible effect on other 

variables in the model.   

 After these steps were completed, the model was examined for the interaction of 

the alcohol exposure and smoking in the three months prior to pregnancy.  If significant 

interaction was present, a stratified analysis of the alcohol exposure was completed by 

smoking status.  Adjusted final models were evaluated for goodness of fit (pseudo r2  and 

– 2 log likelihood values).   

 The study’s final hypothesis is: 

• H5: Mothers of infants born with Down’s Syndrome (affected controls) are 

significantly different in terms of self-report of alcohol use in early pregnancy 
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compared to mothers of infants without birth defects (nonaffected controls) 

(OR<>1; p<.05). 

 Differences in odds ratios for the exposures of any alcohol use, frequent drinking, 

binge drinking and continuing to drink during pregnancy between affected and 

nonaffected controls were analyzed.  If the adjusted models (using the affected control 

reference group and the nonaffected control reference group) for the alcohol exposure 

were not both found to be significant for association with congenital cardiac defects, 

differences were noted in the results of these models.  If significant associations were 

found between the alcohol exposure and congenital cardiac defects with both reference 

groups, a binomial logistic regression model was constructed comparing affected controls 

with nonaffected controls.   

Limitations 

 This study has several limitations which include the broad limitations typical of 

the case-control design and limitations specific to the PRAMS survey.  Case-control 

studies cannot establish a temporal relationship and are subject to recall and reporting 

biases.  Case-control studies are also subject to the choice of an appropriate control 

group.  The PRAMS survey is limited in the extent to which the results can be extended 

to the general population.  Threats to generalization include selection bias, noncoverage 

bias and nonresponse bias.  PRAMS data are also subject to information bias in the 

questionnaire which may arise from recall bias or reporting bias, as well as 

misclassification bias in this study from incorrect information on the birth certificate.  

The study is also subject to confounding, particularly by unmeasured factors which are 

not included in this analysis (such as drug use or environmental exposures).  Finally, the 

power of the sample is decreased in this study relative to a simple random sample due to 
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inflated standard errors which result from the complex sampling and weighting 

procedures employed.  

 Figure 10 provides a summary of the statistical tests and analyses completed in 

this study.  The next chapter presents the descriptive statistics, results of the bivariate and 

multivariate analyses, and the evaluation of the differences in odds ratios for congenital 

cardiac defects based on the use of affected and nonaffected controls.
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Summary Diagram:  Statistical Tests and Analyses
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of Exposures
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Figure 10.  Summary of Statistical Tests and Analyses 

 



 CHAPTER 4 

RESULTS 

 This chapter presents the study’s results in four main sections.  First, the sample 

characteristics for each of the study’s measures are provided.  For nominal level 

variables, weighted frequency distributions (population estimates and percent of 

population within each assigned group) are presented and for continuous variables 

descriptive statistics (the estimated mean and standard error) are presented.  The non-

weighted sample descriptive statistics are presented in Appendix I.  In the second section, 

the univariate analyses results are presented.  These results include crude odds ratios, 

95% confidence intervals and p-values based on Wald chi-square tests.  The second 

section concludes with a summary of significant covariates (p<.05) and covariates with a 

p-value of less than 0.25 for inclusion in the multivariate analyses which consist of 

logistic regression models.  In the third section, the multivariate analyses are detailed for 

each of the study’s hypotheses.  For the first four hypotheses which explore the exposures 

of alcohol use (yes/no), binge drinking (examined in multiple ways), frequent drinking 

(yes/no) and continued drinking (yes/no), two binomial logistic regression models are 

presented for each operational exposure of interest.  The initial model (the initial main 

effects model) contains variables defined a-priori for inclusion (maternal age, race, 

ethnicity, marital status and smoking in the three months prior to pregnancy).  The second 

model (the final main effects model) contains additional variables which were determined 

to improve the model’s overall fit with respect to the exposure examined.  Where 
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possible and appropriate, adjusted logistic regression models including the interaction 

term for the alcohol exposure with smoking in the three months prior to pregnancy are 

also presented.  If the interaction term was found to be significant, stratified analyses 

follow, stratifying by smoking and no smoking in the three months prior to pregnancy.  

For the stratified analyses, maternal age was used consistently as the single covariate to 

ensure adequate cell sizes in the respective strata.  For the fifth hypothesis which 

examines the differences between the affected and nonaffected control groups, a logistic 

regression model was constructed based on the union of the final main effects logistic 

regression models (all the variables included for both the affected control reference 

model and the nonaffected control reference model) for binge drinking more than once in 

the three months prior to pregnancy.  In this model, the affected control group was 

compared to the nonaffected control group.   The final section is a summary of the 

findings.  All results are based on statistical tests completed with the weighted sample 

and were analyzed in the SPSS 16.0 Complex Samples Module.  The final non-weighted 

selected sample consisted of 237 cases, 82 affected controls with Down’s syndrome and 

948 nonaffected controls.   

Sample Characteristics 

Alcohol Use 
 
 Table 28 presents the population estimates and within assigned group percentages 

for each of the measures of alcohol use considered in the study.  Cases and nonaffected 

controls were slightly higher in the percentage of mothers reporting any alcohol use in the 

three months prior to pregnancy (41% and 40.7%, respectively) than affected controls 

(37.2%).  Cases were higher in the percentage of mothers reporting any binge drinking 
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(14.7%), binge drinking on more than one occasion (13.1%) and binge drinking on four 

or more occasions (3.4%) than both control groups.  Cases were similar in the percentage 

of mothers reporting frequent drinking in the three months prior to pregnancy (1.1%) to 

affected controls (1.2%) and lower in this percentage compared to nonaffected controls 

(2.6%).  Mothers of affected controls reported higher levels of any drinking the last three 

months of pregnancy (15.6%) than cases (4.0%) and nonaffected controls (5.9%).  

Table 28.  Sample Characteristics:  Alcohol Use 
  Cases with 

Congenital 
Cardiac 
Defects 
 

Affected 
Controls with 
Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  Population Est. 
(%) within group 

      
No 2,113 908 22,732 25,754 
 59.0 62.8 59.3 59.4 
     
Yes 3,583 1,446 38,362 43,391 

Any alcohol use in 
three months prior to 
pregnancy 

 41.0 37.2 40.7 40.6 
      

No 3,015 1,223 32,075 36,313 
 85.3 86.4 87.3 87.1 
     
Yes 519 192 4,665 5,376 

Any binge drinking 
in three months prior 
to pregnancy 

 14.7 13.6 12.7 12.9 
      

No 3,072 1,266 33,724 38,062 
 86.9 89.5 91.8 91.3 
     
Yes 462 149 3,016 3,627 

Binge drinking more 
than 1 time in the 
three months prior to 
pregnancy 

 13.1 10.5 8.2 8.7 
      

No 3,395 1,300 35,898 40,593 
 96.1 91.9 97.7 97.4 
     
Yes 139 114 843 1,095 

Binge drinking 4 or 
more times in the 
three months prior to 
pregnancy 

 3.4 1.6 0.7 0.6 
      

No 3,544 1,429 37,347 42,319 
 98.9 98.8 97.4 97.5 
     
Yes 39 18 1,015 1,072 

Frequent drinking in 
the three months 
prior to pregnancy 

 1.1 1.2 2.6 2.5 
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Table 28 (continued).  Sample Characteristics:  Alcohol Use 
  Cases with 

Congenital 
Cardiac 
Defects 

 

Affected 
Controls with 

Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  Population Est. 
(%) within group 

No 3,515 1,220 36,893 41,628 
 96.0 84.4 94.1 93.9 
     
Yes 147 226 2,327 2,700 

Any drinking in the 
last three months of 
pregnancy 

 4.0 15.6 5.9 6.1 
      

2,113 908 25,594 25,616 No Drinking 
59.1 92.8 59.0 59.2 

     
- - 114 114 Drinking 

only in last 
three months 

- - 0.3 0.3 

     
147 226 2,172 2,545 Drinking 

three months 
before and 
last three 
months of 
pregnancy 

4.1 15.6 5.7 5.9 

     
1,317 312 13,391 15,020 

Any drinking in both 
three months prior 
to- and last three 
months of- 
pregnancy 

Drinking 
only in three 
months 
before 

36.8 21.7 35.0 34.7 

 
Maternal Age, Race, Ethnicity and Marital Status 

 
 Table 29 presents the maternal demographic characteristics for the study sample.  

Cases had a higher percentage of mothers giving birth below the age of 18 (7.6% 

compared to 0.7% for affected controls and 4.1% for nonaffected controls).  Affected 

controls had a higher percentage of mothers 35 years of age and older than cases and 

nonaffected controls.  Slightly less than 60% of mothers of affected controls were 35 

years of older at the time of birth of their infant compared to 11.3% of mothers of 

nonaffected controls and 8.9% of mothers of cases.  The estimated mean age of cases was 
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25.8 years compared to 35.0 years for affected controls and 26.5 years for nonaffected 

controls (see Table 30). 

 Cases had a higher percentage of mothers who were Black (20.8%) compared to 

nonaffected controls (14.7%) and affected controls (9.5%); however, affected controls 

had a higher percentage of Hispanic mothers (30.5%) compared to cases (11.9%) and 

nonaffected controls (10.8%).  Cases had a higher percentage of mothers who were not 

married at the time of birth (37.9%) than affected controls (18.8%) and nonaffected 

controls (30.5%).  

Table 29.  Sample Characteristics:  Maternal Age, Race, Ethnicity and Marital Status 
  Cases with 

Congenital 
Cardiac 
Defects 
 

Affected 
Controls with 
Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  Population Est. 
(%) within group 

      
<18 282 10 1,623 1,915 
 7.6 0.7 4.1 4.3 
     
18-24 1,276 133 14,545 15,954 
 34.2 9.2 36.6 35.5 
     
25-34 1,838 460 19,058 21,356 
 49.3 31.8 48.0 47.6 
     
>34 331 845 4,499 5,676 

Maternal Age Group 

 8.9 58.3 11.3 12.6 
      

White 2,762 1,251 32,422 36,436 
 74.1 86.4 81.6 81.1 
     
Black 773 137 5,837 6,748 

 20.8 9.5 14.7 15.0 
     
Other 191 60 1,466 1,717 

Maternal Race 
Group 

 5.5 4.2 3.7 3.8 
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Table 29 (continued). Sample Characteristics:  Maternal Age, Race, Ethnicity and  
 Marital Status 
  Cases with 

Congenital 
Cardiac 
Defects 

 

Affected 
Controls with 

Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  Population Est. 
(%) within group 

No 3,268 1,000 35,290 39,559 
 88.1 69.5 89.2 88.4 
     
Yes 441 439 4,288 5,168 

Maternal Hispanic 
Ethnicity 

 11.9 30.5 10.8 11.6 
      

No 1,412 272 11,999 13,673 
 37.9 18.8 30.2 30.5 
     
Yes 2,315 1,175 27,737 31,227 

Marital Status 

 62.1 81.2 69.8 69.5 
      
 
Table 30.  Sample Characteristics: Maternal Age (Years) 

Cases 
 

Affected Controls 
 

Nonaffected 
Controls 

Total 
 

 

Estimated Mean 
Std. Error 

Maternal Age  25.8 
0.69 

35.0 
1.12 

26.5 
0.26 

26.7 
  0.25 

 
Education and Health Insurance 

 
 About one-third of cases and both control groups reported a maternal education of 

12 years.  Cases had a higher percentage of mothers with 9 to 11 years of education 

(21.0%) compared to affected controls (2.0%) and nonaffected controls (13.7%).  

Affected controls had higher percentages of mothers with 8 years of less education (7.1% 

compared to 2.2% for cases and 3.7% for nonaffected controls) and mothers with 16 or 

more years of education (38.8% compared to 26.4% for cases and 26.0% for nonaffected 

controls). 

 Nonaffected controls had mothers with a higher percentage of private health 

insurance before pregnancy (63.8%) compared to cases (51.0%) and affected controls 
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(58.0%).  Cases had a higher percentage of mothers with Medicaid as their source of 

health insurance before pregnancy (14.7% compared to 4.6% for affected controls and 

10.4% for nonaffected controls).  About 1 in 3 mothers of cases and affected controls had 

neither Medicaid nor private health insurance before pregnancy compared to about 1 in 4 

mothers of nonaffected controls.  Table 31 details the sample characteristics for 

educational attainment and medical insurance before pregnancy. 

Table 31.  Sample Characteristics:  Maternal Education and Insurance Status prior to 
 Pregnancy 
  Cases with 

Congenital 
Cardiac 
Defects 
 

Affected 
Controls with 
Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  Population Est. 
(%) within group 

      
0-8 Years 80 101 1,427 1,608 
 2.2 7.1 3.7 3.7 
    
9-11 Years 782 28 5,303 6,113 

Mother’s Education 

 21.0 2.0 13.7 13.9 
      
 12 Years 1,259 448 12,337 14,044 
  33.9 31.5 31.8 32.0 
      
 13-15 Years 612 294 9,633 10,539 
  16.5 20.7 24.9 24.0 
      
 981 554 10,061 11,596 
 

16 or More 
Years 26.4 38.8 26.0 26.4 

      
Private 1,890 839 25,349 28,088 
 51.0 58.0 63.8 62.6 
    
Medicaid 546 67 4,127 4,741 

 14.7 4.6 10.4 10.6 
    
Neither 1,280 540 10,237 12,057 

Medical Insurance 
Before Pregnancy 

 34.4 37.3 25.8 26.9 
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Pregnancy Intention and Stress 
 
 Mothers were asked whether they wanted the pregnancy when it occurred (then), 

sooner, later or if they didn’t want the pregnancy.  Mothers of cases reported the highest 

percentage of wanting their pregnancy to occur later (37.4%) compared to affected 

controls (26.4%) and nonaffected controls (32.5%).  Mothers of nonaffected controls 

reported the highest percentage of wanting their pregnancy when it occurred (40.1%) 

compared to cases (32.5%) and affected controls (21.1%).  Mothers of affected controls 

reported the highest percentages of wanting their pregnancy to occur either sooner 

(36.2%) or not wishing to become pregnant (14.3%). 

 Mothers of nonaffected controls reported more stress (50.3%) as indicated by the 

percentage of mothers falling into the high stress group (2 or more stressors in the 12 

months prior to completing the survey) compared to cases (42.9%) and affected controls 

(43.2%).  Mothers of nonaffected controls had the highest average estimated mean of 

total stressors reported (2.0) compared to cases (1.8) and affected controls (1.9).  Table 

32 lists the sample characteristics for pregnancy intention and stress and Table 33 lists the 

estimated means for total number of reported stressors in the past year. 
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Table 32.  Sample Characteristics:  Pregnancy Intention and Stress 
  Cases with 

Congenital 
Cardiac 
Defects 
 

Affected 
Controls with 
Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  Population Est. 
(%) within group 

      
570 512 6,832 7,915 Wanted 

Sooner 15.6 36.2 17.9 18.3 
    

1,285 299 15,328 16,911 

Pregnancy Intention 

Wanted 
Then 32.5 21.1 40.1 39.0 

      
 1,366 403 12,432 14,201 
 

Wanted 
Later 37.4 26.4 32.5 32.8 

      
 431 202 3,669 4,302 
 

Didn’t Want 
11.8 14.3 9.6 9.9 

      
2,123 819 19,594 22,536 Low 
57.1 56.8 49.7 50.5 

    
1,593 623 19,855 22,070 High 
42.9 43.2 50.3 49.5 

Stress Group 

    

 
Table 33.  Sample Characteristics:  Total Stressors in Past Year 

Cases 
 

Affected Controls 
 

Nonaffected 
Controls 

Total 
 

 

Estimated Mean 
Std. Error 

Mean Stress Score 1.8 
0.22 

1.9 
0.34 

2.0 
0.09 

2.0 
0.08 
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Gestational Diabetes, High Blood Pressure, Body Mass Index and  
Smoking before Pregnancy 

 

 Mothers of cases had a higher percentage of gestational diabetes (6.3%) than 

nonaffected controls (4.0%) and a higher percentage of high blood pressure (9.8%) than 

affected controls (4.5%) and nonaffected controls (4.8%).  Mothers of cases reported a 

similar percentage of BMI’s in the underweight range (13.2%) compared to nonaffected 

controls (13.6%) and less than affected controls (28.5%).  The modal category for all 3 

groups was the normal BMI range, but cases had the highest percentage of mothers in this 

category (55.6%).  About 1 in 4 mothers of affected controls had a BMI within the obese 

range compared to about 1 in 5 for cases and nonaffected controls.  Mothers of 

nonaffected controls reported smoking in the three months prior to pregnancy at a higher 

level (18%) than cases (12.0%) and affected controls (5.3%).  Mothers of affected 

controls had a higher estimated mean number of previous pregnancies (2.0) compared to 

cases (1.3) and nonaffected controls (1.3) as well as a higher estimated mean of previous 

pregnancy terminations compared to these two groups (0.57 compared to 0.38 and 0.32, 

respectively).  Table 34 lists the frequency distributions of the nominal level health 

characteristics of the three groups and Table 35 presents the estimated means and 

standard errors for the continuous level variables previous pregnancies and previous 

terminations. 
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Table 34.   Sample Characteristics:  Gestational Diabetes, High Blood Pressure, Body 
 Mass Index and Smoking  before Pregnancy 
  Cases with 

Congenital 
Cardiac 
Defects 
 

Affected 
Controls with 
Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  Population Est. 
(%) within group 

      
No 3,487 1,338 37,991 42,816 
 93.7 92.3 96.0 95.7 
    
Yes 236 111 1,563 1,910 

Maternal 
Gestational Diabetes 

 6.3 7.7 4.0 4.3 
      

No 3,359 1,383 37,640 42,382 
 90.2 95.5 95.2 94.8 
    
Yes 364 66 1,890 2,329 

Maternal 
Hypertension 

 9.8 4.5 4.8 5.2 
      

Underweight 475 353 5,141 5,969 
 13.2 28.5 13.6 14.0 
    
Normal 2,000 511 19,788 22,300 
 55.6 41.2 52.4 52.4 
     
Overweight 349 54 4,919 5,322 
 9.7 4.4 13.0 12.5 
    
Obese 775 322 7,892 8,989 

BMI Category 

 21.5 25.9 20.9 21.1 
      

No 3,273 1,364 31,816 36,452 
 88.0 94.7 82.0 82.9 
    
Yes 444 77 6,999 7,520 

Smoking in the three 
months prior to 
pregnancy 

 12.0 5.3 18.0 17.1 
 
Table 35.  Sample Characteristics:  Number of Previous Pregnancies and  Terminations 

Cases 
 

Affected Controls 
 

Nonaffected 
Controls 

Total 
 

 

Estimated Mean 
Std. Error 

Previous 
Pregnancies 

1.3 
0.17 

2.0 
0.32 

1.3 
0.06 

1.3 
0.06 

  
Previous 
Terminations 

0.4 
0.08 

0.6 
0.14 

0.3 
0.03 

0.3 
0.03 

 

 



125 
 

 
Infant Gender, Birthweight and Gestational Age at Birth 

 
 All three groups were composed of more male infants than female infants.  In the 

affected control group 64.2% of the infants were male compared to 58% of cases and 

52.1% of nonaffected controls.  Gestational age and birthweight were used as 

exclusionary criteria for the selection of nonaffected controls; as such, nonaffected 

controls had a higher estimated mean birthweight (3,486 g) compared to cases (2,981 g) 

and affected controls (2,801 g) and a higher estimated mean gestational age at birth (39.4 

weeks compared to 37.7 weeks and 37.8 weeks, respectively).  Tables 36 and 37 present 

the descriptive results of the infant health characteristics. 

 
Table 36.  Sample Characteristics: Infant Gender 
  Cases with 

Congenital 
Cardiac 
Defects 
 

Affected 
Controls with 
Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  Population Est. 
(%) within group 

      
Male 2,162 930 20,713 23,804 
 58.0 64.2 52.1 53.0 
    
Female 1,565 519 19,013 21,096 

Infant Gender 

 42.0 35.8 47.9 47.0 
      
 
Table 37. Sample Characteristics:  Gestational Age at Birth (weeks) and Birthweight 
 (grams) 

Cases 
 

Affected Controls 
 

Nonaffected 
Controls* 

Total 
 

 

Estimated Mean 
Std. Error 

Gestational Age at 
Birth (weeks) 

37.7 
0.24 

37.9 
0.33 

39.4 
0.04 

39.2 
0.04 

  
Birthweight (gms) 2981 

64.96 
2801 

100.02 
3486 

20.39 
3422 

18.83 
*Birthweight of less than 2,500 gms. and gestational age of less than 37 weeks were exclusion criteria for Nonaffected control group. 
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Univariate Analysis:  Crude Odds Ratios 

Association between Suspected Covariates and Congenital Cardiac Defects:  
Alcohol Use 

 
 The independent alcohol exposures of interest and various covariates were 

assessed separately with each control group for association with cardiac defects using the 

Wald chi-square test.  Table 38 presents the crude odds ratios, 95% confidence intervals 

and p-values for the measures of maternal alcohol use (the exposures).1  When compared 

to affected controls with Down’s syndrome, cases with congenital cardiac defects were 

less likely to report binge drinking four or more times in the three months prior to 

pregnancy (OR 0.47; CI 0.3-0.72; p<.01), alcohol use in the last three months of 

pregnancy (OR 0.23; CI 0.07-0.75; p<.05), and the combined measure of binge drinking 

in the three months prior to pregnancy and any alcohol use in the last three months of 

pregnancy (OR 0.15; CI 0.03-0.66; p<.05).  Cases were more likely than affected controls 

to have been born to a mother who used alcohol in the three months prior to pregnancy 

and then stopped drinking (quit drinking) in the last three months of pregnancy (OR 1.82; 

CI 1.11-2.97, p<.05) and less likely than affected controls to have been born to a mother 

who used alcohol in the three months prior to pregnancy and continued to drink in the last 

three months of pregnancy (OR 0.28; CI 0.08-0.99; p<.05).  No other significant 

differences in odds of alcohol exposure were found between cases and nonaffected 

controls; however binge drinking more than once (OR 1.68; CI 0.72-3.92; p<.25) and 

frequent drinking (an average of 7 or more drinks per week) in the three months prior to 

pregnancy (OR 0.41; CI 0.11-1.49; p<.25) both met the arbitrary p-value for inclusion in 

                                                 
1 Drinking the last three months of pregnancy was not evaluated in the multivariate tests, however this 
measure was used to determine continued drinking, defined as drinking in both the three months prior to- 
and the last three months of- pregnancy. 
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the multivariate analyses suggested by Hosmer and Lemeshow (2000).  All alcohol use 

variables, with the exception of drinking in the last three months of pregnancy, were 

tested in the multivariate analyses as exposures of interest. 

Table 38.   Univariate Comparisons and Crude Odds Ratios: Selected Alcohol Use 
 Measures among Cases Compared to Two Separate Control Groups 

Down’s Syndrome Controls Nonaffected Controls  

OR 
(95% CI) 

p 

OR 
(95% CI) 

p 
Any Alcohol Use Three Months prior 
to Pregnancy (ref:  No) 

  

  Yes 1.17 
(0.62-2.23) 

.621 

1.01 
(0.61-1.7) 

.966 
Frequent Drinking Three Months prior 
to Pregnancy (ref: No) 

  

  Yes 0.88 
(0.11-6.80) 

.902 

0.41 
(0.11-1.4) 

.174 
Binge Drinking prior to Pregnancy 
(ref: No) 

  

  Yes 1.10 
(0.59-2.03) 

.764 

1.18 
(0.55-2.53) 

.664 
Binge Drinking More than Once prior 
to Pregnancy (ref: No) 

  

  Yes 1.28 
(0.65-2.53) 

.475 

1.68 
(0.72-3.92) 

.228 
Binge Drinking More than 4 times 
prior to Pregnancy (ref: No) 

  

  Yes 0.47 
(0.30-0.72) 

.001 

1.74 
(0.28-10.97) 

.556 
Any Alcohol Use Last Three Months 
of Pregnancy (ref: No) 

  

  Yes 0.23 
(0.07-.75) 

.016 

0.66 
(0.27-1.65) 

.374 
Drinking throughout Pregnancy (ref: 
Mom did not drink) 

  

  Mom Continued Drinking 0.28 
(0.08-0.99) 

.048 
 

0.72 
(0.28-1.85) 

.495 

  Mom Quit Drinking 1.81 
(1.11-2.97) 

.017 

1.05 
(0.32-1.80) 

.853 
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Association between Suspected Covariates and Congenital Cardiac Defects:  
Demographic Factors 

 
 When compared to affected controls, cases were more likely to have been born to 

a mother 17 years of age or younger (OR 2.9; CI 1.04-8.4; p<.05) and less likely to be 

born to a mother 35 years of age or older (OR 0.4; CI 0.02-0.11; p<.001).  Since no 

differences were found between the 18-24 year age group and 25-34 year age group, 

these two groups were combined into one group 18-34 year olds.  This increased the odds 

ratio and estimate precision for cases compared to affected controls for infants born to 

mothers 17 years of age or less from 2.9 to 5.3 (CI 3.17-8.87, p<.001).  As a continuous 

variable, maternal age was also significant for cases compared to affected controls with 

an odds ratio of 0.80 (CI 0.024-0.16; p<.001).  Cases were more likely to have African 

American mothers (OR 2.56; CI 1.27-5.16; p<.01) and non-Hispanic mothers (0.31; CI 

0.12-0.77; p<.05) than affected controls.  Though not statistically significant cases had 

elevated odds ratios for having non-married mothers compared to affected controls (OR 

2.64; CI 0.93-7.45; p<.10) and nonaffected controls (OR 1.41; CI 0.81-2.45; p<.25).  

Table 39 presents the odds ratios for cases, 95% confidence intervals and p-values for 

maternal demographic factors by the two separate control groups. 
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Table 39.   Univariate Comparisons and Crude Odds Ratios:  Maternal Demographic 
 Factors by Control Group 
 Down’s Syndrome Controls Nonaffected Controls 
 OR 

(95% CI) 
P 

OR 
(95% CI) 

p 
Age Group (ref: 18-24 Years)   
  17 and Younger 2.90 

(1.04-8.40) 
.049 

 

1.98 
(0.56-6.98) 

.289 

  25-34 0.42 
(0.17-1.05) 

.062 
 

1.10 
(0.64-1.90) 

.732 

  35 and Older 0.04 
(0.02-0.11) 

>.001 

0.84 
(0.42-1.70) 

.623 
Age Group (ref: 18-34 Years)   
  17 and Younger 

 
5.31 

(3.17-8.87) 
>.001 

 

1.87 
(0.56-6.27) 

.309 

  35 and Older 0.08 
(0.03-0.16) 

>.001 

0.79 
(0.43-1.46) 

.459 
Maternal Age (Continuous)   
  Years 0.80 

(0.76-0.85) 
>.001 

0.98 
(0.94-1.02) 

.328 
Race Group (ref: White)   
  Black  2.56 

(1.27-5.16) 
.009 

 

1.56 
(0.70-3.45) 

.276 
 

  Other 1.44 
(0.38-5.40) 

.590 

1.53 
(0.54-4.35) 

.428 
Ethnicity Group (ref: Non-Hispanic)   
  Hispanic 0.31 

(0.12-0.77) 
.012 

1.11 
(0.57-2.17) 

.761 
Marital Status (ref: Married)   
  Not Married 2.64 

(0.93-7.45) 
.067 

1.41 
(0.81-2.45) 

.222 
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Association between Suspected Covariates and Congenital Cardiac Defects:   

Socioeconomic Factors 
 

 Case group infants were more likely to born to a mother with 9-11 years of 

education compared to affected controls (OR 9.9; CI 2.2-43.4; p<.01).  No significant 

differences were found in terms of maternal health insurance prior to pregnancy; however 

cases had elevated odds of being born to a mother with Medicaid compared to affected 

controls (OR 3.6; CI 0.89-14.6, p<.10) and being born to a mother with neither Medicaid 

nor private insurance when compared to nonaffected controls (OR 1.7; CI 0.98-2.9; 

p<.10). Table 40 presents the odds ratios, 95% confidence intervals and p-values for these 

socioeconomic factors. 

Table 40.   Univariate Comparisons and Crude Odds Ratios:  Maternal Socioeconomic 
 Factors by Control Group 
 Down’s Syndrome Controls Nonaffected Controls 
 OR 

(95% CI) 
p 

OR 
(95% CI) 

p 
Years of Education (ref: 12 Years)    
  0-8 Years 0.28 

(0.04-1.87) 
.189 

 

0.55 
(0.19-1.62) 

.279 

  9-11 Years 9.86 
(2.24-43.39) 

.003 
 

1.45 
(0.67-3.10) 

.345 

  13-15 Years 0.74 
(0.28-1.10) 

.542 
 

0.62 
(0.30-1.28) 

.195 

  16 or More Years 0.63 
(0.31-1.27) 

.197 
 

0.96 
(0.52-1.76) 

.885 
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Table 40 (continued).   Univariate Comparisons and Crude Odds Ratios:  Maternal  
 Socioeconomic Factors by Control Group 
 Down’s Syndrome Controls Nonaffected Controls 
 OR 

(95% CI) 
p 

OR 
(95% CI) 

p 
Insurance Status Before Pregnancy (ref: 
Insurance, Not Medicaid) 

  

  Medicaid 3.60 
(0.89-14.57) 

.072 
 

1.77 
(0.75-4.14) 

.190 

  Not Medicaid or Insurance 1.05 
(0.47-2.33) 

.908 
 

1.67 
(0.98-2.86) 

.062 

 
Association between Suspected Covariates and Congenital Cardiac Defects:  

Psychosocial Factors 
 

 Cases were less likely than affected controls to be born to mothers who wanted 

the pregnancy to occur sooner (OR 0.26; CI 0.09-0.79; p<.05).  Cases had reduced odds 

of having mothers who reported 2 or more stressors in the past year than nonaffected 

controls, but this estimate was not significant (OR 0.74; CI 0.45-1.22; p<.25).  As a 

continuous measure, total stress score was not found to be a significant factor.  Table 41 

presents the univariate results for the psychosocial factors pregnancy intention, stress 

group and total stress score. 
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Table 41.   Univariate Comparisons and Crude Odds Ratios:  Maternal Psychosocial 
 Factors by Control Group 
 Down’s Syndrome Controls Nonaffected Controls 
 OR 

(95% CI) 
p 

OR 
(95% CI) 

p 
Pregnancy Intention  
(ref: Wanted Then)  

  

  Wanted Sooner 0.26 
(0.09-0.79) 

.018 
 

0.10 
(0.54-1.85) 

.990 
 

  Wanted Later 0.79 
(0.29-2.14) 

.638 
 

1.31 
(0.71-2.42) 

.386 

  Didn’t Want 0.50 
(0.11-2.22) 

.356 

1.40 
(0.55-3.59) 

.482 
Stress Group (ref: Low Stress)   
  High Stress   
 0.99 

(0.51-1.92) 
.969 

0.74 
(0.45-1.22) 

.240 
Stress Score (Continuous)   
  Number of Stressors Reported 0.97 

(0.82-1.15) 
.710 

0.92 
(.81-1.06) 

.259 
 

 
Association between Suspected Covariates and Congenital Cardiac Defects:   

Maternal Health & Reproductive Factors 
 

 Cases were less likely to born to mothers who were underweight (OR 0.34; CI 

0.16-0.75, p<.01) than affected controls.  Mothers of cases also had fewer average 

previous pregnancies (OR 0.90; CI 0.68-0.94; p<.01) and fewer previous terminations 

(OR 0.76; CI 0.59-0.99; p<.05) compared to affected controls.  Cases had elevated, but 

not significant, odds of being born to mothers with high blood pressure compared to 

affected controls (OR 2.3; CI 0.82-6.4; p<.25) and nonaffected controls (OR 2.1; CI 0.90-

5.12; p<.10).  Cases also had elevated, but not significant, odds of being born to a mother 

who smoked prior to pregnancy (OR 2.4; CI 0.84-7.0; p<.25), but reduced odds 

compared to nonaffected controls (OR 0.62; CI 0.30-1.3; p<.25).  Table 42 presents the 
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univariate results for the suspected maternal health and reproductive health covariates 

included in this study. 

