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Abstract
INTRODUCTION—The objective of this report is to estimate the benefits of universal meconium
screening for maternal drinking during pregnancy. Fetal alcohol spectrum disorder (FASD),
including its most severe manifestation fetal alcohol syndrome (FAS), is preventable and remains
a public health tragedy. The incidences of FAS and FASD have been conservatively estimated to
be 0.97 and 10 per 1000 births, respectively. Meconium testing has been demonstrated to be a
promising at-birth method for detection of drinking during pregnancy.

METHODS—The current costs of FAS and FASD, alcohol treatment programs, and meconium
screening were estimated by literature review. Monetary values were converted roughly to equal
dollars in 2006.

RESULTS—Costs of adding meconium analysis to the current newborn screening program and
of treatment for the identified mothers were estimated and compared to potential averted costs that
may result from identification and intervention for mothers and affected infants. Three potential
maternal treatment strategies are analyzed. Depending on the treatment type, the savings may
range from $6 to $97 for every $1 spent on screening and treatment.

DISCUSSION—It needs to be emphasized, however, that such screening is premature and that to
be effective this screening can be implemented only if there is a societal willingness to institute
prevention and intervention programs to improve both women’s and children’s health. Future
research should be directed at improving detection and developing in-depth prevention and
remedial intervention programs. A thorough consideration of the ethical issues involved in such a
screening program is also needed.
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INTRODUCTION
Fetal alcohol spectrum disorder (FASD) represents a range of physical and developmental
anomalies that result from exposure to ethanol during pregnancy. FASD is suspected to be
present in 1% of all live births (Sampson et al., 1997). Fetal alcohol syndrome (FAS), the
most severe manifestation of FASD, is the leading preventable cause of mental retardation
in the Western world (Abel and Sokol, 1987), with the incidence conservatively estimated at
0.97 per 1000 births (Abel, 1995). The incidence of FAS among heavy drinkers has been
estimated at 43 per 1000 (Abel, 1995).

Primary disabilities in children with FAS are identified as disabilities directly caused by
prenatal alcohol exposure. These include low birth weight, growth retardation, neuro-
behavioral problems, and physical anomalies (Stratton et al., 1996). Secondary disabilities
arise throughout development and may be ameliorated through earlier diagnosis and
appropriate interventions (Streissguth et al., 1996; Streissguth et al., 2004). Secondary
disabilities include, but are not limited to, mental health problems, disrupted school
experience, trouble with the law, imprisonment, inappropriate sexual behavior, alcohol and/
or drug problems, dependent living, and problems with employment.

To reduce both primary and secondary disabilities, women who drink alcohol during
pregnancy need to be identified. Programs need to be implemented to help these women
reduce their alcohol intake, prevent future drinking during pregnancy, and provide remedial
help for their children. Ideally, screening should occur early in pregnancy. Early screening
could facilitate women’s becoming more aware of their alcohol intake and the consequences
of such drinking to the fetus. It may also influence their participation in programs to provide
support for their stopping or reducing their alcohol consumption. However, it is common for
health care professionals to be reticent or uncomfortable discussing alcohol use during
pregnancy (Whaley and O’Connor, 1999). In one study of the Special Supplemental Food
Program for Women, Infants and Children (WIC), 68% of WIC workers felt uncomfortable
asking questions about patients’ alcohol consumption, and 78% of workers expressed a need
for better training in administration of questionnaires, assessment of results, and intervention
(Whaley and O’Connor, 1999). Computer programs have been developed to enable a
pregnant woman to assess her alcohol use and obtain feedback regarding how heavily she
actually drinks relative to others and the potential risks she is incurring (Lapham et al., 1991;
Kinzie et al., 1993). This type of intervention requires access to effective treatment
programs and support for this information to be useful.

