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Abstract

Background: Public health efforts to prevent alcohol-exposed pregnancies (AEPs) primarily 

focus on promoting abstinence from alcohol among women if pregnant or seeking pregnancy and 

using effective contraception to prevent unintended pregnancies if consuming alcohol. Little is 

known about how programs to improve adherence to these recommendations would impact the 

prevalence of AEPs.

Methods: We developed an individual-based simulation model of U.S. women of reproductive 

age to project the prevalence of AEPs under different public health strategies. The model varies 

each woman’s risk of an AEP over time depending on fertility, contraceptive use, awareness of 

pregnancy, sexual activity, and drinking patterns. We used the 2013–2015 National Survey on 

Family Growth dataset to parameterize the model.

Results: We estimate that 54% (95% uncertainty interval: 48–59%) of pregnancies that result in 

a live birth in the U.S. are exposed to alcohol, 12% (10–15%) are ever exposed to ≥5 alcoholic 

drinks in a week and 3.0% (1.3–4.2%) to ≥9 drinks. Unintended pregnancies (either due to 

contraceptive failure or sex without contraceptives) account for 80% (75–87%) of pregnancies 

unknowingly exposed to alcohol. We project that public health efforts that focus only on 
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promoting alcohol abstinence among women who are aware of their pregnancy or seeking 

pregnancy could reduce the prevalence of AEPs by at most 42% (36–48%). Augmenting this 

strategy with efforts to avert unintended pregnancies could yield an 80% (73–86%) reduction in 

the prevalence of AEPs.

Conclusions: Promoting alcohol abstinence among women who are aware of their pregnancy 

or seeking pregnancy offer limited potential to reduce the prevalence of AEPs. Programs to avert 

unintended pregnancies are essential to achieve more substantial reductions in AEPs in the U.S.

Introduction

Alcohol consumption during pregnancy may result in harms to the brain and other organs 

of developing embryos and fetuses [1, 2]. Approximately 1–5% of the U.S. population are 

affected by Fetal Alcohol Spectrum Disorders (FASDs) -- a spectrum of physical, mental, 

behavioral, and/or learning disabilities with possible lifelong implications [3–5]. Fetal 

alcohol syndrome represents the most advanced end of this spectrum. FASD is preventable if 

women abstain from alcohol consumption throughout pregnancy. Yet, many women may not 

recognize their pregnancy until well into their first trimester and may unknowingly expose 

their embryo to alcohol [6]. Not every pregnancy that is exposed to alcohol results in a 

child with FASD [7–11], but in the absence of a scientifically-proven safe threshold for fetal 

alcohol exposure [12, 13], preventing alcohol-exposed pregnancies (AEPs) remains the key 

tactic to prevent FASDs.

Public health efforts to avert alcohol-exposed pregnancies (AEPs) usually target women 

who are aware of their pregnancies or women who consume alcohol, are sexually active, 

and do not use contraceptives. Examples of these efforts include the 2005 U.S. Surgeon 

General’s advisory on alcohol use in pregnancy which recommended that women who are 

pregnant or considering becoming pregnant refrain from alcohol use [14], and the 2016 CDC 

recommendation that all sexually active women of reproductive age who are non-sterile and 

not using contraceptives should abstain from alcohol [15].

Little is known about how these recommendations and programs to improve adherence to 

these recommendations impact the prevalence of AEPs, which depends not only on levels of 

sexual activity and alcohol consumption but also on age-specific fertility rates, contraceptive 

failure rates, and the delay between conception and the detection of pregnancy. The latter 

three key factors are not accounted for in prevalence estimates of women who are at risk 

for an AEP [16, 17]. Therefore, public health efforts that aim to avert AEPs through the 

promotion of alcohol abstinence among high-risk women may not have a meaningful impact 

if a substantial portion of AEPs are due to contraceptive failures.

