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Alcohol use in pregnancy is one of the leading pre-
ventable causes of developmental delays and birth
defects in children in North America.1 Fetal alcohol

spectrum disorder (FASD) occurs in about 40% of children
exposed to frequent/intensive gestational alcohol use.2 Fetal
alcohol spectrum disorder is a “spectrum” disorder, and thus
exhibits a wide range of manifestations, extending from
major malformations and severe developmental delays to
more subtle impairments that can severely affect a person’s
ability to function successfully within society.3 The economic
impact of this preventable disorder is large, with the adjusted
annual costs of treatment for a person with FASD estimated
at $21 642.4 The annual cost of treatment for people with
FASD aged 1 to 53 years across Canada is estimated at $5.3
billion.4 Despite the substantial societal burden associated
with FASD, prenatal screening for alcohol use is uncommon
in routine clinical care.5 The established mechanisms of pub-
lic health monitoring tend to be inadequate for reflecting
the population-based risk levels for FASD. Traditional popu-

lation monitoring is primarily dependent on maternal self-
reporting, which — although effective in the detection of
many health-related behaviours — is highly ineffective in
identifying prenatal alcohol consumption because of the
associated stigma.6–8 Identifying children affected by in utero
alcohol exposure is a major public health concern with
regard to FASD. Only 10% of alcohol-affected children
exhibit the pathognomonic craniofacial abnormalities
required for a diagnosis of FASD in the absence of a con-
firmed history of prenatal ethanol exposure.2,9 This results in
a large population of alcohol-affected people who are never
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Background: Fetal alcohol spectrum disorder (FASD) is a leading preventable cause of neurodevelopmental disability in North Amer-
ica. The stigma associated with alcohol use and abuse during pregnancy makes it difficult to obtain information on prenatal alcohol
use through self-reporting. We assessed the incidence of prenatal alcohol exposure in Prince Edward Island to facilitate future public
health initiatives addressing FASD. 

Methods: Prenatal alcohol exposure was examined via population-based collection of meconium and analysis of fatty acid ethyl
esters (FAEEs). Fatty acid ethyl esters are nonoxidative metabolites of ethanol that are produced in the fetus. Meconium FAEE con-
centrations of 2.0 nmol/g or greater are indicative of frequent prenatal alcohol exposure during the last 2 trimesters of pregnancy.
Samples were collected from 1307 neonates between Nov. 8, 2010, and Nov. 8, 2011, in hospitals in PEI, or from those born to moth-
ers who resided in PEI but gave birth in Halifax, Nova Scotia. Samples were frozen and shipped for analysis. Fatty acid ethyl esters
were analyzed by gas chromatography–mass spectrometry and quantified by means of deuterated internal standards. 

Results: Of the 1307 samples collected, 1271 samples were successfully analyzed. Positive results for FAEEs were obtained in 3.1%
(n = 39) of samples collected within the first 24 hours after birth. 

Interpretation: Not all neonates exposed to heavy prenatal alcohol in utero will exhibit FASD; based on current estimates of predictive
value for disease by exposure, our findings suggest that 1.3% of neonates born in PEI during this 1-year period will have FASD. In its
application to an entire provincial birth cohort, this study successfully implemented a public health–centred approach for evaluating
population-based risk of FASD, with implications for practice across Canada.
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identified and managed for this disorder, and who develop
secondary disabilities that can lead to poverty, incarceration
and early death.3

Fatty acid ethyl esters (FAEEs) — metabolites of alcohol
that can be detected in neonatal meconium — have emerged
as biomarkers of prenatal alcohol consumption that are capa-
ble of identifying children at risk for FASD.6,10–13 Meconium
comprises the neonate’s first few bowel movements; its forma-
tion begins at about 12 weeks of gestation, when fetal swal-
lowing of amniotic fluid is started.14,15 Xenobiotics and their
metabolites are deposited into meconium via the biliary route
or through fetal swallowing.14 Although the ontogeny of
meconium suggests that its detection window may encompass
the final 28 weeks of pregnancy; limited, but well-controlled
clinical research suggests that the meconium detection win-
dow for certain compounds may be restricted to the final 4–8
weeks of pregnancy.16 The presence of elevated FAEE levels in
meconium has been correlated with a myriad of adverse alco-
hol-related effects in animal studies.17,18 Human studies have
also shown significant associations between meconium FAEE
levels and adverse neonatal/pediatric outcomes, as well as a
dose–response relation with maternal prenatal alcohol con-
sumption.19–24 Unlike ethanol or other ethanol metabolites
such as ethyl glucuronide (EtG), FAEEs do not cross the pla-
centa, which means that meconium FAEEs represent alcohol
metabolized within the fetus itself.25,26 Cumulative meconium
FAEE concentrations of 2.0 nmol/g or greater are indicative
of frequent prenatal ethanol exposure.6,27