Table 42.   Univariate Comparisons and Crude Odds Ratios:  Maternal Health and 
 Reproductive Health Factors by Control Group 
 Down’s Syndrome Controls Nonaffected Controls 
 OR 

(95% CI) 
P 

OR 
(95% CI) 

p 
BMI (ref: Normal)   
  Underweight 0.34 

(0.16-0.75) 
.007 

 

0.91 
(0.42-1.98) 

.819 

  Overweight 1.65 
(0.52-5.17) 

.391 
 

0.70 
(0.33-1.47) 

.348 

  Obese 0.62 
(0.34-1.13) 

.115 
 

0.97 
(0.49-1.92) 

.932 

Diabetes (ref: No)   
  Yes 0.81 

(0.17-3.88) 
.794 

1.64 
(0.53-5.05) 

.386 
High Blood Pressure (ref: No)   
  Yes 2.29 

(0.82-6.43) 
.116 

2.15 
(0.90-5.12) 

.085 
 

Smoking (ref: No)   
  Yes 2.41 

(0.84-6.95) 
.102 

 

0.62 
(0.30-1.26) 

.186 

Previous Pregnancies (Continuous)   
  Number of Previous Pregnancies 0.80 

(0.68-0.94) 
.007 

0.99 
(0.85-1.16) 

.934 
Previous Terminations (Continuous)   
  Number of Previous Terminations 0.76 

(0.59-0.99) 
.042 

1.11 
(0.83-1.49) 

.476 
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Association between Suspected Covariates and Congenital Cardiac Defects:   
Infant Characteristics 

 
 No significant differences were found regarding infant gender between cases and 

affected/nonaffected controls.  Since gestational age and birthweight were exclusion 

criteria for the selection of the nonaffected control group, comparisons were only 

completed to examine potential differences between cases and affected controls for these 

characteristics.  No significant differences were found with respect to birthweight and 

gestational age at birth.  Table 43 contains the results of the univariate analyses of infant 

characteristics by control group. 

Table 43.   Univariate Comparisons and Crude Odds Ratios:  Infant Characteristics by 
 Control Group 
 Down’s Syndrome 

Controls 
Nonaffected Controls 

 OR 
(95% CI) 

p 

OR 
(95% CI) 

p 
Gender (ref: Male)   
  Female 1.30 

(0.57-2.97) 
.537 

0.79 
(0.48-1.29) 

.347 
Gestational Age at Birth (Continuous) 
   

  

  Weeks 0.98 
(0.91-1.06) 

.680 

*Comparison is not 
applicable. 

Birthweight (Continuous)   
  Grams 1.00 

(1.00-1.01) 
.095 

*Comparison is not 
applicable. 

*Birthweight of less than 2,500 gms. and gestational age of less than 38 weeks were exclusion criteria for Nonaffected control group. 
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Multivariate Analyses 

Evaluation of Multi-Collinearity for Independent Variables 

 Prior to construction of logistic regression models for multivariate comparisons, 

each of the independent variables (with a p value of less than 0.25 or deemed of clinical 

significance) were analyzed for multi-collinearity.  Each of the categorical variables was 

examined for their pseudo Nagelkerke r2 with respect to all other variables.  For the 

continuous variables previous pregnancies and previous pregnancy terminations, r2 was 

examined.  None of the variable pairs reached the a priori threshold of 0.70 or greater to 

indicate possible issues with multi-collinearity in the logistic regression analyses.  Table 

44 presents the pseudo r2 and r2 values for each of the pairs of independent variables 

examined. 
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Table 44.   Assessment of Multi-Collinearity for the Independent Variables:  Pseudo r2 
 and r2 Values 
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Maternal Age .068 .001 .189 .342 .151 .177 .067 .013 .005 .028 .006 .177 .054 

Race - .054 .256 .062 .122 .093 .025 .005 .015 .048 .022 .021 .018 

Ethnicity - - .014 .154 .099 .008 .005 .006 .015 .008 .007 .008 .004 

Marital Status - - - .215 .245 .210 .090 .000 .004 .040 .009 .051 .018 

Mother’s 
Education 

- - - - .271 .080 .063 .015 .007 .046 .052 .025 .013 

Insurance 
Status 

- - - - - .109 .110 .003 .002 .026 .032 .000 .015 

Pregnancy 
Intention 

- - - - - - .116 .003 .020 .022 .006 .038 .013 

Stress Group - - - - - - - .003 .005 .021 .043 .002 .002 

Diabetes - - - - - - - - .000 .035 .004 .009 .010 

Hypertension - - - - - - - - - .053 .006 .001 .000 

BMI - - - - - - - - - - .003 .016 .013 

Smoking - - - - - - - - - - - .004 .001 

Previous 
Pregnancies 

- - - - - - - - - - - - .391* 

*r square (all others Nagelkerke pseudo r square) 

Variables Selected for Binomial Logistic Regression Tests 

 Age group was condensed into 3 groups (17 and younger; 18-34; and 35 and 

older).  The 18-24 year old age group and 25-34 year old age group were not 

substantially different based on the univariate analysis.  Compared to affected controls as 

a reference, mothers 17 years old and younger were more likely (OR 2.9; CI 1.04-8.40) to 

have an infant with congenital cardiac defects and mothers 35 years of age and older 
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were less likely (OR 0.42; CI 0.17-1.05) to have an infant with congenital cardiac defects.  

Age, race, ethnicity, marital status and smoking before pregnancy were included in each 

of the initial models and retained in the final models since these variables were thought to 

be clinically significant in terms of potential confounding.  The dichotomous variable 

stress group (low, high) was used as opposed to the continuous variable stress score.  The 

stress groups were based on the mean value of stress score (see univariate analysis).  

Variables excluded based on the univariate analyses were diabetes, infant gender and 

gestational age.  Additionally, both gestational age and birthweight were not included in 

the models since they were exclusion criteria for the nonaffected control group.  The 

variable for previous terminations was excluded based on two considerations.  First, it 

was moderately correlated with previous pregnancies and sample size limitations limit 

the number of variables that could be examined for the affected control group.  Second, 

issues related to the definition of still birth v. miscarriage (and how states collect this 

information) may ultimately affect the reliability of the measure.  Table 45 lists the 

covariates that were included in the multivariate analyses based on results of the 

univariate analysis and a priori decisions.   
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Table 45.  Summary of Independent Variables Examined in the Multivariate Analyses 
Covariate Affected Controls Nonaffected Controls 
 p value <.25? Selected for 

Binomial 
Logistic 
Regression? 

p value <.25? Selected for 
Binomial 
Logistic 
Regression? 

A Priori     
Age Group (3 age groups) Yes Yes No Yes 
Race Group Yes Yes No Yes 
Ethnicity Yes Yes No Yes 
Marital Status Yes Yes Yes Yes 
Smoking Yes Yes Yes Yes 
     
Additional Variables     
Education Yes Yes Yes Yes 
Insurance Status Yes Yes Yes Yes 
Pregnancy Intention Yes Yes No No 
Stress Group No No Yes Yes 
BMI Yes Yes No No 
High Blood Pressure Yes Yes Yes Yes 
Previous Pregnancies Yes Yes No No 
     
Excluded     
Previous Termination Yes No No No 
Diabetes No No No No 
Infant Gender No No No No 
Gestational Age No No   
Birthweight Yes No   
 
 The remainder of this chapter presents the results from the complex sample 

logistic regression models.  The procedure for presenting these results is a multiple step, 

cyclical process.   For each of the first four hypotheses, the following steps were 

completed: 

1.  Initial main effects binomial logistic regression models for each of the exposures 

of interest with a-priori independent variables (age, race, ethnicity, marital status 

and smoking in the three months prior to pregnancy) first with affected controls as 

a reference group and then with nonaffected controls as a reference group; 

2. Exhaustive testing of identified additional variables resulting in final main effects 

binomial logistic models which increased the pseudo r2, decreased the p-value of 
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for the respective exposure examined, and decreased the -2 pseudo log likelihood 

statistic from the initial models; 

3. When sample size was adequate, testing for the interaction between the respective 

alcohol exposure of interest and smoking in the three months prior to pregnancy 

(adjusted binomial logistic regression model); and 

4. If significant interaction was found, a subpopulation analyses stratified by 

smoking/no-smoking controlled for maternal age to determine conditional odds 

ratios.   

 For the study’s final hypothesis, a binomial logistic regression model was 

constructed using the affected control group and nonaffected control group.  In this model 

the nonaffected control group was used as the reference.  This model compared the two 

groups on the exposure of binge drinking on more than one occasion in the three months 

prior to pregnancy (the only measure of alcohol use found to be significant with both the 

affected and nonaffected control groups in the final main effects models for each).   

Additional independent variables consisted of the union of the set of independent 

variables in the two separate final effects models (cases with affected controls, cases with 

nonaffected controls).  Figure 11 depicts the flow of the multivariate analyses presented 

in the remainder of this chapter.
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Figure 11.  Flow Chart for Multivariate Analyses  
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Hypothesis 1: Drinking in the Three Months prior to Pregnancy (Yes/No) 

Infants born with cardiac defects are significantly different in terms of exposure to 

maternal alcohol use (yes/no) in early pregnancy compared to infants with Down’s 

Syndrome or infants with no birth defects noted on the birth certificate (OR<>1; p<.05). 

 Any drinking in the three months before pregnancy (yes/no) was evaluated in 

binomial logistic regression models using affected and nonaffected controls as the 

reference groups.  The initial models included maternal age, race, ethnicity, marital status 

and smoking in the three months prior to pregnancy as covariates.  For selection of the 

final models, additional variables were forward entered with the interaction between any 

alcohol use in the three months prior to pregnancy and smoking (yes/no) in the three 

months prior to pregnancy and evaluated for impact on the p value for the  drinking in the 

three months prior to pregnancy variable, pseudo r2, and Pseudo -2 Log Likelihood 

values.   

Binomial Logistic Regression with Affected Controls  
(Infants with Down’s Syndrome) 

 
Initial Main Effects Model 

 In the initial binomial logistic regression model no differences were found in 

maternal drinking in the three months prior to pregnancy between cases and affected 

controls with Down’s syndrome (OR 0.87; CI 0.42-1.8).  Significant differences were 

noted with respect to maternal age and ethnicity.  Infants with congenital cardiac defects 

were less likely to be born to mothers 35 years of age or older (OR 0.08; CI 0.04-0.16) 

and less likely to be born to Hispanic mothers (OR 0.31; CI 0.15-0.67).  No differences 

were noted in the initial model with respect to maternal race, marital status or smoking in 

the three months prior to pregnancy. 
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Final Main Effects Model 

 After stepwise procedures, the addition of maternal education, insurance type 

before pregnancy, pregnancy intention, body mass index (BMI) and high blood pressure 

were retained in addition to the variables included in the initial model.  No differences 

were found in drinking in the three months prior to pregnancy between cases and affected 

controls (OR 0.66; CI 0.31-1.43).  Ethnicity was not significant in the final main effects 

model (OR 0.42; CI 0.16-1.1).  Marital status was significant with cases more likely to be 

born to non-married mothers compared to affected controls (OR 6.5; CI 1.3-29.11).  

Among the additional variables that were retained, maternal education, pregnancy 

intention and BMI each were found to have significant differences between cases and 

affected controls.  Cases were more likely to have been born to mothers with an 

educational level of 9-11 years (OR 10.69; CI 1.2-91.65) and less likely to born to 

mothers with an educational level of more than 12 years (OR 0.31; CI 0.11-0.91 [13-15 

years] and OR 0.32; CI 0.11-0.98 [16 or more years]).  Mothers of cases were less likely 

to report wanting their pregnancy to occur sooner (OR 0.25; CI 0.07-0.88), later (OR 

0.13; CI 0.05-0.38), or not wanting the pregnancy (OR 0.05; CI 0.01-0.40) compared to 

affected controls.  Mothers of cases were also less likely to have a BMI in the 

underweight range (OR 0.13; CI 0.04-0.46) compared to affected controls.  No other 

differences were found.  

 Table 46 presents the initial main effects and final main effects binomial logistic 

regression models.   
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Table 46.   Initial and Final Main Effects Binomial Logistic Regression Models 
 Comparing Cases and Affected Controls:  Drinking in the Three Months prior 
  to Pregnancy  
 Initial Final 
Independent Variable Wald χ2 Sig. Wald  χ2 Sig. 
Drink Three Months Before Pregnancy 0.15 .696 1.11 .293 
Maternal Age 51.80 <.001 43.64 <.001 
Race Group 1.68 .431 3.05 .218 
Ethnicity 9.01 .003 3.21 .073 
Marital Status 3.25 .071 5.13 .024 
Smoked Before Pregnancy 0.02 .900 1.65 .199 
Maternal Education   13.95 .007 
Insurance Type Before Pregnancy   0.62 .735 
Pregnancy Intention   15.03 .002 
BMI   11.60 .009 
High Blood Pressure   0.003 .953 
     
  Initial Final 
Independent Variable  OR 95% CI OR 95% CI 
Drink Three Months Before  Yes 0.87 0.41-1.80 0.66 0.31-1.43 
 No (ref) 1.00  1.00  
Maternal Age Under 18 2.37 0.71-7.90 0.63 0.14-2.86 
 35 and Over 0.08 0.04-0.16 0.11 0.05-0.21 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.58 0.77-3.26 0.53 0.16-1.75 
 Other 0.91 0.19-4.32 0.34 0.07-1.81 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 0.31 0.15-0.67 0.42 0.16-1.10 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 2.34 0.92-5.93 6.05 1.26-29.11 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 1.10 0.23-5.24 0.33 0.06-1.82 
 No (ref) 1.00  1.00  
Maternal Education 0-8 Years   0.43 0.09-1.98 
 9-11 Years   10.69 1.25-91.65 
 13-15 Years   0.31 0.11-0.91 
 16 or More Years   0.32 0.11-0.98 
 12 Years (ref)   1.00  
Insurance Type Medicaid   0.58 0.12-2.76 
 Neither Medicaid nor 

Private 
  0.72 0.28-1.85 

 Private Insurance (ref)   1.00  
Pregnancy Intention Sooner   0.25 0.07-0.88 
 Later   0.13 0.05-0.38 
 Didn’t Want   0.05 0.01-0.40 
 Wanted Then (ref)   1.00  
BMI Underweight   0.13 0.04-0.46 
 Overweight   0.89 0.17-4.71 
 Obese   0.58 0.28-1.21 
 Normal (ref)   1.00  
High Blood Pressure Yes   0.97 0.29-3.21 
 No (ref)   1.00  
 Model Significance r2 -2 L.L.   

Initial Main Effects <.001 .39 4379.35   
Final Main Effects <.001 .49 3334.04   
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Final Adjusted Model with the Interaction between Any Drinking in the Three Months 
prior to Pregnancy and Smoking in the Three Months prior to Pregnancy  
 

The final main effects model was adjusted with the interaction term for 

drinking in the three months prior to pregnancy and smoking in the three months prior to 

pregnancy.  The interaction was not found to be significant (p value = 0.267).  Similar 

differences compared to the final main effects model remained with respect to maternal 

age, education, pregnancy intention and BMI.  The interaction did not improve the 

explanation of variance between cases and affected controls (r2 for the final main effects 

model = 0.491 compared to 0.492 for the adjusted model).  Table 47 presents the final 

adjusted binomial logistic regression model comparing cases to affected controls 

including the interaction term. 
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Table 47.   Final Adjusted Model with the Interaction between Drinking in the Three 
 Months prior to Pregnancy and Smoking in the Three Months prior to 
 Pregnancy Comparing Cases and Affected Controls 
 Final Adjusted Model 
Independent Variable Wald χ2 Sig. 
Drink Three Months Before Pregnancy 2.44 .118 
Smoked Before Pregnancy 0.47 .494 
Drink Three Months Before Pregnancy*Smoked Before 
Pregnancy 

1.23 .267 

Maternal Age 43.26 <.001 
Race Group 3.04 .219 
Ethnicity 3.15 .076 
Marital Status 4.86 .028 
Maternal Education 13.43 .009 
Insurance Type Before Pregnancy 0.62 .734 
Pregnancy Intention 15.04 .002 
BMI 11.66 .009 
High Blood Pressure 0.01 .924  
  Final Adjusted Model 
Independent Variable  OR 95% CI 

Drink=Yes Smoke=Yes 0.20 0.04-1.04 Drink Three Months Before Pregnancy* 
Smoked Three Months Before Drink = Yes  Smoke=No 0.69 0.32-1.5 
 Drink = No Smoke=Yes 1.11 0.12-10.74 
 Drink = No  Smoke=No (ref) 1.00  
Maternal Age Under 18 0.71 0.15-3.41 
 35 and Over 0.10 0.05-0.21 
 18-34 (ref) 1.00  
Race Group Black 0.56 0.17-1.90 
 Other 0.32 0.06-1.74 
 White (ref) 1.00  
Ethnicity Hispanic 0.42 0.16-1.10 
 Non-Hispanic (ref) 1.00  
Marital Status Not Married 5.85 1.20-28.50 
 Married (ref) 1.00  
Maternal Education 0-8 Years 0.41 0.09-1.90 
 9-11 Years 9.95 1.21-81.76 
 13-15 Years 0.32 0.11-0.92 
 16 or More Years 0.33 0.11-0.99 
 12 Years (ref) 1.00  
Insurance Type Medicaid 0.56 0.11-2.67 
 Neither Medicaid nor Private 0.74 0.29-1.89 
 Private Insurance (ref) 1.00  
Pregnancy Intention Sooner 0.25 0.07-0.88 
 Later 0.13 0.04-0.38 
 Didn’t Want 0.05 0.01-0.40 
 Wanted Then (ref) 1.00  
BMI Underweight 0.12 0.04-0.46 
 Overweight 0.90 0.17-4.78 
 Obese 0.58 0.28-1.21 
 Normal (ref) 1.00  
High Blood Pressure Yes 0.94 0.28-3.18 
 No (ref) 1.00  
 Model Significance r2 -2 L.L. 
Final Adjusted Model <.001 .49 3328.83 
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Binomial Logistic Regression with Nonaffected Controls 

Initial Main Effects Model 

In the initial binomial logistic regression model no differences were found in 

maternal drinking in the three months prior to pregnancy between cases and nonaffected 

controls (OR 1.19; CI 0.70-2.06).  Though not significant (p value = 0.057) Infants with 

congenital cardiac defects appeared less likely to be born to mothers who smoked in the 

three months prior to pregnancy (OR 0.51; CI 0.25-1.02).  No differences were found 

between cases and nonaffected controls with respect to maternal age, race, ethnicity or 

marital status. 

Final Main Effects Model 

 After stepwise procedures, stress group (high/low) and high blood pressure were 

retained in addition to the variables included in initial model.   No differences were found 

in drinking in the three months prior to pregnancy between cases and nonaffected 

controls (OR 1.32; CI 0.77-2.24).  Both smoking before pregnancy and stress had p 

values under 0.10, but were not significant.  As in the initial model, cases appeared less 

likely to be born to mothers who smoked in the three months prior to pregnancy (OR 

0.49; CI 0.23-1.06).   Case infants were at reduced odds of being born to mothers with 

high stress defined as two or more stressors (OR 0.60; CI 0.34-1.06).   

 Table 48 presents the results of initial main effects and final main effects binomial 

logistic regression models comparing cases to nonaffected controls. 
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Table 48.   Initial and Final Main Effects Binomial Logistic Regression Models 
 Comparing Cases and Nonaffected Controls:  Drinking in the Three Months 
 prior to Pregnancy  
 Initial Final 
Independent Variable Wald χ2 Sig. Wald χ2 Sig. 
Drink Three Months Before 
Pregnancy 

0.41 .524 1.10 .314 

Maternal Age 0.78 .679 0.34 .846 
Race Group 1.41 .494 0.78 .676 
Ethnicity 0.01 .936 0.11 .739 
Marital Status 0.01 .908 <0.01 .972 
Smoked Before Pregnancy 3.63 .057 3.27 .071 
Insurance Type Before Pregnancy   4.06 .132 
Stress Group   3.08 .079 
High Blood Pressure   1.92 .165 
 
  Initial Final 
Independent Variable  OR 95% CI OR 95% CI 
Drink Three Months 
Before  

Yes 1.19 0.69-2.06 1.31 0.77-2.24 

 No (ref) 1.00  1.00  
Maternal Age Under 18 1.75 0.42-7.12 1.32 0.32-5.57 
 35 and Over 0.87 0.44-1.69 0.86 0.43-4.69 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.50 0.59-3.82 1.31 0.52-3.28 
 Other 1.68 0.56-5.08 1.57 0.49-5.00 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 1.03 0.48-2.22 0.88 0.40-1.91 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 1.04 0.52-2.07 0.99 0.46-2.12 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 0.51 0.25-1.02 0.49 0.22-1.06 
 No (ref) 1.00  1.00  
Insurance Type Medicaid   2.05 0.72-5.87 
 Neither Medicaid nor Private   1.91 0.99-3.70 
 Private Insurance (ref)   1.00  
Stress Group High   0.60 0.34-1.06 
 Low (ref)   1.00  
High Blood Pressure Yes   1.760 0.79-3.91 
 No (ref)   1.00  
      
 Model Significance r2 -2 L.L.   

Initial Main Effects .248 .02 23824.587   
Final Main Effects .112 .04 23328.321   
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Final Adjusted Model with the Interaction between Any Drinking in the Three Months 
prior to Pregnancy and Smoking in the Three Months prior to Pregnancy 
 

The final main effects model was adjusted with the interaction term for 

drinking in the three months prior to pregnancy and smoking in the three months prior to 

pregnancy.  The interaction term was not significant (p value = 0.268), however with the 

interaction term included, the main effect of smoking in the three months prior to 

pregnancy was significant (p < 0.05).  Examination of the odds ratios and confidence 

intervals for the interaction term revealed a statistically significant difference between the 

no drinking/smoking and no drinking/no smoking strata.  Infants with congenital cardiac 

defects were less likely to be born to mothers who smoked and did not drink than 

nonaffected controls when mothers who did not smoke and did not drink were used as the 

referent group (OR 0.30; CI 0.11-0.82).   No other differences were found in the adjusted 

model.  Table 49 presents the results of the final adjusted binomial logistic regression 

comparing cases to nonaffected controls.   
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Table 49.   Final Adjusted Model with the Interaction between Drinking in the Three 
 Months prior to Pregnancy and Smoking in the Three Months prior to 
 Pregnancy Comparing Cases and Nonaffected Controls 
 Final Adjusted Model 
Independent Variable Wald χ2 Sig. 
Drink Three Months Before Pregnancy 2.67 .102 
Smoked Before Pregnancy 4.79 .029 
Drink Three Months Before Pregnancy*Smoked Before 
Pregnancy 

1.23 .268 

Maternal Age 0.30 .862 
Race Group 0.79 .674 
Ethnicity 0.11 .737 
Marital Status <0.01 .969 
Insurance Type Before Pregnancy 4.16 .125 
Stress 3.00 .083 
High Blood Pressure 2.01 .156 
 
  Final Adjusted Model 
Independent Variable  OR 95% CI 

Drink=Yes Smoke=Yes 0.78 0.28-2.17 Drink Three Months Before* 
Smoked Three Months Before Drink = Yes  Smoke=No 1.22 0.69-2.17 

 Drink = No Smoke=Yes 0.30 0.11-0.82 
 Drink = No  Smoke=No (ref) 1.00  
Maternal Age Under 18 1.32 0.32-5.50 
 35 and Over 0.87 0.44-1.72 
 18-34 (ref) 1.00  
Race Group Black 1.31 0.52-3.29 
 Other 1.57 0.49-5.03 
 White (ref) 1.00  
Ethnicity Hispanic 0.88 0.40-1.92 
 Non-Hispanic (ref) 1.00  
Marital Status Not Married 0.99 0.46-2.12 
 Married (ref) 1.00  
Insurance Type Medicaid 2.03 0.71-5.81 
 Neither Medicaid nor Private 1.92 0.99-3.71 
 Private Insurance (ref) 1.00  
Stress Group High 0.61 0.35-1.07 
 Low (ref) 1.00  
High Blood Pressure Yes 1.78 0.80-3.97 
 No (ref) 1.00  
    
 Model Significance r2 - 2 L.L. 
Final Adjusted Model .111 .05 23293.47 
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Hypothesis 2:  Binge Drinking in the Three Months prior to Pregnancy (Yes/No) 

Infants born with cardiac defects are significantly different in terms of exposure to 

maternal binge drinking (yes/no) in early pregnancy compared to infants with Down’s 

Syndrome or infants with no birth defects noted on the birth certificate (OR<>1; p<.05). 

 Binge drinking in the three months before pregnancy (yes/no) was evaluated in 

binomial logistic regression models using affected and nonaffected controls as reference 

groups.  The initial models included maternal age, race, ethnicity, marital status and 

smoking in the three months prior to pregnancy as covariates.  For selection of the final 

models, additional variables were forward entered with the interaction between any 

alcohol use in the three months prior to pregnancy and smoking (yes/no) in the three 

months prior to pregnancy and evaluated for impact on the p value of any drinking in the 

three months prior to pregnancy, pseudo r2, and pseudo -2 Log Likelihood values.   

Binomial Logistic Regression with Affected Controls  
(Infants with Down’s Syndrome) 

 
Initial Main Effects Model 

 The initial binomial logistic regression model comparing cases to affected 

controls on binge drinking found a significant association with cases less likely to be born 

to mothers who reported binge drinking in the three months prior to pregnancy (OR 0.31; 

CI 0.11-0.83).  Age, ethnicity and marital status were found to be significant covariates.  

Infants with congenital cardiac defects were less likely to be born to mothers 35 years of 

age or older (OR 0.06; CI 0.03-0.16) and mothers of Hispanic origin (OR 0.27; CI 0.11-

0.62) than affected controls.  Cases were more likely to be born to mothers who were not 

married (OR 3.0; CI 1.07-8.34) compared to infants with Down’s syndrome.  No 

differences were found with respect to smoking and race.   
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Final Main Effects Model 

 After stepwise procedures, the addition of maternal education, insurance type 

before pregnancy, BMI and previous pregnancies were retained in addition to the 

variables included in the initial model.   In the final model, cases were again found to be 

less likely to have mothers who reported binge drinking in the three months prior to 

pregnancy (OR 0.22; CI 0.08-0.60), however the odds were reduced further from the 

initial model.  Maternal age, ethnicity and marital status remained as significant 

covariates.  Of the additional variables entered through stepwise logistic regression, only 

BMI was found to be a significant covariate.  Case infants were less likely to have 

mothers whose BMI was in the underweight range (OR 0.15; CI 0.04-0.65).   

No differences were found with regard to education, insurance or previous pregnancies.  

 Table 50 presents the results of the initial and final main effects binomial logistic 

regression models comparing cases to affected controls for binge drinking in the three 

months prior to pregnancy. 
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Table 50.   Initial and Final Main Effects Binomial Logistic Regression Models 
 Comparing Cases and Affected Controls:  Binge Drinking in the Three 
 Months prior to Pregnancy  
 Initial Final 
Independent Variable Wald χ2 Sig. Wald χ2 Sig. 
Binge Drinking  5.45 .020 9.49 .002 
Maternal Age 36.74 <.001 50.42 <.001 
Race Group 0.86 .652 0.74 .691 
Ethnicity 9.53 .002 14.32 <.001 
Marital Status 4.40 .036 8.04 .005 
Smoked Before Pregnancy 1.14 .285 0.11 .734 
Maternal Education   2.67 .615 
Insurance Type Before Pregnancy   1.19 .553 
BMI   8.67 .034 
Previous Pregnancies   0.06 .814 
 
  Initial Final 
Independent Variable  OR 95% CI OR 95% CI 
Binge Drinking   Yes 0.31 0.11-0.83 0.22 0.08-0.58 
 No (ref) 1.00  1.00  
Maternal Age Under 18 1.68 0.46-6.17 0.55 0.11-2.84 
 35 and Over 0.06 0.02-0.16 0.06 0.02-0.15 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.38 0.61-3.12 1.41 0.48-4.13 
 Other 0.81 0.16-4.06 0.51 0.08-3.17 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 0.27 0.11-0.62 0.24 0.11-0.50 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 2.98 1.07-8.34 4.10 1.53-10.97 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 3.15 0.38-26.30 1.45 0.17-12.54 
 No (ref) 1.00  1.00  
Maternal Education 0-8 Years   0.92 0.21-4.04 
 9-11 Years   2.90 0.26-32.10 
 13-15 Years   0.51 0.13-2.05 
 16 or More Years   0.49 0.13-1.77 
 12 Years (ref)   1.00  
Insurance Type Medicaid   0.40 0.06-2.45 
 Neither Medicaid nor Private   0.57 0.19-1.69 
 Private Insurance (ref)   1.00  
BMI Underweight   0.15 0.04-0.65 
 Overweight   2.15 0.26-17.85 
 Obese   0.71 0.34-1.52 
 Normal (ref)   1.00  
Previous Pregnancies Unit of Change = 1   1.03 0.82-1.28 
      
      
 Model Significance r2 - 2 L.L.   

Initial Main Effects <.001 .42 4119.77   
Final Main Effects <.001 .45 3501.07   
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Final Adjusted Model with the Interaction between Binge Drinking in the Three Months 
prior to Pregnancy and Smoking in the Three Months prior to Pregnancy 
 

The final main effects model was adjusted for the interaction term for 

binge drinking in the three months prior to pregnancy and smoking in the three months 

prior to pregnancy.  The interaction term was statistically significant (p<.001).    

Examination of the odds ratios and confidence intervals for the interaction term revealed 

a statistically significant difference between the binge (yes)/smoke (no) and binge 

(no)/smoke(no) strata.  Infants with congenital cardiac defects appeared to be less likely 

to be born to mothers who reported binge drinking, but not smoking, than affected 

controls when mothers who did not smoke and did not binge drink were used as the 

referent group (OR 0.15; CI 0.05-0.42).   As with the final main effects model, age, 

ethnicity, marital status and BMI group were found to be significant covariates.  Table 51 

presents the results of the final adjusted binomial logistic regression comparing cases to 

nonaffected controls.  Because of the significant interaction, an analysis was completed to 

examine the separate effects of the smoking and no-smoking strata with binge drinking.  
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Table 51.   Final Adjusted Model with the Interaction between Binge Drinking in the 
 Three Months prior to Pregnancy and Smoking in the Three Months prior to 
 Pregnancy Comparing Cases and Affected Controls 
 Final Adjusted Model 
Independent Variable Wald χ2 Sig. 
Binge Three Months Before Pregnancy 0.78 .377 
Smoked Before Pregnancy 1.77 .184 
Binge Three Months Before Pregnancy*Smoked Before 
Pregnancy 

17.54 <.001 

Maternal Age 54.83 <.001 
Race Group 0.61 .739 
Ethnicity 15.67 <.001 
Marital Status 9.31 .002 
Maternal Education 2.63 .621 
Insurance Type 1.21 .547 
BMI 1.72 .052 
Previous Pregnancies 0.08 .780 
 
  Final Adjusted Model 
Independent Variable  OR 95% CI 

Binge=Yes Smoke=Yes 5.77 0.67-49.92 Binge Three Months Before* 
Smoked Three Months Before Binge = Yes  Smoke=No 0.15 0.05-0.42 
 Binge = No Smoke=Yes 0.27 0.04-2.10 
 Binge = No  Smoke=No (ref) 1.00  
Maternal Age Under 18 0.31 0.05-2.13 
 35 and Over 0.06 0.02-0.14 
 18-34 (ref) 1.00  
Race Group Black 1.40 0.46-4.27 
 Other 0.55 0.09-3.38 
 White (ref) 1.00  
Ethnicity Hispanic 0.21 0.10-0.47 
 Non-Hispanic (ref) 1.00  
Marital Status Not Married 5.05 1.77-14.41 
 Married (ref) 1.00  
Maternal Education 0-8 Years 1.09 0.24-5.05 
 9-11 Years 3.06 .21-44.60 
 13-15 Years 0.45 0.10-1.93 
 16 or More Years 0.52 0.14-1.94 
 12 Years (ref) 1.00  
Insurance Type Medicaid 0.40 0.06-2.63 
 Neither Medicaid nor Private 0.54 0.17-1.70 
 Private Insurance (ref) 1.00  
BMI Group Underweight 0.16 0.03-0.73 
 Overweight 1.87 0.22-16.12 
 Obese 0.75 0.35-1.63 
 Normal (ref) 1.00  
Previous Pregnancies Unit of Change = 1 1.03 1.30 
    
 Model Significance r2 - 2 L.L. 
Final Adjusted Model <.001 .48 3401.58 
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Stratified Analysis:  Smoking in the Three Months prior to Pregnancy (Yes/No) by Binge 
Drinking in the Three Months prior to Pregnancy (Yes/No) 
 
 The interaction between binge drinking in the three months prior to pregnancy 

and smoking in the three months prior to pregnancy in the case/affected control adjusted 

model is presented in Figure 12.  Among binge drinking mothers, the odds of congenital 

cardiac defects in offspring infants were elevated among those born to mothers who 

smoked in the three months prior to pregnancy, however the odds of congenital cardiac 

defects were decreased for infants born to binge drinking mothers who did not smoke in 

the three months prior to pregnancy.  This type of interaction, when the trend lines 

intersect, is referred to as qualitative- or cross-over interaction.   

 Table 52 presents the results of the stratified analysis, adjusting for maternal age.  