To evaluate the performance of public health efforts to avert AEPs, we developed an 

individual-based model that simulates a cohort of women of reproductive age (15–44 years) 

in the U.S. In our model, the risk of an AEP for each simulated individual varies over 

time based on the woman’s fertility, choice of contraceptives, awareness of pregnancy, level 

of sexual activity, and drinking patterns. We used this model to estimate the prevalence 

of AEPs and the role that contraceptive failure and sex without contraceptives play in the 

proportion of pregnancies that are unknowingly exposed to alcohol. We applied this model 
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to project the impact of several strategies, commonly considered by policymakers, on the 

prevalence of AEPs in the U.S.

Methods

Study Setting and Data Sources

We used data from the 2013–2015 National Survey on Family Growth (NSFG) to estimate 

the key parameters of our simulation model including the frequency of sexual activity 

and alcohol consumption. The NSFG provides a nationally representative sample of the 

population of males and females, ages 15–44 years, living in U.S. households [18]. Data 

collected from 5,671 female respondents were analyzed (see the Supplementary Material for 

details). We divided our simulated cohort into six disjoint groups by type of sexual behavior 

(Fig. 1): (1) “sterile,” which refers to women who are themselves or whose partners are 

surgically or non-surgically sterile (and hence unable to become pregnant); (2) “sexually 

inactive,” nonpregnant women that did not have a single male sexual partner in the last year; 

(3) “protected sex,” nonpregnant women that are sexually active and using contraceptives 

(Table S3); (4) “unprotected sex,” nonpregnant women who are sexually active, not trying to 

get pregnant, and not using contraceptives; (5) “seeking pregnancy” women who are trying 

to get pregnant; and (6) pregnant.

Simulation Model

Each simulated individual is initially assigned to one of the categories of sexual behavior 

described above, based on age-specific probability distributions informed by NSFG data 

(Table S1–Table S2). Simulated women can move between different categories of sexual 

behavior according to an age-dependent Markov process (Fig. 1, left panel) that ensures the 

distribution of women across age and sexual-behavior groups remains consistent with the 

NSFG data throughout the simulation (Fig. S6). For a simulated woman, the choice of the 

contraceptive method is determined at the initialization and according to the contraception 

use data (Table S3) and we assumed that a woman may change their contraceptive method 

only when they change their sexual-behavior group (i.e. switching from “inactive”, “seeking 

pregnancy”, “unprotected sex”, or “pregnant” to “protected sex”).

During each week, women who are sexually active may become pregnant with a probability 

that is determined by the woman’s age, weeks since the last menstrual period, number of 

sexual encounters, and choice of contraception (§S3 in the Supplementary Material). The 

number of sexual encounters during each week is determined randomly and based on the 

woman’s level of sexual activities that varies by age and the sexual-behavior group that the 

woman belongs to (Fig. S1).

When no contraception is used, each sexual encounter may lead to pregnancy with an 

age-specific probability (Table S7). These probabilities are informed by existing estimates 

[19, 20] and are adjusted to match the U.S. age-specific annual birth rates in the U.S. (Fig. 

2A). If a contraceptive method is used, the probability that a sexual encounter results in 

pregnancy is adjusted based on the effectiveness of the selected contraception method (§S3 

in the Supplementary Material).
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Women remain unaware of their pregnancy for a certain period based on probability 

distributions informed by NSFG data (Table S7). Our model allows for early termination 

of pregnancies due to miscarriage or abortion (Fig. 1, right panel). Whether a pregnancy 

ends due to a miscarriage or an abortion is determined based on probabilities estimated from 

NSFG data (Table S6). The model assumes that the decision to abort a pregnancy is made 

upon becoming aware of the pregnancy. The weekly number of consumed alcoholic drinks 

and sexual encounters are modeled by probability distributions informed by NSFG data that 

depends on the age and sexual-behavior group of the simulated individual (Table S7 and §S1 

in the Supplementary Material). While we recognize that correlations might exist between 

sexual activity, alcohol consumption, and contraceptive methods, the analysis presented in 

§S1 of the Supplementary Material suggests that the correlations among these parameters 

are low.

We allow for a 5-year warm-up period before using the model to project desired outcomes 

over a one-year projection period. All estimates from the model are presented as the average 

and 95% uncertainty intervals (the 2.5th and 97.5th percentiles) of 100 simulated cohorts. 