An accurate population-based assessment to determine the
incidence of prenatal alcohol exposure is important. It provides
a sound basis for the allocation of resources to develop pro-
grams targeting the prevention of gestational alcohol use and
early intervention after misuse during pregnancy. This study
presents the use of meconium FAEE analysis as an anonymous
universal screening tool, applied to an entire provincial birth
cohort, to provide a population-based assessment of prenatal
alcohol exposure. 

We aimed to establish the provincial incidence of frequent
prenatal alcohol exposure through the analysis of meconium
samples anonymously collected from the entire population of
live neonates born to women in PEI over a 1-year period.

Methods

Sample collection
The primary sites of sample collection were the maternity
units of 2 general hospitals in PEI: the Queen Elizabeth Hos-
pital and Prince County Hospital, which respectively
reported about 930 births and 445 births during the study
period. A secondary site of sample collection was the IWK
Health Centre in Halifax, Nova Scotia. The IWK Health
Centre is the primary referral hospital for mothers from PEI
and newborns requiring tertiary care. About 25–30 babies are
born to mothers from PEI or transferred to the centre annu-
ally; during the sample collection period, 34 neonates born to
mothers from PEI were reported to be born at, or transferred
to, the IWK Health Centre. Planned home births and births

at the Moncton City Hospital were excluded from sample
collection, because they are both rare. The institutional ethics
review boards at all participating hospitals and the University
of Prince Edward Island Research Ethics Board approved
this study.

Meconium samples were anonymously collected by the
nursing staff at each participating site, as part of the routine
newborn protocol. The nursing staff were educated on sample
collection and were provided with standard operating proce-
dures by the project site coordinators. Each site coordinator
was responsible for overseeing sample collection, freezing and
shipping, and communicating with project leaders. The sam-
ples were collected for a consecutive 12-month period at each
site from babies born from 8 am on Nov. 8, 2010, to 7:59 am
on Nov. 8, 2011.

After they gave birth, the mothers were made aware of
the study via posters on the maternity unit of each partici-
pating hospital. Pamphlets providing information on FASD
and the rationale for the study were made available for
mothers who requested more information. The nursing staff
at each site were instructed to answer questions and reassure
mothers of the universal and anonymous nature of the
meconium collection. Because sample collection was anony-
mous, no consent was required; however, the parents could
opt out of the study. To maintain anonymity, no identifying
information was recorded on the collection containers. The
collection containers contained only a randomly assigned
code number and the time that had elapsed between birth
and sample collection.

A minimum of 10 mL of meconium was collected from
each live neonate. Ideally, the first meconium was collected;
however, this was not always possible. Meconium was scraped
out of soiled diapers and deposited into 15 g ointment jars
(Amerisource Bergen). The specimen container was then
placed into a biohazard bag and frozen at –20°C within 12
hours of collection. Samples were couriered in a frozen con-
dition on dry ice bimonthly to the Motherisk Drug Testing
Laboratory at the Hospital for Sick Children in Toronto for
analysis.

