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ABSTRACT

Background and aims Fetal alcohol spectrum disorder (FASD) is a preventable condition that imposes a significant fi-
nancial burden on societies. Funding of FASD prevention is a small portion of the total expenditures associated with FASD.
This paper aimed to review the literature on the costs of and savings from prevention of FASD and present a model for the
United States and Canada of projected savings based on expansion of existing evidence-based prevention models.

Methods A systematic review of published literature on the cost of FASD prevention was conducted and experts in
the field were interviewed. Studies that reported the cost of primary prevention of FASD were eligible for further consider-
ation.Results Applying evidenced-based prevention programs towomen at highest risk to have a future child with FASD
greatly reduces the cost of prevention. In the United States, one case of FASD can be prevented for as little as USD $20 200
– 47 615. Cost of prevention is considerably less expensive than cost of care for a case of FASD. Conclusion Expansion of
risk-based prevention strategies for fetal alcohol spectrum disorder in the United States and Canada would be an econom-
ically efficient and worthwhile investment for society.
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INTRODUCTION

Fetal alcohol spectrum disorder (FASD) is a significant fi-
nancial and emotional burden to society. Economic costs
of FASD—a preventable disease—involve multiple sectors
of society including direct costs (e.g. health care, education,
social services, criminal justice system) and indirect costs
(e.g. productivity losses) [1,2]. Themedical costs associated
with FASD are higher than costs for other conditions, such
as autism spectrum disorder [1,3]. The costs accrued by
FASD are the result of both primary fetal exposure to
alcohol and adverse developmental outcomes. Primary
disabilities in individuals with FASD include congenital
malformations, growth impairments, intellectual disabil-
ities and neurobehavioral disorders [4]. People with FASD
are at increased risk for the development of secondary
disabilities, such as difficulties at school, mental health
disorders and involvement in the criminal justice system

[5–7]. People with FASD typically require life-long
assistance in many dimensions of their lives, which gives
rise to the multi-faceted economic impact of this condition.

Annual estimates of nation-wide costs for all individ-
uals with FASD in the United States have been mainly lim-
ited to people with fetal alcohol syndrome (FAS). For the
remainder of this paper we will refer to the broad category
of FASD, rather than the narrow category of people with
FAS. FASD broadly impacts the economy and leads to in-
creased spending on health care, residential care, special
education and corrections. FASD also impacts the economy
through the indirect cost of productivity loss. Despite the
absence of cost data from multiple important cost catego-
ries, the annual estimates for cost of care for all individuals
with FASD ranges from USD $926 million to $3.2 billion
[8–15]. These dollar figures are reported in the year of
the study and are much higher when inflation adjusted:
USD $1.29 billion to $10.1 billion. Annual estimates for
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nation-wide costs of FASD for Canada do not include
productivity losses from care-givers, but still suggest a mas-
sive burden to society, estimated at CAD $1.8–9.7 billion
[16–19]. These dollar figures are also higher when
inflation-adjusted: CAD $1.9–10.5 billion. Despite the
massive economic burden of this preventable disorder, a
modest amount of money is spent on research and preven-
tion. In the United States, only 0.19% of the total cost of
FASD is used to fund research—a 526-fold difference
[13,14]. Similarly, in Canada 0.4% of the total cost of FASD
was associated with prevention and research from the
largest Canadian agencies—a 250-fold difference [20].

The estimation of life-time costs of FASD is crucial to pri-
oritizing available funding when evaluating prevention
programs and developing public policy [9]. The most useful
value to consider when dealing with public policy is pres-
ent discounted value (PDV) [9,21]. PDV refers to the
money that needs to be deposited today at a given interest
rate so that principal and interest will be dispersed over the
person’s life-time [22]. A PDV calculation is useful from a
public policy perspective, because it converts the estimated
life-time cost of an individual with FASD into a easily com-
parable present dollar amount that would fund life-time
costs of care [9,21,22].

The Parent–Child Assistance Program (P-CAP) is an
evidence-based prevention program for alcohol- and
drug-exposed births that utilizes case management,
home visitation and harm reduction mentorship [23].
This program was launched by the University of
Washington, and has been replicated at 40 sites in
Canada (http://depts.washtingon.edu/pcapuw/). The P-
CAP enrolls substance-using (high-risk) women who
are pregnant or up to 6 months postpartum. FASD pro-
grams have been successful in reducing maternal drink-
ing during pregnancy and the prevalence thereof and
have generated substantial social and economic benefits
for society [24,25].