The odds of congenital cardiac defects for infants born to mothers who binge drank were 

10 times greater than infants born with Down’s Syndrome among smoking mothers.  The 

odds of congenital cardiac defects for infants born to mother who binge drank were about 

68% less than infants born with Down’s syndrome among nonsmoking mothers.  Figure 

13 graphically displays the strata specific (conditional) odds ratios for exposure to binge 

drinking among case infants born to smoking and non-smoking mothers when compared 

to infants with Down’s syndrome. 
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Figure 12.  Interaction between Smoking and Binge Drinking in the Three Months prior to 
Pregnancy (Cases and Affected Controls) 

 
Table 52.  Conditional Odds Ratios and Confidence Intervals for Binge Drinking in the  
 Three Months prior to Pregnancy among Smokers and Non-Smokers (Cases  
 and Affected Controls)* 
  O.R. CI p Value 
Smoke Yes*     
 Binge Yes 10.02 2.43-47.98 0.002 
 Binge No 1.00   
     
Smoke No     
 Binge Yes 0.32 0.10-0.95 0.040 
 Binge No 1.00   
*Strata-specific odds ratios controlled for maternal age. 
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Figure 13. Conditional Odds Ratios for Binge Drinking in the Three Months prior to Pregnancy 
among Smokers and Non-Smokers (Cases and Affected Controls) 
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Binomial Logistic Regression with Nonaffected Controls 
 
Initial Main Effects Model 

 The initial binomial logistic regression model comparing cases to nonaffected 

controls found no significant differences with respect to binge drinking in the three 

months prior to pregnancy (OR 1.51; CI 0.70-3.27).   No significant differences were 

found for maternal age, race, ethnicity and marital status as covariates.  The odds of being 

born to a mother who smoked among cases were reduced (0.510) among cases but not 

significant (CI 0.25-1.05) compared to nonaffected controls. 

Final Main Effects Model 

After stepwise procedures, insurance type and stress group were retained in 

addition to the variables included in the initial model.   In the final main effects model, no 

differences were found for binge drinking (OR 1.7; CI 0.75-3.88) or any of the covariates 

between cases and nonaffected controls. 

 Table 53 presents the results of the initial and final main effects binomial logistic 

regression models comparing cases to nonaffected controls for binge drinking in the three 

months prior to pregnancy. 
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Table 53.   Initial and Final Main Effects Binomial Logistic Regression Models 
 Comparing Cases and Nonaffected Controls:  Binge Drinking in the Three 
 Months prior to Pregnancy 
 Initial Final 
Independent Variable Wald χ2 Sig. Wald χ2 Sig. 
Binge Drinking   1.10 .295 1.63 .202 
Maternal Age 0.54 .765 0.25 .883 
Race Group 1.56 .458 0.99 .609 
Ethnicity <0.01 .989 0.30 .582 
Marital Status 0.01 .922 0.00 .965 
Smoked Before Pregnancy 3.32 .068 3.02 .082 
Insurance Type Before Pregnancy   4.39 .111 
Stress Group   3.71 .054 
 
  Initial Final 
Independent Variable  OR 95% CI OR 95% CI 
Binge Drinking   Yes 1.51 0.70-3.27 1.71 0.75-3.88 
 No (ref) 1.00  1.00  
Maternal Age Under 18 1.64 0.43-6.30 1.40 0.36-5.41 
 35 and Over 0.97 0.51-1.84 1.04 0.54-2.00 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.55 0.60-4.00 1.46 0.58-3.66 
 Other 1.74 0.57-5.80 1.51 0.47-4.79 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 1.01 0.47-2.16 0.80 0.37-1.76 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 1.04 0.52-2.08 1.02 0.48-2.18 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 0.51 0.25-1.05 0.50 0.22-1.10 
 No (ref) 1.00  1.00  
Insurance Type Medicaid   1.80 0.65-4.96 
 Neither Medicaid nor Private   1.97 1.03-3.76 
 Private Insurance (ref)   1.00  
Stress Group High   0.57 0.32-1.01 
 Low (ref)   1.00  
      
 Model Significance r2 - 2 L.L.   

Initial Main Effects .275 .02 23295.21   
Final Main Effects .044 .04 22895.01   
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Final Adjusted Model with the Interaction between Binge Drinking in the Three Months 
prior to Pregnancy and Smoking in the Three Months prior to Pregnancy 
 

The final main effects model was adjusted for the interaction term for 

binge drinking in the three months prior to pregnancy and smoking in the three months 

prior to pregnancy.  The interaction term was statistically significant (p<.001).    

Examination of the odds ratios and confidence intervals for the interaction term revealed 

a statistically significant difference between the binge (no)/smoke (yes) and binge 

(no)/smoke(no) strata.  Among binge drinking mothers who did not smoke, the odds of 

congenital cardiac defects were reduced when nonaffected infants were used as the 

reference group (OR 0.22; CI 0.10-0.51).   As with the final main effects model, no 

differences were found between cases and nonaffected controls on the covariates of 

interest (age, race, ethnicity, marital status, insurance type and stress group).  Table 54 

presents the results of the final adjusted binomial logistic regression comparing cases to 

nonaffected controls.  Because of the significant interaction, an analysis was completed to 

examine the separate effects of the smoking and no-smoking strata with binge drinking.  
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Table 54.   Final Adjusted Model with the Interaction between Binge Drinking in the 
 Three Months prior to Pregnancy and Smoking in the Three Months prior to  
 Pregnancy  Comparing Cases and Nonaffected Controls 
  Final Adjusted Model 
Independent Variable Wald χ2 Sig. 
Binge Three Months Before Pregnancy 8.04 .005 
Smoked Before Pregnancy 0.92 .338 
Binge Three Months Before Pregnancy*Smoked Before 
Pregnancy 

6.77 .009 

Maternal Age 0.23 .892 
Race Group 0.83 .662 
Ethnicity 0.34 .562 
Marital Status <0.01 .955 
Insurance Type Before Pregnancy 4.76 .093 
Stress 3.61  .057 
 
  Final Adjusted Model 
Independent Variable  OR 95% CI 

 Binge=Yes Smoke=Yes 2.23 0.67-7.37 Binge Three Months Before* 
Smoked Three Months Before Binge = Yes  Smoke=No 1.13 0.40-3.17 
 Binge = No Smoke=Yes 0.22 0.10-0.51 
 Binge = No  Smoke=No (ref) 1.00  
Maternal Age Under 18 1.31 0.37-4.60 
 35 and Over 1.09 0.56-2.11 
 18-34 (ref) 1.00  
Race Group Black 1.43 0.56-3.65 
 Other 1.45 0.45-4.65 
 White (ref) 1.00  
Ethnicity Hispanic 0.79 0.36-1.75 
 Non-Hispanic (ref) 1.00  
Marital Status Not Married 1.02 0.49-2.15 
 Married (ref) 1.00  
Insurance Type Medicaid 1.80 0.67-4.85 
 Neither Medicaid nor Private 2.01 1.05-3.81 
 Private Insurance (ref) 1.00  
Stress Group High 0.57 0.32-1.02 
 Low (ref) 1.00  
    
 Model Significance r2 - 2 L.L. 
Final Adjusted Model <.001 .057 22635.028 
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Stratified Analysis:  Smoking in the Three Months prior to Pregnancy (Yes/No) by Binge 
Drinking in the Three Months prior to Pregnancy (Yes/No) 
 
 The qualitative interaction between binge drinking in the three months prior to 

pregnancy and smoking in the three months prior to pregnancy in the case/nonaffected 

control adjusted model is presented in Figure 14.  The odds of congenital cardiac defects 

among infants exposed to binge drinking in the three months prior to pregnancy were 

elevated among those infants born to mothers who smoked in the three months prior to 

pregnancy.  The odds ratio for congenital cardiac defects, however, was not significant 

when compared to the no-smoking/no-binging drinking referent group (OR 2.23, CI 0.67-

7.4).       

 Table 55 presents the results of the stratified analysis, adjusting for maternal age.  

The odds of congenital cardiac defects among infants born to smoking mothers who 

binge drank are 12.6 times greater than infants born to smoking mothers who did not 

binge drink (p<.001) when nonaffected controls were used as the reference group. 

Among non-smoking mothers who binge drank, the odds of congenital cardiac defects in 

the offspring are not significantly different than non-smoking mother who did not binge 

drink when nonaffected control infants were used as the reference group.  Figure 15 

graphically displays the strata specific (conditional) odds ratios for congenital cardiac 

defects for binge drinking and smoking in the three months prior to pregnancy among 

cases and nonaffected controls. 
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Figure 14.  Interaction between Smoking and Binge Drinking in the Three Months prior  
to Pregnancy (Cases and Nonaffected Controls) 

 
Table 55.   Conditional Odds Ratios and Confidence Intervals for Binge Drinking in the  
 Three Months prior to Pregnancy among Smokers and Non-Smokers (Cases  
 and Nonaffected Controls)* 
  O.R. CI p Value 
Smoke Yes     
 Binge Yes 12.65 3.54-45.25 <.001 
 Binge No 1.0   
     
Smoke No     
 Binge Yes 0.92 0.35-2.41 .859 
 Binge No 1.0   
*Strata-specific Odds Ratios controlled for Maternal Age 
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Figure 15.  Conditional Odds Ratios for Binge Drinking in the Three Months prior to Pregnancy among 
Smokers and Non-Smokers (Cases and Nonaffected Controls) 
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Hypothesis 2:  Binge Drinking More than Once in the  
Three Months prior to Pregnancy (Yes/No) 

 
 Binge drinking on more than one occasion in the three months before pregnancy 

(yes/no) was evaluated in binomial logistic regression models using affected and 

nonaffected controls as reference groups.  The initial models included maternal age, race, 

ethnicity, marital status and smoking in the three months prior to pregnancy as covariates.  

For selection of the final models, additional variables were forward entered with the 

interaction between any alcohol use in the three months prior to pregnancy and smoking 

(yes/no) in the three months prior to pregnancy and evaluated for impact on the p value of 

any drinking in the three months prior to pregnancy, pseudo r2, and pseudo -2 Log 

Likelihood values.   

Binomial Logistic Regression with Affected Controls 
 (Infants with Down’s Syndrome) 

 

Initial Main Effects Model 

 The initial binomial logistic regression model comparing cases to affected 

controls found a significant association for the exposure of interest with cases less likely 

to be born to mothers who reported binge drinking in the three months prior to pregnancy 

(OR 0.37; CI 0.14-0.98).  Age, ethnicity and marital status were found to be significant 

covariates.  Infants with congenital cardiac defects were less likely to be born to mothers 

35 years of age or older (OR 0.07; CI 0.03-0.17), be born to mothers of Hispanic origin 

(OR 0.28; CI 0.12-0.64), and more likely to be born to mothers who were not married 

(OR 2.9; CI 1.07-8.02) compared to infants with Down’s syndrome.  No differences were 

found with respect to smoking and race.   
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Final Main Effects Model 

 After stepwise procedures, the addition of maternal education, insurance type 

before pregnancy, BMI and previous pregnancies were retained in addition to the 

variables included in the initial model.   In the final model, cases were again found to be 

less likely to have mothers who reported binge drinking on more than one occasion in the 

three months prior to pregnancy (OR 0.23; CI 0.09-0.61).  Maternal age, ethnicity and 

marital status remained as significant covariates.  Of the additional variables entered 

through stepwise logistic regression, only BMI was found to be a significant covariate.  

Case infants were less likely to have mothers whose BMI was in the underweight range 

(OR 0.16; CI 0.04-0.64).  No differences were found with regard to education, insurance 

or previous pregnancies.  

 Table 56 presents the results of the initial and final main effects binomial logistic 

regression models comparing cases to affected controls for binge drinking on more than 

one occasion in the three months prior to pregnancy. 

 The interaction between binge drinking more on more than one occasion in the 

three months prior to pregnancy and smoking could not be evaluated due to unstable 

estimates caused by quasi-complete separation of data points. 
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Table 56.   Initial and Final Main Effects Binomial Logistic Regression Models 
 Comparing Cases and Affected Controls:  Binge Drinking More than Once in 
 the Three Months prior to Pregnancy 
 Initial  Final 
Independent Variable Wald χ2 Sig. Wald χ2 Sig. 
Binge Drinking > 1 4.05 .044 8.81 .003 
Maternal Age 38.05 <.001 53.10 <.001 
Race Group 0.99 .610 0.69 .708 
Ethnicity 9.29 .002 13.50 <.001 
Marital Status 4.47 .035 7.92 .005 
Smoked Before Pregnancy 0.98 .322 0.02 .889 
Maternal Education   3.09 .543 
Insurance Type Before Pregnancy   1.24 .539 
BMI   8.88 .031 
Previous Pregnancies   0.14 .706 
 
  Initial Final 
Independent Variable  OR 95% CI OR 95% CI 
Binge Drinking  > 1 Yes 0.37 0.14-0.98 0.23 0.09-0.61 
 No (ref) 1.00  1.00  
Maternal Age Under 18 1.79 0.50-6.42 0.55 0.11-2.79 
 35 and Over 0.07 0.02-0.17 0.06 0.02-0.15 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.43 0.65-3.16 1.41 0.49-4.07 
 Other 0.85 0.17-4.22 0.54 0.08-3.30 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 0.28 0.12-0.64 0.25 0.12-0.52 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 2.93 1.07-8.02 4.04 1.52-10.76 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 2.58 0.39-17.12 1.15 0.17-7.82 
 No (ref) 1.00  1.00  
Maternal Education 0-8 Years   0.90 0.20-3.99 
 9-11 Years   3.21 0.28-36.04 
 13-15 Years   0.48 0.12-1.88 
 16 or More Years   0.47 0.13-1.68 
 12 Years (ref)   1.00  
Insurance Type Medicaid   0.40 0.07-2.46 
 Neither Medicaid / Private   0.56 0.19-1.64 
 Private Insurance (ref)   1.00  
BMI Underweight   0.16 0.04-0.64 
 Overweight   1.97 0.25-15.11 
 Obese   0.74 0.35-1.58 
 Normal (ref)   1.00  
Previous Pregnancies Unit of Change = 1   1.04 0.84-1.30 
      
 Model Significance  r2 - 2 L.L.   

Initial Main Effects <.001 .42 4158.22   
Final Main Effects <.001 .45 3527.92   
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Binomial Logistic Regression with Nonaffected Controls 
 
Initial Main Effects Model 

 Case infants with congenital cardiac defects were found to be more likely to be 

exposed to binge drinking on more than once occasion in the three months prior to 

pregnancy compared to nonaffected control infants (OR 2.33; CI 1.00-5.41; p<.05) in the 

initial main effects binomial logistic regression model.  Smoking was a significant 

covariate with case infants less likely than nonaffected controls to be born to mothers 

who smoked (OR 0.44; CI 0.23-0.93).  No differences were found between cases and 

controls in terms of maternal age, race, martial status and ethnicity.   

Final Main Effects Model 

 After stepwise procedures, insurance type and stress group were retained in 

addition to the variables included in the initial model.   In the final main effects model, 

cases were more likely to be exposed to binge drinking on more than one occasion in the 

three months prior to pregnancy (OR 2.99; CI 1.19-7.51), less likely to be exposed to 

smoking (OR 0.40; CI 0.19-0.84) and less likely to be born to mothers in the high stress 

group (OR 0.55; CI 0.31-0.98) compared to nonaffected controls.   No differences were 

found for the remaining covariates.   

 Table 57 presents the results of the initial and final main effects binomial logistic 

regression models comparing cases to nonaffected controls for binge drinking more than 

once in the three months prior to pregnancy. 
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Table 57.   Initial and Final Main Effects Binomial Logistic Regression Models 
 Comparing Cases and Nonaffected Controls:  Binge Drinking More than Once 
 in the Three Months prior to Pregnancy 
 Initial Final 
Independent Variable Wald χ2 Sig. Wald χ2 Sig. 
Binge Drinking  > 1 3.87 .049 5.47 .019 
Maternal Age 0.64 .725 0.28 .871 
Race Group 1.89 .390 1.18 .553 
Ethnicity <0.01 .970 0.17 .678 
Marital Status 0.01 .906 <0.01 .962 
Smoked Before Pregnancy 4.65 .031 5.84 .016 
Maternal Education   4.55 .337 
Insurance Type Before Pregnancy   4.26 .119 
Stress Group   4.18 .041 
 
  Initial Final 
Independent Variable  OR 95% CI OR 95% CI 
Binge Drinking  > 1 Yes 2.33 1.00-5.42 2.99 1.19-7.51 
 No (ref) 1.00  1.00  
Maternal Age Under 18 1.71 0.45-6.52 1.32 0.34-5.14 
 35 and Over 0.97 0.51-1.86 1.11 0.57-2.18 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.65 0.64-4.26 1.57 0.62-3.96 
 Other 1.77 0.59-5.27 1.49 0.46-4.78 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 1.02 0.47-2.20 0.84 0.36-1.94 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 0.96 0.48-1.93 0.98 0.47-2.04 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 0.44 0.23-0.93 0.40 0.19-0.84 
 No (ref) 1.00  1.00  
Maternal Education 0-8 Years   0.43 0.12-1.58 
 9-11 Years   1.13 0.48-2.68 
 13-15 years   0.63 0.31-1.28 
 16 or More Years   1.08 0.55-2.14 
 12 Years (ref)   1.00  
Insurance Type Medicaid   1.77 0.64-4.86 
 Neither Medicaid nor Private   2.06 1.03-4.11 
 Private Insurance (ref)   1.00  
Stress Group High   0.55 0.31-0.98 
 Low (ref)   1.00  
      
 Model Significance r2 -2 L.L.   

Initial Main Effects .116 .03 23158.19   
Final Main Effects .012 .06 22317.47   
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Final Adjusted Model with the Interaction between Binge Drinking More than Once in 
the Three Months prior to Pregnancy and Smoking in the Three Months prior to 
Pregnancy 
 

The final main effects model was adjusted for the interaction term for 

binge drinking on more than one occasion in the three months prior to pregnancy and 

smoking in the three months prior to pregnancy.  The interaction term was not 

statistically significant (p<.174).    Examination of the odds ratios and confidence 

intervals for the interaction term did reveal a statistically significant difference between 

the binge drinking more than once (no)/smoke (yes) and binge drinking more than once 

(no)/smoke(no) strata.  Infants with congenital cardiac defects appeared to be less likely 

to be born to mothers who reported smoking, but not binge drinking, than nonaffected 

controls when mothers who did not smoke and did not binge drink were used as the 

referent group (OR 0.29; CI 0.13-0.61).   As with the final main effects model, no 

differences were found between cases and nonaffected controls with respect to age, race, 

ethnicity, marital status, and insurance type. Cases, again, were less likely to be born to 

mothers in the high stress group compared to nonaffected controls (OR 0.54; CI 0.30-

0.96).  Table 58 presents the results of the final adjusted binomial logistic regression 

model comparing cases to nonaffected controls.  Because of the significant interaction, an 

analysis was completed to examine the separate effects of the smoking and no-smoking 

strata with binge drinking on more than once occasion in the three months prior to 

pregnancy.  
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Table 58.   Final Adjusted Model with the Interaction between Binge Drinking More than 
 Once in the Three Months prior to Pregnancy and Smoking in the Three  
 Months prior to Pregnancy Comparing Cases and Nonaffected Controls  
 Adjusted Model 
Independent Variable Wald χ2 Sig. 
Binge Drinking > 1 (Three Months Before 
Pregnancy) 

9.147 .002 

Smoked Before Pregnancy 2.123 .145 
Binge Drinking  > 1*Smoked Before Pregnancy 1.849 .174 
Maternal Age 0.28 .869 
Race Group 1.13 .569 
Ethnicity 0.31 .581 
Marital Status 0.01 .926 
Insurance Type 5.52 .063 
Stress Group 4.63 .037 
 
  Adjusted Model 
Independent Variable  OR 95% CI 

Yes*Yes 2.14 0.59-7.81 Binge Drinking  > 1* 
Smoked Before Pregnancy Yes*No 2.22 0.69-7.16 
 No*Yes 0.29 0.13-.61 
 No*No (ref) 1.00  
Maternal Age Under 18 1.71 0.39-4.87 
 35 and Over 0.97 0.55-2.08 
 18-34 (ref) 1.00  
Race Group Black 1.65 0.59-3.99 
 Other 1.77 0.48-4.94 
 White (ref) 1.00  
Ethnicity Hispanic 1.02 0.36-1.77 
 Non-Hispanic (ref) 1.00  
Marital Status Not Married 0.96 0.46-2.02 
 Married (ref) 1.00  
Insurance Type Medicaid 1.84 0.69-4.90 
 Neither Medicaid nor Private 2.06 1.11-3.82 
 Private Insurance (ref) 1.00  
Stress Group High 0.54 0.30-0.96 
 Low (ref) 1.00  
    
 Model Significance r2 - 2 L.L. 

Adjusted Model <.001 .06 22614.26 
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Stratified Analysis:  Smoking in the Three Months prior to Pregnancy (Yes/No) by Binge 
Drinking More than Once in the Three Months prior to Pregnancy (Yes/No) 
 
 The interaction between binge drinking on more than one occasion in the three 

months prior to pregnancy and smoking in the three months prior to pregnancy in the 

case/nonaffected control adjusted model is presented in Figure 16.  Among case infants, 

the odds of exposure to binge drinking in the three months prior to pregnancy were 

elevated among those born both to mothers who smoked and did not smoke in the three 

months prior to pregnancy.  The odds ratio for these group, however, were not significant 

when compared to the no-smoking/no-binging drinking referent group (OR 2.22, CI 0.69-

7.12 for no smoking and OR 2.14, CI 0.60-7.81 for smoking).       

 Table 59 presents the results of the stratified analysis, adjusting for maternal age.  

Among case infants born to smoking mothers, the odds of exposure to binge drinking are 

9.5 times greater than nonaffected control infants born to smoking mothers (P<.001).  

Among infants born to non-smoking mothers, no differences were found for odds of 

exposure to binge drinking on more than one occasion between cases and nonaffected 

controls.    Figure 17 graphically displays the strata specific (conditional) odds ratios for 

exposure to binge drinking among on more than one occasion among case infants born to 

smoking and non-smoking mothers when compared to nonaffected control infants. 
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Figure 16. Interaction between Smoking and Binge Drinking on More than Once in the Three 
Months prior to Pregnancy (Cases and Nonaffected Controls) 

 
Table 59.   Conditional Odds Ratios and Confidence Intervals for Binge Drinking on 
 More than Once in the Three Months prior to Pregnancy among Smokers 
 and Non-Smokers (Cases and Nonaffected Controls)* 
  O.R. CI p Value 
Smoke Yes     
 Binge Yes 9.45 2.53-35.31 .001 
 Binge No 1.00   
     
     
Smoke No     
 Binge Yes 1.57 0.53-4.69 .418 
 Binge No 1.00   
*Strata-specific Odds ratios controlled for Maternal Age 
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Figure 17.  Conditional Odds Ratios for Binge Drinking on More than Once in the Three 
Months prior to Pregnancy among Smokers and Non-Smokers (Cases and Nonaffected 
Controls) 
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Hypothesis 2: Binge Drinking on Four or More Occasions  
in the Three Months prior to Pregnancy (Yes/No) 

 
 Binge drinking on four or more occasions in the three months before pregnancy 

(yes/no) was evaluated in binomial logistic regression models using affected and 

nonaffected controls as reference groups.  The initial models included maternal age, race, 

ethnicity, marital status and smoking in the three months prior to pregnancy as covariates.  

For selection of the final models, additional variables were forward entered with the 

interaction between any binge drinking on four or more occasions and smoking (yes/no) 

in the three months prior to pregnancy and evaluated for impact on the p value of binge 

drinking four or more times in the three months prior to pregnancy, pseudo r2, and pseudo 

-2 Log Likelihood values.   

Binomial Logistic Regression with Affected Controls  
(Infants with Down’s Syndrome) 

 
Initial Main Effects Model 

 The initial binomial logistic regression model comparing cases to affected 

controls found a significant association for the exposure of interest with cases less likely 

to be born to mothers who reported binge drinking four or more times in the three months 

prior to pregnancy (OR 0.08; CI 0.04-0.15).  Age, ethnicity and marital status were found 

to be significant covariates.  Infants with congenital cardiac defects were less likely to be 

born to mothers 35 years of age or older (OR 0.06; CI 0.02-0.14), be born to mothers of 

Hispanic origin (OR 0.25; CI 0.10-0.60), and more likely to be born to mothers who were 

not married (OR 3.34; CI 1.20-9.32) compared to infants with Down’s syndrome.  No 

differences were found with respect to smoking and race.   
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Final Main Effects Model 

 After stepwise procedures, the addition of maternal education, pregnancy 

intention and BMI were retained in addition to the variables included in the initial model.   

In the final model, cases were again found to be less likely to have mothers who reported 

binge drinking on four or more occasions in the three months prior to pregnancy (OR 

0.03; CI 0.02-0.08).  Maternal age, ethnicity and marital status remained as significant 

covariates.  All 3 of the additional variables entered through stepwise logistic regression 

revealed significant differences between cases and affected controls. Case infants were 

more likely to have mothers with an education of 9-11 years (OR 8.32; CI 1.15-60.0) and 

less likely to have mothers with an education of 16 or more years (OR 0.51; CI 0.17-

1.55) compared to infants with Down’s syndrome when mothers with 12 years of 

education was used as the referent group.  Case infants were less likely to have mothers 

who wanted the pregnancy sooner (OR 0.18; CI 0.50-0.60), later (OR 0.12; CI 0.04-

0.34), or didn’t want the pregnancy (OR 0.02; CI 0.01-0.11) compared to infants with 

Down’s syndrome when mothers who wanted the pregnancy to occur then were used as 

the referent group.  Case infants were less likely to be born to mothers in the underweight 

BMI range (OR 0.01; CI 0.01-0.34) compared to infants with Down’s syndrome when 

mothers in the normal range were used as the referent group. 

 Table 60 presents the results of the initial and final main effects binomial logistic 

regression models comparing cases to affected controls for binge drinking on four or 

more occasions in the three months prior to pregnancy.  The interaction between binge 

drinking on four or more occasions and smoking could not be evaluated due to unstable 

estimates caused by quasi-complete separation of data points. 
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Table 60.   Initial and Final Main Effects Logistic Regression Models Comparing Cases 
 and Affected Controls:  Binge Drinking on Four or More Occasions in the  
 Three Months prior to Pregnancy 
 Initial Final 
Independent Variable Wald χ2 Sig. Wald χ2 Sig. 
Binge Drinking => 4 54.89 <.001 62.34 <.001 
Maternal Age 45.72 <.001 67.26 <.001 
Race Group 3.41 .182 2.66 .265 
Ethnicity 9.74 .002 13.51 <.001 
Marital Status 5.39 .020 15.54 <.001 
Smoked Before Pregnancy 0.52 .469 0.35 .555 
Maternal Education   16.32 .003 
Pregnancy Intention   27.14 <.001 
BMI   13.80 .003 
 
  Initial Final 
Independent Variable  OR 95% CI OR 95% CI 
Binge Drinking  => 4 Yes 0.08 0.04-0.15 0.03 0.02-0.08 
 No (ref) 1.00  1.00  
Maternal Age Under 18 1.13 0.30-4.32 0.25 0.06-1.05 
 35 and Over 0.06 0.02-0.14 0.07 0.03-.13 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.97 0.92-4.19 0.71 0.16-3.09 
 Other 0.86 0.16-4.46 0.27 0.05-1.43 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 0.25 0.10-0.60 0.22 0.10-0.51 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 3.34 1.20-9.32 13.07 3.60-47.44 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 2.07 0.29-14.97 0.52 0.06-4.67 
 No (ref) 1.00  1.00  
Maternal Education 0-8 Years   0.28 0.05-1.60 
 9-11 Years   8.32 1.15-59.99 
 13-15 Years   0.39 0.13-1.140 
 16 or More Years   0.51 0.17-1.55 
 12 Years (ref)   1.00  
Pregnancy Intention Sooner   0.18 0.50-0.61 
 Later   0.12 0.04-0.34 
 Didn’t Want   0.02 0.01-0.11 
 Wanted Then (ref)   1.00  
BMI Underweight   0.10 0.02-0.34 
 Overweight   0.82 0.15-4.57 
 Obese   0.65 0.32-1.35 
 Normal (ref)   1.00  
      
 Model Significance r2 - 2 L.L.   

Initial Main Effects <.001 46 3980.07   
Final Main Effects <.001 .56 2932.21   
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Binomial Logistic Regression with Nonaffected Controls 
 
Initial Main Effects Model 

 No differences were found between case infants with congenital cardiac defects 

and nonaffected control infants in terms of exposure to maternal binge drinking on four 

or more occasions. Also, in the initial model no differences were found on any of the 

covariates (maternal age, race, ethnicity, marital status and smoking). 

Final Main Effects Model 

 After stepwise procedures, insurance type, stress group and high blood pressure 

were retained in addition to the variables included in the initial model.   In the final main 

effects model, no differences were noted between cases and affected controls on the 

exposure of binge drinking on four or more occasions or any of the included covariates.   

 Table 61 presents the results of the initial and final main effects binomial logistic 

regression models comparing cases to nonaffected controls for binge drinking on four or 

more occasions in the three months prior to pregnancy. 
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Table 61.   Initial and Final Main Effects Logistic Regression Models Comparing Cases 
 and Nonaffected Controls:  Binge Drinking on Four or More Occasions in the 
 Three Months prior to Pregnancy 
 Initial Final 
Independent Variable Wald χ2 Sig. Wald χ2 Sig. 
Binge Drinking  > 4 0.71 .399 1.30 .254 
Maternal Age 0.54 .763 0.12 .941 
Race Group 1.34 .513 0.67 .717 
Ethnicity <0.01 .983 0.28 .599 
Marital Status 0.01 .920 <0.01 .986 
Smoked Before Pregnancy 2.79 .095 2.50 .114 
Insurance Type Before Pregnancy   4.88 .087 
Stress Group   3.61 .057 
High Blood Pressure   1.54 .214 
 
  Initial Final 
Independent Variable  OR 95% CI OR 95% CI 
Binge Drinking  => 4 Yes 2.10 0.37-11.88 2.92 0.46-18.46 
 No (ref) 1.00  1.00  
Maternal Age Under 18 1.63 0.43-6.19 1.27 0.32-4.99 
 35 and Over 0.95 0.50-1.83 0.98 0.50-1.93 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.49 0.58-3.80 1.13 0.53-3.26 
 Other 1.64 0.55-4.88 1.46 0.46-4.62 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 0.99 0.46-2.13 0.81 0.37-1.78 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 1.04 0.52-2.08 1.01 0.46-2.19 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 0.51 0.22-1.13 0.49 0.20-1.19 
 No (ref) 1.00  1.00  
Insurance Type Medicaid   1.89 0.68-5.26 
 Neither Medicaid nor Private   2.01 1.07-3.81 
 Private Insurance (ref)   1.00  
Stress Group High   0.58 0.34-1.02 
 Low (ref)   1.00  
High Blood Pressure Yes   1.68 0.74-3.80 
 No (ref)   1.00  
      
 Model Significance r2 -2 L.L.   

Initial Main Effects  .485 .02 23302.56   
Final Main Effects .188 .05 22786.15   
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Final Adjusted Model with the Interaction between Binge Drinking on 4 or More 
Occasions in the Three Months prior to Pregnancy and Smoking in the Three Months 
prior to Pregnancy 
 

The final main effects model was adjusted for the interaction term for 

binge drinking on four or more occasions in the three months prior to pregnancy and 

smoking in the three months prior to pregnancy.  The interaction term was not 

statistically significant.  No differences were found for any of the covariates. 

Table 62 presents the results of the adjusted binomial logistic regression comparing cases 

to nonaffected controls. 
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Table 62.   Final Adjusted Model with the Interaction between Binge Drinking on Four or 
 More Occasions in the Three Months prior to Pregnancy and Smoking in the  
 Three Months prior to Pregnancy Comparing Cases and Nonaffected Controls  
 Adjusted Model 
Independent Variable Wald χ2 Sig. 
Binge => 4 Before Pregnancy  0.90 .342 
Smoked Before Pregnancy 4.14 .042 
Binge Drinking = > 4*Smoked Before Pregnancy 4.64 .201 
Maternal Age 0.13 .939 
Race Group 0.30 .585 
Ethnicity 0.68 .714 
Marital Status <0.01 .984 
Insurance Type 5.39 .068 
Stress Group 3.72 .054 
High Blood Pressure 1.60 .206 
 
  Adjusted Model 
Independent Variable  OR 95% CI 

Yes*Yes 0.48 0.108-2.134 Binge Drinking => 4*  
Smoked Before Pregnancy Yes*No 4.05 .512-32.025 
 No*Yes 0.54 0.228-1.298 
 No*No (ref) 1.00  
Maternal Age Under 18 1.27 0.327-4.921 
 35 and Over 0.97 0.487-1.918 
 18-34 (ref) 1.00  
Race Group Black 1.30 0.528-3.200 
 Other 1.48 0.464-4.709 
 White (ref) 1.00  
Ethnicity Hispanic 0.80 0.367-7.761 
 Non-Hispanic (ref) 1.00  
Marital Status Not Married 1.01 0.463-2.196 
 Married (ref) 1.00  
Insurance Type Medicaid 1.91 0.695-5.252 
 Neither Medicaid nor Private 2.06 1.100-3.851 
 Private Insurance (ref) 1.00  
Stress Group High 0.58 0.333-1.010 
 Low (ref) 1.00  
High Blood Pressure Yes 1.69 0.748-3.817 
 No (ref) 1.00  
    
 Model Significance r2 - 2 L.L. 