The number of simulated cohorts was chosen such that the resulting uncertainty intervals 

were stable (i.e. the values of the 2.5th and 97.5th percentiles of estimates did not vary 

appreciably when additional simulated cohorts were used). We followed the Consolidated 

Health Economic Evaluation Reporting Standards (CHEERS)[21] to report the results of our 

simulation modeling study.

Model Validation

We used multiple epidemiological and behavioral measures to establish the validity of our 

model, including annual birth rates (Fig. 2A), percentage of women pregnant (Fig. 2B), 

number of women at risk of an AEP per 1,000 non- pregnant, non-sterile women (Fig. 

2C), annual probability of unintended pregnancies by contraception method (Fig. 2D), 

distribution of pregnancy outcomes (Fig. 2E), distribution of women in each sexual behavior 

group (Fig. S7A), drinking and sexual behavior rates (Fig. S7B–D), and the percentage of 

pregnancies that resulted in abortion or miscarriage (Fig. S7E–F). These figures confirm 

that our model can describe the reproductive health, drinking, and sexual behavior of female 

participants in the NSFG survey. Furthermore, 47% (42–51%) unintended pregnancies in 

our model was due to contraception failure which is consistent with the results presented 

by Finer et al. (2006), where it is estimated that 48% of unintended conceptions in 2001 

occurred during a month when contraceptives were used [22].

To estimate the number of women at risk of an AEP (Fig. 2C), we followed the established 

definition of AEP risk and considered a non-sterile, non-pregnant women of reproductive 

age to be at risk of an AEP if she was sexually active, consumed alcohol, and did not use 

contraception with sex during the past month [16, 23, 24].

Simulated Strategies to Avert Alcohol-Exposed Pregnancies

Using our simulation model, we estimated the impact of five strategies that employ different 

mechanisms to prevent alcohol exposure in recognized or unrecognized pregnancies 

(Table 1). Strategy A seeks to reduce unaware AEPs by promoting the use of effective 
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contraceptives (methods with <10% failure probability after one year of use) to avoid 

unintended pregnancies (Table S3). This corresponds to many policies and programs that 

are already in place to prevent unintended pregnancies, including publicly funded family 

planning and reproductive health services [25], and school-based health education programs 

[26].

Strategy B attempts to avert unaware AEPs by increasing the rate at which pregnant women 

detect their pregnancies. We assume that a woman who complies with this strategy uses a 

pregnancy test within a week of a missed period if she has been sexually active in the past 

month.

Strategy C promotes implementation of the 2005 U.S. Surgeon General’s Advisory on 

Alcohol Use in Pregnancy [14] that urged pregnant women or women who are considering 

becoming pregnant to abstain from drinking. Strategy D promotes implementation of the 

CDC’s 2016 recommendation that attempted to augment the 2005 U.S. Surgeon General’s 

Advisory on Alcohol Use in Pregnancy[14] by also urging women who are not using 

contraceptives with sex to abstain from drinking [15].

Strategy E represents integrated efforts to reduce the prevalence of AEPs by both preventing 

unintended pregnancies and promoting alcohol abstinence among women who are pregnant 

or seeking pregnancy. To increase the use of effective contraceptives and to improve 

adherence to universal preventive measures (such as Strategies C and D), this strategy 

may utilize a series of evidence-based and targeted interventions including 1) school-

based education programs aimed at reducing unintended pregnancies and alcohol use 

[27–29], 2) alcohol screening and brief interventions by health care providers or social 

workers which may be combined with assessment of a woman’s contraceptive needs 

[16, 30], and 3) targeted interventions such as BALANCE [29, 31], CHOICES [32, 33], 

CHOICES4HEALTH [29, 31], and EARLY [24, 34] that seeks to modify drinking and 

contraceptive behaviors of women who are at an increased risk of an AEP.

Finally, Strategy F augments Strategy E with efforts to increase the number of women who 

use a pregnancy test within a week of a missed period if have been sexually active in the past 

month.