Calculating the cost of prevention of FASD is also critical
in informing clinical practice and public policy regarding
intervention for mothers at risk for giving birth to an indi-
vidual with FASD. Economic costs of prevention can be
compared with the economic savings of prevention to de-
termine the extent that prevention is justified on economic
grounds alone. However, there have been few attempts to
consider the cost of prevention of FASD alongside the sav-
ings from prevention of FASD. Thus, while FASD is a pre-
ventable condition that imposes a large economic burden
to society, there is a surprising scarcity of literature that an-
alyzes the costs and benefits of prevention efforts for this
disorder. These calculations can inform various stake-
holders, including policymakers, health-care providers
and the public regarding the systemic economic effects of
FASD and the financial efficacy of differing intervention
strategies for at-risk women.

This study sought to understand if funding of existing
interventions in the United States and Canada for primary
prevention among women at high risk of having a child
with FASD could reduce spending when compared to the
cost of care for an individual with FASD. The objectives of
this study were to: (i) review existing data on the economic
cost of prevention of FASD, (ii) compare the economic cost
of prevention with the economic savings of prevention and
(iii) estimate the projected savings of prevention efforts ac-
companied with expansion of existing prevention models.

METHODS

Literature review

Two separate search strategies were utilized in this study:
to review (1) existing studies on costs of primary preven-
tion of FASD in the United States and Canada and (2)
existing studies on national costs of FASD in the United
States and Canada.

The first search strategy for this study, described here,
was used to determine the cost of prevention efforts in
existing programs. An expert reference librarian assisted
in the development of a search strategy. A search of litera-
ture published before June 2017, inclusive to all languages,
was performed to identify studies reporting the cost of pre-
vention for fetal alcohol spectrum disorder. Keywords were
used to search the following electronic bibliographic data-
bases: PubMed, Cochrane Database of Systematic Reviews
and Google Scholar. Literature searches were conducted
using combinations of the following keywords:
1 Disease conditions: ‘fetal alcohol’, FASD, FAS, pFAS, fetal

alcohol effects (FAE), ARND, ARBD, prenatal alcohol ex-
posure; and

2 Cost: prevention: ‘cost of prevention’, cost, economic, so-
cial cost, economic cost.
A manual review of bibliographies in select studies was

performed. Experts in the field were consulted in 2017 to
identify studies and data that were not found by our search
strategy.

The second search strategy for this studywas a recently
published systematic literature search that included the
national costs of FASD in Canada and the United States
[1]. This study was used to determine the country-wide
cost of FASD, the approximate percentage of total cost that
is dedicated to research and prevention, and the present
discounted value in the countries that studied the cost of
prevention of FASD.

Eligibility criteria

Studies were considered if they were published in a peer-
reviewed journal or scholarly report before June 2017.
Studies of all languages were considered. Studies were in-
cluded if they reported costs associated with a specific
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intervention for primary prevention of FASD. Studies were
excluded if they did not estimate costs of one case of FASD
prevention; reported the cost of screening or secondary
prevention but not primary prevention; or contained data
which were repeated from an original study.

Qualitative assessment of studies

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2009 checklist was referenced
to ensure a standardized approach and minimize error
and bias in our literature search and data analysis [26].
Studies that met our inclusion criteria were assessed using
the 24-item Consolidated Health Economic Evaluation
Reporting Standards (CHEERS checklist) for evaluation of
reporting economic evaluations of health interventions
[27] (Table 1). The 19-item Consensus on Health Eco-
nomic Criteria (CHEC) list was then used for the appraisal
of methodological quality of economic evaluations [31]
(Table 2).

Data extraction

A standardized spreadsheet (MS-Excel) was used to code
each study in both of the search strategies. For cost of pre-
vention studies, the following variables were coded: refer-
ence, year(s) of study, year of reported currency value,
country that was studied, patient population that was
studied and cost to prevent one case of FASD. For studies es-
timating of cost of care, the following variables were coded:
reference, year(s) of study and annual cost for all people
with FASD. Data from investigators were confirmed using
published peer-reviewed literature or published depart-
mental documents.