Adjusted Model <.001 .05 22749.357 
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Hypothesis 2:  Binge Drinking in the Three Months prior to Pregnancy  
(Binge Drinking, Any Drinking, No Drinking) 

 
 Binge drinking was recoded into 3 mutually exclusive categories: any binge 

drinking in the three months prior to pregnancy; any drinking, but not binge drinking in 

the three months prior to pregnancy; and no drinking in the three months prior to 

pregnancy.  The recoded variable for binge drinking was evaluated in binomial logistic 

regression models using affected and nonaffected controls as reference groups.  The 

initial models included maternal age, race, ethnicity, marital status and smoking in the 

three months prior to pregnancy as covariates.  For selection of the final models, 

additional variables were forward entered with the interaction between any binge 

drinking on four or more occasions and smoking (yes/no) in the three months prior to 

pregnancy and evaluated for impact on the p value of binge drinking/any drinking/no 

drinking in the three months prior to pregnancy, pseudo r2, and pseudo -2 Log Likelihood 

values.   

Binomial Logistic Regression with Affected Controls  
(Infants with Down’s Syndrome) 

 
Initial Main Effects Model 

 The initial binomial logistic regression model comparing cases to affected 

controls found an association for the exposure of interest with cases less likely to be born 

to mothers who reported binge drinking in the months prior to pregnancy (OR 0.34; CI 

0.14-0.85).  Despite this the p-value for the binge drinking variable exceed the specified 

0.05 level to reject the null hypothesis (p=0.064).  No differences were found for the 

drinking, but not binge drinking stratum in the three months compared to pregnancy 

compared to the no drinking referent group (OR .1.44; CI 0.44-4.71).  Age, ethnicity and 

 



 180

marital status were found to be significant covariates.  Infants with congenital cardiac 

defects were less likely to be born to mothers 35 years of age or older (OR 0.06; CI 0.03-

0.17), be born to mothers of Hispanic origin (OR 0.27; CI 0.11-0.63), and more likely to 

be born to mothers who were not married (OR 3.18; CI 1.13-8.99) compared to infants 

with Down’s syndrome.  No differences were found with respect to smoking and race.   

Final Main Effects Model 

 After stepwise procedures, BMI was retained in addition to the variables included 

in the initial model.   In the final model, cases were again found to be less likely to have 

mothers who reported binge drinking on four or more occasions in the three months prior 

to pregnancy (OR 0.25; CI 0.09-0.64).  Maternal age, ethnicity and marital status 

remained as significant covariates.  Case infants were less likely to be born to mothers in 

the underweight BMI range (OR 0.15; CI 0.04-0.62) compared to infants with Down’s 

syndrome when mothers in the normal range were used as the referent group. 

 Table 63 presents the results of the initial and final main effects binomial logistic 

regression models comparing cases to affected controls for binge drinking and drinking 

compared to no-drinking as the exposure of interest.   
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Table 63.  Initial and Final Main Effects Logistic Regression Models Comparing Cases 
 and Affected Controls:  Binge Drinking, Drinking and No Drinking (ref) in 
 the Three Months prior to Pregnancy 
 Initial Final 
Independent Variable Wald χ2 Sig. Wald χ2 Sig. 
Binge Drinking/Any Drinking 5.50 .064 9.45 .009 
Maternal Age 35.28 <.001 56.47 <.001 
Race Group 0.97 .615 0.82 .664 
Ethnicity 9.11 .003 14.22 <.001 
Marital Status 4.85 .028 7.98 .005 
Smoked Before Pregnancy 1.10 .293 0.08 .771 
Maternal Education   2.74 .602 
Insurance Type   1.06 .508 
BMI   9.54 .023 
 
  Initial Final 
Independent Variable  OR 95% CI OR 95% CI 
Binge/Drinking/None Binge Drinking 0.34 0.14-0.85 0.24 0.09-0.64 
 Drinking, but not Binge 1.44 0.44-4.71 1.35 0.47-3.84 
 No (ref) 1.00  1.00  
Maternal Age Under 18 1.71 0.47-6.18 0.56 0.12-2.64 
 35 and Over 0.06 0.02-0.17 0.07 0.03-0.14 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.44 0.65-3.13 1.47 0.56-3.85 
 Other 0.88 0.18-4.36 0.55 0.08-3.73 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 0.27 0.11-0.63 0.24 0.11-0.51 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 3.18 1.12-8.99 4.27 1.55-11.79 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 3.18 0.36-27.99 1.40 0.15-13.34 
 No (ref) 1.00  1.00  
Maternal Education 0-8 Years   0.88 0.18-4.30 
 9-11 Years   2.93 0.27-32.29 
 13-15 Years   0.52 0.13-2.07 
 16 or More Years   0.48 0.12-1.94 
 12 Years (ref)   1.00  
Insurance Type Medicaid   0.43 0.08-2.46 
 Neither Medicaid Nor Private   0.59 0.20-.1.6 
 Private (ref)   1.00  
BMI Underweight   0.15 0.04-.62 
 Overweight   2.47 0.30-20.45 
 Obese   0.70 0.33-1.47 
 Normal (ref)   1.00  
      
 Model Significance r2 - 2 L.L.   

Initial Main Effects <.001 43 4105.58   
Final Main Effects <.001 .46 3493.84   
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Final Adjusted Model with the Interaction between Binge Drinking (Binge Drinking, Any 
Drinking, No Drinking) in the Three Months prior to Pregnancy and Smoking in the 
Three Months prior to Pregnancy 
 

The final main effects model was adjusted for the interaction term for 

binge drinking and any drinking with no drinking as a referent group and smoking in the 

three months prior to pregnancy.  The interaction term was significant.  Case infants with 

congenital cardiac defects were less likely to be born to mothers who reported binge 

drinking and not smoking (OR 0.17; CI 0.06-0.36) and less likely to be born to mothers 

who reported drinking and smoking (OR 0.12; CI 0.02-0.77) when mothers who did not 

drink and did not smoke were used as the referent group.  Maternal age, ethnicity, marital 

status and BMI remained as significant covariates. 

Table 64 presents the results of the adjusted binomial logistic regression 

comparing cases to nonaffected controls. 
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Table 64.   Final Adjusted Model with the Interaction between Binge Drinking (Binge 
 Drinking, Any Drinking, No Drinking) in the Three Months prior to  
 Pregnancy  and Smoking in the Three Months prior to Pregnancy Comparing  
 Cases and Affected Controls 
 Adjusted Model 
Independent Variable Wald χ2 Sig. 
Binge Drinking Three Months Before 
Pregnancy 

1.79 .409 

Smoked Before Pregnancy 0.16 .687 
Binge Drinking*Smoked Before Pregnancy 20.04 <.001 
Maternal Age 28.76 <.001 
Race Group 0.89 .640 
Ethnicity 14.68 <.001 
Marital Status 8.71 .003 
Maternal Education 2.16 .706 
Insurance Type 1.01 .605 
BMI  7.96 .047 
 
  Adjusted Model 
Independent Variable  OR 95% CI 
Binge Drinking*Smoked Before Pregnancy Binge Yes & Smoke Yes 6.94 0.88-54.79 
 Binge Yes & Smoke No 0.17 0.06-0.46 
 Drink Yes & Smoke Yes 0.12 0.02-0.77 
 Drink Yes & Smoke Yes 1.49 0.49-4.57 
 Drink None & Smoke Yes 0.90 0.05-15.81 
 Drink No & Smoke No 1.00  
Maternal Age Under 18 0.35 0.06-1.98 
 35 and Over 0.06 0.02-0.13 
 18-34 (ref) 1.00  
Race Group Black 1.58 0.56-4.47 
 Other 0.57 0.09-3.82 
 White (ref) 1.00  
Ethnicity Hispanic 0.23 0.11-0.49 
 Non-Hispanic (ref) 1.00  
Marital Status Not Married 5.29 1.73-16.13 
 Married (ref) 1.00  
Maternal Education 0-8 Years 0.94 0.19-4.74 
 9-11 Years 2.36 0.16-34.99 
 13-15 Years 0.46 0.10-2.04 
 16 or More Years 0.55 0.13-2.29 
 12 Years (ref) 1.00  
Insurance Type Medicaid 0.44 0.07-2.70 
 Neither Medicaid nor Private 0.56 0.17-1.85 
 Private Insurance (ref) 1.00  
BMI Underweight 0.16 0.04-0.72 
 Overweight 2.14 0.24-19.10 
 Obese 0.74 0.35-1.60 
 Normal (ref) 1.00  
    
 Model Significance r2 - 2L.L. 

Adjusted Model <.001 .49 3375.89 
 

 



 184

 
Stratified Analysis:  Smoking in the Three Months prior to Pregnancy (Yes/No) by Binge 
Drinking in the Three Months prior to Pregnancy (Binge Drinking, Any Drinking, No 
Drinking) 
 
 The interaction between binge drinking on more than one occasion in the three 

months prior to pregnancy and smoking in the three months prior to pregnancy in the 

case/nonaffected control adjusted model is presented in Figure 18.    

Table 65 presents the results of the stratified analysis, adjusting for maternal age.  

Among case infants born to smoking mothers, the odds of exposure to binge drinking are 

4.5  times greater than affected control infants born to smoking mothers (P<.001).  

Among infants born to non-smoking mothers, cases infants appear to be less likely (OR 

0.35) to be exposed to binge drinking in the three months prior to pregnancy than affected 

controls, however the p value does not meet the specified 0.05 value to reject the null 

hypothesis.  Figure 19 graphically displays the strata specific (conditional) odds ratios for 

exposure to binge drinking among on more than one occasion among case infants born to 

smoking and non-smoking mothers when compared to affected control infants. 
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Figure 18.  Interaction Between Smoking and Binge Drinking (Binge Drinking,Drinking, No Drinking) in 
the Three Months prior to Pregnancy (Cases and Affected Controls) 
 
Table 65.   Conditional Odds Ratios and Confidence Intervals for Binge Drinking, 
 Drinking and No Drinking in the Three Months prior to Pregnancy among 
 Smokers and Non-Smokers (Cases and Affected Controls)* 
  O.R. CI p Value 
Smoke Yes Binge  4.48 1.60-12.54 .001 
 Drink 0.21 0.02-1.93  
 Drink None 1.0   
     
Smoke No Binge  0.35 0.13-0.97 .123 
 Drink 1.42 0.37-5.50  
 Drink None 1.0   
*Strata-specific odds ratios controlled for maternal age. 
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Figure 19.  Conditional Odds Ratios for Binge Drinking, Drinking and No Drinking in the Three 
Months prior to Pregnancy among Smokers and Non-Smokers (Cases and Affected Controls) 
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Binomial Logistic Regression with Nonaffected Controls 
 
Initial Main Effects Model 

 No differences were found in the initial binomial logistic regression model 

comparing cases to nonaffected controls for exposure of interest (binge drinking [OR 1.6; 

CI 0.71-3.59] and any drinking [OR 1.21; CI 0.66-2.21] compared to no drinking).  Also 

no differences were noted in the covariates (age, race, ethnicity, marital status and 

smoking in the three months prior to pregnancy).   

Final Main Effects Model 

 In the final main effects model, insurance type and stress group were retained in 

addition to the variables included in the initial model.   Again no differences were noted 

in the exposure of interest  for binge drinking (OR 1.86; CI 0.80-4.34) and for drinking 

(OR 1.31; CI 0.73-2.36).  Cases were less likely than nonaffected controls to be born to a 

mother in the high stress group (OR 0.56; CI 0.32-0.99). 

 Table 66 presents the results of the initial and final main effects binomial logistic 

regression models comparing cases to nonaffected controls for binge drinking and 

drinking compared to no-drinking as the exposure of interest. 
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Table 66.   Initial and Final Main Effects Logistic Regression Models Comparing Cases 
 and Nonaffected Controls:  Binge Drinking, Drinking and No Drinking (ref) 
 in the Three Months prior to Pregnancy 
 Initial Final 
Independent Variable Wald χ2 Sig. Wald χ2 Sig. 
Binge Drinking/Any Drinking 1.38 .501 2.38 .304 
Maternal Age 0.60 .740 0.28 .870 
Race Group 1.60 .450 1.03 .598 
Ethnicity <0.01 .952 0.25 .619 
Marital Status 0.02 .903 <0.01 .956 
Smoked Before Pregnancy 3.49 .062 3.23 .072 
Insurance Type Before Pregnancy   4.56 .101 
Stress Group   3.88 .049 
 
  Initial  Final 
Independent Variable  OR 95% CI OR 95% CI 
Binge/Drinking/No Drink Binge Drinking 1.60 0.71-3.59 1.86 0.80-4.34 
 Dinking, but not Binge 1.21 0.66-2.21 1.31 0.72-2.36 
 No (ref) 1.00  1.00  
Maternal Age Under 18 1.69 0.43-6.58 1.44 0.37-5.66 
 35 and Over 0.94 0.48-1.83 1.01 0.52-1.97 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.54 0.60-3.95 1.44 0.58-3.60 
 Other 1.75 0.59-5.23 4.57 0.50-5.00 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 1.02 0.47-2.24 .82 0.37-1.81 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 1.04 0.52-2.08 1.02 0.48-2.18 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 0.50 0.24-1.04 0.49 0.22-1.07 
 No (ref) 1.00  1.00  
Insurance Type Medicaid   1.88 0.68-5.20 
 Neither Medicaid nor Private   2.00 1.04-3.81 
 Private Insurance (ref)   1.00  
Stress Group High   0.56 0.32-0.99 
 Low (ref)   1.00  
      
 Model Significance r2 -2 L.L.   

Initial Main Effect .313 .02 23276.12   
Final Main Effects .052 .04 22858.07   
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Final Adjusted Model with the Interaction between Binge Drinking (Binge Drinking, Any 
Drinking, No Drinking) in the Three Months prior to Pregnancy and Smoking in the 
Three Months prior to Pregnancy 
 

The final main effects model was adjusted for the interaction term for 

binge drinking and any drinking with no drinking as a referent group and smoking in the 

three months prior to pregnancy.  The interaction term was significant.  Case infants with 

congenital cardiac defects were less likely to be born to mothers who reported drinking 

and smoking (OR 0.11; CI 0.03-0.42) and less likely to be born to mothers who reported 

not drinking and smoking (OR 0.32; CI 0.12-0.85) when mothers who did not drink and 

did not smoke were used as the referent group.  Stress group remained as a significant 

covariate.  No other differences were noted. 

Table 67 presents the results of the adjusted binomial logistic regression 

comparing cases to nonaffected controls. 
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Table 67.   Final Adjusted Model with the Interaction between Binge Drinking (Binge 
 Drinking, Any Drinking, No Drinking) in the Three Months prior to 
 Pregnancy  and Smoking in the Three Months prior to Pregnancy Comparing 
 Cases and Nonaffected Controls  
 Adjusted Model 
Independent Variable Wald χ2 Sig. 
Binge Drinking Three Months Before Pregnancy 9.205 .010 
Smoked Before Pregnancy 6.990 .008 
Binge Drinking*Smoked Before Pregnancy 10.262 .006 
Maternal Age 0.21 .899 
Race Group 0.85 .656 
Ethnicity 0.28 .596 
Marital Status <0.01 .947 
Insurance Type 4.86 .088 
Stress 3.92 .048 
 
  Adjusted Model 
Independent Variable  OR 95% CI 
Binge Drinking*Smoked Before Pregnancy Binge Yes & Smoke Yes 2.64 0.73-8.31 
 Binge Yes & Smoke No 1.25 0.44-3.60 
 Drink Yes & Smoke Yes 0.11 0.03-0.42 
 Drink Yes & Smoke Yes 1.40 0.77-2.56 
 Drink None & Smoke Yes 0.32 0.12-0.85 
 Drink No & Smoke No 1.00  
Maternal Age Under 18 1.33 0.38-4.69 
 35 and Over 1.04 0.53-2.05 
 18-34 (ref) 1.00  
Race Group Black 1.41 0.56-3.60 
 Other 1.49 0.47-4.79 
 White (ref) 1.00  
Ethnicity Hispanic 0.81 0.36-1.79 
 Non-Hispanic (ref) 1.00  
Marital Status Not Married 1.03 0.49-2.15 
 Married (ref) 1.00  
Insurance Type Medicaid 1.92 0.71-5.17 
 Neither Medicaid nor Private 2.02 1.06-3.84 
 Private Insurance (ref) 1.00  
Stress High 0.56 0.31-0.99 
 Low (ref) 1.00  
    
 Model Significance r2 -2 L.L. 

Adjusted Model .003 .06 22559.15 
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Stratified Analysis:  Smoking in the Three Months prior to Pregnancy (Yes/No) by Binge 
Drinking in the Three Months prior to Pregnancy (Binge Drinking, Any Drinking, No 
Drinking) 
 
 The interaction between binge drinking and any drinking in the three months prior 

to pregnancy and smoking in the three months prior to pregnancy in the case/nonaffected 

control adjusted model is presented in Figure 20.    

Table 68 presents the results of the stratified analysis, adjusting for maternal age.  

Among case infants born to smoking mothers, the odds of exposure to binge drinking are 

11.7  times greater than nonaffected control infants born to smoking mothers (P= 0.001).  

Figure 21 graphically displays the strata specific (conditional) odds ratios for exposure to 

binge drinking, drinking and no drinking among case infants born to smoking and non-

smoking mothers when compared to nonaffected control infants. 
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Figure 20.  Interaction between Smoking and Binge Drinking (Binge Drinking, Drinking, 
No Drinking) in the Three Months prior to Pregnancy (Cases and Nonaffected Controls) 

 
Table 68.  Conditional Odds Ratios and Confidence Intervals for Binge Drinking, 
 Drinking and No Drinking in the Three Months prior to Pregnancy among 
 Smokers and Non-Smokers (Cases and Nonaffected Controls)* 
  O.R. CI p Value 
Smoke Yes Binge  11.72 3.00-45.87 .001 
 Drink 0.75 0.11-5.18  
 Drink None 1.0   
     
Smoke No Binge  0.98 0.37-2.65 .706 
 Drink 1.28 0.70-2.33  
 Drink None 1.0   
*Strata-specific odds ratios controlled for maternal age. 
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Figure 21. Conditional Odds Ratios for Binge Drinking, Drinking and No Drinking in the Three 
Months prior to Pregnancy among Smokers and Non-Smokers (Cases and Nonaffected Controls)
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Hypothesis 3:  Frequent Drinking in the Three Months prior to Pregnancy (Yes/No) 
 

Infants born with cardiac defects are significantly different in terms of frequency of 

maternal alcohol use in early pregnancy compared to infants with Down’s Syndrome or 

infants with no birth defects noted on the birth certificate (OR<>1; p<.05). 

Frequent drinking (7 or more drinks per week) in the three months before 

pregnancy (yes/no) was evaluated in binomial logistic regression models using affected 

and nonaffected controls as reference groups.  The initial models included maternal age, 

race, ethnicity, marital status and smoking in the three months prior to pregnancy as 

covariates.  For selection of the final models, additional variables were forward entered 

with the interaction between any alcohol use in the three months prior to pregnancy and 

smoking (yes/no) in the three months prior to pregnancy and evaluated for impact on the 

p value of any drinking in the three months prior to pregnancy, pseudo r2, and pseudo -2 

Log Likelihood values.   

Binomial Logistic Regression with Affected Controls 
(Infants with Down’s Syndrome) 

 
Initial Main Effects Model 

 No differences in terms of frequent drinking were found in the initial binomial 

logistic regression model comparing cases to affected controls (OR 0.71; CI 0.01-67.23). 

Age and ethnicity were found to be significant covariates.  Infants with congenital cardiac 

defects were less likely to be born to mothers 35 years of age or older (OR 0.08; CI 0.04-

0.17) and less likely to, be born to mothers of Hispanic origin (OR 0.32; CI 0.14-0.70) 

compared to infants with Down’s syndrome.  No differences were found with respect to 

marital status, smoking and race.   
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Final Main Effects Model 

 After stepwise procedures, maternal education, pregnancy intention, BMI group 

and high blood pressure were retained in addition to the variables included in the initial 

model.   In the final model, no differences were noted for frequent drinking (OR 0.53; CI 

0.04-6.65).  Maternal age and ethnicity remained as significant covariates.  Marital status, 

maternal education, pregnancy intention and BMI were also found to be significant 

covariates.  Cases were more likely to be born to non-married mothers (OR 0.55; CI 1.25-

23.74), less likely to be born to mothers with education of more than 12 years, less likely 

to be born to a mother wanting the pregnancy to occur soon, later or no wanting the 

pregnancy when mothers wanting the pregnancy then were used as a reference, and less 

likely to be born to mothers in the underweight BMI group compared to affected control 

infants.  No differences were noted for smoking or high blood pressure. 

 Table 69 presents the results of the initial and final main effects binomial logistic 

regression models comparing cases to affected controls for frequent drinking in the three 

months prior to pregnancy. 
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Table 69.   Initial and Final Main Effects Logistic Regression Models Comparing Cases 
 and Affected Controls:  Frequent Drinking in the Three Months prior to  
 Pregnancy  
 Initial Final 
Independent Variable Wald χ2 Sig. Wald 

χ2 
Sig. 

Frequent Drinking 0.02 .883 0.25 .620 
Maternal Age 47.86 <.001 45.31 <.001 
Race Group 1.73 .421 2.78 .249 
Ethnicity 8.28 .004 6.80 .009 
Marital Status 3.58 .058 5.16 .023 
Smoked Before Pregnancy 0.01 .913 2.07 .151 
Maternal Education   12.64 .013 
Pregnancy Intention   14.30 .003 
BMI   12.66 .005 
High Blood Pressure   0.02 .898 
 
  Initial Final 
Independent Variable  OR 95% CI OR 95% CI 
Frequent Drinking Yes 0.71 0.01-67.23 0.53 0.04-6.65 
 No (ref) 1.00  1.00  
Maternal Age Under 18 2.36 0.73-7.61 0.70 0.16-3.01 
 35 and Over 0.08 0.04-0.17 0.11 0.06-.21 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.61 0.77-3.37 0.53 0.16-1.73 
 Other 0.95 0.20-4.53 0.36 0.06-1.97 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 0.32 0.14-0.70 0.35 0.16-.77 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 2.39 0.96-5.92 5.44 1.25-23.74 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 1.09 0.23-5.10 0.32 0.06-1.54 
 No (ref) 1.00  1.00  
Maternal Education 0-8 Years   0.33 0.06-1.73 
 9-11 Years   8.67 0.98-76.70 
 13-15 Years   0.32 0.11-0.94 
 16 or More Years   0.34 0.12-0.94 
 12 Years (ref)   1.00  
Pregnancy Intention Sooner   0.24 0.07-0.85 
 Later   0.12 0.04-0.37 
 Didn’t Want   0.05 0.01-0.41 
 Wanted Then (ref)   1.00  
BMI Underweight   0.12 0.03-0.42 
 Overweight   0.92 0.16-5.23 
 Obese   0.57 0.26-1.23 
 Normal (ref)   1.00  
High Blood Pressure Yes   0.93 0.28-3.07 
 No (ref)   1.00  
      
 Model Significance r2 -2 L.L.   

Initial Main Effects <.001 .39 4381.76   
Final Main Effects <.001 .49 3352.70   
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Final Adjusted Model with the Interaction between Frequent Drinking (Yes/No) in the 
Three Months prior to Pregnancy and Smoking in the Three Months prior to Pregnancy 
 
 

The final main effects model was adjusted for the interaction term for 

frequent drinking (yes/no) and smoking in the three months prior to pregnancy.  The 

interaction term was significant.  Case infants with congenital cardiac defects were less 

likely to be born to mothers who reported frequent drinking and smoking (OR 0.08; CI 

0.01-0.73) when mothers who did not drink frequently and did not smoke were used as 

the referent group compared to affected control infants.  Age, ethnicity, marital status, 

education, pregnancy intention and BMI were significant covariates.  No other 

differences were noted. 

Table 70 presents the results of the adjusted binomial logistic regression 

comparing cases to nonaffected controls. 
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Table 70.   Final Adjusted Model with the Interaction between Frequent Drinking  
 in the Three Months prior to Pregnancy and Smoking in the Three  
 Months prior to Pregnancy Comparing Cases and Affected Controls 
 Adjusted Model 
Independent Variable Wald χ2 Sig. 
Frequent Drinking Before Pregnancy 0.01 .933 
Smoked Before Pregnancy 7.49 .006 
Frequent Drinking*Smoking 8.13 .043 
Maternal Age 41.95 <.001 
Race Group 2.74 .255 
Ethnicity 6.93 .008 
Marital Status 4.99 .025 
Maternal Education 12.42 .014 
Pregnancy Intention 14.13 .003 
BMI 12.35 .006 
High Blood Pressure 0.02 .883 
   
 
  Adjusted Model 
Independent Variable  OR 95% CI 
Frequent Drinking*Smoking Yes*Yes 0.08 0.01-.73 
 Yes*No 5.94 0.52-67.99 
 No*Yes 0.77 0.07-2.17 
 No*No 1.00  
Maternal Age Under 18 0.66 0.15-2.87 
 35 and Over 0.10 0.05-0.20 
 18-34 (ref) 1.00  
Race Group Black 0.55 0.17-1.77 
 Other 0.35 0.06-1.96 
 White (ref) 1.00  
Ethnicity Hispanic 0.35 0.16-0.77 
 Non-Hispanic (ref) 1.00  
Marital Status Not Married 5.42 1.22-24.23 
 Married (ref) 1.00  
Maternal Education 0-8 Years 0.32 0.06-1.74 
 9-11 Years 7.83 0.88-69.29 
 13-15 Years 0.31 0.10-0.94 
 16 or more Years 0.32 0.11-0.94 
 12 Years (ref) 1.00  
Pregnancy Intention Sooner 0.25 0.07-0.90 
 Later 0.12 0.04-0.37 
 Didn’t Want 0.06 0.01-0.44 
 Wanted Then (ref) 1.00  
BMI Underweight 0.12 0.04-0.43 
 Overweight 0.95 0.16-5.56 
 Obese 0.58 0.27-1.27 
 Normal (ref) 1.00  
High Blood Pressure  High 0.91 0.27-3.09 
 Low (ref) 1.00  
    
    
 Model Significance r2 - 2 L.L. 

Adjusted Model <.001 .49 3546.77 
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Stratified Analysis:  Smoking in the Three Months prior to Pregnancy (Yes/No) by 
Frequent Drinking in the Three Months prior to Pregnancy (Yes/No) 
 
 The interaction between frequent drinking and smoking in the three months prior 

to pregnancy in the case/affected control adjusted model is presented in Figure 22.    

Table 71 presents the results of the stratified analysis, adjusting for maternal age.  

Among case infants born to non-smoking mothers, the odds of exposure to frequent 

drinking are 30.1  times greater than affected control infants born to non-smoking 

mothers (P= 0.02).  Figure 23 graphically displays the strata specific (conditional) odds 

ratios for exposure to frequent drinking among case infants born to smoking and non-

smoking mothers when compared to affected control infants. 
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Figure 22. Interaction between Smoking and Frequent Drinking in the Three Months  
prior to Pregnancy (Cases and Affected Controls) 
 
 
Table 71.   Conditional Odds Ratios and Confidence Intervals for Frequent Drinking in 
 the Three Months prior to Pregnancy among Smokers and Non-Smokers  
 (Cases and Affected Controls)* 
 Frequent Drinking O.R. CI p Value 
Smoke Yes Yes 0.52 0.05-5.50 .585 
 No 1.0   
     
Smoke No Yes 30.12 1.63-557.16 .022 
 No 1.0   
*Strata-specific odds ratios controlled for maternal age. 
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Figure 23.  Conditional Odds Ratios for Frequent Drinking in the Three Months prior to 
Pregnancy among Smokers and Non-Smokers (Cases and Affected Controls) 

 

 



 199

Binomial Logistic Regression with Nonaffected Controls 
 
Initial Main Effects Model 

 No differences were found in the initial binomial logistic regression model 

comparing cases to nonaffected controls for exposure of interest (frequent drinking [OR 

0.50; CI 0.13-1.92].  Also no differences were noted in the covariates (age, race, 

ethnicity, marital status and smoking in the three months prior to pregnancy).   

Final Main Effects Model 

 In the final main effects model, insurance type was retained in addition to the 

variables included in the initial model.   No differences were found in any of the 

covariates, although cases had a reduced odds ratio for exposure to smoking (OR 0.47; CI 

0.21-1.04) approaching the specified significance value (p=0.06).   

 Table 72 presents the results of the initial and final main effects binomial logistic 

regression models comparing cases to nonaffected controls for frequent drinking as the 

exposure of interest. 

 



 200

Table 72.   Initial and Final Main Effects Logistic Regression Models Comparing Cases 
 and Nonaffected Controls:  Frequent Drinking in the Three Months prior to 
 Pregnancy  
 Initial Final 
Independent Variable Wald χ2 Sig. Wald χ2 Sig. 
Frequent Drinking 1.01 .314 1.14 .286 
Maternal Age 0.62 .734 0.34 .846 
Race Group 1.14 .566 0.69 .710 
Ethnicity <0.01 .984 0.32 .574 
Marital Status 0.04 .835 0.02 .882 
Smoked Before Pregnancy 2.94 .087 6.46 .063 
Insurance Type Before Pregnancy   2.68 .262 
 
  Initial Final 
Independent Variable  OR 95% CI OR 95% CI 
Frequent Drinking Yes 0.50 0.13-1.92 0.47 0.12-1.88 
 No (ref) 1.00  1.00  
Maternal Age Under 18 1.64 0.42-6.47 1.51 0.35-6.48 
 35 and Over 0.90 0.47-1.72 0.95 0.50-1.80 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.45 0.56-3.71 1.29 0.53-3.17 
 Other 1.59 0.53-4.78 1.49 0.47-4.72 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 0.99 0.47-2.09 0.81 0.39-1.68 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 1.08 0.54-2.16 0.95 0.46-1.96 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 0.53 0.26-1.10 0.47 0.21-1.04 
 No (ref) 1.00  1.00  
Insurance Type Medicaid   1.65 0.59-4.58 
 Neither Medicaid nor Private   4.69 0.89-3.24 
 Private Insurance (ref)   1.00  
      
 Model Significance r2 -2 L.L.   

Initial Main Effects .297 .02 23826.02   
Final Main Effects .269 .03 23667.86   
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Final Adjusted Model with the Interaction between Frequent Drinking (Yes/No)in the 
Three Months prior to Pregnancy and Smoking in the Three Months prior to Pregnancy 
 

The final main effects model was adjusted for the interaction term for 

frequent drinking (yes/no) and smoking in the three months prior to pregnancy.  The 

interaction term was not significant.  Additionally, no other differences were noted on 

age, race, ethnicity, marital status or insurance type. 

Table 73 presents the results of the adjusted binomial logistic regression 

comparing cases to nonaffected controls for frequent drinking as the exposure of interest. 
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Table 73.   Final Adjusted Model with the Interaction between Frequent Drinking 
 in the Three Months prior to Pregnancy and Smoking in the Three  
 Months prior to Pregnancy Comparing Cases and Nonaffected Controls   
 Adjusted Model 
Independent Variable Wald χ2 Sig. 
Frequent Drinking Before Pregnancy 0.79 .375 
Smoked Before Pregnancy 0.01 .918 
Frequent Drinking*Smoking 1.20 .221 
Maternal Age 0.32 .852 
Race Group  0.66 .721 
Ethnicity 0.36 .550 
Marital Status 0.01 .906 
Insurance Type 2.70 .259 
 
  Adjusted Model 
Independent Variable  OR 95% CI 
Frequent Drinking*Smoking Yes*Yes 0.57 0.10-3.26 
 Yes*No 0.22 0.02-1.91 
 No*Yes 1.20 0.19-1.02 
 No*No 1.00  
Maternal Age Under 18 2.30 0.35-6.48 
 35 and Over 0.77 0.50-1.82 
 18-34 (ref) 1.00  
Race Group Black 2.16 0.52-3.13 
 Other 1.36 0.47-4.71 
 White (ref) 1.00  
Ethnicity Hispanic 1.06 0.39-1.66 
 Non-Hispanic (ref) 1.00  
Marital Status Not Married 1.53 0.46-1.98 
 Married (ref) 1.00  
Insurance Type Medicaid 1.88 0.59-4.58 
 Neither Medicaid Nor Private 1.53 0.89-3.25 
 Private (ref) 1.00  
    
 Model Significance r2 - 2 L.L. 

