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Fetal Exposure to Alcohol as Evidenced by Fatty Acid Ethyl
Esters in Meconium in the Absence of Maternal Drinking
History in Pregnancy

Daphne Chan, BSc,*7 Julia Klein, MSc,* Tatyana Karaskov, MD,* and Gideon Koren, MD*7

Abstract: The detection of fatty acid ethyl esters (FAEE) in neonatal
meconium has been proposed as a novel screening method for intra-
uterine exposure to alcohol. We investigated the potential use of me-
conium FAEE screening in a high-risk neonatal population in the ab-
sence of maternal drinking history. One hundred forty-two meconium
samples of neonates suspected of intrauterine illicit substance expo-
sure and referred to the Motherisk Laboratory were analyzed for the
existence of drugs by enzyme-linked immunosorbent assay (ELISA)
and FAEE by gas chromatography-flame ionization detection (GC-
FID). A positive FAEE test was previously defined as a cumulative
measurement of 7 individual FAEE = 2 nmol/g. Seventy-one percent
of the samples tested positive for at least 1 illicit drug, with cannabis
being the most prevalent (52.3%). Fourteen percent of all samples
tested positive for prenatal alcohol exposure, as evidenced by cumu-
lative meconium FAEE = 2 nmol/g. Ethyl oleate, linoleate, palmitate,
and arachidonate were detected most often and at the highest levels.
At least 3 individual FAEE were detected in 95% of all positive
samples, and none could be identified by the use of 1 selected FAEE.
Significantly elevated levels of FAEE above the baseline and the
presence of multiple FAEE species in meconium are exclusive to neo-
nates who have likely been exposed to excessive amounts of alcohol
in utero. Babies born to mothers who are suspected to use illicit drugs
in pregnancy are at elevated risk for exposure also to alcohol in utero.
Meconium FAEE are emerging biologic markers that can potentially
facilitate earlier diagnosis and intervention for less apparent forms of
alcohol-related disabilities that cannot be confirmed in the absence of
maternal drinking history.
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Ac:ording to recent North American surveys, approxi-
ately 50% of women of reproductive age admitted to
drinking regularly,? and 12% to 16% of women reported us-
ing any amount of alcohol during pregnancy.>* Although the
rate of any alcohol use during pregnancy has declined since
1995, the rates of binge drinking (ie, more than 5 drinks per
occasion) and frequent drinking (ie, more than 7 drinks per
week or binge drinking) remained unchanged among both
pregnant women and nonpregnant women of reproductive
age.?” Because most pregnancies are unplanned, many fetuses
may be inadvertently exposed to excessive levels of ethanol in
utero.

The adverse fetal effects of ethanol were first docu-
mented by Lemoine and colleagues in 1967.° In 1973, Jones
and Smith coined the term Fetal Alcohol Syndrome (FAS) to
describe the extreme phenotypic expression of heavy prenatal
alcohol exposure.® It is now estimated that between 2 and 9 out
of 1000 live births (~1%) are adversely affected by alcohol
embryopathy, making it the most prevalent human teratogen.’
The estimated rates of FAS in the American population have
been reported by the Centers for Disease Control and Preven-
tion in 5 states (Alaska, Arizona, Colorado, New York, and
Wisconsin) to range between 0.3 and 1.5 per 1000 over the
period 1995 to 1997.% Although the threshold of ethanol tera-
togenesis has not been clearly defined, virtually all cases of
FAS described to date are among offspring of alcohol-
dependent women.” Because of shame, guilt, and fear of losing
custody of the child, alcohol-dependent women often choose
not to disclose the nature of their drinking patterns. This pre-
cludes the diagnosis of Fetal Alcohol Spectrum Disorder
(FASD)'? in many cases, particularly Alcohol-Related Neuro-
developmental Disorder (ARND),” because of the lack of pa-
thognomonic presentation at birth and early infancy. In the ab-
sence of confirmed maternal drinking history, many affected
neonates can not be diagnosed properly and receive appropri-
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ate treatment until later on in childhood, further increasing
their risk for additional secondary disabilities.""

Measurement of ethanol itself does not provide evidence
of long-term fetal exposure because of its rapid elimination in
vivo, and there is currently no other validated biological mark-
er for fetal exposure to alcohol. Fatty acid ethyl esters (FAEE)
are nonoxidative metabolites of ethanol that have been pro-
posed as biological markers of alcohol consumption in adults.'?
Earlier studies on the potential use of meconium FAEE mea-
surements in neonates with intrauterine ethanol exposure'*'>
have been confirmed by recent reports in different study popu-
lations,'®° ranking FAEE among emerging biomarkers of fe-
tal exposure to alcohol.