FAEE analysis
Samples received at the laboratory were kept frozen at –80°C
until analysis. Samples were analyzed according to a previously
published method.28 Briefly, meconium was thawed at room
temperature and homogenized, and about 500 mg (minimum
acceptable weight, 100 mg) was transferred to a 15 mL cen-
trifuge tube (Fisher Scientific). Deuterated internal standards of
ethyl palmitate, ethyl oleate, ethyl linoleate and ethyl stearate
were added (Toronto Research Chemicals Inc.). Liquid–liquid
extraction was done by adding a 5:2 heptane:acetone solution
to each tube, which was vortexed for 1 minute. Samples were
then centrifuged at 3500 rpm (~ 2500 g) for 15 minutes at 4°C.
The heptane layer was then transferred to a 10 mL SPME vial
(Supelco) and evaporated under nitrogen at 37°C. Each sample
was reconstituted in 1 mL of 0.1 M phosphate buffer (pH 7.6),
capped and loaded onto the gas chromatography-mass spec-
trometry (GC-MS) for analysis.
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Headspace solid-phase microextraction of samples was
done with the use of an AOC-5000 autosampler (Shimadzu
Scientific Inc.) with a 65 µM polydimethylsiloxane–divinyl-
benzene fibre (Sigma-Aldrich), followed by GC-MS analysis
in the electron-ionization mode with the use of a Shimadzu
QP2010 Plus (Shimadzu Scientific Inc.) with a FactorFour
capillary column (Agilent). Chromatographic and mass spec-
trometry data were analyzed by means of the GCMSolutions
software (Shimadzu Scientific Inc.). Concentrations of FAEE
were determined against a validated 2-point calibration curve
run, with each batch containing calibration standards com-
prising blank meconium spiked with all 4 FAEE species
(Sigma-Aldrich) at a concentration of 400 ng, as well as nega-
tive (blank meconium) and positive controls (2 levels). FAEE
results are reported as the molar sum of all the 4 FAEE species
tested (ethyl palmitate, ethyl oleate, ethyl linoleate and ethyl
stearate) divided by the weight of the specimen. The limit of
detection for this method is 0.4 nmol/g. Samples containing
FAEE concentrations of 2.00 nmol/g or greater are consid-
ered positive for prenatal alcohol exposure.27

Statistical analysis
Descriptive and comparative statistical analyses were con-
ducted with the use of SigmaStat software, version 3.1.1.0
2004 (SysStat Software Inc.) and Microsoft Excel 2007. All
data were non-normally distributed, and significance was
defined as p < 0.05. Mann–Whitney rank sum analysis was
used to compare the unpaired data.

Results

In total, 1307 meconium samples were collected at the 3 hos-
pitals; this constitutes 93% of the estimated 1409 live births
that occurred during the study period. The reasons for missed
specimen collections were human error (e.g., forgotten or
misplaced samples), intrapartum meconium evacuation and
neonatal complications (e.g., imperforate anus and neonatal
death). There were no records of mothers declining to pro-
vide a sample.

Of the 1307 collected samples, 1271 yielded results that
could be used for analysis; the remaining 36 samples (2.8%)

were of insufficient quantity to conduct testing (< 100 mg), were
determined to be stool samples (i.e., product of postnatal diges-
tion) or could not be analyzed after extraction owing to the pres-
ence of constituents that interfered with chromatography.

Of the 1271 successfully analyzed samples, a total of 1091
meconium specimens exhibited negative results for quantifiable
amounts of FAEEs. However, 124 specimens contained
detectable FAEEs at concentrations that were lower than those
associated with prenatal alcohol exposure, with a mean concen-
tration of 0.79 ± 0.04 (standard error of the mean) nmol/g and a
range of 0.40–1.99 nmol/g (95% confidence interval [CI] 0.72–
0.86). A total of 56 samples exhibited positive results for FAEEs,
wherein the concentrations were higher than the clinical cut-off
for prenatal alcohol exposure, with a mean concentration of
18.61 ± 5.47 (standard error of the mean) nmol/g and a range
of 2.06–199.88 nmol/g (95% CI 7.65–29.57). Thirty-nine of
the FAEE-positive samples were collected within 24 hours of
birth. FAEE-positive meconium from samples collected after
24 hours carry a false-positive risk (about 20–30%) due to
endogenous ethanol production in the neonatal gut by postna-
tal bacterial colonization29; therefore the incidence of prenatal
alcohol exposure in this population is presented as a range con-
servatively excluding the samples collected after 24 hours at the
low end and including all analytically positive samples at the
high end (Table 1).

The results of the meconium analysis suggest a minimum
incidence range of 3.1%–4.4% for frequent prenatal alcohol
exposure in this neonatal population.