Adjusted Model .278 .03 23640.52 
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Hypothesis 4:  Continued Drinking (Drinking in the Three Months prior to  
Pregnancy and the Last Three Months of Pregnancy) 

 
Infants born with cardiac defects are significantly different in terms of maternal alcohol 

use in the three months prior to- and the last three months of- pregnancy  compared to 

infants with Down’s Syndrome or infants with no birth defects noted on the birth 

certificate (OR<>1; p<.05). 

Continued drinking was evaluated in binomial logistic regression models using 

affected and nonaffected controls as reference groups.  For the continued drinking 

measure there were 3 nominal levels: continued drinking (drinking in the three months 

prior to pregnancy and the last three months of pregnancy); quit drinking (drinking in the 

three months prior to pregnancy and no drinking in the last three months of pregnancy); 

and no drinking (no drinking in either period).   The initial models included maternal age, 

race, ethnicity, marital status and smoking in the three months prior to pregnancy as 

covariates.  For selection of the final main effects models, additional variables were 

forward entered with continued drinking variable and covariates included in the initial 

model and evaluated for impact on the p value of continued drinking, model pseudo r2, 

and model pseudo -2 Log Likelihood values.   

Binomial Logistic Regression with Affected Controls 
(Infants with Down’s Syndrome) 

 
Initial Main Effects Model 
 
 Case infants with congenital cardiac defects were less likely (OR 0.15; CI 0.03-

0.85) than affected control infants with Down’s syndrome to be born to a mother who 

reported drinking in both the three months prior to- and the last three months of 

pregnancy.  No differences were noted among cases and affected controls born to women 
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who reported drinking in the three months prior to pregnancy, but not in the last three 

months of pregnancy (OR 1.61; CI 0.88-2.95).  For both levels of drinking (continued 

and quit drinking) no drinking in either period was used as the referent group.  In the 

initial model, maternal age and ethnicity were significant covariates.  Cases were less 

likely to be born to mothers 35 years of age or older (OR 0.07; CI 0.03-0.16) and less 

likely to be born to mothers of Hispanic ethnicity (OR 0.22; CI 0.10-0.50) compared to 

affected controls.  No difference were noted for race, marital status or smoking. 

Final Main Effects Model 

 After stepwise procedures, maternal education, insurance type, pregnancy 

intention, BMI group and previous pregnancies were retained in addition to the variables 

included in the initial model.   In the final model, cases were less likely to be born to a 

mother who reported drinking in both periods (OR 0.11; CI 0.03-0.47).  No differences 

were found among case and affected controls with respect to mothers who only reported 

drinking in the three months prior to pregnancy.  In the final main effects model, race, 

marital status, smoking, education, pregnancy intention and BMI were all significant 

covariates in addition to age and ethnicity.  Cases were less likely to be born to black 

mothers, more likely to be born to non-married mothers, less likely to be born to mothers 

who smoked in the three months prior to pregnancy, less likely to be born to mothers 

with more than12 years of education, less likely to be born to mothers who wanted the 

pregnancy then, and less likely to be born to mothers in the underweight or obese BMI 

range.   Table 74 presents the results of the initial and final main effects binomial logistic  
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regression models comparing cases to affected controls for continued drinking.  The 

interaction for continued drinking and smoking was not examined due to quasi-complete 

separation of data. 
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Table 74.   Initial and Final Main Effects Logistic Regression Models Comparing Cases 
 and Affected Controls:  Continued Drinking  
 Initial Final 
Independent Variable Wald χ2 Sig. Wald χ2 Sig. 
Continued Drinking 10.38 .006 14.74 .001 
Maternal Age 45.83 <.001 32.87 <.001 
Race Group 0.31 .858 6.21 .045 
Ethnicity 13.78 <.001 4.95 .026 
Marital Status 3.31 .069 5.37 .020 
Smoked Before Pregnancy 0.11 .737 6.00 .014 
Maternal Education   32.58 <.001 
Insurance Type   1.75 .417 
Pregnancy Intention   12.32 .006 
BMI   13.16 .004 
Previous Pregnancies   0.17 .677 
 
  Initial Final 
Independent Variable  OR 95% CI OR 95% CI 
Continued Drinking Yes 0.15 0.03-0.85 0.11 0.03-0.47 
 No 1.61 0.88-2.95 1.67 0.73-3.80 
 Didn’t Drink (ref) 1.00  1.00  
Maternal Age Under 18 1.82 0.49-6.79 0.75 0.16-3.57 
 35 and Over 0.07 0.03-0.16 0.09 0.04-0.22 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.22 0.54-2.73 0.37 0.14-0.99 
 Other 0.85 0.18-4.16 0.33 .06-13.74 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 0.22 0.10-0.50 0.27 0.09-0.87 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 3.08 0.91-10.47 7.90 1.36-46.04 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 0.74 0.13-4.28 0.11 0.02-0.66 
 No (ref) 1.00  1.00  
Maternal Education 0-8 Years   0.24 0.04-1.56 
 9-11 Years   8.95 0.75-107.17 
 13-15 Years   0.17 0.06-0.46 
 16 or More Years   0.18 0.07-0.48 
 12 Years (ref)   1.00  
Insurance Type Medicaid   0.38 0.08-1.73 
 Neither Medicaid Nor Private   0.60 0.21-1.70 
 Private (ref)   1.00  
Pregnancy Intention Sooner   0.28 0.09-0.88 
 Later   0.12 0.04-0.39 
 Didn’t Want   0.06 0.01-0.66 
 Wanted Then (ref)   1.00  
BMI Underweight   0.13 0.04-0.44 
 Overweight   0.63 0.08-5.31 
 Obese   0.35 0.14-0.89 
 Normal (ref)   1.00  
Previous Pregnancies Unit of Change = 1   1.06 0.80-1.42 
      
 Model Significance r2 - 2 L.L.   

Initial Main Effects <.001 .45 4083.10   
Final Main Effects <.001 .55 3063.87   
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Binomial Logistic Regression with Nonaffected Controls 

Initial Main Effects Model 

 No differences were found with respect to continued drinking (OR 0.89; CI 0.34-

0.32) or drinking in the three months prior to pregnancy but no in the last three months of 

pregnancy (OR .1.23; CI 0.69-2.18) between case infants with congenital cardiac defects 

and nonaffected control infants.  No differences were noted among cases and nonaffected 

controls on any of the covariates in the initial main effects model.  

Final Main Effects Model 

 After stepwise procedures, insurance type and stress group were retained in 

addition to the variables included in the initial model.   In the final model, no differences 

were noted on the exposure of interest (continued drinking) or any of the covariates.  

Table 75 presents the results of the initial and final main effects binomial logistic 

regression models comparing cases to nonaffected controls for continued drinking.   
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Table 75.   Initial and Final Main Effects Logistic Regression Models Comparing Cases 
 and Nonaffected Controls:  Continued Drinking 
 Initial Final 
Independent Variable Wald χ2 Sig. Wald χ2 Sig. 
Continued Drinking 0.69 .709 1.13 .569 
Maternal Age 0.77 .682 0.39 .824 
Race Group 1.46 .482 0.92 .632 
Ethnicity <0.01 .951 0.22 .640 
Marital Status <0.01 .940 <0.01 .945 
Smoked Before Pregnancy 3.55 .059 3.35 .067 
Insurance Type Before Pregnancy   3.90 .142 
Stress Group   3.16 .076 
 
  Initial Final 
Independent Variable  OR 95% CI OR 95% CI 
Continued Drinking Yes 0.89 0.34-2.32 0.99 0.38-2.53 
 No 1.23 0.69-2.18 1.34 0.77-2.33 
 Didn’t Drink (ref) 1.00  1.00  
Maternal Age Under 18 1.72 0.42-7.01 1.45 0.34-6.08 
 35 and Over 0.86 0.44-4.68 0.88 0.44-1.73 
 18-34 (ref) 1.00  1.00  
Race Group Black 1.53 0.60-3.92 1.40 0.57-3.46 
 Other 1.68 0.56-5.07 1.54 0.48-4.89 
 White (ref) 1.00  1.00  
Ethnicity Hispanic 1.02 0.48-2.19 0.83 0.39-1.80 
 Non-Hispanic (ref) 1.00  1.00  
Marital Status Not Married 1.03 0.51-2.06 0.97 0.46-2.09 
 Married (ref) 1.00  1.00  
Smoked Before Pregnancy Yes 0.51 0.25-1.03 0.49 0.22-1.05 
 No (ref) 1.00  1.00  
Insurance Type Medicaid   1.97 0.69-5.56 
 Neither Medicaid nor Private   1.90 0.98-3.68 
 Private Insurance (ref)   1.00  
Stress Group High   0.60 0.34-1.06 
 Low (ref)   1.00  
      
 Model Significance r2 -2 L.L.   

Initial Main Effects .277 .02 23739.24   
Final Main Effects .117 .04 23392.49   
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Final Adjusted Model with the Interaction between Continued Drinking (Yes/No )in the 
Three Months prior to Pregnancy and Smoking in the Three Months prior to Pregnancy 
 

The final main effects model was adjusted for the interaction term for 

continued drinking (continued, quit, no drinking) and smoking in the three months prior 

to pregnancy.  The interaction term was not significant (p=0.067).  Additionally, no other 

differences were noted on age, race, ethnicity, marital status or insurance type or stress 

group. 

Table 76 presents the results of the adjusted binomial logistic regression 

comparing cases to nonaffected controls for continued drinking as the exposure of 

interest. 

 



 210

Table 76.   Final Adjusted Model with the Interaction between Continued Drinking 
 (Yes/No) and Smoking in the Three Months prior to Pregnancy Comparing  
 Cases and Nonaffected Controls 
 Adjusted Model 
Independent Variable Wald χ2 Sig. 
Continued Drinking 3.30 .190 
Smoked Before Pregnancy 5.75 .016 
Continue Drinking*Smoking 1.65 .439 
Maternal Age 0.35 .841 
Race Group 0.92 .630 
Ethnicity 0.23 .631 
Marital Status <0.01 .947 
Insurance Type 4.11 .128 
Stress 3.00 .083 
 
  Adjusted Model 
Independent Variable  OR 95% CI 
Continue Drinking*Smoking Continue Yes*Smoke Yes 0.28 0.07-1.13 
 Continue Yes*Smoke No 1.04 0.37-2.97 
 Quit Drinking*Smoke Yes 0.84 0.29-2.41 
 Quit Drinking*Smoke No 1.22 0.67-2.23 
 No Drinking*Smoke Yes 0.57 0.11-0.82 
 No Drinking*Smoke No (ref) 1.00  
Maternal Age Under 18 1.44 0.34-5.96 
 35 and Over 0.90 0.45-1.78 
 18-34 (ref) 1.00  
Race Group Black 1.40 0.57-3.47 
 Other 1.55 0.48-4.94 
 White (ref) 1.00  
Ethnicity Hispanic 0.83 0.38-1.80 
 Non-Hispanic (ref) 1.00  
Marital Status Not Married 0.98 0.46-2.08 
 Married (ref) 1.00  
Insurance Type Medicaid 1.93 0.68-5.47 
 Neither Medicaid Nor Private 1.93 1.00-3.73 
 Private (ref) 1.00  
Stress High 0.61 0.35-1.07 
 Low (ref) 1.00  
    
 Model Significance r2 - 2 L.L. 

Adjusted Model .084 .04 23345.40 
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Hypothesis 5:  Evaluation of Differences between Affected and  
Nonaffected Control Groups 

 
 Mothers of infants born with Down’s Syndrome (affected controls) are significantly 

different in terms of self-report of alcohol use in early pregnancy compared to mothers of 

infants without birth defects (nonaffected controls) (OR<>1; p<.05). 

Binomial Logistic Regression Affected Controls and Nonaffected Controls (ref):   
Binge Drinking More than Once in the Three Months prior to Pregnancy 

 

  In order to investigate the differences between the affected control group and 

nonaffected control group, a binomial logistic regression model was created with 

nonaffected controls as the reference group.  The model’s factors included the union of 

the factors that were examined in the final binomial logistic regression models examined 

for binge drinking more than once in the three months prior to pregnancy using these 

groups as the reference with cases with congenital cardiac defects. 

Final Main Effects Model 

 Increased odds were found for affected control infants for binge drinking more 

than once in the three months prior to pregnancy (OR 3.15; CI 1.32-7.50) compared to 

nonaffected control infants.  Affected infants were more likely to be born to mothers 35 

years of age or older (OR 10.26; CI 4.66-22.58), more likely to be born to Hispanic 

mothers (OR 3.14; CI 1.22-8.05), more likely to be born to mothers without private 

insurance or Medicaid prior to pregnancy (OR 3.17; CI 1.22-8.20), and more likely to be 

born to a mother in the underweight BMI range (OR 4.13; CI 1.43-1.96) compared to 

nonaffected control infants.  Affected controls were less likely to be born to a mother 

with 0 to 8 years of education (OR 0.13; CI 0.02-0.67) compared to nonaffected controls.  

Table 77 presents the findings of the logistic regression comparing the 2 control groups. 
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Table 77.   Final Main Effects Logistic Regression Model Comparing Affected Controls 
 and Nonaffected Controls:  Binge Drinking More than Once in the Three  
 Months prior to Pregnancy  
 Final 
Independent Variable Wald χ2 Sig. 
Binge > 1 Before Pregnancy 6.70 .010 
Smoked Before Pregnancy 2.94 .087 
Maternal Age 35.47 <.001 
Race Group 0.29 .866 
Ethnicity 5.67 .017 
Marital Status 1.25 .263 
Insurance Type Before Pregnancy 5.74 .057 
Stress Group 0.01 .934 
BMI Group 10.42 .015 
Maternal Education 12.48 .014 
 
  Final 
Independent Variable  OR 95% CI 
Binge > 1 Before Pregnancy Yes 3.15 1.32-7.50 
 No (ref) 1.00  
Smoked Before Pregnancy Yes 0.26 0.60-1.22 
 No (ref) 1.00  
Maternal Age Under 18 1.23 0.31-4.92 
 35 and Over 10.26 4.66-22.58 
 18-34 (ref) 1.00  
Race Group Black 1.23 0.27-5.26 
 Other 0.72 0.17-3.03 
 White (ref) 1.00  
Ethnicity Hispanic 3.14 1.22-8.05 
 Non-Hispanic (ref) 1.00  
Marital Status Not Married 0.55 0.19-1.57 
 Married (ref) 1.00  
Insurance Type Medicaid 1.40 0.21-9.35 
 Neither Medicaid nor Private 3.17 1.22-8.20 
 Private Insurance (ref) 1.00  
Stress Group High 1.04 .43-2.51 
 Low (ref) 1.00  
BMI Group Underweight 4.13 1.43-11.96 
 Overweight 0.37 0.10-1.40 
 Obese 1.76 0.57-5.48 
 Normal (ref) 1.00  
Maternal Education 0-8 Years 0.13 0.02-0.67 
 9-11 Years 0.21 0.03-1.28 
 13-15 Years 1.03 0.30-3.48 
 16 or More Years 2.27 0.67-7.64 
 12 Years (ref) 1.00  
    
 Model Significance r2 - 2 L.L. 

Final Main Effects <.001 .27 10197.98 
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Chapter Summary 

 In summary, this chapter has detailed the results for each of the study’s 

hypotheses.   Alcohol use was classified into seven categorical variables: 

1. Alcohol use (yes or no) in the three months prior to pregnancy; 

2. Binge drinking (yes or no) in the three months prior to pregnancy; 

3. Binge drinking (yes or no) on more than one occasion in the three months prior to 

pregnancy; 

4. Binge drinking (yes or no) on four or more occasions in the three months prior to 

pregnancy; 

5. Binge drinking (binge drinking, alcohol use, or no drinking in the three months 

prior to pregnancy; 

6. Frequent drinking (yes or no) in the 3 month prior to pregnancy; and 

7. Continued drinking (drinking during the three months prior to pregnancy and the 

last three months of pregnancy, drinking during only in the three months prior to 

pregnancy, and no drinking). 

Each variable was examined as an exposure through logistic regression to determine 

crude odds ratios in a univariate analysis and adjusted odds ratios in logistic regression 

models with additional covariates and the interaction term for the exposure with smoking 

in the three months prior to pregnancy (yes/no). 

Differences in the odds for the outcome of congenital cardiac defects were 

evaluated for each of the exposures and where possible for the interaction using affected 

control infants with Down’s syndrome and nonaffected control infants.  To the extent 
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possible, the differences between affected infants and nonaffected infants were also 

evaluated.    

Drinking in the Three Months prior to Pregnancy 
 

As shown in Table 78 no differences between cases and affected controls were 

found for drinking in the three months prior to pregnancy.  In the adjusted binomial 

logistic regression model using nonaffected controls as references, a significant 

interaction between smoking in the three months prior to pregnancy and drinking in the 

three months prior to pregnancy was significant.   Case infants were less likely (OR 0.30; 

CI 0.11-0.82) than nonaffected infants to have a mother who did not drink, but did 

smoke.   

Table 78.  Summary of Odds Ratios for Drinking in the Three Months prior to Pregnancy 
    
 Analysis Step Cases/Affected 

OR 
(CI) 

Cases/Nonaffected 
OR 
(CI) 

Univariate 1.17 
(0.62-2.23) 

1.01 
(0.61-1.7) 

Initial Main Effects Model .87 
(0.41-1.80) 

1.19 
(0.69-2.06) 

Final Main Effects Model 0.66 
(0.31-1.43) 

1.31 
(0.77-2.24) 

Yes/Yes 0.20 
(0.04-1.04) 

0.78 
(0.28-2.17) 

Yes/No 0.69 
(0.62-1.51) 

1.22 
(0.69-2.17) 

No/Yes 1.11 
(0.12-10.75) 

0.30 
(0.11-0.82) 

Adjusted Model  
(Drink*Smoke) 
 

No/No 
(ref) 

1.00 
 

1.00 

Drink Yes 3.07 
(0.73-12.88) 

Smoke 
Yes 

Drink No 
(ref) 

1.00 
 

Drink Yes 1.07 
(0.61-1.88) 
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Binge Drinking (Yes/No) 
 

On the dichotomous binge drinking variable cases were less likely than affected 

controls to be exposed in both the initial and final main effects model (OR 0.31; CI 0.11-

0.83 and OR 0.22; CI 0.08-0.58, respectively). 

The adjusted model, with the interaction term for smoking and binge drinking 

found significant differences between cases and both control groups.  Cases were less 

likely to have mothers who reported binge drinking and not smoking compared to 

affected controls when mothers who didn’t drink and didn’t smoke were used as the 

referent group (OR 0.15; CI 0.05-0.42).  Cases were less likely to have mothers who 

didn’t drink, but did smoke compared to nonaffected controls when mothers who didn’t 

drink and didn’t smoke were used as the referent group (OR 0.22; CI 0.10-0.51).  Among 

nonsmoking mothers cases were at reduced odds of exposure to binge drinking compared 

to affected controls (OR 0.32; CI 0.10-0.95).  

Stratifying by smoking and nonsmoking smoking mothers, among smoking 

mothers, cases were at elevated odds of exposure to binge drinking compared to both 

affected and nonaffected controls (OR 10.02; CI 2.43-47.98 and OR 12.65; CI 3.54-

45.25, respectively).  Table 79 presents the summary of odds ratios for binge drinking. 
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Table 79.   Summary of Odds Ratios for Bing Drinking (Yes/No) in the Three Months  
 prior to Pregnancy 
    
 Analysis Step 

 
 

Cases/Affected 
OR 
(CI) 

Cases/Nonaffected 
OR 
(CI) 

Univariate 1.10 
(0.59-2.03) 

1.18 
(0.55-2.53) 

Initial Main Effects Model 0.31 
(0.11-0.83) 

1.51 
(0.70-3.27) 

Final Main Effects Model 0.22 
(0.08-0.58) 

1.71 
(0.75-3.88) 

Yes/Yes 5.77 
(0.67-49.92) 

2.23 
(0.67-7.37) 

Yes/No 0.15 
(0.05-0.42) 

1.13 
(0.40-3.17) 

No/Yes 0.27 
(0.04-2.10) 

0.22 
(0.10-0.51) 

Adjusted Model  
(Binge 
[Yes/No]*Smoke) 
 

No/No 
(ref) 

1.00 1.00 

Binge Yes 10.02 
(2.43-47.98 

12.65 
(3.54-45.25) 

Smoke 
Yes 

Binge No 
(ref) 

1.00 1.00 

Binge Yes 0.32 
(0.10-0.95) 

0.92 
0.35-2.41 
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Binge Drinking on More than One Occasion in the Three Months prior to Pregnancy 

 
Cases were less likely than affected controls and more likely than nonaffected 

controls to have mothers who reported binge drinking more than once in the three months 

prior to pregnancy when examined in separate binomial logistic regression models (OR 

0.23; CI 0.09-0.61 and OR 2.99; CI 1.19-7.51, respectively).  The interaction term for 

smoking and binge drinking more than once using nonaffected controls as references was 

significant.  Cases were less likely to have mothers who didn’t binge drink more than 

once but smoked when using mothers who didn’t binge drink more than once and didn’t 

smoke (OR 0.29; CI 0.13-0.61).  When stratified by smoking and nonsmoking mothers, it 

was found that among smoking mothers, cases were more likely to be exposed to binge 
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drinking more than once compared to nonaffected infants (OR 9.45; CI 2.53-35.31).  

Table 80 summarizes the odds ratios for the exposure of binge drinking more than once. 

Table 80.   Summary of Odds Ratios for Bing Drinking More than Once in the Three  
 Months prior to Pregnancy 
    

Analysis Step Cases/Affected 
OR 
(CI) 

Cases/Nonaffected 
OR 
(CI) 

Univariate 1.28 
(0.65-2.53) 

1.68 
(0.72-3.92) 

Initial Main Effects Model 0.37 
(0.14-.98) 

2.33 
(1.00-5.42) 

Final Main Effects Model 0.23 
(0.09-0.61) 

2.99 
(1.19-7.51) 

Yes/Yes 2.14 
(0.59-7.81) 

Yes/No 2.22 
(0.69-7.16) 

No/Yes 0.29 
(0.13-.61) 

Adjusted Model  
(Binge>1 [Yes/No] 
*Smoke) 
 

No/No 
(ref) 

1.00 

Binge>1 Yes 9.45 
(2.53-35.31) 

Smoke 
Yes 

Binge>1 No 
(ref) 

1.00 

Binge>1 Yes 1.57 
(0.53-4.69) 
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Binge Drinking on Four or More Occasions in the Three Months prior to Pregnancy 

 
Table 81 provides a summary of the odds ratios for binge drinking on 4 or more 

occasions in the three months prior to pregnancy.  Cases were less likely than affected 

controls with Down’s syndrome to be born to mother who reported binge drinking on 4 

or more occasions in the univariate model (OR 0.47; CI 0.30-0.72) and the initial and 

final main effects models (OR 0.08; CI 0.04-0.15 and OR 0.03; CI 0.02-0.08, 

respectively).  No differences were noted between cases and nonaffected controls for  
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binge drinking on 4 or more occasions or for the interaction with smoking in the three 

months prior to pregnancy. 

Table 81.   Summary of Odds Ratios for Bing Drinking on Four or More Occasions in the 
Three Months prior to Pregnancy 

    
 Analysis Step Cases/Affected 

OR 
(CI) 

Cases/Nonaffected 
OR 
(CI) 

Univariate 0.47 
(0.30-0.72) 

1.74 
(0.28-10.97) 

Initial Main Effects Model 0.08 
(0.04-0.15) 

2.10 
(0.37-11.88) 

Final Main Effects Model 0.03 
(0.02-0.08) 

2.92 
(0.46-18.46) 

Yes/Yes .48 
(0.11-2.13) 

Yes/No 4.05 
(0.51-32.03) 

No/Yes 0.54 
(0.23-1.30) 

Adjusted Model  
(Binge=>4 [Yes/No] 
*Smoke) 
 

No/No 
(ref) 

1.00 

Binge=>4 Yes 
 

Smoke 
Yes 

Binge=>4 No 
(ref) 
Binge=>4 Yes 
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Binge Drinking (Binge, Drink, None) 

 
Cases were less likely than affected controls to be exposed to binge drinking in 

the three months prior to pregnancy in both the initial main effects model (OR 0.34; CI 

0.14-0.85) and final main effects model (OR 0.24; CI 0.09-0.64).  No differences were 

noted for binge drinking between cases and nonaffected controls in the initial or final 

main effects models.  No differences were between cases and either control group for 

drinking, but not binge drinking, in the three months prior to pregnancy.  The findings for 

the operational definition of this variable, therefore, are consistent with the findings for 

both the drinking (yes/no) and binge drinking (yes/no) variables.  There were significant 
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differences noted in the interaction term for binge drinking and smoking in the adjusted 

model for both control groups.  Cases were less likely than affected controls to be born to 

a mother who reported binge drinking, but not smoking (OR 0.17; CI 0.06-0.46), and less 

likely to be born to a mother who reporting drinking and smoking (OR 0.12; CI 0.02-

0.77).  Compared to nonaffected controls, cases were less likely to be born to a mother 

who reported drinking and smoking (OR 0.11; CI 0.03-0.42) and less likely to be born to 

a mother who reported smoking, but not drinking (OR 0.32; CI 0.12-0.85).  Table 82 

summarizes the odds ratios for the binge drinking variable that included binge drinking, 

any drinking and no drinking categories.   
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Table 82.   Summary of Odds Ratios for Binge Drinking (Binge Drinking, Drinking or 
 None) in the Three Months prior to Pregnancy 

    
Analysis Step Cases/Affected 

OR 
(CI) 

Cases/Nonaffected 
OR 
(CI) 

Univariate 1.16 
(0.57-2.37) 

1.22 
(0.56-2.68) 

Initial Main Effects Model 0.34 
(0.14-0.85) 

1.60 
(0.71-3.59) 

Final Main Effects Model 0.24 
(0.09-0.64) 

1.86 
(0.80-4.34) 

Binge Yes* 
Smoke Yes 

6.94 
(0.88-54.79) 

2.64 
(0.73-8.31) 

Binge Yes* 
Smoke No 

0.17 
(0.06-0.46) 

1.25 
(0.44-3.60) 

Drink Yes* 
Smoke Yes 

0.12 
(0.02-0.77) 

0.11 
(0.03-.42) 

Drink No* 
Smoke No 

1.49 
(0.49-4.57) 

1.40 
(0.77-2.56) 

Drink None* 
Smoke Yes 

0.90 
(0.05-15.81) 

0.32 
(0.12-0.85) 

Adjusted Model  
(Binge [Binge, Drink, 
None]*Smoke) 
 

None*No 
(ref) 

1.00 1.00 

Binge Yes 4.48 
(1.60-12.54) 

11.72 
(3.00-45.87) 

Drink Yes 0.21 
(0.02-1.93) 

0.75 
(0.11-5.18) 

Smoke 
Yes 

Drink None 
(Ref) 

1.00 1.00 

Binge Yes 0.35 
(0.13-0.97) 

0.98 
(0.37-2.65) 

Drink Yes 1.41 
(0.37-5.50) 

1.28 
(0.70-2.33) 
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Frequent Drinking in the Three Months prior to Pregnancy 
 
 Cases were not significantly different from either affected or nonaffected controls 

in terms of frequent drinking as examined in the respective univariate and main effects 

binomial logistic regression models.  For the interaction term of smoking and frequent 

drinking cases were less likely than affected controls to be born to mothers who reported 

smoking and frequent drinking in the three months prior to pregnancy (OR 0.08; CI 0.01-

0.73).  When stratified by smoking and adjusted for maternal age, among nonsmoking 

mothers, cases were more likely to be born to mothers who reported frequent drinking 

(OR 30.12; CI 1.63-557.16), though the wide confidence intervals point to instability in 

this finding.  No differences were noted between cases and affected controls among 

infants born to smoking mothers with respect to the odds of frequent drinking.  Table 83 

provides a summary of the odds ratios for frequent drinking in the three months prior to 

pregnancy.
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Table 83.   Summary of Odds Ratios for Frequent Drinking in the Three Months prior to 
 Pregnancy 
    
 Analysis Step Cases/Affected 

OR 
(CI) 

Cases/Nonaffected 
OR 
(CI) 

Univariate 0.88 
(0.11-6.80) 

0.41 
(0.11-1.40) 

Initial Main Effects Model 0.71 
(0.01-67.23) 

0.50 
(0.13-1.92) 

Final Main Effects Model 0.53 
(0.04-6.65) 

0.47 
(0.12-1.88) 

Yes/Yes 0.08 
(0.01-0.73) 

0.57 
(0.10-3.26) 

Yes/No 5.94 
(0.52-67.99) 

0.22 
(0.02-1.91) 

No/Yes .77 
(0.07-2.17) 

1.2 
(0.19-1.02) 

Adjusted Model  
(Frequent 
Drinking*Smoke) 
 

No/No 
(ref) 

1.00 1.00 

Drink Yes 0.52 
(0.05-5.5) 

 Smoke 
Yes 

Drink No 
(ref) 

1.00  

Drink Yes 30.12 
(1.63-557.16) 
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Continued Drinking 

 
 Cases were less likely than affected controls to be born to a mother who reported 

drinking in the three months prior to- and the last three months of- pregnancy in the 

univariate model (OR 0.28; CI 0.08-0.99) and each of the main effects models (OR 0.15; 

CI 0.03-0.85 and OR 0.11; CI 0.03-0.47, respectively).  No differences were noted for 

continued drinking between cases and nonaffected controls.  Table 84 presents a 

summary of the odds ratios for the continued drinking variable.
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Table 84.   Summary of Odds Ratios for Continued Drinking (Continued, Quit or No 
 Drinking) 
    
 Analysis Step Cases/Affected 

OR 
(CI) 

Cases/Nonaffected 
OR 
(CI) 

Univariate 0.28 
(0.08-0.99) 

0.72 
(0.28-1.85) 

Initial Main Effects Model 0.15 
(0.03-0.85) 

0.89 
(0.34-2.32) 

Final Main Effects Model 0.11 
(0.03-0.47) 

0.99 
(0.38-2.53) 

Continue Yes* 
Smoke  Yes 

0.28 
(0.07-1.13) 

Continue Yes* 
Smoke No 

1.04 
(0.37-2.97) 

Quit Drinking* 
Smoke Yes 

0.84 
(0.29-2.41) 

Quit Drinking* 
Smoke No 

1.22 
(0.67-2.23) 

No Drinking* 
Smoke Yes 

0.57 
(0.11-.82) 

Adjusted Model  
(Continue Drinking 
[Continue, Quit, 
None]*Smoke) 
 

No Drinking* 
Smoke No 

1.00 
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Acceptance or Rejection of Null Hypothesis 

 Findings for the study’s hypotheses can be summarized as follows: 

• Hypothesis 1:  Infants born with cardiac defects are significantly different in 

terms of exposure to maternal alcohol use (yes/no) in early pregnancy compared 

to infants with Down’s Syndrome or infants with no birth defects noted on the 

birth certificate (OR<>1; p<.05). 

 The null hypothesis is accepted with respect to affected controls with Down’s 

syndrome.  For nonaffected controls there was a borderline interaction between smoking 

and drinking during the three months prior to pregnancy.  When followed by stratification 

by drinking (yes/no) controlled for maternal age, a significant difference was noted 

between cases and controls among infants born to non-drinking mothers with respect to 

smoking status.  Case infants were less likely to be born to mothers who smoked, but did 

not drink, compared to control infants when non-drinking/non-smoking mothers were 

used as the referent group.   

• Hypothesis 2:  Infants born with cardiac defects are significantly different in 

terms of exposure to maternal binge drinking (yes/no) in early pregnancy 

compared to infants with Down’s Syndrome or infants with no birth defects noted 

on the birth certificate (OR<>1; p<.05). 

 Binge drinking was evaluated through four variables:  binge drinking (yes/no) in 

the three months prior to pregnancy; binge drinking (yes/no) on more than 1 occasion in 

the three months prior to pregnancy; binge drinking (yes/no) on 4 or more occasions in 

the three months prior to pregnancy; and binge drinking (binge drinking [yes]; drinking 

[drinking yes and binge drinking no]; and no drinking).  For binge drinking [yes/no] and 
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binge drinking (binge drinking; drinking and no drinking), the null hypothesis is rejected.  

Cases were less likely than affected controls to be born to mothers who reported binge 

drinking in the three months prior to pregnancy.  There was significant interaction 

between binge drinking and smoking in the three months prior to pregnancy.  When 

stratified by smoking (yes/no), among mothers that smoked in the three months prior to 

pregnancy, cases were more likely than affected and nonaffected controls to be born to a 

mother who reported binge drinking.  This interactive relationship was also noted 

between cases and nonaffected controls for binge drinking more than once.   Cases were 

less likely than affected controls to be born to a mother who reported binge drinking on 4 

or more occasions in the three months prior to pregnancy. 

• Hypothesis 3:  Infants born with cardiac defects are significantly different in 

terms of frequency of maternal alcohol use in early pregnancy compared to 

infants with Down’s Syndrome or infants with no birth defects noted on the birth 

certificate (OR<>1; p<.05). 