Since evidence is lacking about how many women would further adhere to the 

recommendations considered here, we project the impact of these strategies on the 

prevalence of AEP and unaware AEP for varying compliance level. This will allow us 

to estimate the maximum reduction in the prevalence of AEP and unaware AEP that could 

be achieved under each strategy and also to estimate how many women should comply with 

each strategy to achieve the same level of reduction in the prevalence of AEP and unaware 

AEP.

Results

Our model suggests that among pregnancies that result in a live birth in the U.S., 54% 

(48–59%) are exposed to alcohol, 12% (10–15%) are ever exposed to ≥5 alcoholic drinks 

in a week during pregnancy and 3.0% (1.3– 4.2%) to ≥9 drinks. Unaware AEP, estimated at 
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28.4 (24.4–31.7) per 1,000 non-sterile U.S. women, comprise the majority of total AEPs at 

43.4 (37.3–48.5) per 1,000 non-sterile U.S. women (Fig. 3A and Table 2). We estimate the 

prevalence of pregnancies that are exposed to ≥5 or ≥9 alcoholic drinks in a week during 

the pregnancy 10.3 (7.5–13.4) and 2.4 (1.2–3.8) per 1,000 non-sterile U.S. women, which 

is substantially lower that the prevalence of pregnancies that are exposed to any level of 

alcohol (i.e., 43.4 (37.3–48.5) per 1,000 non-sterile U.S. women). The prevalence of both 

overall and of unaware AEP differs substantially by age (Fig. 3) and are highest among 

25–29 year-old women (Fig. 3A).

Among the three pathways leading to an unaware AEP, contraception failure is the main 

contributor, accounting for 43% (30–56%) of unaware AEPs (Fig. 3B). Consuming alcohol 

while seeking pregnancy accounts for 20% (13–25%) of unaware AEPs, and consuming 

alcohol while not using contraception and not seeking pregnancy contributes 38% (27–

49%) to the prevalence of unaware AEPs (see also Table 2). Our model suggests that the 

probability of unaware AEPs is the highest among women who rely on withdrawal and 

rhythm method as contraceptives (Fig. 4).

Fig. 5 displays the prevalence of AEPs and unaware AEPs as more women adhere to the 

recommendations of strategies listed in Table 1. Strategy A does not assume any change 

in the drinking behavior of its target population, and yet, it could lead to 51% (42–64%) 

reduction in the prevalence of AEPs if the estimated 17.6 million women of reproductive 

age who do not use effective contraceptives with sex start using effective contraceptives. 

A strategy that ensures all pregnancies are detected within one week after a missed period 

(Strategy B) is expected to reduce the prevalence of AEPs by 4% (0–12%).

Efforts to implement the 2005 U.S. Surgeon General’s Advisory on Alcohol Use in 

Pregnancy (Strategy C) [14], could reduce the prevalence of AEPs by 42% (36–49%) if 

the estimated 5.1 million women who consume alcohol while pregnant or seeking pregnancy 

adhere to this strategy. Implementation of the CDC’s 2016 recommendation (Strategy D) 

[15] could boost Strategy C and result in a 71% (63–78%) decline in the prevalence of 

AEPs if the estimated 13.9 million women of reproductive age who consume alcohol with 

unprotected sex or when pregnant comply with this recommendation. Integrated efforts to 

avert AEPs through prevention of both unintended pregnancies and alcohol consumption 

among women who seek pregnancy or are aware of their pregnancy (Strategy E) could yield 

a maximum reduction in the prevalence of AEPs (80% (73–86%)).

Our model suggests that under the Strategy F where all women (1) use effective 

contraceptives if they do not intend to become pregnant, (2) detect their pregnancies within 

one week of a missed period, and (3) abstain from drinking if aware of their pregnancy 

or seeking pregnancy, 17% (11–23%) of pregnancies are still exposed to alcohol and 

the prevalence of AEPs is expected to be 7.4 (5.0–10.1) per 1,000 non-sterile women of 

reproductive age.
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Discussion

We developed a simulation model of U.S. women of reproductive age (15–44 years) to 

estimate the current prevalence of AEPs and to project the impact of various public health 

strategies to avert AEPs. We estimate that about half of pregnancies that result in a live birth 

in the U.S are exposed to alcohol but only 12% (10–15%) and 3.0% (1.3–4.2%) are ever 

exposed to ≥5 or ≥9 alcoholic drinks in a week during pregnancy.