Conversion calculations

Dollar figures were extracted from studies in their original
values in the year of study. To facilitate accurate and cur-
rent calculations, the costs of prevention, total annual
costs of all people with FASD and life-time costs of individ-
uals with FASD were converted to June 2017 values using
inflation calculators. Updated currency values were then
used for calculations to determine the economic benefit of
prevention. United States costs were converted to June
2017 values using the on-line inflation calculator provided
by the US Bureau of Labor Statistics (https://www.bls.gov/
data/inflation_calculator.htm). Canadian costs were

Table 1 The 24-item Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) checklist for evaluation of
reporting in economic studies.

Reporting quality

Astley et al.
2000 [28]

Burd et al.
2003 [29]

Thanh et al.
2015 [30]

CHEERS
checklist
item [27]

1 X
2 X
3 X X X
4 X X X
5 X X X
6 X
7 X X X
8 X X X
9 X
10 X X X
11 X X
12 X X X
13 X X
14 X
15 X X
16 X
17 X
18 X
19 X X X
20 X
21 X X
22 X X X
23 X X X
24 X X X
Score 11 15 24

Table 2 The 19-item Consensus on Health Economic Criteria
(CHEC) list for evaluation of economic study methodology.

Methodological quality

Astley et al.
2000 [28]

Burd et al.
2003 [29]

Thanh et al.
2015 [30]

CHEC-list
item [31]

1 X X X
2 X X X
3 X X X
4 X X
5 X X X
6 X X X
7 X X X
8 X X X
9 X X X
10 X X
11 X X X
12 X X
13 X
14 X
15 X
16 X X X
17 X X
18 X X X
19 X X X
Score 12 16 19
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converted to 2017 values using the on-line inflation calcu-
lator provided by the Bank of Canada (http://www.
bankofcanada.ca/rates/related/inflation-calculator/?page_
moved=1). Both inflation calculators use currency infla-
tion rates from the Consumer Price Index to derive adjusted
values.

Derivation of projected savings

Data were extracted from studies containing information
on: (1) cost of prevention per case for FASD in the United
States and Canada; (2) annual cost for all individuals with
FASD in both United States and Canada; and (3) PDVof life-
time costs for an individual with FASD in the United States
and Canada. These values were updated to 2017 currency
values using conversion calculators. First, a theoretical
funding level of 1% total annual cost of care for all individ-
uals with FASD was determined for both the United States
and Canada. National costs of FASD in Canada were based
on two studies, and in the United States were based on
three studies. These costs were then multiplied by 0.01
[8,9,20,30,32]. These studies provided the high and low
ranges in the estimate of the country-wide cost for FASD.
To determine how many cases of FASD could be prevented
based on 1% funding, 1% of the estimated total annual cost
of care was divided by the cost to prevent one case of FASD
[28–30]. The number of cases prevented in this theoretical
model was then multiplied by the PDVof the cost to society
from one case of FASD. This value was used as the cost sav-
ings during the life-time of a prevented case. Net savings
were then calculated by taking the cost savings during
the life-time of individuals with FASDminus the cost of pre-
vention. Dollar figures in tables represent USD in Tables 4
and 5 and CAD in Table 6. Table 3 contains costs in both
USD and CAD. Meta-analysis was not performed due to dis-
parities in the quality of studies, studies being conducted in

multiple countries with different resource utilization and
the paucity of studies available.

RESULTS

Search results

The literature search, focused on cost of prevention of
FASD, produced 845 abstracts. Due to significant overlap,
there were 522 unique abstracts that were considered fur-
ther. We found that 424 of these studies did not contain
cost information related to FASD. Of the 128 studies that
contained cost information related to FASD, only three
studies reported data on costs associated with interven-
tions for primary prevention of FASD [28–30] (Fig. 1).
While our original literature search was inclusive to all
countries, studies that were identified through our inclu-
sive literature review were limited to the United States
and Canada. Thus, only data from the United States and
Canada were further considered. A recent systematic re-
view provided estimates of national cost of care for individ-
uals with FASD and PDV for the United States and Canada
[1]. The lowest and highest estimates from studies
reviewed in this recent report were used to estimate
projected savings. We identified three studies that esti-
mated national cost of care in the United States that met
inclusion criteria. Two studies that estimated national cost
of care in Canadawere included. Cost of care and PDVesti-
mates from these countries were then used to calculate the
savings from prevention.