 The null hypothesis is accepted with respect to nonaffected controls.  There was a 

significant difference noted on the interaction term for frequent drinking and smoking in 

the case/affected control comparison.  When followed by stratification for smoking in the 

3 month prior to pregnancy and controlling for maternal age, it was noted that among 

nonsmoking mothers, case infants were at increased odds of being born to a mother who 

reported frequent drinking in the three months prior to pregnancy. 

• Hypothesis 4:  Infants born with cardiac defects are significantly different in 

terms of maternal alcohol use in the three months prior to- and the last three 
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months of- pregnancy  compared to infants with Down’s Syndrome or infants with 

no birth defects noted on the birth certificate (OR<>1; p<.05). 

 The null hypothesis is accepted with respect to nonaffected controls and rejected 

with respect to affected controls.  Cases infants were less likely than affected controls to 

be born to a mother who reported drinking in the three months prior to- and the last three 

months of pregnancy. 

• Hypothesis 5:  Mothers of infants born with Down’s Syndrome (affected controls) 

are significantly different in terms of self-report of alcohol use in early pregnancy 

compared to mothers of infants without birth defects (nonaffected controls) 

(OR<>1; p<.05). 

 Based on differences noted in the affected/nonaffected control group comparison 

for binge drinking more than once in the three months prior to pregnancy, the null 

hypothesis is rejected.  The affected and nonaffected control groups appear to differ on 

self-reported drinking behavior before and during pregnancy. 
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CHAPTER 5 

DISCUSSION 

The results of this study point to two main conclusions which have implications 

for future research, public health and health policies.  The first part of this chapter will 

comment on the public health implications of the study findings and future directions.   

The second part will focus on policy implications.  To summarize, the main conclusions 

of this study are:   

• There is a significant interaction between maternal binge drinking more than once 

and cigarette smoking in the three months prior to pregnancy and the odds of 

congenital cardiac defects in offspring.  This interaction is also significant for 

binge drinking (yes or no) and smoking in the three months prior to pregnancy.  

The interaction between binge drinking and smoking is synergistic, biologically 

plausible and most strongly noted among smoking mothers when comparing those 

mothers who reported smoking only and those mothers who also reported binge 

drinking or binge drinking more than once in the three months prior to pregnancy.   

• There are significant differences in maternal reporting of alcohol use immediately 

prior to- and during pregnancy between mothers of infants with Down’s 

syndrome and mothers of infants with no birth defects.   These differences 

provide reason to question the use of affected controls in case-control studies of 

birth outcomes.  Furthermore, the results of the comparisons between cases and 

affected controls need to be considered with caution.  First, sample size 
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limitations of the affected/Down’s syndrome control group (n=82) resulted in 

unstable estimates and wide confidence intervals.  Second, the strong potential for 

selection bias, reporting bias and recall bias threaten the validity of the data 

collected among the affected control group and may influence the results of this 

study.   

Binge Drinking and the Interaction with Smoking 

As noted in Chapter 2, biologic theory for alcohol’s effect in early pregnancy on 

the development of congenital cardiac defects includes the possibility of a threshold level 

in the first few weeks of fetal life at which exposure to alcohol may inhibit or alter crucial 

biological processes necessary for proper cardiac and circulatory development (Gladstone 

et al., 1996; Kesmodel, 2001; Maier & West, 2001).   The results of this study suggest 

that only maternal binge drinking, particularly binge drinking on multiple occasions in 

early pregnancy, is significantly associated with an increase in the odds of congenital 

cardiac defects (OR 2.99; CI 1.19-7.51).  Though not significant, any maternal drinking 

in the three months prior to pregnancy (OR 1.31; CI 0.77-2.24) or any binge drinking in 

the three months prior to pregnancy (OR 1.71; CI 0.75-3.88) also elevated the odds for 

congenital cardiac defects when nonaffected controls were used as the comparison group.    

In addition, the odds ratios for congenital cardiac defects for any drinking, any binge 

drinking and binge drinking more than once increased in a linear manner (see Figure 24).   
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Figure 24.  Odds Ratios for Congenital Cardiac Defects for Any Alcohol Use, Any Binge Drinking and 
Binge Drinking More than Once in the Three Months prior to Pregnancy  (Nonaffected Control Group)   

 

When the interaction between binge drinking and smoking was considered, there 

was a statistically significant interaction and a major increase in the likelihood of a 

congenital cardiac defect.  Mothers who reported any smoking and either binge drinking 

or binge drinking more than once in the three months prior to pregnancy were 10.02 

times (CI 2.43-47.98) and 9.45 times (CI 3.54-45.24) respectively, more likely to give 

birth to an infant with a congenital cardiac defect than mothers who reported only 

smoking, but not binge drinking among nonaffected controls.  In addition, among 

mothers who reported binge drinking and smoking in the three months prior to 

pregnancy, the odds of giving birth to an infant with a congenital cardiac defect were 

2.23 times more than mothers who did not binge drink and did not smoke.  Similarly, 

among mothers who reported binge drinking more than once and smoking in the three 
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months prior to pregnancy, the odds of congenital cardiac defects in offspring were 2.14 

times more than mothers who did not binge drink more than once and smoke.   

These results suggest that a strong synergistic interaction effect is present.  As 

described previously in this study, smoking was not a significant risk factor in any of the 

final main effects models predicting congenital cardiac defects.  Kuciene and Dulskiene 

(2008) in a review of risk factors for congenital cardiac defects found smoking to be  

associated with several isolated cardiac defects  (pulmonic stenosis, transposition with 

ventricular septal defect, atrioventricular canal defects and atrial septal defects) in a few 

case controls studies (Ferencz et al., 1997; Torfs and Christianson, 1999; Woods and 

Raju; 2001).  However, to date, the supporting evidence for an independent causal 

relationship between smoking and congenital cardiac defects is still limited and subject to 

many of the same limitations discussed in Chapter 2 (i.e. sample size, self-reported, 

exposure classification).    Despite this, Kuciene and Dulskiene, point out that both 

alcohol consumption and cigarette smoking have shared effects of increasing oxidative 

stress and interfering with the normal processes of cells.  This reasoning suggests that the 

interaction found in this study is biologically plausible.   

As discussed later, this finding has public health and policy implications 

regarding screening strategies for preconception and pregnant women as well as neonatal 

screening during pregnancy.  

 
Inconsistent Findings with Respect to Using Affected and Nonaffected Controls 

in a Case-Control Study 
 

 When using affected controls as the comparison group in this study of 

reproductive outcomes, many of the measures of alcohol use (binge drinking, frequent 
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drinking, continued drinking) appeared to be protective for the case group and a risk 

factor for Down’s syndrome.  This is contrary to findings when using nonaffected 

controls as the reference group.  For example, binge drinking more than once was a risk 

factor for congenital cardiac defects and no differences were noted for frequent drinking 

and continued drinking between cases and nonaffected controls.  Three possible 

explanations for the differences that were found between affected control mothers and 

nonaffected control mothers are selection bias, reporting/recall bias, and unstable 

estimates due to sample size.  These are described below. 

Selection Bias 

Cragan and Khoury (2000) demonstrated that epidemiologic studies of birth 

defects are prone to selection bias when pregnancies that resulted in a termination or still 

birth are excluded.  The authors state: 

[T]he exclusion of pregnancies electively terminated after prenatal 
diagnosis of a birth defect may have a substantial effect on the result of 
epidemiologic studies of those birth defects.  Depending on how the risk 
factor being studied is related to prenatal diagnosis and elective 
termination, the study precision may be decreased or the OR may be 
biased either toward or away from the null.  In addition, the magnitude of 
the bias will vary according to the population characteristics, the 
frequency with which prenatal diagnosis and elective termination are used 
and the strength of the association of the risk factor with these procedures 
(Cragan & Khoury, 2000, p. 697). 
 

This study only considered of live births.  Based on the available research, it appears that 

termination rates among infants diagnosed prenatally differs between congenital cardiac 

defects and Down’s syndrome.  Termination rates for congenital cardiac defects have 

been reported to be between 7% and 45% when diagnosed prenatally (Boldt, Andersson 

& Eronen, 2002; Eronen, 1997; Hsiao, et al., 2007; Smythe, Copel & Kleinman, 1992).  

For Down’s syndrome, Forrester, Merz and Yoon (1998) found 84% of prenatally 
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diagnosed pregnancies were terminated.  Additionally, Siffel, Correa, Cragan and 

Alverson (2004) reported significant variation in terminations of prenatally diagnosed 

Down’s syndrome by age with women under 35 less likely to terminate a pregnancy.  The 

authors speculate this difference may reflect additional factors including access and 

utilization of health care.  One possible interpretation in these data findings is that the live 

birth Down’s syndrome infants (affected control group) are more likely to be those 

infants who were not diagnosed prenatally, or whose mothers did not receive prenatal 

screening, received inadequate prenatal care or refused termination following prenatal 

diagnosis.  As shown in Chapter 4, the affected control group was more likely than the 

nonaffected control group to be Hispanic.  Rapp (1998) pointed to the influences of 

culture and ethnicity in prenatal decision making with Hispanics often less likely to seek 

prenatal testing and less likely to elect termination than their white counterparts.  If these 

factors are occurring in this study, the results using the case-affected control group as the 

comparison may provide misleading finding due to selection bias. 

Reporting/Recall Bias 

A second possible explanation for the differences found when using the two 

control groups in this study is reporting bias and/or recall bias.  One of the justifications 

for using an affected control group in this study was to limit the potential for recall bias 

related to self-reported alcohol use.  It was thought that mothers of an infant with a birth 

defect (i.e. Down’s syndrome) would be more likely to report and recall adverse 

behaviors such as smoking and alcohol use in a manner similar to mothers of infants with 

congenital cardiac defects. Despite this intention, however, the potential for reporting and 

recall differences still exists.  Two considerations that may affect maternal recall and 
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report among mothers of infants with birth defects are: 1) the stage of pregnancy during 

which a prenatal diagnosis is made; and 2) if a prenatal diagnosis was made at all.  Both 

these factors may be significantly different for mothers of infants with congenital cardiac 

defects and mothers of infants with Down’s syndrome.   

 Down’s syndrome can be diagnosed prenatally through the triple screen usually 

performed between the 15th and 20th week of pregnancy.  On the other hand, congenital 

cardiac defects can be diagnosed through ultrasound or fetal echocardiography as early as 

16 weeks into a pregnancy, but are often diagnosed somewhat later (Sharland, Lockhart, 

Chita & Allan, 1990).  The reliability of maternal reporting of pre-pregnancy alcohol use 

may be a function of the time between receiving the diagnosis and the time the survey 

was conducted in the post-partum period.  The PRAMS survey is generally completed 2 

to 6 months after birth. Additionally, maternal reporting may vary between those mothers 

who had prenatal knowledge of a birth defect and those mothers who were confronted 

with the birth defect at some point in early infancy.  (The timing during pregnancy or the 

early post-partum period that a birth defect was detected and/or confirmed is not 

available in the PRAMS survey.) 

Sample Size 

The final study sample for the affected control group (n=82) was somewhat 

smaller than originally anticipated.  Therefore, the results found for the affected control 

group may be less stable or reliable than the results found in the case or nonaffected 

control groups.  Although the sample was small for the affected control group, weighted 

data permitted most of the statistical tests to be completed.  However, of note, many of 

the confidence intervals using the affected control group were fairly wide.   



 234

 

  

Public Health and Policy Implications 

This study has several public health and policy implications which point to the 

need for future epidemiologic research to determine appropriate public health messages 

and health policies.   

Research Implications 

Future case-control and cohort studies examining maternal alcohol use, the 

interaction between binge alcohol use and cigarette smoking, and the association with 

congenital cardiac defects should expand the measurements used for both prenatal 

alcohol use and smoking.  It is possible that a more refined classification of binge 

drinking in future studies may result in more consistent results and/or larger overall effect 

sizes.  White and Lipscomb (2003) classified binge drinking in the three months prior to 

pregnancy into two groups – binge drinkers who were normally light drinkers and binge 

drinkers who were normally moderate/heavy drinkers.  Normal light drinkers consisted of 

women consuming an average of three or less drinks per week and normal 

moderate/heavy drinkers consisted of women consuming and average of four or more 

drinks per week.  In their study, no relationship was found between light-binge drinking 

in the three months prior to pregnancy and the odds of an infant being born small for 

gestational age (SGA).  However, among moderate/heavy-binge drinkers there were 

increased odds of an infant being born SGA (OR 2.24; CI 1.25-4.02) compared to 

abstainers.  The authors speculate the results “suggests that peak alcohol consumption 

may have a stronger effect than total alcohol consumption . . .  [t]hese women may binge 

more heavily or have higher alcohol concentrations before they binge, so a binge is more 

likely to raise alcohol concentrations enough to affect fetal growth” (White & Lipscomb, 

2003, p. 660).  
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The prenatal measurement of cigarette smoking should also be carefully 

considered.  In this study, smoking was defined as any smoking in the three months prior 

to pregnancy.  Future studies should examine the intensity, duration and frequency of 

smoking both before and during pregnancy.  It is possible that a more thorough 

assessment of prenatal smoking behavior in future studies may reveal a threshold or dose 

response relationship with congenital cardiac defects. 

Policy Implications 

 This study points to the enormous public health burden and adverse pregnancy 

outcomes which result in part from preventable behaviors occurring immediately prior to- 

and during early pregnancy.  There are a couple of considerations that deserve further 

comment: 1) the high number of women who are pregnant or who may become pregnant 

that consume alcohol and/or smoke which illustrates the need for further consideration of 

preconception and prenatal screening and intervention strategies; and 2) the efficacy of 

neonatal screening for cardiac defects. 

Alcohol use among reproductive age women has been both stable and extensive 

over time and has been consistently demonstrated in a variety of data sets.  Figure 25 

shows trends in past month alcohol use among women aged 15-44 years (those 

considered of reproductive age) and among pregnant women (at any point during 

pregnancy).  Since 2002, over 50% of women aged 15-44 years reported alcohol use in 

the past month and about 10% of pregnant women reported alcohol use in the past month. 

According to the 2007 National Household Survey on Drug Use (NHSDU), over 

58.1 million women aged 12 and older (45.6%)  consumed alcohol in the past month and  

over 27.2 million women age 12 and older (21.4%) smoked cigarettes in the past month.  
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Of women 12 and older, over 16.7 million women (13.1%) drank alcohol and smoked in 

the past month (US DHHS, 2007).   

Trends in Past Month Alcohol Use
 Among Women Aged 15-44: 2002-2007
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Figure 25.  Trends in Past Month Alcohol Use among Women Aged 15-44, 2002-2007 (SAMHSA, 2008) 

As shown in Figure 26, in 2002-2003, the NHSDU reported that among pregnant 

women aged 15-44 during any stage of pregnancy, 9.8% used alcohol, 4.1% consumed 

five or more drinks on at least one occasion, and .7% were heavy drinkers consuming 

five or more drinks on five or more occasions in the past 30 days.  Among nonpregnant 

women aged 15-44, 53% reported any alcohol use, 23.2% reported binge drinking, and 

5.3% reported heavy drinking in the past month (Substance Abuse and Mental Health 

Services Administration, 2008).  
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Figure 26.  Past Month Alcohol Use among Women Aged 15-44, 2002-2003 (SAMHSA, 2008) 

Estimates from the NHSDU for pregnant women are somewhat lower than 

national estimates from PRAMS which uses the three months prior to pregnancy as a 

proxy for early pregnancy.  In 2002, national PRAMS reported that 47.5% of pregnant 

women consumed alcohol and 23.2% of pregnant women smoked cigarettes in the three 

months prior to pregnancy (Williams, et al., 2006).   

In this study, using a subset of PRAMS data over the 1996-2005 time period,  

17.1% of mothers reported smoking, 40.6% of mothers reported any drinking, 12.9% 

reported binge drinking, 9.5% reported drinking and smoking and 2.9% reported binge 

drinking and smoking in the three months prior to pregnancy (Figure 27).   These 

sources, as well as the findings from this study, document the large number of 

reproductive age women in the United States using alcohol and smoking and illustrate the 

need for early prenatal services for pregnant women and preconception services targeted 

to a reduction in alcohol and cigarette use for reproductive age women.   
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Figure 27.  Smoking, Drinking and Binge Drinking in the three months Prior to Pregnancy in Study 
Sample, 1996-2005 
 

 Quite clearly, there is a need for further research to appropriately design and 

target screening and interventions for pregnant women and women of reproductive age 

with respect to alcohol and tobacco use.  Ideally, screening for these behaviors should 

happen prior to pregnancy.  A recent supplement to the American Journal of Obstetrics & 

Gynecology (December Supplement, 2008) provided recommendations concerning 

preconception care for women.  One of the recommendations is that all childbearing-age 

women should be screened for alcohol use and tobacco use and that brief behavior 

modification interventions should be provided in the primary care setting prior to 

conception to reduce birth defects and adverse pregnancy outcomes (Floyd et al., 2008). 

. 

Neonatal screening of infants 

Current indications for fetal echocardiography include maternal exposure to 

known teratogens and diseases (anti-convulsants for seizures, lithium for depression, 

insulin for diabetes, women with phenylketonuria or women exposed to rubella), a 

 



 239

 

familial history of congenital cardiac disease, maternal risk factors for chromosomal 

disorders (advanced age or abnormal maternal serum screening), rare genetic diseases or 

other birth defects identified during ultrasound screening (American College of 

Cardiology/ American Heart Association Task Force on Practice Guidelines, 1997).  

Drinking and smoking are not current indications for a fetal echocardiogram.  Since 

smoking and binge drinking are not current indications for fetal echocardiography 

screening, but may be associated with congenital cardiac defects, future studies should 

investigate the feasibility of including these risk factors as indications for screening and 

determine the cost-effectiveness and expected yield of cases.  Through early detection of 

cardiac defects, ameliorative action can be planned, whether through follow-up 

monitoring, surgical treatment or pregnancy termination.  

Currently, universal screening for congenital cardiac defects with routine 

ultrasound is not efficacious in the general population of pregnant women due to low 

positive predictive values (Buskens et al., 1996).  Routine ultrasound screening does not 

detect most cases of congenital cardiac defects (Stoll et al., 2002).  Todros et al. (1997), 

noted current detection of cardiac defects through routine ultrasound screening is roughly 

30 percent.  More intensive screening through fetal echocardiography in a general 

population could result in much higher detection rates.  Yagel et al. (1997) found that 

fetal echocardiography screening in a general population of pregnant women could result 

in an 80% detection rate.   

Some perspective on binge drinking and the interaction between binge drinking 

and smoking and the association with congenital cardiac defects can be gained through 

estimation of population attributable risk percentages.  The population attributable risk 
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percentage represents the excess number of cases that could be expected in exposed 

mothers compared to the total number of cases that could be expected in nonexposed 

mothers. Using Cole and MacMahon’s (1971) methodology for estimating attributable 

risk in case-control studies, it is estimated that among women who binge drink more than 

once in the three month prior to pregnancy, congenital cardiac defects could be expected 

in offspring in excess of 14 percent above the number of expected congenital cardiac 

defects among women who do not binge drink more than once.  Among pregnant women 

who smoke in the three months prior to pregnancy, the additional exposure of binge 

drinking could be expected to result in an excess of 70 percent above the number of 

expected congenital cardiac defects among smoking women who do not binge drink.  

Limitations 

The broad limitations of this study are related to the case-control design and more 

specific limitations related to the PRAMS survey which were discussed in Chapter 3.  In 

this section, the limitations discussed relate to the self-reported exposures examined and 

the ascertainment of cases and controls.  

Whitehead and Lipscomb (2003), also used PRAMS alcohol use data in a study of 

risk for small-for-gestational-age birth and found that respondents’ interpretation of the 

PRAMS alcohol use questions varied.  For example, when asked about average drinks 

per week, women may have reported the number of drinks that they often consumed on a 

daily basis rather than the mean number of drinks per week during the three months prior 

to pregnancy and the last three months of pregnancy.  The authors also noted that women 

were sometimes confused about the timeframe for the three months prior to pregnancy.  

Some women interpreted this as the three months before conception, while other women 
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interpreted this as the three months prior to pregnancy recognition.  In either case, the 

three months prior to pregnancy is only a proxy for early pregnancy, so the results of this 

study are limited to the extent that early pregnancy behaviors mirror those immediately  

prior to pregnancy . 

Self-reported alcohol and tobacco use may be underreported by women with a 

recent birth in general; a greater concern is that they are differentially reported by 

mothers of infants with birth defects.  Different methodologies can produce consistent 

results, yet which differ in magnitude.  For example, results using PRAMS for alcohol 

use in the three months prior to pregnancy are generally higher than those reported 

percentages during pregnancy in the National Household Survey on Drug Use (NSHDU).    

While the NHSDU reports alcohol use for pregnant women as one continuous period – 

from the beginning of the pregnancy to birth, it is likely that recall differences may 

partially explain some of the difference noted between the surveys.  PRAMS mothers 

report on their alcohol use 2 – 6 months after birth.  For some mothers, this could mean 

that up to 15 months  or more have elapsed since the later stages of the three months prior 

to pregnancy.   

In addition, PRAMS does not differentiate between the type of alcoholic beverage 

consumed.  It cannot be determined from this study whether different types of alcohol 

(beer, wine or spirits) may have produced different effects.  PRAMS does not question 

women about illegal drug use, so any interaction or confounding by these substances are 

not known. 

The limitations associated with case ascertainment and case-control group 

assignment are largely dependent on the reliability and validity of birth certificate data.  
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The reliability and validity of birth certificates varies by state but the extent of this 

variation is not known.  Birth certificates may have high positive predictive values for 

some birth defects, but are generally poor sources for tracking birth defects in the 

population.  Cardiac defects are comprised of a wide variety of malformations and were 

aggregated into one group in this study.  It is likely that teratogens such as alcohol may 

impact only certain malformations.  Down’s syndrome infants are often born with 

comorbid heart defects.  While this study did not include Down’s syndrome infants with 

comorbid birth defects as noted on the birth certificate, it is possible that both cases and 

affected control groups might include infants with both conditions.  

Conclusion 

Alcohol use is a completely preventable risk factor for a number of birth defects.  

In this study, alcohol use in the three months prior to pregnancy was not found to be a 

risk factor for congenital cardiac defects.  This finding is consistent with other studies 

which have not found evidence of adverse effects of prenatal alcohol exposure at low or 

moderate levels of consumption (Henderson & Brocklehurst, 2007); however, the 

association between binge drinking and congenital cardiac defects remains a question of 

interest.  This study suggests that binge drinking and binge drinking combined with 

smoking in early pregnancy may be risky behaviors associated with congenital cardiac 

defects in offspring.  This study has several implications.  In the preconception stage and 

during early pregnancy, women should be screened for smoking and drinking/binge 

drinking behavior.  This screening should include a thorough evaluation of frequency, 

intensity and duration of use of these substances.  Appropriate interventions should be 

made available to women of reproductive age to assist them in smoking and drinking 
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cessation.  On a more macro level, the message of the harms of alcohol and tobacco use 

during pregnancy need to be accurately depicted and widely disseminated.  Despite 

warnings from the Surgeon General regarding the dangers of alcohol and tobacco use 

during pregnancy, a sizeable proportion of women of childbearing age continue these 

behaviors.  In addition, further study is needed to investigate the efficacy of expanding 

echocardiography screening among women who smoke and binge drink prior to- and 

during pregnancy.  
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Terms 
 
abnormal situs – Deviation from the normal visceral structure (Taber’s, 1997). 
 
affected control group – A control group with a similar outcome to cases, however the 
exposure of interest is not related to the outcome in the control group. 
 
Alcohol abuse – “Alcohol abuse, as described in the DSM-IV, is a psychiatric diagnosis 
describing the use of alcoholic beverages despite negative consequences. It is 
differentiated from alcohol dependence by the lack of symptoms such as tolerance and 
withdrawal” (http://en.wikipedia.org/wiki/Alcohol_abuse; retrieved 1/1/09). 
 
Alcohol dehydrogenase – “An enzyme that catalyzes the oxidation of ethanol to 
acetaldehyde, the first step in the metabolism of alcohol by the liver.”  
(http://www.answers.com/topic/alcohol-dehydrogenase; retrieved 3/2/09). 
 
alcohol dependence – “Alcohol dependence, as described in the DSM-IV, is a psychiatric 
diagnosis describing a physical dependence on alcohol. For a person to meet criteria for 
Alcohol Dependence (303.90) within the criteria listed in the DSM-IV, they must meet 3 
of a total 7 possible criteria within a 12 month period” 
(http://en.wikipedia.org/wiki/Alcohol_dependence; retrieved 1/1/09). 
 
alcohol tertatogenesis – The production of developmental malformations attributable to 
alcohol.  
 
amniocentesis – “A medical procedure used in prenatal diagnosis of chromosomal 
abnormalities and fetal infections [1], in which a small amount of amniotic fluid, which 
contains fetal tissues, is extracted from the amnion or amniotic sac surrounding a 
developing fetus, and the fetal DNA is examined for genetic abnormalities.” 
(http://en.wikipedia.org/wiki/Amniocentesis; retrieved 3/2/09). 
 
aortic valve stenosis – “Narrowing of the heart valve between the left ventricle of the 
heart and the aorta” (http://www.medterms.com/script/main/art.asp?articlekey=2297; 
retrieved 1/1/09). 
 
atrial septal defect – “A hole in the septum, the wall, between the atria, the upper 
chambers of the heart” (http://www.medterms.com/script/main/art.asp?articlekey=2385; 
retrieved 1/1/09). 
 
binge drinking – Consuming 5 or more drinks on one occasion. 
 
biological plausibility – “The criterion that an observed, presumably or putatively causal 
association fits previous existing biological or medical knowledge” (Last, 1995). 
 
case – “In epidemiology, a person in the population or study group identified as having 
the particular disease, health disorder, or condition under investigation” (Last, 1995). 

http://en.wikipedia.org/wiki/Alcohol_abuse
http://www.answers.com/topic/alcohol-dehydrogenase
http://en.wikipedia.org/wiki/Alcohol_dependence
http://en.wikipedia.org/wiki/Amniocentesis
http://www.medterms.com/script/main/art.asp?articlekey=2297
http://www.medterms.com/script/main/art.asp?articlekey=2385
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case control study – “Study of persons with the disease (or other common variable) of 
interest and suitable control (comparison, reference) group of persons without the 
disease” (Last, 1995). 
 
chorionic villus sampling – “A form of prenatal diagnosis to determine chromosomal or 
genetic disorders in the fetus. It entails getting a sample of the chorionic villus (placental 
tissue) and testing it.” (http://en.wikipedia.org/wiki/Chorionic_villus_sampling; retrieved 
3/2/09). 
 
coarctation of aorta – “A congenital constriction of the aorta, impeding the flow of blood 
below the level of the constriction and increasing blood pressure above the constriction” 
(http://www.medterms.com/script/main/art.asp?articlekey=6544; retrieved 1/1/09). 
 
common truncus – “Common truncus or truncus arteriosus is an uncommon congenital 
heart defect where a baby is born with a single blood vessel (called a truncus) coming 
from the main pumping chambers of the heart (the ventricles) instead of two vessels (one 
from each ventricle).” (http://www.health.state.mn.us/divs/fh/mcshn/bd/common.htm; 
retrieved 3/2/09). 
 
confidence interval – “ The computed interval with a given probability, e.g., 95%, that 
the true value of a variable such as a mean, proportion, or rate is contained within the 
interval” (Last, 1995). 
 
control – “As used in the expressions case control study and randomized control(led) 
trial, control means person(s) in a comparison group that differs, respectively, in disease 
experience or allocation to a regime from the subjects of the study” (Last, 1995). 
 
dose response relationship - “A relationship in which a change in amount, intensity or 
duration of exposure is associated with a change – either an increase or a decrease – in 
risk of a specified outcome” (Last, 1995). 
 
Down’s syndrome – “A common chromosome disorder due to an extra chromosome 
number 21 (trisomy 21)” 
(http://www.medterms.com/script/main/art.asp?articlekey=3112; retrieved 1/1/09). 
 
Ebstein’s anomaly – “A congenital heart defect in which the opening of the tricuspid 
valve is displaced towards the apex of the right ventricle of the heart.” 
(http://en.wikipedia.org/wiki/Ebstein's_anomaly; retrieved 3/2/09). 
 
endocardial cushion defect – “An abnormal heart condition in which there is no 
separation between the chambers of the heart.” 
(http://www.nlm.nih.gov/medlineplus/ency/article/007324.htm; retrieved 3/2/09). 
 
etiology – “Literally, the sciences of causes, causality; in common usage, cause” (Last, 
1995). 

http://en.wikipedia.org/wiki/Chorionic_villus_sampling
http://www.medterms.com/script/main/art.asp?articlekey=6544
http://www.health.state.mn.us/divs/fh/mcshn/bd/common.htm
http://www.medterms.com/script/main/art.asp?articlekey=3112
http://en.wikipedia.org/wiki/Ebstein's_anomaly
http://www.nlm.nih.gov/medlineplus/ency/article/007324.htm
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fetal alcohol syndrome – “The sum total of the damage done to the child before birth as a 
result of the mother drinking alcohol during pregnancy. Fetal alcohol syndrome (FAS) 
always involves brain damage, impaired growth, and head and face abnormalities” 
(http://www.medterms.com/script/main/art.asp?articlekey=3415; retrieved 1/1/09). 
 
hypoplastic left heart syndrome – “A form of congenital heart disease in which the whole 
left half of the heart (including the aorta , aortic valve, left ventricle and mitral valve) is 
underdeveloped” (http://www.medterms.com/script/main/art.asp?articlekey=6430; 
retrieved 1/1/09). 
 
infant mortality (rate) – “The number of children dying under a year of age divided by the 
number of live births that year. The infant mortality rate is also called the infant death 
rate” (http://www.medterms.com/script/main/art.asp?articlekey=3967; retrieved 1/1/09). 
 
interaction – “The interdependent operation of two or more causes to produce or prevent 
an effect” (Last, 1995). 
 
multicollinearity – “In multiple regression analysis, a situation in which at least some of 
the independent variables are highly correlated with each other.  Such a situation can 
result in inaccurate estimates of the parameters in the regression model” (Last, 1995). 
 
multivariate analysis – “A set of techniques used when the variation in several variables 
has to be studied simultaneously” (Last, 1995). 
 
odds – “The ratio of the probability of occurrence of an event to that of nonoccurrence, or 
the ratio of the probability that something is so to the probability that it is not so” (Last, 
1995). 
 
odds ratio – “The ratio of two odds” (Last, 1995). 
 
patent ductus arteriosus – “Patent ductus arteriosus (PDA) is a condition in which a blood 
vessel called the ductus arteriosus fails to close normally in an infant soon after birth.” 
(http://www.nlm.nih.gov/medlineplus/ency/article/001560.htm; retrieved 3/2/09). 
 
prevalence – “The number of events, e.g., instances of a given disease or other condition, 
in a given population at a designated time; sometimes used to mean prevalence rate” 
(Last, 1995). 
 
prevalence “rate” (ratio) – The total number of all individuals who have an attribute or 
disease at a particular time (or during a particular period) divided by the population at 
risk of having the attribute or disease as this time or midway through the period” (Last, 
1995). 
 
 

http://www.medterms.com/script/main/art.asp?articlekey=3415
http://www.medterms.com/script/main/art.asp?articlekey=2010
http://www.medterms.com/script/main/art.asp?articlekey=6430
http://www.medterms.com/script/main/art.asp?articlekey=3967
http://www.nlm.nih.gov/medlineplus/ency/article/001560.htm
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pulmonary valve artresia – “A congenital malformation of the pulmonary valve in which 
the valve orifice fails to develop.” (http://en.wikipedia.org/wiki/Pulmonary_atresia; 
retrieved 3/2/09). 
 
pulmonary valve stenosis – “A valvular heart disease in which outflow of blood from the 
right ventricle of the heart is obstructed at the level of the pulmonic valve.” 
(http://en.wikipedia.org/wiki/Pulmonary_valve_stenosis; retrieved 3/2/09). 
 
recall bias – “Systematic error due to differences in accuracy or completeness of recall to 
memory of past events or experiences” (Last, 1995). 
 
reporting bias – “Selective revealing or suppression of information about past medical 
history, e.g., details of sexual experiences” (Last, 1995). 
 
risk factor – “An aspect of personal behavior or life-style, an environmental exposure, or 
an inborn or inherited characteristic, which on the basis of epidemiologic evidence is 
known to be associated with health-related condition(s) considered important to prevent” 
(Last, 1995). 
 
tetralogy of Fallot – “A congenital heart defect which is classically understood to involve 
four anatomical abnormalities (although only three of them are always present). It is the 
most common cyanotic heart defect, representing 55-70%, and the most common cause 
of blue baby syndrome.” (http://en.wikipedia.org/wiki/Tetralogy_of_Fallot; retrieved 
3/2/09). 
 
threshold response – “Events or changes that occur only after a certain level of a 
characteristic is reached” (Last, 1995). 
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Acronyms 
 
BRFSS – Behavioral Risk Factor Surveillance Study 
 
CDC – Centers for Disease Control and Prevention 
 
CHD  - Congenital Heart Defect 
 
CI – Confidence Interval 
 
FAS – Fetal Alcohol Syndrome 
 
ICD-9 – International Classification of Diseases, 9th Revision 
 
IOM – Institute of Medicine 
 
LMP – Last Menstrual Period 
 
NSDUH – National Survey on Drug Use and Health  
 
OR – Odds Ratio 
 
P – p value 
 
PRAMS – Pregnancy Risk Assessment and Monitoring Surveillance 
 
SAMHSA – Substance Abuse and Mental Health Services Administration 
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First, we would like to ask a few questions about you and the time before you became 
pregnant with your new baby.  Please check the box next to your answer. 
 