Current interview-based screenings conducted during pregnancy aim to identify problem
drinkers and high-risk populations. But these screening tools potentially may leave the
patient feeling threatened or judged and may, therefore, reduce the veracity of her responses
(Barr and Streissguth, 2001). Stigma, shame, fear of legal repercussions, and fear of
mandatory placement into detoxification programs lead many pregnant alcohol users to
underreport alcohol use before, during, and after pregnancy, when interviewed by
individuals not specifically trained to conduct such interviews. Furthermore, these
considerations may lead women to avoid prenatal clinics and consistent care, leaving them
off alcohol-related pregnancy studies entirely (Hankin et al., 2000). Use of biologic markers
indicating maternal drinking may be useful in assessing alcohol use in combination with
maternal interviews. One such biomarker, fatty acid ethyl esters (FAEEs), has shown some
promise (Bearer et al., 2003; Chan et al., 2003; Bearer et al., 2005; Ismail et al., 2010). In
our study of South African women, FAEEs identified women who reported drinking three or
more drinks per occasion with 84.2% sensitivity and 83.3% specificity (Bearer et al., 2003).
One previous study examined the cost- benefit ratio of universal and targeted newborn
screening for FAEEs combined with early intervention for affected children (Hopkins et al.,
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2008). Given the difficulties involved in estimating the true costs of intervention with the
child (Zelner and Koren, 2009) and the limited evidence of the effectiveness of such
interventions, we investigated the benefits of screening focusing on interventions to reduce
maternal alcohol use and abuse during pregnancy in preventing FASD in future pregnancies.
Thus, we examined whether a universal newborn screen based on meconium to identify
women who drink during their pregnancies would be cost beneficial for primary prevention
of future FASD births.

METHODS
Cost of meconium analysis was determined by the current cost of this analysis in our
laboratory.

A literature search was conducted using the PubMed and EBSCOHost databases including
the following key words: maternal alcohol use, alcohol treatment for pregnant women,
FASD, cost FASD, effects FASD, and substance abuse treatment pregnant women. All
monetary values (US$ only) were recalculated from their value in the year of publication
into 2006 dollars using the Consumer Price Index inflation estimates available through the
Bureau of Labor Statistics division of the U.S. Department of Labor.

RESULTS
Costs of Screening Program

Laboratory analysis of FAEEs in meconium is a newly developed research procedure, and
its long-term cost has not been definitively determined. We estimated the cost of screening
to consist of administrative, materials, and professional analysis costs. Since state-regulated
newborn screening programs already require laboratory tests and a physician-parent
reporting process, the administrative and reporting costs of adding a meconium screening
are assumed to be 20% of the cost of the program for additional facilities, transport, training
of personnel, and specimen collection. Table 1 shows assumptions/data gaps that require
more research.

The cost of materials and analysis was calculated as one value because these costs may
overlap. One full-time entry-level research assistant could analyze approximately 2000
samples per year (40/week 3 50 weeks) using current techniques. The salary of an entry-
level researcher at our hospital is $30,000 per year with benefits. We assumed that a
laboratory would purchase a $300,000 GC/MS/MS for analysis that can be used for 10
years. These calculations yield an annual materials and analysis cost of $72,000 for analysis
of 2000 samples, which comes to an estimated $36 per sample. If we double this cost to
account for chemical supplies and equipment, the analysis would be $72 per sample. When
this value is multiplied by the approximate cohort of newborns per year in the United States
(4.09 million), we arrive at a total cost of approximately $300 million for the meconium
screening program nationwide (see Table 2).

Estimate of Number of Women Identified as Drinkers
We estimated the number of women potentially affected by this screen. Final birth data for
2003 show 4.09 million total births to approximately 3,950,000 mothers nationwide
[4,090,000 million (total births) −128,665 (no. of twins) −2 ×7,110 (no. of triplets) −3×468
(no. of quadruplets) −4 × 85 (no. of quintuplets and higher) ≈ 3.95 million total mothers]
(Martin et al., 2005). If 2.0% of these 3950,000 mothers engaged in binge drinking during
pregnancy (Centers for Disease Control and Prevention, 2004), then roughly 79,000 mothers
would be considered true binge drinkers. Assuming the 84.2% sensitivity of the test (Bearer
et al., 2003), approximately 66,500 women would be correctly identified as binge drinkers
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by the meconium screen (Table 2). Assuming a 16.7% false-positive rate (Bearer et al.,
2003), approximately 646,000 women would mistakenly be identified as binge drinkers in
the total maternal population (Table 2).

