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Abstract

Objective—To describe prevalence trends in hospitalized live births affected by placental 

transmission of alcohol and drugs, as well as prevalence trends among parturient women 

hospitalized for liveborn delivery and diagnosed with substance abuse problems in the United 

States from 1999 to 2008. Comparison of the two sets of trends helps determine whether the 

observed changes in neonatal problems over time were caused by shifts in maternal substance 

abuse problems.

Methods—This study independently identified hospitalized live births and maternal live born 

deliveries from discharge records in the Nationwide Inpatient Sample, one of the largest hospital 

administrative databases. Substance-related diagnosis codes on the records were used to identify 

live births affected by alcohol and drugs and parturient women with substance abuse problems. 

The analysis calculated prevalence differences and percentage changes over the 10 years, with 

Loess curves fitted to 10-year prevalence estimates to depict trend patterns. Linear and quadratic 

trends in prevalence were simultaneously tested using logistic regression analyses. The study also 

examined data on costs, primary expected payer, and length of hospital stays.

Results—From 1999 to 2008, prevalence increased for narcotic- and hallucinogen-affected live 

births and neonatal drug withdrawal syndrome but decreased for alcohol- and cocaine-affected live 

births. Maternal substance abuse at delivery showed similar trends, but prevalence of alcohol 

abuse remained relatively stable. Substance-affected live births required longer hospital stays and 

higher medical expenses, mostly billable to Medicaid.

Conclusions—The findings highlight the urgent need for behavioral intervention and early 

treatment for substance-abusing pregnant women to reduce the number of substance-affected live 

births.
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Introduction

According to the National Survey on Drug Use and Health (NSDUH) in 2007 and 2008 (1), 

about 14 million women of reproductive age (15–44 years) in the United States (23.4%) 

consumed 5 or more drinks on 1 occasion at least once in the past 30 days. Moreover, 6 

million women in this age group (9.6%) currently use illicit drugs. Although pregnant 

women were less likely than non-pregnant women to be current users of alcohol and illicit 

drugs, 1 of every 10 pregnant women still consumed at least one drink in the past 30 days, 

and 1 of every 20 still used illicit drugs (1).

Maternal substance abuse during pregnancy is well known for its potential harmful effects 

on the fetus. Prenatal exposure to alcohol has been linked to a variety of impairments, 

ranging from neurobehavioral or cognitive abnormalities called fetal alcohol spectrum 

disorders (2) to a characteristic pattern of facial anomalies, growth restriction, and central 

nervous system (CNS) dysfunction known as fetal alcohol syndrome (3). Prenatal exposure 

to cocaine can result in a higher risk of low birth weight, preterm birth, small for gestational 

age, and cardiac and circulatory congenital anomalies (4–7). A recent systematic review 

suggested an association between prenatal amphetamine exposure and poor fetal growth (8). 

Reviews of neuroimaging studies indicate that prenatal exposure to alcohol and drugs can 

potentially cause structural and functional abnormalities of fetal brain (9, 10). Infants born to 

substance-abusing mothers may develop neonatal withdrawal syndromes and have varied 

symptoms, including CNS irritability, tremors, gastrointestinal dysfunction, tight muscle 

tone, unstable temperature, and prematurity (11). Any of these symptoms could complicate 

neonatal care and prolong hospital stays for the affected infants.

These fetal disorders caused by maternal substance abuse during pregnancy are preventable. 

The goal is therefore to encourage abstinence from alcohol and illicit drugs during 

pregnancy, as stated in the U.S. Federal government's objectives for the Healthy People 

2010 and 2020 programs. Proper allocation of prevention resources and funding requires an 

understanding of the seriousness of the problem nationwide. In 2006, Robbins and 

colleagues reported a reduction in the prevalence of alcohol-affected live births from 7.3 per 

10,000 live births in 1993 to 1.7 per 10,000 live births in 2002 (12). No updated analysis has 

been published to re-examine whether this declining trend has been sustained or reached a 

plateau since 2002, given that the prevalence of maternal alcohol drinking during pregnancy 

remained unchanged from 2002 to 2008 (13). As for the prevalence of drug-affected 

newborns, Dicker and Leighton observed an increasing trend from 1979 to 1990 (14). To 

our knowledge, no other published studies have updated this information since. In Australia, 