1. Just before you got pregnant, did you have health insurance?  (Do not count Medicaid.) 

No 
Yes 
 

2. Just before you got pregnant, were you on Medicaid? 
No 
Yes 
 

3. In the month before you got pregnant with your new baby, how many times a week did you take a 
multivitamin (a pill that contains many different vitamins and minerals)? 

I didn’t take a multivitamin at all 
1 to 3 times a week 
4 to 6 times a week 
Every day of the week 
 

4. What is your date of birth? 
[BOX]       [BOX]         [BOX] 
Month          Day           Year 
 

5. Just before you got pregnant, how much did you weigh? 
Pounds  OR  Kilos 
 

6. How tall are you without shoes? 
[BOX] Feet  [BOX]  Inches 
OR  [BOX]  Centimeters 
 
Insertion point for Standard question(s) L10-L11 
 

7. Before your new baby, did you ever have any other babies who were born alive? 
No  :  Go to Question 10 
Yes 
 

8. Did the baby born just before your new one weigh 5 pounds, 8 ounces (2.5 kilos) or less at birth? 
No 
Yes 
 

9. Was the baby just before your new one born more than 3 weeks before its due date? 
No 
Yes 
 
Insertion point for Standard question(s) P7-P8 
 

10. Thinking back to just before you got pregnant, how did you feel about becoming pregnant? 
Check one answer 

I wanted to be pregnant sooner 
I wanted to be pregnant later 
I wanted to be pregnant then 
I didn’t want to be pregnant then or at any time in the future 
 
Insertion point for Standard question(s) Q4 
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11. When you got pregnant with your new baby, were you trying to become pregnant? 
No 
Yes  :  Go to Question 14 
 

12. When you got pregnant with your new baby, were you or your husband or partner doing 
anything to keep from getting pregnant?  (Some things people do to keep from getting 
pregnant include not having sex at certain times [rhythm], and using birth control methods 
such as the pill, Norplant®, shots [Depo-Provera®], condoms, diaphragm, foam, IUD, having 
their tubes tied, or their partner having a vasectomy.) 

No 
Yes  :  Go to Question 14 
 
 

13. What were your or your husband’s or partner’s reasons for not doing anything to keep from 
getting pregnant? 

Check all that apply 
I didn’t mind if I got pregnant 
I thought I could not get pregnant at that time 
I had side effects from the birth control method I was using 
I had problems getting birth control when I needed it 
I thought my husband or partner or I was sterile (could not get pregnant at all) 
My husband or partner didn’t want to use anything 
Other  :  Please tell us: 
[BOX] 
 
Insertion point for Standard question(s) E3 
 
Insertion point for Standard question(s) A1-A3 
 

The next questions are about the prenatal care you received during your most recent 
pregnancy.  Prenatal care includes visits to a doctor, nurse, or other health care worker 
before your baby was born to get checkups and advice about pregnancy.  (It may help to 
look at a calendar when you answer these questions.) 

 
14. How many weeks or months pregnant were you when you were sure you were pregnant?  (For 

example, you had a pregnancy test or a doctor or nurse said you were pregnant.) 
[BOX]  Weeks  OR  [BOX]  Months 
I don’t remember 
 

15. How many weeks or months pregnant were you when you had your first visit for prenatal care?  
(Don’t count a visit that was only for a pregnancy test or only for WIC [the Special 
Supplemental Nutrition Program for Women, Infants, and Children].) 

[BOX]  Weeks  OR  [BOX]  Months 
I didn’t go for prenatal care 
 

16. Did you get prenatal care as early in your pregnancy as you wanted? 
 No 
 Yes    Go to Question 18 
 I didn’t want prenatal care    Go to Question 18 
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17. Did any of these things keep you from getting prenatal care as early as you wanted? 
Check all that apply 
I couldn’t get an appointment earlier in my pregnancy 
I didn’t have enough money or insurance to pay for my visits 
I didn’t know that I was pregnant 
I had no way to get to the clinic or doctor’s office 
The doctor or my health plan would not start care earlier 
I didn’t have my Medicaid card 
I had no one to take care of my children 
I had too many other things going on 
Other :  Please tell us: 
[BOX] 
 

If you did not go for prenatal care, go to Page 4, Question 21. 
 

18. Where did you go most of the time for your prenatal visits?  (Do not include visits for WIC.) 
Check one answer 
Hospital clinic 
Health department clinic 
Private doctor’s office or HMO clinic 
Other  :  Please tell us: 
[BOX] 
 

19. How was your prenatal care paid for? 
Check all that apply 
Medicaid 
Personal income (cash, check, or credit card) 
Health insurance or HMO 
Other  :  Please tell us: 
[BOX] 
 

20. During any of your prenatal care visits, did a doctor, nurse, or other health care worker talk 
with you about any of the things listed below?  (Please count only discussions, not reading 
materials or videos.)  For each item, circle Y (Yes) if someone talked with you about it or 
circle N (No) if no one talked with you about it. 

          No Yes 
a. How smoking during pregnancy could affect your baby.............................................................. N Y 
b. Breastfeeding your baby............................................................................................................... N Y 
c. How drinking alcohol during pregnancy could affect your baby ................................................. N Y 
d. Using a seat belt during your pregnancy ...................................................................................... N Y 
e. Birth control methods to use after your pregnancy ...................................................................... N Y 
f. Medicines that are safe to take during your pregnancy ................................................................ N Y 
g. How using illegal drugs could affect your baby........................................................................... N Y 
h. Doing tests to screen for birth defects or diseases that run in your family ................................... N Y 
i. What to do if your labor starts early............................................................................................. N Y 
j. Getting your blood tested for HIV (the virus that causes AIDS).................................................. N Y 
k. Physical abuse to women by their husbands or partners .............................................................. N Y 

 
Insertion point for Standard question(s) R1-R5 
 
Insertion point for Standard question(s) R9-R11 
 
Insertion point for Standard question(s) R6-R8 
 
Insertion point for Standard question(s) I1-I4 
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Insertion point for Standard question(s) G1-G4 
 
Insertion point for Standard question(s) L12-L15 
 

The next questions are about your most recent pregnancy and things that might have 
happened during your pregnancy. 

 
21. During your pregnancy, were you on WIC (the Special Supplemental Nutrition Program for 

Women, Infants, and Children)? 
No 
Yes 
 

22. Did you have any of these problems during your pregnancy?  For each item, circle Y (Yes) if you 
had the problem or circle N (No) if you did not. 

           No
 Yes 
a. Labor pains more than 3 weeks before your baby was due (preterm or early labor).................... N Y 
b. High blood pressure (including preeclampsia or toxemia) or retained water (edema) ................. N Y 
c. Vaginal bleeding .......................................................................................................................... N Y 
d. Problems with the placenta (such as abruptio placentae, placenta previa) ................................... N Y 
e. Severe nausea, vomiting, or dehydration...................................................................................... N Y 
f. High blood sugar (diabetes) ......................................................................................................... N Y 
g. Kidney or bladder (urinary tract) infection................................................................................... N Y 
h. Water broke more than 3 weeks before your baby was due (premature rupture of 

 membranes, PROM)...................................................................................................... N Y 
i. Cervix had to be sewn shut (incompetent cervix, cerclage) ......................................................... N Y 
j. You were hurt in a car accident.................................................................................................... N Y 

 

If you did not have any of these problems, go to Question 24. 
 
23. Did you do any of the following things because of these problem(s)? 

Check all that apply 
I went to the hospital or emergency room and stayed less than 1 day 
I went to the hospital and stayed 1 to 7 days 
I went to the hospital and stayed more than 7 days 
I stayed in bed at home more than 2 days because of my doctor’s or nurse’s advice 
 
Insertion point for Standard question(s) N1-N4 
 
Insertion point for Standard question(s) L4-L7 
 

The next questions are about smoking cigarettes and drinking alcohol. 
 

24. Have you smoked at least 100 cigarettes in the past 2 years?  (A pack has 20 cigarettes.) 
No  :  Go to Question 28 
Yes 
 
 

25. In the 3 months before you got pregnant, how many cigarettes or packs of cigarettes did you 
smoke on an average day?  (A pack has 20 cigarettes.) 

[BOX]  Cigarettes  OR  [BOX]  Packs 
Less than 1 cigarette a day 
I didn’t smoke 
I don’t know 
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26. In the last 3 months of your pregnancy, how many cigarettes or packs of cigarettes did you smoke 

on an average day? 
[BOX]  Cigarettes  OR  [BOX]  Packs 
Less than 1 cigarette a day 
I didn’t smoke 
I don’t know 
 

27. How many cigarettes or packs of cigarettes do you smoke on an average day now? 
[BOX]  Cigarettes  OR  [BOX]  Packs 
Less than 1 cigarette a day 
I don’t smoke 
I don’t know 
 
Insertion point for Standard question(s) U1-U2 
 

28. Have you had any alcoholic drinks in the past 2 years?  (A drink is 1 glass of wine, wine cooler, can 
or bottle of beer, shot of liquor, or mixed drink.) 

No  :  Go to Question 31 
Yes 
 

29. a. During the 3 months before you got pregnant, how many alcoholic drinks did you have in an 
average week? 

I didn’t drink then 
Less than 1 drink a week 
1 to 3 drinks a week 
4 to 6 drinks a week 
7 to 13 drinks a week 
14 drinks or more a week 
I don’t know 

 
29. b. During the 3 months before you got pregnant, how many times did you drink 5 alcoholic 
drinks or more in one sitting? 

[BOX]  Times 
I didn’t drink then 
I don’t know 
 

30. a. During the last 3 months of your pregnancy, how many alcoholic drinks did you have in an 
average week? 

I didn’t drink then 
Less than 1 drink a week 
1 to 3 drinks a week 
4 to 6 drinks a week 
7 to 13 drinks a week 
14 drinks or more a week 
I don’t know 

 
30. b. During the last 3 months of your pregnancy, how many times did you drink 5 alcoholic drinks 

or more in one sitting? 
[BOX]  Times 
I didn’t drink then 
I don’t know 
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Pregnancy can be a difficult time for some women.  These next questions are about things 
that may have happened before and during your most recent pregnancy. 

 
31. This question is about things that may have happened during the 12 months before your new 

baby was born.  For each item, circle Y (Yes) if it happened to you or circle N (No) if it 
did not.  (It may help to use the calendar.) 

          No Yes 
a. A close family member was very sick and had to go into the hospital......................................... N Y 
b. You got separated or divorced from your husband or partner...................................................... N Y 
c. You moved to a new address........................................................................................................ N Y 
d. You were homeless ...................................................................................................................... N Y 
e. Your husband or partner lost his job ............................................................................................ N Y 
f. You lost your job even though you wanted to go on working...................................................... N Y 
g. You argued with your husband or partner more than usual.......................................................... N Y 
h. Your husband or partner said he didn’t want you to be pregnant................................................. N Y 
i. You had a lot of bills you couldn’t pay ........................................................................................ N Y 
j. You were in a physical fight......................................................................................................... N Y 
k. You or your husband or partner went to jail................................................................................. N Y 
l. Someone very close to you had a bad problem with drinking or drugs........................................ N Y 
m. Someone very close to you died................................................................................................... N Y 

 
32. a. During the 12 months before you got pregnant, did your husband or partner push, hit, slap, 

kick, choke, or physically hurt you in any other way? 
 
No 
Yes 

 
32. b.  During the 12 months before you got pregnant, did anyone else physically hurt you in any way? 

No 
Yes 
 
 

33. a. During your most recent pregnancy, did your husband or partner push, hit, slap, kick, choke, 
or physically hurt you in any other way? 

No 
Yes 

 
33. b.  During your most recent pregnancy, did anyone else physically hurt you in any way? 

No 
Yes 
 
Insertion point for Standard question(s) M1 
 

The next questions are about your labor and delivery.  (It may help to look at the calendar 
when you answer these questions.) 

 
Insertion point for Standard question(s) K1-K4 
 

34. When was your baby due? 
[BOX]       [BOX]        [BOX] 
Month          Day           Year 
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35. When did you go into the hospital to have your baby? 
[BOX]       [BOX]        [BOX] 
Month          Day           Year 
I didn’t have my baby in a hospital 
 

36. When was your baby born? 
[BOX]       [BOX]        [BOX] 
Month          Day           Year 
 

37. When were you discharged from the hospital after your baby was born?  (It may help to use the 
calendar.) 

[BOX]       [BOX]        [BOX] 
Month          Day           Year 
I didn’t have my baby in a hospital 
 

38. After your baby was born, was he or she put in an intensive care unit? 
No 
Yes 
I don’t know 
 

39. After your baby was born, how long did he or she stay in the hospital? 
Less than 24 hours (Less than 1 day) 
24–48 hours (1–2 days) 
3 days 
4 days 
5 days 
6 days or more 
My baby was not born in a hospital 
My baby is still in the hospital 
 
 

40. How was your delivery paid for? 
Check all that apply 

Medicaid 
Personal income (cash, check, or credit card) 
Health insurance or HMO 
Other  :  Please tell us: 
[BOX] 
 

The next questions are about the time since your new baby was born. 
 

41. What is today’s date? 
[BOX]       [BOX]        [BOX] 
Month          Day           Year 
 

42. Is your baby alive now? 
No 
Yes  :  Go to Question 44 
 

43. When did your baby die? 
[BOX]       [BOX]        [BOX] 
Month          Day           Year 
Go to Page 11, Question 56 
 

44. Is your baby living with you now? 
No  :  Go to Page 11, Question 56 
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Yes 
 

45. Did you ever breastfeed or pump breast milk to feed your new baby after delivery? 
No  :  Go to Question 49 
Yes 
 
Insertion point for Standard question(s) B1 
 

46. Are you still breastfeeding or feeding pumped milk to your new baby? 
No 
Yes  :  Go to Question 48 
 

47. How many weeks or months did you breastfeed or pump milk to feed your baby? 
[BOX]  Weeks  OR  [BOX]  Months 
Less than 1 week 
 
Insertion point for Standard question(s) B2 
 

48. How old was your baby the first time you fed him or her anything besides breast milk?  (Include 
formula, baby food, juice, cow’s milk, water, sugar water, or anything else you fed your 
baby.) 

[BOX]  Weeks  OR  [BOX]  Months 
My baby was less than one week old 
I have not fed my baby anything besides breast milk 
 

If your baby is still in the hospital, go to Page 11, Question 56. 
 
 

49. About how many hours a day, on average, is your new baby in the same room with someone who 
is smoking? 

[BOX]  Hours 
Less than one hour a day 
My baby is never in the same room with someone who is smoking 
 

50. How do you most often lay your baby down to sleep now? 
Check one answer 

On his or her side 
On his or her back 
On his or her stomach 
 
Insertion point for Standard question(s) F1 
 

51. Was your baby seen by a doctor, nurse, or other health care provider in the first week after he or 
she left the hospital? 

No  :  Go to Question 53 
Yes 
 

52. Was your new baby seen at home or at a health care facility? 
At home 
At a doctor’s office, clinic, or other health care facility 
 

53. Has your baby had a well-baby checkup? 
No  :  Go to Question 56 
Yes 
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54. How many times has your baby been to a doctor or nurse for a well-baby checkup?  (It may help 
to use the calendar.) 

[BOX]  Times 
 

55. Where do you usually take your baby for well-baby checkups? 
Check one answer 

Hospital clinic 
Health department clinic 
Private doctor’s office or HMO clinic 
Other  :  Please tell us: 
[BOX] 
 
Insertion point for Standard question(s) H5 
 
Insertion point for Standard question(s) T1-T3 
 
Insertion point for Standard question(s) X1-X3 
 
Insertion point for Standard question(s) X5 
 
Insertion point for Standard question(s) H1-H4 
 
 

The next few questions are about the time after you gave birth to your new baby and things 
that may have happened after delivery. 

 
56. Are you or your husband or partner doing anything now to keep from getting pregnant?  (Some 

things people do to keep from getting pregnant include having their tubes tied or their partner 
having a vasectomy, using birth control methods like the pill, Norplant®, shots [Depo-
Provera®], condoms, diaphragm, foam, IUD, and not having sex at certain times [rhythm].) 

No 
Yes  :  Go to Question 58 
 

57. What are your or your husband’s or partner’s reasons for not doing anything to keep from 
getting pregnant now? 

Check all that apply 
I am not having sex 
I want to get pregnant 
I don’t want to use birth control 
My husband or partner doesn’t want to use anything 
I don’t think I can get pregnant (sterile) 
I can’t pay for birth control 
I am pregnant now 
Other  :  Please tell us: 
[BOX] 
 
Insertion point for Standard question(s) E1 
 
Insertion point for Standard question(s) E2 
 
Insertion point for Standard question(s) L8-L9 
 
Insertion point for Standard question(s) M2-M3 
 
Insertion point for Standard question(s) O1-O3 
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The next questions are about your family and the place where you live. 

 in the house, apartment, or trailer where you live? 
Check al

 

 
58. Which rooms are

l that apply 
Living room 
Separate dining room 

n, or family room 

edrooms  :  How many?  [BOX] 

59. Cou house, apartment, or trailer? 

OX]  Babies, children, or teenagers (people aged 17 years or younger) 

sertion point for Standard question(s) P1-P6

Kitchen 
Bathroom(s) 
Recreation room, de
Finished basement 
B
 
nting yourself, how many people live in your 
[BOX]  Adults (people aged 18 years or older) 
[B
 
In  

sertion point for Standard question(s) P9-P10
 
In  

urces of your household’s income during the past 12 months? 
Check al

 
 

60. What were the so
l that apply 
Paycheck or money from a job 
Aid such as Temporary Assistance for Needy Families (TANF), welfare, public assistance, general 

or Supplemental Security Income 

r pensions 
ividends, or rental income 

ends 
 Please tell us: 

OX] 

sertion point for Standard question(s) J1

 assistance, food stamps, 
Unemployment benefits 
Child support or alimony 
Social security, workers’ compensation, veteran benefits, o
Money from a business, fees, d
Money from family or fri
Other  : 
[B
 
In  
 

mments you would like to make about the health of 
mothers and babies in _______________. 

 

Thanks for answering our questions! 

Your answers will help us work to make __________________ mothers and babies healthier. 

 

 
Please use this space for any additional co
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APPENDIX C 

PREGNANCY RISK ASSESSMENT MONITORING SYSTEM (PRAMS) PHASE 4 

STANDARD QUESTIONS 
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A1. Did you take any fertility drugs to help you get pregnant with your new baby?  (Fertility drugs include 
Clomid7, Serophene7, Pergonal7, or any other drugs that you may have taken to help you get pregnant.) 

No 
Yes 

 
A2. Did you use any medical procedures (assisted reproductive technology) to help you get pregnant with 
your new baby?  (Assisted reproductive technology procedures include in vitro fertilization [IVF], GIFT, 
ZIFT, embryo transfer, and donor oocytes.) 

No 
Yes 

 
A3. How many months had you been trying to get pregnant? 

0-3 months 
4-6 months 
7-12 months 
13-24 months 
>24 months 

 
B1. What were your reasons for not breastfeeding your new baby? 
Check all that apply, then go to Question ## 

I had other children to take care of 
I had too many household duties 
I didn’t like breastfeeding 
I didn’t want to be tied down 
I was embarrassed to breastfeed 
I went back to work or school 
My husband or partner did not want me to breastfeed 
I wanted my body back to myself 
Other  :  Please tell us: 
[BOX] 

 
B2. What were your reasons for stopping breastfeeding? 
Check all that apply 

My baby had difficulty nursing 
Breast milk alone did not satisfy my baby 
I thought my baby was not gaining enough weight 
My baby became sick and could not breastfeed 
My nipples were sore, cracked, or bleeding 
I thought I was not producing enough milk 
I had too many other household duties 
I felt it was the right time to stop breastfeeding 
I became sick and could not breastfeed 
I went back to work or school 
My husband or partner wanted me to stop breastfeeding 
I wanted or needed someone else to feed the baby 
Other  :  Please tell us: 
[BOX] 
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B3. This question asks about things that may have happened at the hospital where your new baby was born.  
For each item, circle Y (Yes) if it happened or circle N (No) if it did not happen. 

No
 Yes 
a. Hospital staff gave me information about breastfeeding .............................................................. N Y 
b. My baby stayed in the same room with me at the hospital........................................................... N Y 
c. I breastfed my baby in the hospital............................................................................................... N Y 
d. I breastfed my baby in the first hour after my baby was born ...................................................... N Y 
e. Hospital staff helped me learn how to breastfeed......................................................................... N Y 
f. My baby was fed only breast milk at the hospital ........................................................................ N Y 
g. Hospital staff told me to breastfeed whenever my baby wanted .................................................. N Y 
h. The hospital gave me a gift pack with formula ............................................................................ N Y 
i. The hospital gave me a telephone number to call for help with breastfeeding............................. N Y 
j. My baby used a pacifier in the hospital ........................................................................................ N Y 
 
B4. During your most recent pregnancy, what did you think about breastfeeding your new baby? 
Check one answer 

I knew I would breastfeed 
I thought I might breastfeed 
I knew I would not breastfeed 
I didn’t know what to do about breastfeeding 

 
C1. Are you currently in school or working outside the home? 

No  :  Go to Question ## 
Yes 
 

C2. Who usually takes care of your new baby when you go to work or school? 
Check one answer 

My husband or partner 
Baby’s teenage (13 years or older) brother or sister 
Baby’s preteen (12 years or younger) brother or sister 
Other close relative 
Friend or neighbor 
Babysitter, nanny, or other child care provider 
Staff at a day-care center 
Other  :  Please tell us: 
[BOX] 
 

C3. When you leave your new baby to go to work or school, how often do you feel that she or he is well 
cared for? 
Check one answer 

Always 
Almost always 
Sometimes 
Rarely 
Never 

 
D1. Is your new baby a boy or a girl? 

Boy 
Girl  :  Go to Question ## 
 
 

D2. Did you have your new baby boy circumcised? 
No 
Yes 
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E1. What kind of birth control are you or your husband or partner using now to keep from getting pregnant? 
Check all that apply 

Tubes tied (sterilization) 
Vasectomy (sterilization) 
Pill 
Condoms 
Foam, jelly, cream 
Norplant7 
Shots (Depo-Provera7) 
Withdrawal 
Other  :  Please tell us: 
[BOX] 
 

E2. After your new baby was born, did a doctor, nurse, or other health care worker talk with you about 
using birth control? 

No 
Yes 
 
 

E3. When you got pregnant with your new baby, what were you or your husband or partner doing to keep 
from getting pregnant? 
Check all that apply 

Pill 
Condoms 
Foam, jelly, cream 
Norplant7 
Shots (Depo-Provera7) 
Withdrawal 
Tubes tied (sterilization) 
Vasectomy (sterilization) 
Other  :  Please tell us: 
[BOX] 
 

F1. How often does your new baby sleep in the same bed with you or anyone else? 
Always 
Almost always 
Sometimes 
Rarely 
Never 
 

G1. Have you ever heard or read that taking the vitamin folic acid can help prevent some birth defects? 
No 
Yes 
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G2. Have you ever heard about folic acid from any of the following? 
Check all that apply 

Magazine or newspaper article 
Radio or television 
Doctor, nurse, or other health care provider 
Book 
Family or friends 
Other  :  Please tell us: 
[BOX] 

 
G3. Some health experts recommend taking folic acid for which ONE of the following reasons? 
Check one answer 

To make strong bones 
To prevent birth defects 
To prevent high blood pressure 
I don’t know 
 

G4. Which of the following things would cause you to take a multivitamin? 
Check all that apply 

I didn’t usually eat the right foods 
It prevented heart disease 
It was good for my general health 
It would help me have a healthy baby someday 
My family or friends said it was a good idea 
My doctor or nurse said it was a good idea 
 

H1. Do you have health insurance or Medicaid for your new baby? 
No  :  Go to Question ## 
Yes 
 

H2. What type of insurance is your new baby covered by? 
Check all that apply 

Medicaid (State Program Name) 
Private insurance or HMO 
State-specific 
Other  :  Please tell us: 
[BOX] 
 
 

H3. Is your new baby in the Child Health Insurance Program (CHIP)? 
No 
Yes  :  Go to Question ## 
 
 

H4. Why didn’t you enroll your new baby in CHIP? 
Check all that apply 

I didn’t know about the program 
I already had insurance 
I didn’t think he or she was eligible 
Other  :  Please tell us: 
[BOX] 
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H5. When your new baby goes for well-baby checkups, who pays for those visits? 
Check all that apply 

Medicaid 
Personal income (cash, check, or credit card) 
Health insurance or HMO 
State-specific 
State-specific 
Other  :  Please tell us: 
[BOX] 
 

I1. At any time during your most recent pregnancy or delivery, did you have a blood test for HIV (the virus 
that causes AIDS)? 

No 
Yes  :  Go to Question ## 
I don’t know 
 

I2. Had you been tested for HIV before this pregnancy? 
No  :  Go to Question ## 
Yes 
 

I3. When were you tested before this pregnancy? 
Check one answer 

6 months before you got pregnant 
6 months to 1 year before you got pregnant 
More than 1 year before you got pregnant 
 

I4. What were your reasons for not having an HIV test during your most recent pregnancy? 
Check all that apply 

I wasn’t offered the test 
I didn’t think I was at risk for HIV 
I agreed to be tested but had difficulty getting the test done 
I was afraid of getting the result 
I had already been tested and did not think I needed to be tested again 
Other  :  Please tell us: 
[BOX] 
 
 

J1. How many people, including yourself, depended on this income? 
[BOX]  People 

 
K1. Before you had your new baby, did you ever have a baby by cesarean delivery (when a doctor cuts 
through the mother’s belly to bring out the baby)? 

No  :  Go to Question ## 
Yes 
 

K2. How did you expect your new baby to be delivered, vaginally (naturally) or by cesarean delivery? 
Vaginally 
Cesarean delivery  :  Go to Question ## 
 

K3. How was your new baby delivered? 
Vaginally 
I went into labor, but had to have a cesarean delivery 
I didn’t go into labor and had to have a cesarean delivery 
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K4. How did the doctor, nurse, or other health care worker who provided your prenatal care suggest you 
deliver your new baby? 

They suggested I deliver my baby vaginally (naturally) 
They suggested I have a cesarean delivery 
They didn’t suggest how I deliver my baby 
 

L1. Other than prenatal vitamins, did you take any over-the-counter or prescribed medications during 
pregnancy, even for a short period of time? 

No 
Yes 
 

L2. Have you ever had German measles (rubella) or been vaccinated for German measles? 
No 
Yes 
 

L3. Have you ever had chickenpox (varicella) or been vaccinated for chickenpox? 
No 
Yes 
 

L4. Have you ever taken medication(s) on a regular basis to control seizures or epilepsy? 
No  :  Go to Question ## 
Yes 

 
L5. During your most recent pregnancy, did you take medication(s) on a regular basis to control seizures or 
epilepsy? 

No 
Yes 
 

L6. When did you start taking the medicine? 
I started taking the medicine during my pregnancy 
I started taking the medicine in the year before I became pregnant 
I started taking the medicine more than a year before I became pregnant 
 

L7. How many seizures, if any, did you experience during your most recent pregnancy? 
None 
1 
2 
3 or more 
 

L8. Since your new baby was born, have you had a postpartum checkup for yourself? (A postpartum 
checkup is the regular checkup a woman has after she gives birth.) 

No  :  Go to Question ## 
Yes 
 

L9. At that visit, did a doctor, nurse, or other health care worker discuss family planning or birth control 
with you? 

No 
Yes 
 

L10. Would you say that, in general, your health isC 
Excellent 
Very good 
Good 
Fair 
Poor 
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L11. In the three months before you got pregnant, did you have any of the following health problems? 
No

 Yes 
a. Asthma ......................................................................................................................................... N Y 
b. High blood pressure (hypertension) ............................................................................................. N Y 
c. High blood sugar (diabetes) ......................................................................................................... N Y 
d. Anemia (poor blood, low iron)..................................................................................................... N Y 
e. Heart problems ............................................................................................................................. N Y 
 
L12. During your most recent pregnancy, did a doctor, nurse, or other health care worker offer you a flu 
shot or tell you to get one? 

No 
Yes 
 

L13. Did you get a flu shot during your most recent pregnancy? 
No 
Yes 

 
L14. What were your reasons for not getting a flu shot during your most recent pregnancy? 
Check all that apply 

My doctor did not mention anything about a flu shot during my pregnancy 
My doctor recommended against getting a flu shot 
I wanted to avoid medications during my pregnancy 
I was worried about side effects of the flu shot for me 
I was worried that the flu shot might harm my baby 
I was worried about the cost of the flu shot 
I forgot or missed getting a flu shot 
I don’t like shots or needles 
I did not think the flu shot would work 
I did not think I needed it 
Other  :  Please tell us: 
[BOX] 
 

L15. Have you ever had a flu shot when you were not pregnant? 
No 
Yes 
 

M1. How would you describe the time during your pregnancy? 
Check one answer 

One of the happiest times of my life 
A happy time with few problems 
A moderately hard time 
A very hard time 
One of the worst times of my life 
 

M2. In the months after your delivery, would you say that you wereC 
Check one answer 

Not depressed at all 
A little depressed 
Moderately depressed 
Very depressed 
Very depressed and had to get help 
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M3. At any time during your pregnancy or after delivery, did a doctor, nurse, or other health care worker 
talk with you about Ababy blues@ (postpartum depression)? 

No 
Yes 
 

N1. At any time during your most recent pregnancy, were you told to stay in bed for at least one week? 
No  :  Go to Question ## 
Yes 
 

N2. How many weeks or months pregnant were you when you were told to stay in bed? 
[BOX]  Weeks  OR  [BOX]  Months 
 

N3. How often were you able to follow your provider’s instruction to stay in bed? 