Costs of All Meconium Test-Positive Mothers
We analyzed three different maternal treatment options intended for different degrees of
alcohol use. These treatment options were chosen because some data about short- and long-
term efficacy are available. Each treatment option was analyzed based on the assumption
that all meconium-positive women would receive the same treatment. This assumption
allows the full range of treatment costs to be calculated, but it is doubtful that these
treatment options would be ethical or appropriate for the many false positives found by this
screen.

Brief interventions are useful for women who drink socially or occasionally during
pregnancy but are not alcohol dependent. These women would benefit by learning about
drinking patterns that could place the fetus at risk (Hankin et al., 2000; Ondersma et al.,
2005). Brief intervention usually consists of one short session or a series of short sessions
that help educate and motivate client change (Fleming and Manwell, 1999). Sessions may
include four main components: assessment of the problem, setting goals, teaching behavioral
modification, and distributing reinforcement materials (Chang, 2004). A brief intervention
consisting of at least two separate visits to a counselor, social worker, or other substance
abuse specialist would probably be more beneficial. Based on current data from our hospital,
the maximum salary cost for a licensed independent social worker with previous hospital
experience is $32 per hour. When the patient cost ($64 total for two sessions) is applied to
the true-positive and false-positive binge drinkers, the cost of intervention is roughly $4
million and $41 million, respectively (see Table 2, column 3). Including the intervention as a
routine part of postpartum care would utilize existing space and appointment time and would
not incur additional costs associated with separate appointments. This calculation assumes
that every newly delivered mother would accept the intervention; we recognize, however,
that many women will refuse intervention or fail to complete it. To our knowledge, no
literature has estimated the proportion of women who might take part voluntarily in a post-
delivery alcohol intervention (Table 1).

Another recently published intervention includes pharmacotherapy, Medical Management
(MM), and Combined Behavioral Intervention (CBI) (Anton et al., 2006). This approach is
intended for patients who are alcohol dependent (Anton et al., 2006). Male and female
patients in the study took 100 mg naltrexone per day for 16 weeks and had nine MM
appointments spaced throughout the year (1 hour initial plus 8 half-hour sessions 5 total
hours) and up to 20 CBI sessions with an alcoholism specialist or social worker (20 1-hour
sessions = 20 total hours). Generic naltrexone costs approximately $3 per 50 mg per dose,
for a total cost for the course of naltrexone treatment of approximately $672. An average
counseling cost of $32/hour is assumed for all 25 hours of the intervention, totaling $800 for
all counseling sessions. When the individual patient cost ($1472 for counseling and
prescription costs) is applied to the true-positive and false-positive binge drinking
populations, the cost of this intervention is approximately $98 million and $951 million,
respectively (see Table 2, column 3). Since naltrexone has not been approved by the FDA
for use in pregnant or breast-feeding women, women utilizing this option would be advised
to find alternatives to breast feeding. Additionally, health care providers would advise
women to stop taking naltrexone if they are planning to or become pregnant while on their
treatment regimen, and an alternative nonpharmacotherapy for the naltrexone would be
recommended.
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Given the potential risks associated with this treatment option (no breast feeding, potential
exposure to future pregnancy), a second-stage screening strategy would be desirable to
eliminate most of the false-positive women. If we hypothesize that an in-depth interview
with the results of the meconium screen is theoretically able to reduce the number of false
positives by 50% (Table 1), we can calculate the cost of this intervention with or without
such a screen. The cost of the in-depth interview assuming 1 hour to conduct the interview
with a licensed independent social worker with previous hospital experience is $32 per hour.
As can be seen in Table 2, a second-stage screen that lowers the false positives by 50%
markedly reduces the cost of the intervention. Although not taken into account here, a
secondary screen might also lower the number of true-positive women detected and reduce
the benefit of screening.

Last, a residential treatment is considered. This treatment type is intended for women with
severe alcohol dependence and would not be suitable for all identified drinkers.
Nevertheless, it is included to estimate the most costly form of intervention. One reviewed
program, the Johns Hopkins Bayview Center for Addiction and Pregnancy, provides
residential (for mothers and their infants) and day services, medical care, and an intensive
substance abuse treatment program at an estimated complete cost of $6639 per person
(Svikis et al., 1997), adjusted to roughly $8365 per person in 2006 dollars. If this value were
applied to the true-positive and false-positive binge drinking populations, the cost of
residential treatment would be approximately $420 million and $4086 million, respectively
(see Table 2, column 3). If one were to add a second-stage screen of an in-depth interview to
reduce the numbers of false positives, the cost would drop to $211 million and $2.053
billion, respectively.