O'Donnell and colleagues reported an increase in the prevalence of neonatal withdrawal 

syndrome from 1980 to 2005 (15). The United States has lacked such national-level 

estimates for the past decade.
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Our main objective was therefore to use the Nationwide Inpatient Sample (NIS), one of the 

largest nationally representative hospital administrative databases in the United States, to 

examine trends in the prevalence of hospitalized live births diagnosed as affected by 

placental transmission of alcohol or drugs. The study also looked at neonatal drug 

withdrawal syndrome from 1999 to 2008 and examined trends in the prevalence of maternal 

substance abuse diagnosed at time of delivery. Because not all exposed fetuses develop an 

adverse outcome detectable at birth, the maternal data served as a proxy measure for 

substance-exposed live births. It can help determine whether the observed changes in 

neonatal problems over time were caused by shifts in maternal substance abuse problems. 

Costs and length of hospital stays were also estimated as a measure of the healthcare burden 

posed by these hospitalizations.

Methods

Data Sources

Data were obtained from inpatient discharge records in the NIS from 1999 to 2008. The NIS 

is part of the Healthcare Cost and Utilization Project (HCUP), funded by the Agency for 

Healthcare Research and Quality (AHRQ). The NIS contains a 20% sample of U.S. 

community hospitals as defined by the American Hospital Association. The sampling strata 

cover five hospital characteristics: U.S. region, urban or rural location, teaching status, 

ownership and control, and hospital size. All inpatient stays of the sampled hospitals were 

included in the NIS data, roughly 8 million discharges each year. In 1999, 24 states 

participated in the NIS, gradually increasing to 42 in 2008, which covered 65% of the U.S. 

population in 1999 and 95% in 2008 (16). With sampling weights, the NIS data can be used 

to estimate national statistics on hospitalizations. These data are publicly accessible and 

contain de-identifiable hospital administrative information, which exempted this study from 

the human subject research review. To comply with the AHRQ confidentiality policy, we 

have followed the NIS data use agreement throughout the study.

Case Identification

Live births—Each record in the NIS has 1 principal diagnosis and up to 14 secondary 

diagnoses using codes from the International Classification of Diseases, Ninth Revision, 

Clinical Modification (ICD-9-CM). Inpatient discharges with a principal diagnosis code of 

V30–V39 were defined as live births. According to the ICD-9-CM Official Guidelines for 

Coding and Reporting, codes V30–V39 can only be assigned once at birth. These codes 

should not be used for transferred newborns at the receiving sites (17), which prevent double 

counting in our analysis. Live births affected by placental transmission of substances were 

identified by any listed secondary diagnosis codes of 760.71 (newborn affected by alcohol), 

760.72 (by narcotics), 760.75 (by cocaine), 760.73 (by hallucinogenic agents), 760.70 (by 

unspecified noxious substances), and 779.5 (drug withdrawal syndrome in newborn). 

According to the ICD-9-CM coding guidelines, live births prenatally exposed to maternal 

substance use had to be actually affected by it to be coded as 760.7× (17). Because an 

inpatient discharge record can have multiple diagnoses, a live birth can be assigned to more 

than one substance group.
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Parturient women with a liveborn delivery—Most maternal and neonatal discharges 

in the NIS were reported on separate records without data linkages between them. Parturient 

women hospitalized for a liveborn delivery were identified independently by any listed 

diagnosis codes of V27.0, V27.2, V27.3, V27.5 and V27.6. Focusing on liveborn deliveries 

instead of all pregnancy-related discharges avoided double counting of pregnant women 

who were admitted multiple times in pregnancy. This also made maternal estimates (based 

on liveborn deliveries) comparable with neonatal estimates (based on live births). The 

analysis identified and classified maternal substance abuse problems based on the following 

diagnosis codes: abuse of alcohol (303 and 305.0); opioids (304.0, 304.7, and 305.5); 

cocaine (304.2 and 305.6); cannabis and hallucinogens (304.3, 304.5, 305.2, and 305.3); 

amphetamines, including other psychostimulants (304.4 and 305.7); sedatives, including 

hypnotics and anxiolytics (304.1 and 305.4); and other and unspecified drugs (304.6, 304.8, 

304.9, 305.8, and 305.9). The substance classification was not mutually exclusive. Parturient 

women with diagnosis codes of alcohol- or drug-induced mental disorders (291 or 292) or 

poisoning (960–980) but without the substance abuse diagnosis codes were not identified as 

substance abusing, because they might have exhibited different substance use behavior 

during pregnancy. There were relatively few of these cases (e.g., in 2008, fewer than 50 for 

alcohol and 244 for drugs).