Critical appraisal of literature

The qualitative assessment of the included studies found
the optimal study according to the CHEERS checklist and
the CHEC list was by Thanh et al. [30] (Tables 1 and 2).
This was the only study that performed sensitivity analysis,

Table 3 Systematic review results: estimated cost of prevention of one case of FASD in the United States and Canada.

United States (all costs in USD$)

Source Risk factors or patient population
Cost to prevent 1 case
(reported in year of study) 2017 Equivalent

Burd et al. 2003 [29] Weekly alcohol use, no binges $100000 000 $134810000
Frequent drinkers, non-smokers $3450 000 $4651 000
Heavy drinkers, low-income, smokers $235000 $316800
Women who have had a
previous child with FAS

$15 000 $20 200

Astley et al. 2000 [28] Women who have had a previous
child with FAS

$33 000 $47 615

Canada (all costs in CAD$)
Thanh et al. 2015 [30] Heavy alcohol consumers $97 000

(range = $72 000–153000)
$102914
(range = $76 390–162329)

FAS = fetal alcohol syndrome; FASD = fetal alcohol spectrum disorder.
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incremental analysis and reportedmethods for discounting
future costs. Only one study reported cost estimates for dif-
ferent groups of women [29].

Cost of prevention

Table 3 summarizes the results of the literature review and
contains data pertinent to the cost of preventing one case of
FASD. Astley et al. studied the P-CAPmodel in Washington
State [28]. They reported that by treating women who
have had a previous child with FASD (the highest-risk pop-
ulation) the cost to prevent one case of FASD was $47615
(converted to 2017 USD$). Burd et al. conducted a cost
analysis in the United States that estimated the cost to pre-
vent FASD based on maternal risk factors [29]. This cost
analysis used data from previous studies andmodeling data
from North Dakota, United States [34]. The cost estimates
of preventing one case of FASD varied dramatically based
on the risk factors of the woman being treated. The esti-
mated cost per prevented case of FASD was
$134810000 among women who drink compared to
$20200 for the highest-risk population: a 6674-fold cost
reduction. The highest-risk patient populations were
women who were heavy drinkers and smokers with low

income ($316800 in 2017 USD$ to prevent one case)
and women who have had a previous child with FAS
($20200 in 2017 USD$). One study examined costs from
366 women who utilized the P-CAP model in Alberta,
Canada, from 2008 to 2011 [30]. The decision analytical
modeling technique utilized in this study estimated that
the cost of preventing one case of FASD by treating women
with heavy alcohol consumption in the P-CAP program
averaged $99400 (range = $76390–162329) in 2017
CAD$.

Savings from prevention

Annual cost of care estimates for FASD in the United States
range from (2017) USD $1.29–10.1 billion [1,8,9]. A the-
oretical funding for prevention services of 1% the estimated
cost of care in the United States would translate to USD
$12900000–101000000. Astley et al. reported that
the cost to prevent one case of FASD treating the highest-
risk women was the equivalent of 2017 USD $47615
[28]. Thus, using the lowand high estimates of cost of care,
1% funding could prevent between 270 and 2121 cases in
the P-CAP in Washington State (Table 2). The 2017 ad-
justed PDV of one case of FASD in the United States is

Figure 1 Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses
(PRISMA) 2009 flow diagram [Colour figure
can be viewed at wileyonlinelibrary.com]
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$1.24 million which means that, for every case prevented,
stakeholders in society have saved $1.24 million in spend-
ing [22]. Therefore, the net savings of funding a similar
prevention program to the P-CAP in Washington State at
the level of 1% the national cost of care is predicted to be
between $326220000 and $2562976000 (Table 4).
Burd et al. provided a stratified cost analysis that reports es-
timates for groups of women with different risk factors in
North Dakota [29]. It costs approximately $316 800 to
prevent one case of FASD among women with low income
who are simultaneously heavy drinkers and smokers
(2017 USD) [29]. Using the high and low values of a 1%
theoretical funding, this correlates to between 40 and
318 prevented cases (Table 5) and to net savings of
$37340000–298408000. By further stratifying mater-
nal risk factors and focusing on women with a previous
child with FASD, between 638 and 5000 cases would be
prevented (Table 3). This would save the United States be-
tween $788428000 and $6179000000.