Interpretation

Prince Edward Island is a province of Canada with a current
population of 146 000 and an estimated neonatal population
of 1409 babies born during the study period.30 The urban/
rural population proportions for PEI are about 47%/53%
compared with 81%/19% for Canada.30,31 Most residents of
PEI are European in origin, with about 3.25% Aboriginal
(First Nations, Inuit and Metis people), compared with the
overall value of 5.59% for Canada.30,31 Reliable data on the
incidence of frequent alcohol use during pregnancy in PEI
have been lacking, and determining this incidence is critical in

Table 1: Results of meconium FAEE analysis (n = 1271 samples analyzed) 

Time of sample collection 

Negative result Positive result 

Undetectable 
FAEE level 

FAEE level  
0.40–2.00 nmol/g 

FAEE level 
> 2.00 nmol/g 

≤ 24 h after birth 962 95 39 

   25–48 h after birth 49 17 12 

> 48 h after birth 14 3 1 

Unknown 66 9 4 

Total 1091 124 56 

Note: FAEEs = fatty acid ethyl esters. 
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assessing the extent and potential impact of this problem. The
PEI Reproductive Care Program Perinatal Database showed a
rate of self-reported alcohol use at any time during pregnancy
of less than 1% in 2011,32 which is 3–4 times lower than the
estimate determined in our study by meconium analysis for
frequent, late gestational drinking. The heavy stigma associ-
ated with alcohol consumption in pregnancy results in both
underreporting by pregnant women and reluctance on the
part of their health care providers to ask about prenatal alco-
hol use.5,7,8 A repeated pattern has been emerging through
published studies that alcohol and uncontrolled substance
abuse in pregnancy is underrecognized by traditional means
of public health monitoring.7,12,13,33,34 This contributes to the
substantial lack of dedicated programs that provide supportive
intervention for women and neonates at risk and perpetuates
the misperception among general practitioners, pediatricians
and obstetricians that prenatal alcohol exposure does not
occur within their clinical population.

Our population-based study was anonymous, and no
attempt was made to identify specific mother–infant pairs.
This design is critical in ensuring that the true incidence of
maternal alcohol consumption is measured. Previous studies
have shown an approximate 20% decrease in overall maternal
participation in nonanonymous neonatal screening programs
and a substantial 90% decrease in the participation of women
frequently consuming alcohol prenatally.12,35 Despite such
challenges, nonanonymous voluntary participation in meco-
nium screening for prenatal alcohol exposure has shown
promising signs as a means to deliver supportive, advocative
maternal intervention (i.e., interventions that provide social as
well as clinical support and focus on maternal well-being) and
early identification and treatment in potentially affected
neonates. A pilot study, using a meconium screening model
based on voluntary participation in a high-risk population,
identified 1 FAEE-positive child in a population of 30
screened infants (3%); both the mother and child benefited
from enhanced follow-up care provided by the local public
health unit, and the neonate showed substantial developmen-
tal delays that received immediate attention by 8 months of
age.10 In comparison, the current group of 28 neonatal disor-
ders that are screened for in Ontario affect only 0.11% of the
neonatal population, with a false-positive result rate of 88%.36

By using the most conservative estimate of our study find-
ings, a minimum of 3.1% of babies born to PEI mothers were
considered to be exposed to frequent prenatal alcohol con-
sumption beyond the first trimester of pregnancy, which
placed these children at risk for FASD. About 40% of these
exposed babies (1.3% of babies born in this population) will
have FASD;2 this translates to an estimated range of at least
16–22 children with FASD in PEI born during the study
period. The incidence of positive results of meconium FAEEs
in PEI is almost identical to that in Grey-Bruce, Ontario,
which — similar to PEI — includes a city of about 30 000
inhabitants surrounded by rural areas.6 The similarity in find-
ings between the study conducted in Grey-Bruce and the cur-
rent PEI study suggests the potential generalizability of these
findings to similar populations in Canada. 