Estimated Cost and Length of Hospital Stay

How much each hospital charged for the entire hospital stay was reported for each record. 

This amount can be converted into estimated cost by multiplying total charge by hospital-

specific cost-to-charge ratios (CCRs) derived by the HCUP (18). Because CCRs were only 

available since 2001, trends in costs were analyzed for 2001–2008 instead of the whole 

study period of 1999–2008. When the sampled hospitals had no hospital-specific CCRs 

(ranging from 12% to 29% in 2001–2008), the group-weighted average CCRs were used. 

When NIS-participating states were not part of the NIS CCR project, the CCRs of the 

sample hospitals in these states were missing, ranging from 0% in 2006 and 2007 to 14% in 

2001–2003. A 3% downward adjustment was made to 2004 CCRs, as suggested by HCUP 

(18). In order to adjust for inflation, all costs of 2001–2007 were adjusted to 2008 U.S. 

dollars using the overall Consumer Price Index (19). Estimated mean costs were reported to 

the nearest hundred dollars. Total cost was calculated as mean cost multiplied by number of 

cases. The expected primary payer noted on discharge records was checked to determine if 

Medicaid had been the payment source.

The HCUP processed and provided data on length of stay (LOS) per hospitalization in the 

NIS. LOS was calculated as the admission date subtracted from the discharge date. When 

dates were missing or invalid, the HCUP supplemented the information with the LOS 

supplied by the original sources (20).

Statistical Analysis

All statistical analyses were conducted using SAS 9.2 (SAS Institute, Cary, NC) and SAS-

callable SUDAAN10.0 (Research Triangle Institute, Research Triangle Park, NC) to take 

into account sampling design effect and sampling weights. Since neonatal discharges were 

reported separately from maternal discharges in the NIS, we estimated the neonatal 
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prevalence and maternal prevalence independently. Neonatal prevalence was estimated as 

the number of live births affected by placental transmission of substances, divided by the 

total number of hospitalized live births in each year. The result was presented as per 10,000 

live births. Maternal prevalence was estimated as the number of parturient women diagnosed 

with substance abuse problems at delivery, divided by the total number of hospitalized 

parturient women with a liveborn delivery. It was presented as per 10,000 liveborn 

deliveries. Prevalence estimates were considered reliable when the relative standard error 

(i.e., standard error divided by estimate) was less than 0.30, a reliability guideline 

recommended by HCUP for the NIS data.

The difference in prevalence between 1999 and 2008, calculated as Prev2008 - Prev1999 

(where Prev denotes prevalence), represented the absolute measure of change between the 

beginning and end time points. The percentage change was calculated as (Prev2008 - 

Prev1999)/Prev1999 × 100% to show the magnitude of the change over the 10 years relative 

to the prevalence in 1999.

To depict the 10-year trend patterns, we used SAS statistical graphic procedures to fit the 

locally weighted scatterplot smoothing (Loess) curves to annual prevalence estimates for the 

10 years (as 10 data points). The results are presented in two sets of graphs for neonatal 

prevalence and maternal prevalence, respectively.

To efficiently test trends over the 10 years, we conducted survey logistic regression models 

(SAS SURVEYLOGISTIC procedure) with the 10-year data combined. In these models, a 

linear term and a quadratic term of calendar year were treated as independent variables. Our 

analysis included the quadratic term to allow for a non-linear change over time. Race 

(Black, other, and unknown vs. White) and U.S. Census geographic regions (Northeast, 

Midwest, and West vs. South) were also included in the models. This controlled for changes 

in the underlying population characteristics and in diagnostic coding practices across 

regions. The analytical model is therefore:

When Prev is small (as in the outcomes of this study), logit(Prev) is close to ln(Prev). Two-

sided significance tests were conducted at an a priori alpha level of 0.05. Statistical 

significance of the linear term of calendar year indicates the prevalence was increasing (for 

positive coefficient) or decreasing (for negative coefficient) at a constant annual percent 

change. Statistical significance of the quadratic term of calendar year reflects inconstant 

annual percent changes and/or a changing direction in the trend over the 10 years. When a 

result indicated a non-significant linear term but a statistically significant quadratic term, the 

trend was referred to as a “non-linear change” over time.