Potential Benefit Gained through Prevention of Future FASD Births
Siblings (any children born after the first child) have a much greater chance of being born
with FAS when an older sibling has already been diagnosed with this syndrome (Abel,
1988). Moreover, alcohol use increases with age during the childbearing years, and
vulnerability to FAS and alcohol-related deficits increases as age of mother and parity
increase (Masis and May, 1991; Jacobson et al., 1998; Jacobson et al., 2004; Jacobson et al.,
2008). According to 2003 census information, women can be expected to give birth to an
average of 2.04 children in their lifetimes (Martin et al., 2005); therefore, it is reasonable to
suggest that women who receive effective interventions will engage in less drinking during
subsequent pregnancies, which may significantly reduce the number of repeat cases of
FASD.

In a large prospective longitudinal study of inner-city, African American women, timeline
follow-back data were obtained regarding alcohol use at conception and across pregnancy
from women at each prenatal visit and at 1 and 7.5 years postpartum (Jacobson et al., 2002).
Alcohol levels reported at time of conception and during pregnancy predicted alcohol use at
1 year postpartum, both r = 0.49, p < 0.001, and at 7.5 years after the pregnancy, r = 0.32
and 0.33, p < 0.001. Among the 42 of 368 (11.4%) women who reported drinking at risk
levels during pregnancy (≥0.5 oz absolute alcohol/day or the equivalent of one standard
drink/day), 31 (73.8%) continued to drink at risk levels at 1 year postpartum, χ21 = 16.74, p
< 0.001. Among the 94 (25.5%) who reported binge drinking during pregnancy (oz absolute
alcohol/ occasion ≥ 2.0 or the equivalent of four or more drinks/ occasion), 60 (63.8%)
continued to binge drink 1 year after the pregnancy, χ21 = 24.41, p < 0.001. These levels of
alcohol use have been found to place the fetus at risk for development of cognitive,
behavioral, and growth deficits in infancy, childhood, and adolescence (Jacobson et al.,
1994; Streissguth et al., 1994; Jacobson et al., 1998; Willford et al., 2006).
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This same pattern of persistent drinking was seen in a cohort of heavy drinking Cape
Colored (mixed ancestry) women in Cape Town, South Africa (Jacobson et al., 2008), where
alcohol use during pregnancy predicted alcohol use at 1 and 5 years postpartum, r = 0.69 and
0.47, p < 0.001, respectively. More than three-fourths of the women who drank at risk
during pregnancy continued to drink at risk levels at 1 year (77.6%), χ21=61.34, and 5 years
postpartum (78.4%), χ1 = 12.97, both p < 0.001. Ethyl oleate meconium levels were
available for 25 of the newborns in this cohort. Using a cut-point of 0.032 µg/gram, 84.6%
of the mothers whose infants had positive ethyl oleate values drank at risk levels at 1 year
postpartum, χ1 = 4.95, p < 0.05. The findings from the U.S. and South African studies
demonstrate that a large proportion of women who drink at levels that place the fetus at risk
and could be identified using the meconium screening procedures would continue to drink at
levels that would put the fetus in a subsequent pregnancy at risk unless they are identified
and undergo an effective intervention.

Table 3 shows the estimates of averted costs potentially attainable by preventing cases of
FASD in the subsequent pregnancies of women identified by meconium screening. Column
1 shows the potential savings in direct costs. These costs include medical, education, social
services, and out-of-pocket costs. A recent Canadian study derived an annual direct cost of
$37,560 CA ($36,000 USD) for each individual with FASD, with a lifetime direct cost of
$1,990,000 USD (Stade et al., 2009). Column 2 shows the potential savings in lifetime
productivity. Patients with FASD are unlikely to achieve a level of productivity comparable
to the general population (Harwood and Napolitano, 1985; Stade et al., 2009). It was
estimated that the lifetime loss in productivity for each case of FASD is $1430.65 CA
($1400 USD) (Stade et al., 2009) annually, resulting in a savings of $74,200 per lifetime
(Table 3). By preventing future FAS births in the binge drinking population, a total of $48
billion in direct costs and lifetime productivity losses may be saved (Table 3, column 4).