Limitations
As with any laboratory test, there are limitations to the use of
meconium FAEEs to determine prenatal alcohol exposure,
such as the inability to detect alcohol consumption during the
first and possibly the second trimesters of pregnancy and the
inability to detect infrequent, but potentially fetotoxic, pat-
terns of prenatal alcohol consumption. Despite these limita-
tions, meconium FAEE analysis is currently the most vali-
dated neonatal biomarker for the evaluation of chronic
prenatal alcohol exposure. Ethyl glucuronide is another
emerging biomarker in meconium that has shown similar sen-
sitivity and specificity as FAEEs;37,38 however, meconium EtG
has not been shown to out-perform meconium FAEEs in
terms of sensitivity and specificity, and has not yet been shown
to have any predictive value for adverse neonatal/pediatric
outcomes or dose–response correlation against maternal alco-
hol consumption, as has been established for FAEEs.17–24 Other
laboratory methods, such as urine analysis of ethanol, exhibit
very low sensitivity due to the rapid elimination of ethanol,
resulting in a detection window of less than 24 hours.39 Uri-
nary EtG has a longer urinary detection window (~ 90 h) than
ethanol, and its detection window is similar to that of most
drugs that are abused, but is far shorter than the detection
window of meconium.40 Analysis of maternal blood biomark-
ers such as carbohydrate-deficient transferrin, mean corpuscu-
lar volume, aspartate aminotransferase, alanine aminotrans-
ferase and gamma-glutamyl transferase have been shown to be
ineffective in identifying excessive alcohol use in pregnancy
and exhibit a comparatively limited detection window of about
3 weeks.7,41,42 Maternal hair analysis for FAEEs and EtG is a
viable alternative to meconium FAEE analysis in terms of
determining chronic alcohol use;41,43,44 however, the more inva-
sive nature of hair collection makes it a less suitable method
for population-based studies aiming to establish incidence val-
ues and maximize participation.

The accurate threshold dose of maternal alcohol consump-
tion that is required to produce a positive FAEE result in meco-
nium is unknown, as controlled dose–response studies in preg-
nancy are not ethically feasible. However, clinical studies have
shown that incidental/low-level alcohol consumption during the
second and third trimester will not cause positive meconium
FAEE results and that positive FAEE results suggest a level of
alcohol consumption that involves more than 7 drinks per week
and/or 3 standard drinks per drinking day.6,19,27 As these are the
established parameters of the meconium FAEE test, the term
“frequent prenatal alcohol exposure” used when discussing the
findings of the present study refers to the levels of maternal
alcohol use associated with meconium FAEE-positive findings.
Although the meconium FAEE test is highly sensitive, and
shows a fivefold higher probability of detecting frequent prena-
tal alcohol exposure compared with routinely used question-
naire-based methods,6,34 the false-negative rate of the FAEE test
may be up to 20%,19 suggesting that the 3.1% incidence rate
proposed in this study is a decidedly conservative estimate of fre-
quent prenatal alcohol exposure in this population.

Fetal alcohol spectrum disorder in most children remains
undiagnosed because of the stigma associated with prenatal
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alcohol use, the lack of access to diagnostic services and the
lack of targeted programs for clinical identification and inter-
vention. Therefore, it is unlikely that surveys of diagnosed
cases can provide regional or national estimates of this condi-
tion, which is among the most preventable causes of develop-
mental morbidities in Canadian children. Moreover, it is likely
that estimates provided by population-based studies with
meconium FAEEs will remain the closest estimate of popula-
tion morbidity by in-utero exposure to alcohol. 

Conclusion
In its application to an entire provincial birth cohort, this
study successfully implemented a public health–centred
approach for evaluating population-based risk of prenatal
alcohol exposure. Because it would be exceedingly difficult to
replicate the design of this study to evaluate the entire Cana-
dian neonatal population, these findings can serve as a guide-
post to physicians in other Canadian provinces, alerting them
to a likely hidden burden of FASD and maternal mental
health issues in their own clinical population that may have
gone undetected by traditional means of public health evalua-
tion. The 1-year prenatal alcohol exposure incidence of 3.1%–
4.4% established in our study demonstrates that the province
of PEI has a similar public health burden of prenatal alcohol
exposure as has been estimated in other parts of Canada. Our
findings further suggest that 1.3% of neonates born in PEI
during the 1-year period of our study will have FASD.

Although the avoidance of alcohol consumption is the best
option for a woman who is or might become pregnant, there
are many complex factors that may influence why a pregnant
woman may consume alcohol. The results of the present study
provides a basis for a discussion of a multifaceted, integrated
approach to addressing primary prevention, early identifica-
tion and intervention for FASD in PEI and across Canada.
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