We used weighted least squares linear regression models to assess the statistical significance 

of the trends from 2001 through 2008 in mean cost, in percentage of hospitalizations paid by 

Medicaid, and in mean LOS. In the models, year was the independent variable, and the cost 

or percentage of hospitalizations or LOS was the dependent variable. The inverse of the 
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square of standard errors of the estimates in each year was used as the weight. The slope 

represents the estimated annual average change in costs/percentage/LOS.

Results

In 1999 and 2008, the United States had an estimated 3,842,837 and 4,253,656 hospitalized 

live births, respectively. In 1999, cocaine was the most common substance noted on 

neonatal records as affecting newborns via placental transmission, with 11,689 such live 

births reported (Table 1). Its prevalence decreased by 51.3% over the 10 years, from 30.4 to 

14.8 per 10,000 live births. As shown in Figure 1A, the decrease plateaued around 2001–

2005, followed by another decline in 2006–2008. Live births affected by alcohol also 

decreased, with a 43.5% reduction in prevalence, from 2.3 to 1.3 per 10,000 live births 

(Table 1). In contrast, the prevalence of live births affected by narcotics, hallucinogenic 

agents, and unspecified noxious substances rose statistically significantly over the 10-year 

period, with increases of 22.6%, 60.0%, and 85.0%, respectively. Neonatal drug withdrawal 

syndrome increased overall by 63.3% between 1999 and 2008, from 13.9 to 22.7 per 10,000 

live births (Table 1). However, Figure 1A shows this prevalence initially decreased in 1999–

2001, followed by an increase in 2002–2008 (p-values of both linear and quadratic terms < 

0.01). In 1999, 51.7% of alcohol-affected live births were also diagnosed as drug affected. 

This proportion dropped to 38.0% in 2008 (data not shown in table).

In 1999 and 2008, an estimated 3,675,794 and 4,154,797 parturient women, respectively, 

were hospitalized for liveborn delivery. Because one delivery can result in multiple births, 

these numbers were smaller than the estimated totals for live births. In 1999, cocaine and 

cannabis were the most common drugs of abuse among women in this study. While maternal 

abuse of cocaine decreased over time, maternal abuse of cannabis and hallucinogens 

increased by 72.5% from 1999 to 2008 (Table 1). Besides cannabis, maternal abuse of 

opioids, amphetamines, sedatives, and other drugs also increased statistically significantly 

over the 10-year period (Table 1 and Figure 1B). The prevalence of maternal alcohol abuse 

remained relatively stable from 1999 to 2008 (Figure 1B), although the trend test result 

indicated a non-linear change over time (p-value of quadratic term = 0.04) (Table 1). Similar 

to what was observed in neonatal discharges, the proportion of alcohol-abusing mothers co-

abusing drugs decreased from 61.3% in 1999 to 50.5% in 2008 (data not shown in table).

Substance-affected live births had longer hospital stays and higher costs than births without 

these specific diagnoses (Table 2). In 2008, live births diagnosed with drug withdrawal 

syndrome stayed in the hospital for an average of 16.3 days (95% confidence interval [CI]: 

15.0–17.7 days) at a mean cost of $16,900 (95% CI: $14,600–$19,200), totaling $158 

million. The majority of this medical expense (77.9%) was expected to be paid primarily by 

Medicaid. Mothers with at least one diagnosis of substance abuse at delivery did not have 

significantly longer hospital stays than those without it, but they had slightly higher average 

estimated medical costs (Table 2). About 60% or more of the medical expenses for the 

substance-abusing mothers were expected to be paid primarily by Medicaid, compared with 

40% of such expenses for non-substance-abusing mothers. From 2001 to 2008, the mean 

costs of hospitalized live births and liveborn deliveries without substance-specific diagnosis 

increased annually by $74 (95% CI: $47–$101) and $55 (95% CI: $36–$75), respectively 

Pan and Yi Page 6

Matern Child Health J. Author manuscript; available in PMC 2015 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(Table 2). Over the same 8-year period, the mean cost of treating newborns affected by 

unspecified noxious substances increased annually by $517 (95% CI: $359–$676), which 

could be partially due to longer hospital stays (increasing annually by 0.37 day, 95% CI: 

0.24–0.51 day). No other statistically significant trends were observed in the medical 

expenses for neonatal conditions.