Success Rates of Various Maternal Interventions
Table 4 shows the estimates of treatment effectiveness using conservative estimates obtained
from the literature. For brief antenatal interventions, one study found up to 70% abstinence
in follow-up reports that were given approximately 2 months after delivery (Chang et al.,
2000). Unfortunately, the long-term effect of brief interventions is yet unknown, so the 70%
success rate that we assumed is likely an overly optimistic estimate (see Tables 1 and 4).

Patients who received MM, CBI, and naltrexone treatment showed a 59–68% increase in
days abstinent after 1 year of completion of the treatment regimen (Anton et al., 2006). In
the absence of long-term effectiveness data, the lower limit of 59% effectiveness will be
assumed in the calculations (see Table 4).

For residential treatment, 68% of women who completed their treatment reported using no
alcohol or any other drugs in the 6 months following discharge (Clark, 2001). A similar
study reported that 68–71% of postpartum women who completed more than 6 months of
treatment reported using no alcohol or any other drug at follow-up (Greenfield et al., 2004).
The long-term effect of residential treatments is yet unknown, so the lower estimate of 68%
treatment effectiveness is assumed for the residential treatment program (Table 4).

Cost Effectiveness of Screening and Intervention
Table 5 summarizes the total costs and savings potentially attainable through each of the
different treatment types. The greatest potential cost savings could be as high as $97 per
every $1 spent on screening and brief intervention for identified mothers (Table 5). The
pharmacotherapy and medical management treatment and residential treatment options are
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cost-effective in the long run, yielding as much as $20 and $6, respectively, for every $1
spent even in the absence of a second-stage screen (Table 5).

DISCUSSION
A universal meconium analysis of newborns and subsequent intervention for the identified
mothers could be a cost-effective intervention strategy to reduce the incidence of FAS and
FASD. Conservatively estimated, savings could range from $97 to $6 per every dollar spent
depending on the type of intervention strategy.

The estimate of potential benefit presented here does not include several benefits that we
could not estimate financially. It has been suggested that the burden of secondary disabilities
can be lessened by early diagnosis and appropriate interventions (Streissguth et al., 1996;
Streissguth et al., 2004). We expect there to be potential cost savings and increases to
quality of life for these children that would result from early diagnosis and placement into
specialized programs. A recent article by Hopkins et al. (2008) has found a positive cost
benefit of universal meconium screening for this reason alone. However, the costs
associated with these interventions were not included in this model and are unknown (Table
1) (Zelner and Koren, 2009). Because positive results on a universal meconium screen could
potentially be used as evidence to support the separation of a child from the mother,
hospitals and providers would need to implement procedures that ensure the privacy of the
patient and the confidentiality of the test results. Steps would also need to be taken to ensure
that a patient’s insurance status and legal child custody status are not called into question
before any screening program could be implemented. The need for consent for drug testing
is a hospital-by-hospital decision, with some hospitals requiring universal screening.
(Zellman et al., 2002).

The benefit figures presented here may be underestimates because most of the existing
literature uses FAS as an outcome measure without including other forms of FASD; the
recognition of other forms of FASD became commonplace in the field only beginning in the
late 1990s (Stratton et al., 1996). The overall financial impact of FASD is difficult to
estimate because of the range of effects that may be evident in the individual. Thus,
economic values available for FAS cases most likely underestimate the full impact of
FASD. More attention is needed to incorporate individuals with other forms of FASD into
ongoing research.