We estimated the prevalence of unaware AEPs at 28.3 (23.5–32.2) per 1,000 non-sterile 

women of reproductive age. To our knowledge, this is the first study presenting an estimate 

of the prevalence of unaware AEPs. In the absence of this prevalence estimate to date, 

researchers and policymakers seeking to quantify the burden of unaware AEPs have relied 

on prevalence estimates of risk for AEP, which is measured as the number of women who 

are sexually active, consume alcohol, and do not use contraception with sex, per 1,000 non-

sterile, non-pregnant women of reproductive age [16, 23, 24]. Using the same data source 

employed in this study – the NFSG survey, the CDC recently estimated the prevalence 

of risk for AEP at 73 (62–86) per 1,000 non-sterile, non-pregnant U.S. women [16]. This 

measure could lead to a biased estimate for the actual prevalence of unaware AEPs because 

it fails to account for women’s fertility, choice of contraceptives, and the delay between 

conception and the detection of pregnancy.

Efforts to avert AEPs have historically focused on encouraging women who are aware 

of their pregnancy or trying to become pregnant to abstain from drinking. Although this 

group of women are clearly at risk for AEP, we estimate that the prevalence of AEP would 

decrease by no more than 42% (36–49%) if all women in this group refrain from drinking. 

The limited impact of this strategy can be attributed to the observation that drinking while 

unaware of an unintended pregnancy contributes the most to the prevalence of AEPs -- 80% 

(75–87%) of unaware AEPs resulted from exposure to alcohol in unintended pregnancies 

(Fig. 3B and Table 2).

Our analysis suggests that increasing the use of effective contraceptives (with <10% 

probability of unintended pregnancy after 1 year of use) among sexually active women 

could reduce the prevalence of AEPs by 51% (42–64%) without assuming any change in 

women’s drinking behavior. This could be explained by noting that 1) among U.S. women 

of reproductive age who are sexually active and use contraception, a substantial portion 

rely on their partner’s condom use or withdrawal as their primary method (31% according 

to the NSFG data); these methods have high rates of failure (18% and 22% in one year 

of use, Table S3); and 2) women who use contraceptives wait longer to use pregnancy 

tests, compared with those who do not use contraceptives, and may continue to drink at 

pre-pregnancy levels until the pregnancy is confirmed [35].

Concerns about the high likelihood of alcohol-exposure in unintended pregnancies prompted 

the CDC to issue a new recommendation in 2016 to encourage all women of reproductive 

age who do not use contraceptives with sex to refrain from drinking. Although the broad 

implementation of this recommendation could clearly reduce the risk of an AEP in this 

subgroup, its impact on the prevalence of AEP will be bounded while a substantial 
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proportion of women do not use effective contraceptives; our model estimates that the 

prevalence of AEPs would decrease by at most 71% (63–78%) if all women of reproductive 

age who are seeking pregnancy, know that they are pregnant, or not using contraceptives 

with sex abstain from drinking.

Our analysis has certain limitations. First, we used NSFG survey data to parameterize 

and validate our simulation model. NSFG data are based on self-reported responses to 

survey questions and thus may be subject to social desirability bias which might result an 

underestimation of the prevalence of AEP. Pregnant women may be even more likely to 

under-report drinking then the general population [36]. However, highly sensitive questions 

(such as those related to drinking, miscarriage, and abortion) were only asked in the context 

of an audio-computer assisted self-interview to reduce this bias [18]. Second, consistent 

with existing studies [16, 24, 33, 37], we counted a pregnancy as an AEP if the woman 

consumed any level of alcohol during the pregnancy. Not every woman who drinks during 

pregnancy would deliver a child with alcohol-related complications [7–11]. While we also 

report the prevalence of pregnancies that are ever exposed to ≥5 or ≥9 alcoholic drinks in 

a week during pregnancy, we note that in the absence of a safe threshold for fetal alcohol 

exposure [12, 35], our conservative approach to measure the burden of AEPs would be 

justified and is consistent with recent evidence that any level of alcohol consumption could 

impact craniofacial development [13].