Discussion

This descriptive study showed trends towards increases in the prevalence of neonatal drug 

withdrawal syndrome and of live births affected by drugs, specifically narcotics and 

hallucinogenic agents from 1999 to 2008. These increasing trends corresponded with those 

observed in maternal abuse of opioids, cannabis and hallucinogens, amphetamine, sedatives, 

and other/unspecified drugs diagnosed at time of delivery. The findings extend the historical 

increase in the prevalence of drug-affected newborns from 1979 to 1990 (14). These 

findings are consistent with increasing trends noted in previous reports on substance abuse 

among pregnant and reproductive-age women (21–23). They also reflect an overall increase 

in drug abuse problems in the U.S. general population based on numerous drug-related 

measures, such as illicit drug availability, prevalence of drug use/abuse, treatment services 

for abuse or dependence, and drug-related morbidity and mortality (24–33).

Cocaine was the only drug in this study whose prevalence in live births or parturient women 

declined over time. This was consistent with the declines in hospitalization rates for cocaine 

abuse among reproductive-age women and among pregnant women (21, 23) and with an 

overall decrease in cocaine-related measures in the U.S. general population (24–25, 34). 

These declines may reflect increasing public awareness of cocaine's harmful effects and 

successful nationwide efforts to curb cocaine use (24).

Alcohol has been documented as a substance widely used among pregnant women, second 

only to tobacco (25). In this study, however, fewer parturient women were diagnosed with 

alcohol abuse at delivery than with drug abuse. One reason for this may be that if pregnant 

women consume alcohol, most tend to drink only at low to moderate levels. For example, in 

the 2007–2008 NSDUH report, about 10.6% of pregnant women drank alcohol, but only 

0.8% (95% CI: 0.3%–1.3%) were heavy alcohol users. This was lower than the 3.8% (95% 

CI: 2.6%–5.0%) of pregnant women using marijuana and hashish (35). Women who drink 

low to moderate levels of alcohol are unlikely to be diagnosed with alcohol dependence, 

alcohol intoxication, or excessive alcohol consumption on hospital records. Therefore, the 

NIS data may not capture women with moderate drinking behavior during pregnancy or at 

delivery.

Identifying an alcohol-exposed infant as alcohol-affected at birth can be a challenge because 

of the subtle nature of some facial dysmorphic features in newborns. This study's results 

reflect this difficulty, because the number of alcohol-affected live births identified from the 

neonatal discharge records was much lower than the number of parturient women diagnosed 

with alcohol abuse at delivery in the same year. It is possible, however, that some of the 

alcohol-exposed infants who might have been born asymptomatically healthy, may exhibit 

neurobehavioral or cognitive abnormality associated with fetal alcohol spectrum disorders 
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later in life. Although systematic reviews have failed to confirm an association between low-

level alcohol consumption during pregnancy and adverse birth outcomes (6, 36), no safe 

level of alcohol consumption in pregnancy has been established. All pregnant women are 

therefore encouraged to abstain from alcohol (Healthy People 2020 Objective).

One strength of this study is that it used the largest all-payer hospitalization database in the 

United States to estimate nationally representative prevalence and track national trends over 

time in live births affected by prenatal substance exposure. To validate that NIS data 

correctly represent national estimates, the analysis compared the total weighted number of 

live births and of liveborn deliveries identified from the NIS in 1999 and 2008 with the total 

number of registered live births reported in Births: Final Data for 1999 and Births: Final 

Data for 2008, published by the National Center for Health Statistics (37, 38). The 

comparisons showed that the 95% CI of the weighted estimates of hospitalized live births 

identified from the NIS in 1999 and 2008 covered the true number of registered live births in 

the same years (data not shown). This comparison found no differences in the distributions 

of maternal race (when assuming missing information on race in hospitalization data at 

random), maternal age, and geographic region between the NIS and the birth registries. 