Always  
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APPENDIX D 

PRAMS SURVEY SAMPLES BY STATE AND YEAR 
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Response Rates and Sample Sizes for Weighted PRAMS Data Sets

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
r.r. n r.r. n r.r. n r.r. n r.r. n r.r. n r.r. n r.r. n r.r. n r.r. n r.r. n r.r. n r.r. n r.r. n r.r. n r.r. n r.r. n

Alabama 75.7 2618 74.4 2448 74.4 2477 75.4 2513 72.1 2459 71.3 2165 69.9 1519 75 1568 75 1607 75 1568 71 2105 64.2 2010
Alaska 71.9 1615 76.5 2371 73.7 2551 73.4 2315 71.6 2499 71.8 2504 72.5 1824 76.6 1793 76.2 1799 80 1464 80 1440 83 1550 86 1625 85 1926 76.6 1794
Arkansas 71.6 2175 73.9 2665 74.3 1902 74 1655 74 2048 75 1970 73 2709 75.7 2813
California 80.1 2071 83 3671 81.1 4131
Colorado 69.8 2646 76.2 2840 72.7 2057 73 2181 71 2149 74 2295 75 2982 74.2 2706
District of Columbia 69.4 1008 71.7 473 71.7 727 68.1 301
Florida 78.7 2617 79.9 3132 77.9 3141 79.8 2490 78.2 2880 78.6 3111 77.6 2655 78.8 2920
Georgia 67.5 2707 71.3 2582 76.2 2626 75.6 2329 73.1 1590 63 1351 64 1564 62 1513 62 2485 69.8 2359
Hawaii 79 2518 81 2491 81 1822 80 2364 82 2574
Illinois 64.2 1744 78.5 2640 78 2022 82 2013 84 2018 83 1936 81 2008 80.7 2469
Indiana 71.1 2356 70.8 2411 70.8 2416
Louisiana 64.8 1507 72.9 3322 70 2286 71 2324 73 2374 72 2324 69 2397 70.2 2384
Maine 86 838 80.5 1434 84.7 1513 82.7 1473 79.9 1431 80 1334 80.3 1337 81.2 1114 80.1 1489 79.7 1515 80.9 1506 78.6 1187 76 1152 77 1170 75 1140 76.2 1567 76.2 1568
Maryland 56 1320 68 1447 70 1463 73 2235 72.6 2269
Michigan 65.6 1490 65.6 1993 70.4 1904 78.3 2337 80.1 1921 80.8 2170 71.9 2260 76 848 72 1546 71 2223 69.9 1890
Minnesota 59 1153 60 3067 76.1 2389
Mississippi 60 1167 72 2021 69.9 2045
Montana 70 1045
Nebraska 79 2131 78 2239 76 1894 77 2563 79.9 2432
New Jersey 68 952 67 3250 73.8 3254
New Mexico 67.9 1273 66.3 2584 71.8 1519 73 1615 71 1599 70 1562 70 2049 69.9 2186
New York 71.5 1521 74.8 1853 73.2 2105 72.4 1921 69.8 1918 68.5 1926 75.6 1270 73 2125 77 1262 73 1229 74 1678
New York City 49 1081 53 1109 50 2191 69.7 1126
North Carolina 72.9 1169 75.7 2373 73.8 1780 74 1837 70 1670 74 1550 73 2024 73.1 2234
North Dakota 73 909
Ohio 69.9 1617 70 1617 68 1660 70 1688 68 1379 65 2135 67.3 2332
Oklahoma 71.4 1619 69.2 2237 72.9 2251 70 2492 69.8 2445 69.4 2169 78.9 2386 78.3 2411 80.4 2555 78.1 2677 78.1 2677 76.7 1990 79 2001 79 1888 80 1878 78 2458 76.7 2510
Oregon 61 1335 66 2292 74.8 2814
Rhode Island 69 1414 71 2158 75.5 2030
South Carolina 69.4 3681 71.8 2971 69.7 2914 72.9 2877 73.8 1904 71.3 2076 71.6 1531 75 1639 75 1573 66 1419 67 2242 71 2312
Texas 56 1840 63 3460 64.6 2976
Utah 71.7 1534 72 1534 72 1655 78 1961 76 1582 81 1986 88.5 2315
Vermont 84 1392 85 1104 87 1483 82.8 1368
Washington 60.7 2207 67.8 3574 70.1 2943 70.5 3022 69.4 3100 71.3 3199 72.4 1263 74 1592 76 1616 75 1520 75 2166 78 2049
West Virginia 84.6 968 79.5 2278 78.9 2397 76 2290 79.5 2363 82 2265 79.6 2293 77 2073 75.9 2041 74.5 1794 69 1787 76.2 1339 73 1315 72 1672 70 1700 69 2393 71.9 1252 
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APPENDIX E 
 

PRAMS STRATIFICATION VARIABLES BY STATE
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APPENDIX F 

CDC PRAMS GUIDELINES 
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Overview of PRAMS 
 
The Pregnancy Risk Assessment Monitoring System (PRAMS) is an ongoing, 

population-based surveillance system that collects information on maternal 
characteristics, behaviors, and experiences that occur several months prior to conception, 
during pregnancy, and immediately following delivery.  PRAMS survey data supplement 
birth certificate information and provide participating project areas with information 
specific to their jurisdiction which can be used to plan and evaluate maternal and child 
health programs and make health policy decisions.  As of January 2006, 30 vital records 
registry areas (29 states and New York City) participate in the project.  

 
METHODS 

Each month, mothers who are state residents and have recently delivered a live-
born infant during the preceding 2-4 months are randomly selected from a file of birth 
certificate records using stratified systematic sampling.  Mothers who gave birth outside 
their state of residence and mothers who had a multiple birth greater than three gestations 
are excluded from the sampling frame.  From 1992 through 1995, supplemental hospital-
based sampling was conducted in four states.  All states oversample mothers who are at 
increased risk for adverse pregnancy outcomes.  Popular state stratification variables 
include infant birth weight, maternal race/ethnicity, and geographic location.  For a 
detailed listing of the state data availability by year refer to the document titled, "Data 
availability by state and year” posted on the PRAMS Web site in the same section as 
these mini-proposal guidelines.  

 
Sampled mothers are mailed a letter that introduces them to the project, followed 

by a self-administered 14-page standardized questionnaire several days later.  The 
PRAMS questionnaire consists of about 55 core questions that are asked by all projects.  
In addition, each project inserts 10-30 questions they develop themselves or modules of 
questions developed by CDC standard questions.  For a detailed description of core, 
standard, and state questionnaire topics, refer to the Topics Reference document located 
on the PRAMS Web site in the “Questionnaire” section or request a copy of this 
document from the research proposal coordinator.  Depending upon the state, one to two 
additional questionnaire mailings are sent.  All states conduct telephone interview follow-
up for nonresponding mothers.  The PRAMS questionnaire has been translated into 
Spanish for states with sizable Spanish-speaking populations. 

 
DATA SETS 

States collect and submit data to CDC from three different sources: the PRAMS 
questionnaire, the birth certificate, and survey operational data.  The data are weighted 
annually for each state  to adjust for nonresponse, noncoverage, and sampling fractions.  
The annual weighted data sets contain data from all three sources. The questionnaire data 
contain mothers= responses to the questionnaire.  The birth certificate data contain 
information on selected maternal characteristics (e.g. race, ethnicity, age) and pregnancy 
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outcomes (e.g. birth weight, gestational age).  The operations data are generated by the 
PRAMS operational software and are used primarily for operational evaluations and 
analyses of survey methods.  In addition, a comment data set is maintained separately 
from the weighted project area data sets.  The comment data set consists of mothers= 
comments to the questions or their comments about answering questions related to their 
pregnancies (either directly written on a mailed questionnaire or spoken during a 
telephone interview).  Analysts use the comment file to re-code maternal responses or to 
obtain qualitative data from written or verbatim comments. 

 
Summary of Variables included in PRAMS dataset  
 
The following core variables are included in the analysis datasets provided to 

mini-proposal authors.   
 
1) The variables id and state. 
2) All core birth certificate variables except for: the birth certificate number; 

“day” portion of infant date of birth, mother date of birth, and date of last menses; county 
of residence; and hospital of birth.  

3) The following operations variables:                                        
batch; babydead; modecont; particip; mode_prt; urb_rur; and hispanic.                               

4) All core questionnaire variables except for the “day” portion of: infant date of birth; 
mother date of birth; today’s date; date of discharge; date of admission; due date; and 
date of infant death. 

5) All variables computed from the birth certificate and questionnaire, except for 
the variables stored in SAS date format. 

6) The following weighting and SUDAAN analysis variables: cell; sud_nest; 
stratumc; nest_yr; samcnt; totcnt; wtone; wttwo; wtthree; and wtanal.                                                 
7) Any other variables must be specifically requested in the mini-proposal and authorized 
by each individual state. 

 
ANALYSIS SOFTWARE 

Due to the complex survey design used by PRAMS, CDC recommends that 
analysts use SUDAAN (Survey Data Analysis, Research Triangle Institute, NC) software 
or another software product that allows for complex sampling designs, to compute 
variance estimates and perform significance testing.  Nevertheless, standard software 
products can be used to compute point estimates because analysis weights can be 
incorporated into statistical procedures.  When conducting operational analyses that do no 
involve weighted data, standard statistical software packages can be used for these 
computations.   

 
APPROVAL TO ANALYZE PRAMS DATA 

To facilitate the planning and implementation of analyses, ensure scientific 
quality and appropriate use of the data, and avoid duplication of efforts, any researcher 
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intending to analyze PRAMS data from more than one state must prepare a brief research 
proposal.  Proposals should be sent to the CDC PRAMS research proposal coordinator.  
Details concerning research proposal content and the review process follow.  Requests to 
analyze individual state data should be directed to the respective state PRAMS 
Coordinator.  

 
RESEARCH PROPOSAL PROCESS 

 
Proposal content 
Research proposals vary between 4-8 pages in length.  We recommend that every 
research proposal contain the following information: a title; background; methods; 
results; discussion; resources needed; project time frame; and references.  In brief, each 
proposal section should include the following information: 

 
Title page  Include a working study title; a list of study researchers, their institutional 

affiliations and contact information; and names of journal(s) where the 
findings will be sent. 

 
Background  Summarize the literature, cite strengths and limitations of earlier research, 

and state the purpose for the proposed study.  Provide a rationale for why 
PRAMS data are useful for the proposed project. 

 
Methods Mention which states and years of PRAMS data you will need for your 

analysis, the kinds (if possible, names) of variables you will need and the 
statistical methods you will use to conduct your analysis.  Describe 
whether your analysis relies on any implicit assumptions.  

 
Results Although the analysis has not been initiated, we recommend that 

researchers provide some sample table shells or figures for CDC and 
PRAMS state review. 

 
Discussion While the results are not known, we suggest that researchers discuss the 

strengths and limitations of their project and how the findings from the 
proposed project will enhance the literature and public health practice. 

 
Resource need   
 Indicate whether technical assistance will be needed from CDC PRAMS 

or PRAMS states.  If assistance is needed, describe the extent of technical 
assistance needed.   

 
Experience with SAS, SUDAAN, or other statistical package 

Indicate the level of experience with SUDAAN software, or another 
software package that can be used to analyze complex survey data. CDC 
technical assistance for SUDAAN is limited. 
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Time frame List a starting date and anticipated milestones for the project.  
 

References Provide a listing of references cited in the research proposal. 
 

Authorship 
Because PRAMS is a collaborative effort among state health departments and 

CDC=s Division of Reproductive Health, CDC and PRAMS states created a PRAMS 
Working Group. The PRAMS Working Group is comprised of one designated 
representative from each PRAMS state and the entire CDC PRAMS Team.  The PRAMS 
Working Group serves as a mechanism for acknowledging state and CDC participation 
and identifies contact persons in PRAMS states, if additional information is needed.   
CDC and PRAMS states have agreed to support the following authorship guidelines: 

 
For projects that use data from more than one PRAMS state, the APRAMS 

Working Group@ should appear as an acknowledgment, with a listing of the working 
group members.  The following example illustrates how the acknowledgment should 
appear: 

 
Acknowledgments 

The PRAMS Working Group 
PRAMS Working Group: Alabama - Albert Woolbright, PhD; Alaska - Kathy 

Perham-Hester, MS, MPH; Arkansas - Gina Redford, MAP; Colorado - Alyson Shupe, 
PhD; Florida - Helen Marshall; Georgia - Carol Hoban, MS, MPH; Hawaii - Limin Song, 
MPH, CHES; Illinois - Theresa Sandidge, MA; Louisiana - Joan Wightkin; Maine - Kim 
Haggan; Maryland - Diana Cheng, MD; Michigan - Yasmina Bouraoui, MPH; Minnesota 
- Jan Jernell; Mississippi - Linda Pendleton, LMSW; Montana - JoAnn Dotson; Nebraska 
- Jennifer Severe-Oforah; New Jersey - Lakota Kruse, MD; New Mexico - Ssu Weng, 
MD, MPH; New York State - Anne Radigan-Garcia; New York City - Candace 
Mulready, MPH; North Carolina - Paul Buescher, PhD; North Dakota - Sandra Anseth, 
RN; Ohio - Amy Davis; Oklahoma –Dick Lorenz; Oregon - Ken Rosenberg, MD, MPH; 
Rhode Island - Sam Viner-Brown; South Carolina - Jim Ferguson, DrPH; Texas - Tanya 
J. Guthrie, PhD; Utah – Laurie Baksh; Vermont - Peggy Brozicevic; Washington - Linda 
Lohdefinck; West Virginia - Melissa Baker, MA; CDC PRAMS Team, Applied Sciences 
Branch, Division of Reproductive Health 

 
Submission steps 
1. Mail or send electronically research proposals to Denise D=Angelo, MPH 

(Applied Sciences Branch MS-K22, Division of Reproductive Health, Centers for 
Disease Control and Prevention, 4770 Buford Hwy, NE, Atlanta GA 30341-3724 
or DDAngelo@cdc.gov).   
 

2. Proposals will be circulated among the CDC PRAMS team to solicit input 
regarding the suitability of PRAMS data for the proposed analysis and the 
appropriateness of the analysis plan considering the PRAMS survey design.  
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3. CDC PRAMS will respond to the primary researcher within three weeks.  This 
response will include a summary of comments received from the CDC PRAMS 
team and notification of an approval to conduct the analysis.   
 

4. The primary researcher develops a 1-3 paragraph summary of the project and 
sends it to the CDC research proposal coordinator, who will forward the summary 
to PRAMS states for state review.  PRAMS states are given a two-week period to 
comment on the proposed project and provide their state=s approval to access 
their data.   
 

5. Upon receipt of state and CDC approval, all researchers who are listed on the 
proposal and are not members of the CDC PRAMS Team, will complete a Data 
Sharing agreement and return the form to CDC.  Approval to analyze PRAMS 
data applies only to the topic described in the research proposal.  If a researcher 
desires to conduct additional analyses, a separate research proposal is required.   
 

6. Authors communicate in writing with the CDC research proposal coordinator 
regarding the states, year(s), and variables they will need for their project, so the 
analysis data set can be created.   
 

7. CDC will create a SAS analysis data set on a CD-ROM or a diskette(s) for the 
primary researcher.  A letter describing the contents of the CD-ROM or diskette 
will accompany the data.  Sample SAS and SUDAAN programs are available 
upon request.  
 

8. Once the analysis described in the research proposal has been completed, 
researchers are to destroy their copy of the data (confirm in writing) and return the 
data to CDC.   
 

Publication or presentation 
Before giving an oral presentation using PRAMS data, researchers must submit 

their slides and abstract to PRAMS states and the CDC PRAMS Team two weeks prior to 
the presentation.  

 
Before submitting a manuscript for publication, CDC researchers are required to 

submit copies of their work to the CDC PRAMS team and PRAMS States at the time the 
manuscript is being submitted for CDC clearance.  Researchers not affiliated with CDC 
are required to send a copy of the manuscript to CDC PRAMS and PRAMS states two 
weeks prior to submitting the manuscript to a peer-reviewed journal.  
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  PRAMS DATA SHARING AGREEMENT   
 
I, ______________________________, as principal investigator on this proposed analysis of Pregnancy 
Risk Assessment Monitoring System (PRAMS) data, agree to the following requirements for the use of 
PRAMS data and assure compliance with the requirements. 
 
1. I will not use nor permit others to use these data except for statistical analysis and reporting. 
 
2. I will not use nor permit others to use these data to conduct analyses other than those described in 

the proposal, titled _____________________________________________ 
_______________________________________________________________________, which 
accompanies this statement. 

 
3. I will not release nor permit others to release the data set or any part of it to any person others 

than those listed as collaborators in the attached proposal. 
 
4. I will not attempt or permit others to use the data set to attempt to learn the identity of any 

participant.  If the identity of a respondent should be inadvertently discovered, I will make no use 
of this knowledge, nor will I permit others to use the knowledge. I will inform the CDC-PRAMS 
staff of the discovery, so they can prevent future discoveries.  I pledge that neither I nor other 
members of my team will inform anyone else of this knowledge. 

 
5. All oral or written presentations of the results of the analyses will include an acknowledgment of 

the PRAMS Working Group and the Centers for Disease Control and Prevention. 
 
6. All oral or written presentations of the results of the analyses will be submitted to the PRAMS 

participating states and the Centers for Disease Control for review prior to submission for 
publication or presentation at a meeting.  The acronym “PRAMS” will be submitted as a 
keywords for any publications. 

 
7. CDC PRAMS staff and staff from states whose data were used in the analysis will be notified 

upon final publication of an article and provided with citation information. 
 
8. When the proposed analyses are completed, all copies of these data will be destroyed (confirmed 

in writing) or returned to CDC. 
 
My signature indicates my agreement to comply with these requirements. 
 
Name: 
 
Title: 
 
Organization:  

 
Signature:                                                                                               Date: __________________ 
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Walter Mateja, MPH, MPA 
       Department of Public Health 

        College of Health Professions 
        Temple University 

       Phildelphia, PA  19122  

 
June 28 , 2007 
 
Denise D’Angelo, MPH  
Applied Sciences Branch MS-K22 
Division of Reproductive Health 
Centers for Disease Control and Prevention 
4770 Buford Hwy, NE 
Atlanta GA 30341-3724 
 
RE:  Request for PRAMS Data for Doctoral Dissertation Study 
 
Dear Ms. D’ Angelo: 

 
Enclosed with this cover letter please find a proposal and request for PRAMS data.  The data will 

be used for my doctoral dissertation study.  I am currently an advanced student in the Health Studies 
program at Temple University and have completed all required coursework to begin the dissertation 
process.  Additionally, I am the Title V, Maternal & Child Health Program Administrator for the State of 
Delaware’s Division of Public Health.  In Delaware we are in the process of implementing the PRAMS 
survey and I work closely with the staff responsible for the day-to-day operations of this initiative, so my 
interest is both academic and as an applied professional exercise. 

 
I am requesting data from 1996-2004 from all participating states in order to complete a case-

control study of exposure to drinking behaviors, particularly binge drinking in the preconception period, 
among infants born with a cardiac defect.  While I realize the problems inherent in using birth certificate 
data for epidemiological studies, I believe the positive predictive value for cases and controls would be 
sufficient to determine an effect given the sample size I am requesting as discussed in the enclosed 
proposal. 

 
If you have any questions, or require further information and clarification, please call me at (302) 

741-2986 or e-mail at walt.mateja@state.de.us. 
 
Thank you for your consideration of this request. 
 
        Sincerely, 
 
 
        Walter Mateja 
 
Enclosure 

 
Cc:   D. Nelson, Ph.D. 
 C. Kroelinger, Ph.D. 
 J. Segal, Ph.D. 

 

mailto:walt.mateja@state.de.us
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September 2007 

 
Dear State PRAMS Coordinator: 

 
I am a doctoral student at Temple University in Philadelphia who has recently 

submitted a proposal to the Centers for Disease Control to use PRAMS data.  The 
proposal was reviewed and approved by the PRAMS team in September 2007. 

 
I am requesting birth certificate data that are not included in the PRAMS Core 

Questionnaire dataset for inclusion in a case-control study examining the association 
between alcohol use prior to- and during pregnancy and the association of this behavior 
with congenital heart disease.  In addition to cases, those born with a cardiac defect noted 
on the birth certificate, two control groups will be used.  The first control group will 
consist of infants born without any noted birth anomaly and the second group will consist 
of infants born with Down’s Syndrome or a chromosomal abnormality.   

 
The birth certificate data for these conditions are captured in the UCA_**** 

series of variables for the 1989 U.S. Standard Birth Certificate and in the CA_**** series 
of variables on the 2003 U.S. Standard Birth Certificate.   

 
I have requested that PRAMS data from 1996-2005 be included in the study’s 

dataset to ensure an adequate number of cases and affected controls.  Your state was 
chosen based on two considerations.  First, an analysis of NCHS Birth Certificate data 
revealed a relatively high number of available cases in your state.  Second, the number of 
PRAMS surveys your state has completed over the study period (1996-2005) will help 
ensure an adequate sample size to examine the study’s hypotheses and research 
questions. 

 
If you have any questions regarding this request, please contact me at 

wmateja@temple.edu or by phone at                    .  Thank you for you consideration of 
this request. 

 
       Sincerely, 
 
       Walter Mateja, MPH, MPA 
       Department of Public Health 
       Temple University 

 

mailto:wmateja@temple.edu
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======================================== 
   COMPARE2 Version 1.52 
   Friday, 9th November 2007, 9:01. 
   ======================================== 
 
   ---------------------------------------------- 
   Sample sizes required for testing a difference 
   ---------------------------------------------- 
 
   DATA: 
   Difference between proportions 
   Significance level = 5%   Power = 80%   Ratio A:B = 1 
   Proportion B = 0.50   Odds ratio A:B = 3.0 
   Proportion A = 0.7500 
 
   RESULTS: 
   REQUIRED SAMPLE:      Total 116  (58 in A, 58 in B) 
   Continuity-corrected: Total 132  (66 in A, 66 in B) 
   EXPECTED PRECISION: 
   Approx. 95% CI for difference between proportions (D) =  
                         D - 0.190  to  D + 0.190 
 
   -------------------- 
 
   DATA: 
   Difference between proportions 
   Significance level = 5%   Power = 80%   Ratio A:B = 1 
   Proportion B = 0.50   Odds ratio A:B = 1.7 
 
   RESULTS: 
   REQUIRED SAMPLE:      Total 458  (229 in A, 229 in B) 
   Continuity-corrected: Total 488  (244 in A, 244 in B) 
   EXPECTED PRECISION: 
   Approx. 95% CI for difference between proportions (D) =  
                         D - 0.095  to  D + 0.095 
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   -------------------- 
 
   DATA: 
   Difference between proportions 
   Significance level = 5%   Power = 80%   Ratio A:B = 1 
   Proportion B = 0.15   Odds ratio A:B = 3.0 
 
   RESULTS: 
   REQUIRED SAMPLE:      Total 150  (75 in A, 75 in B) 
   Continuity-corrected: Total 170  (85 in A, 85 in B) 
   EXPECTED PRECISION: 
   Approx. 95% CI for difference between proportions (D) =  
                         D - 0.150  to  D + 0.150 
 
 -------------------- 
 
   DATA: 
   Difference between proportions 
   Significance level = 5%   Power = 80%   Ratio A:B = 1 
   Proportion B = 0.15   Odds ratio A:B = 1.7 
   Proportion A = 0.2308 
 
   RESULTS: 
   REQUIRED SAMPLE:      Total 740  (370 in A, 370 in B) 
   Continuity-corrected: Total 790  (395 in A, 395 in B) 
   EXPECTED PRECISION: 
   Approx. 95% CI for difference between proportions (D) =  
                         D - 0.060  to  D + 0.060 
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SAMPLE CHARACTERISTICS 

Alcohol Use 
  Cases with 

Congenital 
Cardiac 
Defects 
 

Affected 
Controls with 
Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  n 
(%) within group 

      
No 140 54 501 695 
 60.3 66.7 54.2 56.1 
     
Yes 92 27 424 543 

Any alcohol use in 
3 months prior to 
pregnancy 

 39.7 33.3 45.8 43.9 
      

No 200 68 761 1029 
 87.7 87.2 86.1 85.5 
     
Yes 28 10 123 161 

Any binge drinking 
in 3 months prior 
to pregnancy 

 12.3 12.8 13.9 13.5 
      

No 212 72 808 1092 
 93.0 92.3 91.4 91.8 
     
Yes 16 6 76 98 

Binge drinking 
more than 1 time in 
the 3 months prior 
to pregnancy 

 7.0 7.7 8.6 8.2 
      

No 225 75 860 1160 
 98.7 96.2 97.3 97.5 
     
Yes 3 3 24 30 

Binge drinking 4 or 
more times in the 3 
months prior to 
pregnancy 

 1.3 3.8 2.7 2.5 
      

No 229 79 901 1209 
 98.7 97.5 97.4 97.7 
     
Yes 3 2 24 29 

Frequent drinking 
in the 3 months 
prior to pregnancy 

 1.3 2.5 2.6 2.3 
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Alcohol Use (continued) 
  Cases with 

Congenital 
Cardiac 
Defects 

 

Affected 
Controls with 

Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  n 
(%) within group 

No 224 76 876 1176 
 95.7 93.8 93.7 94.1 
     
Yes 10 5 59 74 

Any drinking in the 
last 3 months of 
pregnancy 

 4.3 6.2 6.3 5.9 
      

140 54 497 691 No Drinking 
60.6 66.7 54.1 56.1 

     
10 5 56 74 Drinking 3 

months 
before and 
last 3 
months of 
pregnancy 

4.3 6.2 6.1 5.8 

     
81 22 366 469 

Any drinking in 
both 3 months 
prior to- and last 
three months of- 
pregnancy 

Drinking 
only in 3 
months 
before 

35.1 27.2 39.8 38.1 
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Maternal Age, Race, Ethnicity and Marital Status 
  Cases with 

Congenital 
Cardiac 
Defects 
 

Affected 
Controls with 
Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  n 
(%) within group 

      
<18 15 2 30 47 
 6.3 2.4 3.2 3.7 
     
18-24 70 17 333 420 
 29.5 20.7 35.1 33.1 
     
25-34 113 28 474 615 
 47.7 31.1 50.0 48.5 
     
>34 39 35 111 185 

Maternal Age 
Group 

 16.5 42.7 11.7 14.6 
      

White 182 65 765 1012 
 76.8 79.3 80.7 79.9 
     
Black 26 6 79 111 

 11.0 7.3 8.3 8.8 
     
Other 29 11 104 144 

Maternal Race 
Group 

 12.2 13.4 11.0 11.4 
      

No 208 67 837 1109 
 88.5 82.7 89.0 88.5 
     
Yes 27 14 103 144 

Maternal Hispanic 
Ethnicity 

 11.5 17.3 11.0 11.5 
      

No 164 67 693 924 
 69.2 827 73.1 73.0 
     
Yes 73 14 255 342 

Marital Status 

 30.8 17.3 26.9 27.0 
      
 
Maternal Age (Years) 

Cases 
 

Affected 
Controls 
 

Nonaffected 
Controls 

Total 
 

 

Mean 
Std. Deviation 

Maternal Age 27.2 
6.7 

31.9 
7.7 

26.9 
5.9 

27.3 
6.3 
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Education and Health Insurance 
  Cases with 

Congenital 
Cardiac 
Defects 
 

Affected 
Controls with 
Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  n 
(%) within group 

      
0-8 Years 10 5 33 48 
 4.3 6.3 3.5 3.9 
    
9-11 Years 41 4 120 165 

Mother’s 
Education 

 17.5 5.1 12.9 13.3 
      
 12 Years 82 20 288 390 
  35.0 25.3 30.9 31.4 
      
 13-15 Years 40 18 230 288 
  17.1 22.8 24.7 23.2 
      
 61 32 260 353 
 

16 or More 
Years 26.1 40.5 27.9 28.4 

      
Private 139 48 605 792 
 58.6 59.3 63.9 62.3 
    
Medicaid 28 6 109 143 

 11.8 7.4 11.5 11.3 
    
Neither 70 27 233 330 

Medical Insurance 
Before Pregnancy 

 29.5 33.3 24.6 26.1 
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Pregnancy Intention and Stress 
  Cases with 

Congenital 
Cardiac 
Defects 
 

Affected 
Controls with 
Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  n 
(%) within group 

      
49 20 170 239 Wanted 

Sooner 21.5 25.3 18.5 19.5 
    

93 23 409 525 

Pregnancy 
Intention 

Wanted 
Then 40.8 29.1 44.6 42.9 

      
 65 25 268 358 
 

Wanted 
Later 28.5 31.6 29.2 29.2 

      
 21 11 71 103 
 

Didn’t Want 
9.2 13.9 7.7 8.4 

      
126 42 499 667 Low 

53.4 51.9 53.0 53.0 
    

110 39 443 592 High 
46.6 48.1 47.0 47.0 

Stress Group 

    

 
Stressors in Past Year 

Cases 
 

Affected 
Controls 
 

Nonaffected 
Controls 

Total 
 

 

Mean 
Std. Deviation 

Mean Stress Score 1.9 
1.9 

2.0 
2.1 

1.9 
1.9 

1.9 
1.9 
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Gestational Diabetes, High Blood Pressure, Body Mass Index and Smoking before 
Pregnancy 
  Cases with 

Congenital 
Cardiac 
Defects 
 

Affected 
Controls with 
Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  n 
(%) within group 

      
No 219 78 909 1206 
 93.6 95.1 97.2 96.4 
    
Yes 15 4 26 45 

Maternal 
Gestational 
Diabetes 

 6.4 4.9 2.8 3.6 
      

No 198 72 890 1160 
 84.6 87.8 95.3 92.8 
    
Yes 36 10 44 90 

Maternal 
Hypertension 

 15.4 12.2 4.7 7.2 
      

Underweight 26 13 121 160 
 11.4 16.7 13.4 13.2 
    
Normal 122 38 497 657 
 53.5 48.7 55.0 54.3 
     
Overweight 28 10 110 148 
 12.3 12.8 12.2 12.2 
    
Obese 52 17 176 245 

BMI Category 

 22.8 21.8 19.5 20.2 
      

No 197 70 770 1037 
 83.8 87.5 83.2 83.6 
    
Yes 38 10 156 204 

Smoking in the 3 
months prior to 
pregnancy 

 16.2 12.5 16.8 16.4 
 
Previous Pregnancies and Terminations 

Cases 
 

Affected 
Controls 
 

Nonaffected 
Controls 

Total 
 

 

Mean 
Std. Deviation 

Previous 
Pregnancies 

1.5 
1.8 

1.8 
1.7 

1.3 
1.6 

1.4 
1.6 

     
Previous 
Terminations 

.4 

.9 
.5 
.7 

.3 

.7 
.4 
.8 
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Infant Gender 
   Cases with 

Congenital 
Cardiac 
Defects 
 

Affected 
Controls with 
Down’s 
Syndrome 

Nonaffected 
Controls 

Total 

  n 
(%) within group 

      
Male 138 41 479 658 
 58.2 50.0 50.5 51.9 
    
Female 99 41 469 609 

Infant Gender 

 41.8 50.0 49.5 48.1 
      
 
Gestational Age at Birth (weeks) and Birthweight (grams) 

Cases 
 

Affected 
Controls 
 

Nonaffected 
Controls* 

Total 
 

 

Mean 
Std. Deviation 

Gestational Age at 
Birth (weeks) 

34.3 
5.4 

35.4 
4.8 

39.4 
1.0 

38.2 
3.5 

     
Birthweight (gms) 2199.0 

1049.3 
2212.3 
811.7 

3477.1 
448.7 

3157.0 
838.4 

 


	Front Matter
	ABSTRACT
	ACKNOWLEDGMENTS
	LIST OF TABLES
	LIST OF FIGURES

	Chapter 1
	INTRODUCTION
	Alcohol Use among Women of Reproductive Age and Pregnant Women
	Outcomes of Alcohol Use during Pregnancy
	Differences in Reporting and Recall of Alcohol Use
	Study Objectives
	Conclusion


	Chapter 2
	LITERATURE REVIEW
	Background
	The Measurement, Prevalence and Correlates of Alcohol Use amongPregnant Women and Women of Child-Bearing Age
	The Effects of Alcohol Use during Pregnancy on Pregnancy Outcomes
	The Prevalence and Epidemiology of Congenital Cardiac Defects

	Association of Alcohol Use in Early Pregnancy and Congenital Cardiac Defects
	Risk Factors for Congenital Cardiac Defects
	Theoretical Framework
	Biologic Plausibility: Etiology & Teratology

	 Particular Methodological Considerations: Operational Definitions and Two Control Groups
	Measurement of Alcohol Use:  Frequency, Intensity and Timing during Pregnancy
	of Affected and Nonaffected Control Groups

	Infants with Down’s Syndrome:  Affected Comparison Group
	Measurement of Pregnancy Outcomes: Limitation with Birth Certificate Data

	Summary


	Chapter 3
	METHODS
	Overview
	Chapter Organization

	The Pregnancy Risk Assessment Monitoring and Surveillance (PRAMS) Survey
	Survey Instrument
	States Participating in PRAMS
	PRAMS Protocol
	Survey Sample  
	In any given year a proportion of women of childbearing age become pregnant.  Of these pregnancies, some are electively terminated, some are spontaneously terminated through miscarriage and some result in fetal death through stillbirth.  The remaining pregnancies result in the live birth of an infant (singleton) or infants (multiple births).  The PRAMS sample selection criteria are based on stratified systematic sampling of live births with a random starting point within each stratum.  Samples are generated on a monthly basis from recent birth certificates in each participating state (Adams et al., 1991).  Thus, PRAMS is not representative of pregnancies, only of pregnancies resulting in live births within a participating state during a given year.  Additionally, infants who were adopted at birth, infants with non-state resident mothers, infants born out-of-state to resident mothers, infants born to mothers who are under age 15, infants with birth certificates that do not capture the mother’s last name, and infants with birth certificates that are processed more than 6 months after birth are excluded from the PRAMS sample.  For multiple births, one infant from a twin or triplet birth, may be included, but multiple gestations with greater than 3 infants (quadruplets and quintuplets, for example) are excluded because of the unique circumstances which are unlikely to be representative of women’s general experiences (PRAMS Model Surveillance Protocol, 2006). 
	Weighting  
	Since PRAMS employs a systematic stratified sampling design, the data were weighted.  The Centers for Disease Control and Prevention provides three weighting factors.  These factors are: 1) an adjustment for sample size, 2) and adjustment for non-response; and 3) an adjustment for omissions in the sampling frame.  Thus, the analysis weight is comprised of three factors:  sampling weight, a unit nonresponse weight and a sampling frame noncoverage weight that are multiplied and produce an analysis weight. (Centers for Disease Control and Prevention, 2003).  Table 10 summarizes these weighting factors.  
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	Statistical Procedures and Tests
	Power Analysis
	Differences in odds ratios for the exposures of any alcohol use, frequent drinking, binge drinking and continuing to drink during pregnancy between affected and nonaffected controls were analyzed.  If the adjusted models (using the affected control reference group and the nonaffected control reference group) for the alcohol exposure were not both found to be significant for association with congenital cardiac defects, differences were noted in the results of these models.  If significant associations were found between the alcohol exposure and congenital cardiac defects with both reference groups, a binomial logistic regression model was constructed comparing affected controls with nonaffected controls.  
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