This report does not take into account the psychosocial trauma and psychological burden of
disease for either FASD or alcoholism or for the labeling of individuals as FASD or alcohol
dependent. Although measures of quality of life are not included, an additional potential
benefit of meconium screening and effective intervention might include improved health and
well-being for identified mothers and children. Alcohol-dependent women may also be
expected to experience an increase in economic productivity following treatment, but these
potential benefits are not estimated in this study. Reduction in the false-positive rate would
be required before a screening program could be implemented. Reduction in false positives
could occur only with refinement of the meconium analysis and the development of a more
specific secondtier screening, such as an in-depth maternal interview by a qualified
interviewer. Identification of women who tested false-positive by an in-depth interview may
provide the opportunity to inform them and thereby alleviate some of the emotional impact
of being falsely identified. The in-depth interview would also potentially provide an
opportunity for true positives to discuss their alcohol use and to be referred for intervention.
Refinement of the meconium test may include defining different cutoff values to indicate
different degrees of drinking and hence direct women to intervention appropriate to the level
of drinking. The in-depth interview could also determine the level and dependency of
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drinking and make appropriate referrals to specific interventions. Meconium results may
also need to be validated with respect to maternal drinking in premature or post-dates infants
(Table 1).

There are several limitations to this study. First, it is not clear how many women who binge
drink during pregnancy meet criteria for alcohol-dependent drinking, making it difficult to
estimate the effect of treatment on these mothers. Moreover, the effectiveness values of
different substance abuse treatments are debated in the literature. Drop-out rates from
treatment and relapse rates for addiction would decrease the estimated benefits. Few studies
follow subjects for a long period, making it difficult to assess the long-term impact of these
programs. Multiple-drug use is common. It is unclear how multiple-drug use affects success
rates of alcohol use intervention. In addition, given that women for whom treatment is not
effective may have multiple children, some women may utilize alcohol intervention more
than once, making the lifetime costs per child and per woman higher than for a one-time
intervention.

Second, the sensitivity and specificity of the meconium test used here were for binge
drinking mothers and raises the questions regarding the ability of the test to identify and
benefit social drinkers. To address this issue, we reran the data from our 2003 study (Bearer
et al., 2003) and found a sensitivity/specificity of 80 and 81% to identify women who
reported drinking one drink per drinking day. More research is necessary to define the utility
of the meconium test to identify social drinkers. Thus it is feasible to use the meconium test
to identify social drinkers, and with both improvement in the assay as well as a second-stage
screen, this test may lead to better sensitivity and specificity to identify such women.

Third, the numerical values used in this analysis are mostly estimates collected from
research over the past 20 years, and as costs have undoubtedly changed with the economic
changes during that period, cost values need to be taken as estimates rather than exact
figures. The cost estimates that are used, therefore, do not necessarily represent true
economic value (Johns et al., 2003). The results are also based on assumptions of incidence,
compliance, and treatment effectiveness, as well as availability and quality of services,
whose accuracy is difficult to determine.

Fourth, false negatives are estimated at roughly 12,000 using a false missed detection of
15.8% (Bearer et al., 2003). There is no proposed follow-up for test negatives, so these cases
may go unnoticed at birth. Additional research is needed to attempt to improve the accuracy
of meconium screening. One way to improve the specificity of the test would be to require
two positive tests. This option should be considered in the future as more knowledge is
gained about the precision and accuracy of meconium analysis. In the future, multiple assays
of the same sample or analyses of separate meconium segments may be useful in reducing
false negatives. Even though this practice may double the cost, the ratio would still remain
favorable.

Fifth, the program is based on U.S. figures. The recent paper by Hopkins et al. (2008) relates
specifically to Canada, and the commentary by Zelner and Koren (2009) emphasizes that
cost-effectiveness analysis of disease is country- and population-specific. The incidence and
economic burden of disease of FASD in the Cape Colored population in South Africa are
described in this report, but any universal screening and treatment program would need to be
designed to take into account the unique sociodemographic, economic, and governmental
context of South Africa, which has other compelling high-priority public health problems.

Sixth, the cost estimate of the meconium analysis is a prediction because the analysis is still
continuing to be developed in its research stages. Implementation of universal screening is
premature at this time, particularly given the number of false positives detected using the
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current test. With time and development, the long-term cost of this kind of analysis will
become clearer. However, when added to the numerous newborn screens already performed,
the costs of materials, training, and reporting are expected to be minimal in relation to the
potential benefits.