Overall, the NIS provided reliable national estimates of live births.

Several limitations of this study should be noted. First, the NIS, which compiles cross-

sectional hospital administrative data, is inevitably limited by the quality and variation of 

reporting practices across states and over time. However, no evidence can be obtained to 

evaluate the direction and extent of the reporting bias. The finding of different directions of 

changes in prevalence over time implies that no consistent bias across substance-specific 

diagnosis codes existed. Second, the NIS allowed maximum of 15 diagnosis codes for the 

data submitted before 2009, if the substance-related diagnosis was listed in the 16th fields or 

later, it could be omitted from the NIS data and would not be captured in the study. From 

1999 to 2008, live births and liveborn deliveries that had more than 15 diagnosis codes 

increased from 0.02% to 0.27% and from <0.01% to 0.09%, respectively. There is a 

potential that we underestimated the prevalence, especially in the recent years. Third, the 

prevalence of parturient women diagnosed with substance abuse at liveborn delivery may 

underestimate maternal substance abuse during all stages of pregnancy. In general, 

substance use in the third trimester has been found to be lower than that in the first trimester 

(39, 40). Testing for alcohol and drugs in maternal blood and urine samples at childbirth can 

only detect recent use and cannot reflect a history of substance use during pregnancy. 

Fourth, underreporting is possible, because pregnant women may be reluctant to talk about 

their use of alcohol and other drugs. Healthcare providers may be reluctant to use certain 

substance-related diagnosis codes to avoid reimbursement difficulties, social stigma, or legal 

issues. Surveys of obstetrician-gynecologists (ob-gyns) in 1999 and 2007 showed that few 

ob-gyns asked all pregnant patients about alcohol use at initial and subsequent visits, and not 

many ob-gyns used a validated alcohol risk screening tool (41, 42). “Patient denial or 

resistance to treatment” and “time limitations” were the highest ranked barriers to alcohol 

screening and interventions (42). Despite dissemination efforts, most ob-gyns were not 

aware of the National Institute on Alcohol Abuse and Alcoholism Clinician's Guide and the 

American College of Obstetricians and Gynecologists (ACOG)'s Fetal Alcohol Spectrum 
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Disorders Prevention Tool Kit (42). Fifth, screening practice varied by state, hospital, 

provider, women's race, and insurance type (43–46). Pregnant women may have unequal 

chances of being tested for substance use, which may affect the determination of whether an 

infant's health problems are caused by maternal substance abuse. For example, the fact that 

the healthcare expenses of more than 60% of substance-affected live births were paid by 

Medicaid may reflect a high substance exposure among infants of low-income mothers, 

common testing of poor mothers for substance abuse, or a combination. As of January 2007, 

new codes of the Healthcare Common Procedure Coding System are available through 

Medicaid for reimbursement of screening and brief intervention for alcohol and drug use 

disorders (46). Since code adoption takes time, its impact on our results should be limited.

The marked increase in drug-affected live births from 1999 to 2008 highlights the urgent 

need for behavioral intervention and early treatment for pregnant women with substance 

abuse problems. Some states have enacted legislation requiring health care providers to test 

for and/or report prenatal drug abuse when suspected, and some states have created or 

funded treatment programs or services for pregnant women (47, 48). Results from the 

Screening, Brief Intervention, and Referral to Treatment (SBIRT) service program have 

shown the feasibility of its implementation and the efficacy in reducing substance use and 

improving general health, mental health and social measures (49, 50). The ACOG's advisory 

committee has provided guidelines and rationales to urge healthcare providers to implement 

SBIRT protocols (51). Effective prevention efforts can mean not only fewer substance-

affected babies but also lower related medical expenditures and lesser burdens on a mother 

and her family as well as on society as a whole.
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Figure 1. 
Prevalence (per 10,000) on a natural log scale and Loess trend curves with 95% confidence 

interval for (A) live births affected by alcohol and drugs and neonatal drug withdrawal 

syndrome, and (B) maternal substance abuse at liveborn delivery: United States, 1999–2008.
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