Annual costs of care for FASD in Canada range between
$1.9 and 10.5 billion (2017 CAD) [1,20,33]. Funding
equivalent to 1% the annual national cost of care would
be $19000000–105000000. Thanh et al. reported that
the cost to prevent one case of FASD among women with
heavy alcohol consumption in the P-CAP program is
CAD $102914 [30]. Using the high and low estimates
for 1% funding predicts between 184 and 1020 prevented
cases (Table 6). The 2017 adjusted PDVof one case of FASD
in Canada is CAD $849000. Based on the cost of preven-
tion estimates for Alberta, P-CAP funding equivalent to
1% the annual cost of care would provide a net savings of
$137216000–761208679 (Table 4).

Additional savings

Expert consultation highlighted that economic benefits to
the P-CAP model are not limited to prevention of FASD.
Other sources of significant cost savings in this model were

Table 4 Projected savings of Washington State, US P-CAP with funding equivalent to 1% of annual national costs of FASD (derived from
Astley et al. 2000) [28] (all costs in 2017 USD$).

Maternal risk factors

Cases prevented based on funding of prevention
programs at 1% the annual cost of FASD in
the US (1% of funding/cost to prevent 1 case) Range of cost savings over

life-time of individuals (number of
cases prevented × PDV)c

Range of net savings
(cost savings minus
cost of funding)Low estimatea High estimateb

Women who have had a
previous child with FAS

270 2121 $339120 000–2 663 976000 $326 220 000–
2 562 976 000

a$1 240 000 PDV based on Lupton et al. 2004 [22]. b$101 000 000 based on 1%of estimated national cost of care in Harwood et al. 1984 [8] andHarwood &
Napolitano, 1985 [9]. c$12 900 000 based on 1% of estimated national cost of care in Miller, 2006 [32]. FAS = fetal alcohol syndrome; FASD = fetal alcohol
spectrum disorder); P-CAP = Parent–Child Assistance Program; PDV = present discounted value.

Table 5 Projected stratified savings in the United States from a prevention programwith funding equivalent to 1% of annual national cost
of FASD (derived from Burd et al. 2003) [29] (all costs in 2017 USD$).

Maternal risk factors

Cases prevented based on funding of prevention
programs at 1% the annual cost of FASD in the
US (1% of funding/cost to prevent 1 case)

Range of cost savings over
life-time of individuals
(number of cases
prevented × PDV)c

Range of net savings
(cost savings minus
cost of funding)Low estimatea High estimateb

Weekly alcohol use, no binges 0 0 $0 $0
Frequent drinkers, non-smokers 2 12 $2512 000–

26376 000
$0

Heavy drinkers, low-income,
smokers

40 318 $50 240 000–
399 408 000

$37 340 000–
298 408 000

Women who had a previous child
with FAS

638 5000 $801328 000–
6 280 000 000

$788428 000–
6 179 000 000

a$1 240 000 PDV based on Lupton et al. 2004 [22]. b$101 000 000 based on 1%of estimated national cost of care in Harwood et al. 1984 [8] andHarwood &
Napolitano, 1985 [9]. c$12 900 000 based on 1% of estimated national cost of care in Miller, 2006 [32]. FAS = fetal alcohol syndrome; FASD = fetal alcohol
spectrum disorder); PDV = present discounted value.
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decreasing time to re-unification with children; reduced
dependence on public assistance; increased employment;
and increased levels of education [25].