Third, while we assumed that women in the “sterile” category of our model are unable to 

get pregnant, those who are surgically sterilized (e.g. through vasectomy or tubal ligation) 

may still become pregnant. Since pregnancy among these individuals is rare, we do not 

expect this assumption to have a meaningful impact on our conclusions. Fourth, while the 

probability of contraceptive failure could change by the duration of use and experience, 

we assumed that this probability only depends on the age and the number of sexual acts 

of a simulated woman (see §S3). Fifth, the public health strategies we considered in our 

analysis seek to reduce the prevalence of AEPs among all women of child-bearing age 

(Table 1). In practice, however, approaches that target populations based on certain risk 

factors such as, age, alcohol consumption patterns, and sexual behavior would be more 

effective and efficient in preventing AEPs. This could be a useful area to investigate as a 

future step. Finally, strategies we considered here may require different levels of financial 

and health-services resources and have consequences beyond impact on the prevalence of 

AEPs (for example, motivating woman to use contraceptive pills may increase their risk of 

sexually transmitted infections). Hence, a formal economic evaluation analysis is needed to 

inform decision about which strategy to invest and promote.

While our model estimates that 54% (48–59%) of pregnancies that result in a live birth in 

the U.S. are exposed to alcohol, only 1–5% of the U.S. population are affected by Fetal 

Alcohol Spectrum Disorders (FASDs) [3–5]. This suggests that only a small proportion of 

AEPs are exposed to high enough levels of alcohol to cause substantial harms to developing 

embryos and fetuses. Therefore, if the goal is to reduce the prevalence of FASDs, focusing 

on reducing the prevalence of AEPs (which is currently defined as a pregnancy with any 

level of exposure to alcohol), may not be the most efficient strategy. Further research is 
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needed to identify the characteristics of AEPs that are at an increased risk of resulting in 

FASD to facilitate targeted interventions.

In conclusion, our study highlights the need for more carefully considered recommendations 

and serves as a call to action to examine strategies to invest in and promote to avert AEPs 

in the U.S in the context of their projected impact. Even if universally adopted, current 

recommendations regarding alcohol abstinence are expected to yield limited reductions in 

AEPs, and exclusively focusing on programs to implement these recommendations would 

not be an optimal approach. Our findings provide evidence to support the prioritization of 

efforts to increase access to contraceptives with high effectiveness as a key tactic to reduce 

AEPs, alongside interventions that seek to prevent AEPs through alcohol abstinence among 

women who are pregnant or trying to become pregnant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
An individual-based state-transition model to simulate changes in a woman’s sexual-

behavior group and pregnancy status over time. The blue dashed arrows represent pregnancy 

events that might be due to contraceptive failure (top arrow), unprotected sex (middle 

arrow), or seeking pregnancy (bottom arrow).
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Figure 2. 
Model validation: demonstrating the model’s ability to describe several key measures 

informed by the 2013–2015 National Survey on Family Growth (NSFG) (panels A-C), 

contraceptive effectiveness statistics [38, 39] (panel D), and the distribution of pregnancy 

outcomes (panel E) [40]. The age-dependent annual birth rates produced by the model are 

cross-validated by estimates from the 2015 and 2018 National Center for Health Statistics 

(NCHS) (panel A) and the distribution of pregnancy outcomes produced by our model 

is cross-validated by estimates from the 2010 National Vital Statistics System (panel E). 