We have recently established the first population base-
line measurements of meconium FAEE among offspring of
nondrinking women.'? In comparison to neonates born to
mothers who drank heavily during pregnancy (ranged from 2
drinks per day to binge drinking 3 times per week), babies
without prenatal alcohol exposure had significantly lower (at
least 10-fold) cumulative levels of meconium FAEE (ie, the
sum of all FAEE measured). Ethyl laurate (E12) and myristate
(E14) were the predominant FAEE found in baseline meco-
nium of neonates not exposed to alcohol. Neonates born to
mothers who drank socially (ranged from 1 drink on an iso-
lated occasion in the first trimester to 1 drink per month
throughout pregnancy) were indistinguishable from the base-
line cohort on the basis of meconium FAEE measurements. In
contrast, neonates with heavy prenatal alcohol exposure accu-
mulated significantly higher levels of longer-chain FAEE
[ethyl palmitate (E16), stearate (E18), oleate (E18:1), and
linoleate (E18:2)] in addition to those (E12 and E14) that were
found in the baseline cohort. The mechanisms leading to the
accumulation of selected meconium FAEE at low levels in the
absence of gestational alcohol consumption remain to be in-
vestigated; however, it may be the combined result of diet and
other physiological processes. A positive cutoff of cumulative
meconium FAEE at 2 nmol/g (~600 ng/g), excluding E12 and
E14, was established with 100% sensitivity and 98.4% speci-
ficity in this population. Although a sensitivity threshold for
various levels of gestational alcohol consumption has not been
clearly defined, the current positive cutoff accurately distin-
guishes between neonates born to nondrinkers and offspring of
heavy drinkers.

The ultimate goal of an objective meconium FAEE
screening test is to confirm prenatal alcohol exposure in the
absence of maternal drinking history, which would in turn fa-
cilitate earlier diagnosis of FASD and the initiation of appro-
priate treatment and intervention. The potential use of meco-
nium FAEE screening as a tool to identify at risk neonates with
minimal maternal drinking history was investigated in the cur-
rent study. The primary objective of the present study was to
quantify the prevalence of prenatal alcohol exposure, as evi-
denced by positive meconium FAEE screening, among neo-
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nates born to women suspected or proven to use other drugs of
abuse. This population was chosen because of the known as-
sociation between maternal alcohol and illicit substance use.?’
The secondary objective of this study was to characterize the
distribution and cumulative level of meconium FAEE in com-
parison to those reported in the literature.

METHODS

Subjects

The Motherisk Program at the Hospital for Sick Chil-
dren is a counseling service for exposure to drugs, chemicals,
radiation, and infections during pregnancy and lactation. Hun-
dreds of samples are referred to our laboratory each year for
drug testing to rule out or confirm prenatal exposures that are
suspected clinically. The suspicion of maternal use of illicit
substances and clinical histories comes typically from infor-
mation gathered by Children’s Aid Societies, clinicians, or
other health care providers and community services caring for
the mother or baby. The Research Ethics Board at the Hospital
for Sick Children approves alcohol (FAEE) screening in me-
conium samples referred to our laboratory for routine illicit
drug testing as part of a protocol (HSC2000/032) that investi-
gates the potential use of meconium FAEE screening in sus-
pected cases of prenatal alcohol exposure. For the purpose of
the present analysis we quantified FAEE in meconium samples
referred to our laboratory for the determination of prenatal ex-
posure to illicit substances from March 2000 to March 2003. A
total of 385 meconium samples were received for routine drug
screening (ie, cannabis, cocaine, and opiates) during this pe-
riod. Samples that retained a sufficient sample size (ie, at least
0.5 g wet weight) after drug screening were analyzed for FAEE
(n=142).

Analytic Methods

Meconium samples were collected and shipped frozen to
the laboratory and aliquoted for illicit drug and FAEE screen-
ing. Nine individual FAEE (E12,E14,E16,E16:1,E18,E18:1,
E18:2,E18:3, E20:4) were extracted and analyzed by gas chro-
matography with flame ionization detection (GC-FID) using a
previously established method.' A positive test is defined by
a cumulative meconium FAEE measurement (ie, the cumula-
tive sum of 7 individual FAEE) greater than 2 nmol/g (~600
ng/g) excluding E12 and E14. The limit of detection (LOD) of
the validated assay is 0.16 to 0.22 nmol/g (~50 ng/g), and the
limit of quantification (LOQ) is 0.32 to 0.44 nmol/g (~100
ng/g) for the individual FAEE. Illicit drugs of abuse including
cannabis, cocaine and its metabolite benzoylecgonine, and
opiates were quantified by enzyme-linked immunosorbent as-
say (ELISA) using established methods.?* The limit of detec-
tion for each drug is 50 ng/g when 0.2 g of meconium is used
for testing. Samples were confirmed at random by gas chro-
matography-mass spectrometry (GC-MS) for validation pur-
poses.
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Materials