DISCUSSION

Adjusted annual cost estimates for all individuals with
FASD in the United States range from $1.29 billion to
$10.1 billion and in Canada from $1.9 billion to $10.5 bil-
lion [1]. An intervention program in the United States that
focused on women who have previously given birth to a
child with FASD could cost as little as $20200 USD per
case prevented, and would save society USD $1235800
(net) based on the present discounted value of life-time cost
[22]. This is a 62-fold cost reduction for women with a
high recurrence risk. Prevention efforts that treated
women of low socio-economic status who are heavy
drinkers and smokers ($316800/case prevented) would
save society USD $939200 per case prevented. Similar
findings have been reported in separate locations inside
the United States and in Canada in the P-CAPmodel of pre-
vention [28,30]. One study noted that the cost of raising a
child with FASwould be approximately 30 times the cost of
preventing one case of FASD [28]. Another study con-
cluded that funding of cost-effective FASD prevention can
provide greater than 700% returns on the investment
[30]. These authors also noted that these reported savings
estimates are conservative, as they do not include savings
associated with other benefits of P-CAP [25,30]. If 1% of
estimated 2017 costs associated with care of people with
FASD in the United States or Canada was allocated toward
prevention in high risk women, the economic benefit dur-
ing the course of the individuals’ life-times would be ex-
traordinary. These data demonstrate the economic acuity
of utilizing prevention models that utilize maternal risk
stratification.

Future research on cost of prevention would be helpful.
Despite the significant cost of care for FASD, estimates
based on data from both Canada and United States

agencies suggest that prevention and research accounts
for less than 0.5% of total FASD spending [13,14,20].
There have been relatively few attempts to calculate the
cost of prevention for FASD—despite FASD being a prevent-
able disease with a large economic cost to society. More re-
search is needed to investigate the cost of prevention of
FASD. The existing studies that investigate cost of FASD
prevention demonstrate that current prevention models
provide a large return on investment for society. Additional
high-quality studies are needed to validate existing data
and direct public health initiatives.

To establish a cost-effective model of prevention, a strat-
ified approach based on cost of prevention per case would
be optimal. Funding for prevention should focus on women
that present the highest risk of giving birth to a child with
FASD. Cost-effective prevention strategies should utilize
targeted intervention that prioritizes thosewith the highest
risk: (1) women who have had a previous child with FASD;
and (2) women of low socio-economic status who are
heavy drinkers and smokers and have poor diets [29]. In
addition to direct and indirect economic incentives, the in-
tangible costs (suffering) that could be alleviated by
thoughtful and cost-effective intervention should encour-
age policymakers to invest in prevention of FASD based
on risk assessment.

LIMITATIONS

Based on the scarcity of existing literature, there is a risk of
bias in the studies reviewed in this report. Additional limi-
tations to this study include the inability to exactly predict
the cost of care for individuals with FASD and the cost of
prevention for FASD. These limitations can be separated
into those that would increase the savings of FASD preven-
tion and those that would decrease the savings of preven-
tion. First, our estimated savings are probably
underestimated, because most cost studies that examine
the life-time and nation-wide costs of FASD do not include
data from every cost category [1,20]. By contrast, there are

Table 6 Projected savings of Alberta, Canada P-CAPwith funding equivalent to 1% of annual national costs of FASD (derived from Thanh
et al. 2015) [30] (all costs in 2017 CAD$).

Population studied

Cases prevented based on funding of prevention
programs at 1% the annual cost of FASD in the
US (1% of funding/cost to prevent 1 case)

Range of cost savings over
life-time of individuals
(number of cases
prevented × PDV)c

Range of net savings
(cost savings minus
cost of funding)Low estimatea High estimateb

Alcohol users who were served
by the Alberta FASD-Cross
Ministry Committee P-CAP

184 1020 $156 216000–
866 208 679

$137216 000–
761 208 679

a$849 000 PDV based on Thanh et al. 2011 [33], whichmodifiedHarwood &Napolitano, 1985 [9]. b$105 000 000 based on 1%of estimated national cost of
care in Thanh and Jonsson, 2015 [18]. c$19 000 000 based on 1%of estimated national cost of care in Popova et al. 2016 [20]. FASD= fetal alcohol spectrum
disorder); P-CAP = Parent–Child Assistance Program; PDV = present discounted value.
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limitations that may lead to overestimation of savings. The
existing studies that examine the cost of prevention have
studied programs with existing infrastructure, and if
funding were to increase for FASD prevention the cost of
prevention may transiently rise, as there would be an in-
creased cost associated with training health-care profes-
sionals. Next, when our model predicts the cases
prevented based on 1% funding, it assumes that an infinite
number of new FASD cases are born to mothers with cer-
tain identifiable risk factors.
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