This report estimates the benefit of universal intervention; costs and benefits assume 100%
participation in treatment (Table 1). More research is needed to estimate the willingness of
pregnant women and new mothers to participate voluntarily in treatment programs. The
intervention type, in practice, needs to be chosen by the patient, based on the physician’s
recommendation. Our analysis suggests that even the most expensive universal intervention
(residential treatment) would be cost effective, and tailoring treatment type to individual
patient circumstances may further maximize benefit and reduce cost.

There is considerable ethical controversy about whether or not an FAS or FASD diagnosis,
or the identification of an alcohol-using mother, should warrant an automatic intervention by
health care providers or social services. We and others view mandatory intervention as an
infringement of the mother’s right to privacy (Hankin et al., 2000). Moreover, there is good
reason to suspect that many women who would benefit from intervention will hesitate to
seek it if they believe that admitting to drinking will increase the risk of their infant’s being
taken from them. There is also both an emotional and possibly economic cost to identifying
false positives. Women may feel shame or stigma at being falsely identified, and this may
impact their health, mindset, and productivity. Falsely identified mothers may also incur
undeserved critical judgment by their health care providers and family and friends.

In sum, a universal meconium analysis of newborns and subsequent intervention for the
identified mothers may be a cost-effective method for the prevention of FAS and FASD.
However, there are several reasons why we believe that it would be premature to institute
universal screening at this time: (1) the need to conduct more research on analysis of
meconium and refine the measure further and (2) the need to improve the specificity of the
meconium test currently available and the development of a second-tier screening strategy.
The high number of false positives (10 times the number of true positives) is a major
problem, and funding for treatment of such a high number of false positives is unrealistic
and unnecessary. (3) The need to put in place confidential computerized screening/feedback
of women during pregnancy and (4) the need to develop more effective interventions and
treatments for alcohol-using women and affected children. The long-term costs and benefits
of the programs described here have not been demonstrated. The benefits of the current
interventions are likely overstated, and truly effective treatment and prevention are likely to
cost more than the programs described here and need to be further developed. (5) The need
for data from a pilot program or other clinical trial to evaluate the effectiveness of a the type
of screening program described here. Thus, more funding needs to be allocated to further
refine meconium testing and improve the effectiveness of intervention with women at risk
and their affected children.
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Table 1

Critical Data Gaps That Affect Ability to Accurately Estimate Costs and Benefits of Universal Screening

Cost of including meconium screening in the established
  newborn screening system

Number of women who would voluntarily participate in
  interventions

Long-term effectiveness of each intervention

Development of a second-stage screen that substantially reduces
  false positives

Impact of gestational age on the sensitivity/specificity of the
  meconium test

Refinement of the meconium test to indicate level of drinking

Ability of the meconium test to identify social drinkers

Inclusion of FASD children into primary research

Relation between binge drinking during pregnancy and alcohol
  dependence

Strategy to reduce false negatives

Interventions that reduce secondary disabilities in infants
  identified as FASD

Cross-country generalizability

Effect of multiple-drug use on effectiveness of intervention
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Table 2

Direct Cost Estimates for Potential Universal Meconium Screening and Possible Subsequent Interventions for
Test Positives

Maternal
intervention strategy

Column 1: Direct cost
($ spent per individual) Column 2: Population size

Column 3:
Estimated

cost of program
per

population
(million $)

(column 1 ×
column 2)

Column 4:
Estimated total
cost screening plus
intervention per
population (sum
total of
column 3 costs)

Universal meconium analysis $72a/sample 4,090,000b $300 I. $345 million

I. Brief intervention $64/patientc True positives: 3,950,000d ×

0.02e × 0.842f = 66,518

$4

$64/patientc False positives: 3,950,000 ×

0.98e × 0.167i = 646,457

$41

Universal meconium analysis $72a/sample 4,090,000b $300 IIA. $1.4 billion or
IIB.

IIA. Pharmacotherapy, medical
  management, and combined
  behavioral intervention

$1472g/patient True positives: 3,950,000d ×

0.02e × 0.842f = 66,518

$98 $0.9 billion

$1472g/patient False positives: 3,950,000 ×

0.98e × 0.167i = 646,457

$952

IIB. Pharmacotherapy, medical
  management, and combined
  behavioral intervention with
  second-stage screen

$1472g + 32h/patient True positives: 3,950,000d ×

0.02e × 0.842f = 66,518

$100

$1472g + 32h/patient False positives: 3,950,000 ×

0.98e × 0.167i = 646,457

× 0.5i

$486

Universal meconium analysis $72a/sample 4,090,000b $300 IIIA. $4.8 billion or
IIIB.