See also Fig. S7 in the Supplementary Material for additional figures to validate the 

proposed model. Bars for survey estimates represent 95% confidence intervals and for model 

projections represent 95% uncertainty intervals.
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Figure 3. 
A) Prevalence of alcohol-exposed pregnancies (AEPs) among the U.S. women of 

reproductive age, stratified by age. B) Percentage of unaware AEPs caused by drinking 

during an undetected pregnancy that resulted from trying to get pregnant (“Seeking 

Pregnancy”), from contraception failure (“Contraception Failure”), and from a sexual 

encounter while not using contraceptives (“No Contraception”). C-D) Prevalence of 

pregnancies among the U.S. women of reproductive age that are ever exposed for ≥5 and ≥9 

alcoholic drinks during a week of pregnancy. The prevalence of unaware AEPs is defined 

as the number of pregnant women who drank while unaware of their pregnancy per 1,000 

non-sterile women of reproductive age. Only pregnancies that result in a live birth are 

included in these estimates. Bars represent 95% uncertainty intervals.
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Figure 4. 
Probability of an unaware AEP during one year of using each contraceptive method. Here 

‘Other Method’ includes contraceptive patch, diaphragm, and spermicide; less than 0.8% of 

women of childbearing age use these contraceptive methods (Table S3).
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Figure 5. 
Change in the prevalence of alcohol-exposed pregnancies (AEPs) and unaware AEPs under 

strategies defined in Table 1. The x-axis represents the number of non-sterile, women of 

reproductive age who: under strategy A, switch to effective contraceptives (with less than 

10% probability of failure in one year of use) from not using contraceptives at all or using 

ineffective methods; under strategy B detect their pregnancies within a week of a missed 

period; under strategy C, abstain from drinking if seeking pregnancy or pregnant; under 

strategy D, abstain from drinking if pregnant, seeking pregnancy or not using contraceptives 

with sex; under strategy E, comply with strategies A and C; and under strategy F comply 

with strategies A-C. Solid lines and dotted lines assume up to 0–50% and >50–100% 

adherence, respectively. Vertical dotted lines represent the maximum number of women that 

could be reached through each strategy in the U.S. The numbers next to each line represent 

the maximum percentage reduction in the prevalence of AEP or unaware AEP under each 

strategy. The slopes of these lines are provided in Table S8. See Fig. S8 for the prevalence 

of pregnancies that are exposed to ≥5 or ≥9 alcoholic drinks in a week during the pregnancy 

under strategies defined in Table 1.
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Table 1:

Strategies to reduce the prevalence of alcohol-exposed pregnancies

Strategy Mechanism to Prevent an Alcohol-Exposed Pregnancy Examples

Urging women of reproductive age to:

Use effective 

contraceptive
#
 if:

Use pregnancy 
test within a 

week of a missed 
period if: Abstain from drinking if:

Not seeking 
pregnancy

Have been 
sexually active in 
the past month Pregnant

Trying to 
become 

pregnant

Not using 
contraceptive 

with sex

A X

Strategies to avert unintended 
pregnancies (e.g., family 
planning services [25], and 
school-based health education 
programs [26].)

B X Strategies to expand access to 
pregnancy tests

C X X
Strategies to implement the 
2005 U.S. Surgeon General’s 
Advisory [14]

D X X X
Strategies to implement the 
2016 CDC’s recommendation 
[15]

E X X X

Integrated efforts to prevent 
unintended pregnancies and 
promote alcohol abstinence 
during pregnancy and while 
seeking pregnancy.

F X X X X Combining Strategies B and 
E.

#
We defined an effective contraceptive method as a method with lower than 10% probability of unintended pregnancy after one year of use (see 

Table S3 in the Supplementary Material).
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Table 2

Alcohol exposure during pregnancy by the pathway to pregnancy and the time of consuming alcohol

Pathway to pregnancy

Time of consuming alcohol Seeking Pregnancy Contraceptive Failure Sex with no contraceptives Sum

Never 7.0% 8.2% 10.0% 25.2%

Only while pregnancy was unrecognized 4.9% 8.9% 8.6% 22.4%

Only while pregnancy was recognized 7.0% 9.9% 9.6% 26.5%

While pregnancy was recognized and unrecognized 8.6% 7.4% 9.8% 25.9%

Sum 27.6% 34.4% 38.0% 100.0%
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