IIIA. Comprehensive/residential
  treatment

$6321j/patient True positives: 3,950,000d ×

0.02e × 0.842g = 66,518

$420 $2.6 billion

$6321j/ patient False positives: 3,950,000 ×

0.98e × 0.167k = 646,457

$4086

IIIB. Comprehensive/residential
  treatment with second-stage
  screen

$6321j + 32h/patient True positives: 3,950,000d ×

0.02e × 0.842f = 66,518 × 0.5i
$211

$6321j + 32h/patient False positives: 3,950,000 ×

0.98e × 0.167k × 0.5i = 646,457

× 0.5i

$2053

a
see text.

b
Total births screened (Martin et al. 2005).

c
Theoretical salary cost for two 1-hour sessions.

d
Total mothers with screened children (Martin et al. 2005).

e
Maternal binge drinking rate (Centers for Disease Control and Prevention 2004).

f
Sensitivity of meconium analysis (Bearer et al. 2003).

g
Cost of 16 weeks of naltrexone, 9 sessions MM, 20 sessions CBI (Anton et al. 2006).
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h
Cost of 1-hour in-depth interview with licensed social worker.

i
Reduction in false positives by secondary screening (estimate).

j
Average cost of residential alcohol treatment (Svikis et al. 1997; Hankin et al. 2000).

k
False identification rate for meconium analysis (Bearer et al. 2003).
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Table 3

Direct Benefits of Prevention of Future FASD Births as a Result of Meconium Screening, Assuming Perfect
Effectiveness

Factor

Column 1: Lifetime direct
benefit ($ saved per

individual)

Column 2: Lifetime
productivity gains ($

gained per individual) Column 3: Population size

Column 4: Lifetime benefit
(estimated total $ saved per
population assuming 100%

effectiveness treatment
(column 1 + 2) ×column 3

Subsequent
FASD birth
prevention

$1,990,000a $74,200b 1.04c × test positives

[3,950,000d × 0.02e × 0.842f ×
0.40g × 0.846h]

−23410

$48 billion

a
Expected lifetime costs of FASD individual (Stade et al. 2009).

b
Expected lifetime productivity loss in FASD individual (Stade et al. 2009).

c
Average expected future births after first child per mother (Martin et al. 2005).

d
Total mothers of screened children (Martin et al. 2005).

e
Prevalence binge drinking (Centers for Disease Control and Prevention 2004).

f
Sensitivity meconium analysis (Bearer et al. 2003).

g
Estimated percentage of alcohol exposed infants affected by FASD (Streissguth et al. 1996).

h
Refer to text.
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Table 4

Benefits by Treatment Program Factoring Effectiveness

Treatment type

Column 1: Benefit
estimate before

effectiveness: prevention
future FASD (Table 2)

Column 2: Average
effectiveness of

treatment

Benefit estimate
factoring effectiveness:

(column 1 ×
column 2)

Brief intervention $48 billion 70%a $33.6 billion

Pharmacotherapy with medical management $48 billion 59%b $28 billion

Residential facility treatment $48 billion 68%c $32.6 billion

a
Chang (2004).

b
Anton et al. (2006).

c
Clark (2001); Greenfield et al. (2004).
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Table 5

Benefit-to-Cost Ratios for Each Treatment Type

Treatment type

Column 1: Total cost of
screening and treatment
type for all test positives

($) (Table 2)

Column 2: Benefit
estimate for prevention

future FASD births
(Table 4)

Column 3: Total
benefit-to-cost ratio

(column 2: column 1)
($)

I. Brief intervention $.35 billion $34 billion 97:1

IIA. Pharmacotherapy with medical management $1.4 billion $28 billion 20:1

IIB. Pharmacotherapy with medical management $0.9 billion $32.6 billion 37:1

IIIA. Residential facility treatment $4.8 billion $28 billion 6:1

IIIA. Residential facility treatment $2.6 billion $32.6 billion 12:1
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