All standards and solvents were obtained from Sigma
(Toronto, ON). Acetone and hexane were HPLC grade or bet-
ter. Nine different FAEE, including ethyl laurate (E12), my-
ristate (E14), palmitate (E16:0), palmitoleate (E16:1), hep-
tadecanoate (E17:0), stearate (E18:0), oleate (E18:1), linoleate
(E18:2), linolenate (E18:3), and arachidonate (E20:4), were
diluted in hexane and stored at —20°C. Ethyl heptadecanoate
(E17:0) in hexane was used as the internal standard. Silica-
aminopropyl solid-phase extraction columns (BondElut®)
were obtained from Varian (Mississauga, ON). Capillary GC
column (ZB-WAX) was obtained from Phenomenex (Tor-
rance, CA). Enzyme-linked immunosorbent assay (ELISA)
kits for the analysis of cannabis, cocaine (benzoylecgonine),
and opiates were obtained from Immunalysis (Pomona, CA).

RESULTS

Prenatal Exposure to lllicit Substances

A total of 142 meconium samples of neonates born to
women suspected of illicit drug abuse were analyzed for can-
nabis (n = 130), cocaine and benzoylecgonine (n = 141), and
opiates (n = 125) (Table 1). Cannabis was the most common
illicit drug detected in this cohort (52.3%, n = 68), followed by
cocaine (27%, n = 38) and opiates (16%, n = 20). Seventy-one
percent of all samples tested (n = 101) were positive for at least
1 illicit substance, whereas 29% (n =41) of suspected samples
tested negative.

Maternal and Neonatal History

Brief maternal and neonatal histories were available for
only a minority of cases (< 40%), and there was very limited
information regarding prenatal exposure to illicit drugs and al-
cohol. Of the 142 meconium samples tested, only 18 had a
history of maternal alcohol use that was indicated on an item-

TABLE 1. The Prevalence of lllicit Drug Use
During Pregnancy

Screening Test % of Samples

(Total Cohort = 142)* Positive Tested
Positive for at least 1 illicit drug 101 71.1
Cannabis (n = 130) 68 523
Cocaine or benzoylecgonine
(n=141) 38 27.0
Opiates (n = 125) 20 16.0
Negative for illicit drug 41 28.9
FAEE 20 14.1
Positive for illicit drug (n = 101) 12 11.9
Negative for illicit drug (n =41) 8 19.5

*Most samples were assayed for multiple drugs of abuse.

TABLE 2. Meconium Samples that Tested Positive for Heavy
Prenatal Alcohol Exposure as Evidenced by FAEE Screening

% of Samples

FAEE Positive Samples (n = 20) Positive Tested
Positive for =1 illicit drugs 12 60.0
Cannabis 7 35.0
Cocaine or benzoylecgonine 4 20.0
Opiates 3 15.0

ized checklist as part of the hospital’s admission record on ar-
rival for delivery. It was not stated whether maternal alcohol
use was present in the current or previous pregnancy, as well as
the duration (eg, trimester of use or throughout pregnancy),
extent (eg, consumption per occasion), and pattern of use (eg,
daily, occasional binges). Gestational alcohol consumption
history was not available for the rest of the samples.

Prenatal Exposure to Alcohol as Evidenced by
Meconium FAEE

Among the 101 cases that tested positive for illicit drugs,
12 (11.9%) tested positive for FAEE, whereas among the 41
samples that tested negative for drugs of abuse, 8 tested posi-
tive for FAEE (19.5%) (Table 1). The most prevalent illicit
substance detected among FAEE-positive samples was canna-
bis (n = 7), followed by cocaine (n = 4) and opiates (n = 3)
(Table 2). There were no significant differences in the distri-
bution of the various illicit drugs between positive and nega-
tive FAEE samples (Table 3). In 17 (12%) of the 142 meco-
nium samples, FAEE were detected, but their cumulative lev-
els (excluding E12 and E14) measured below the positive
cutoff and therefore were referred to as “borderline positive.”
Among the 18 meconium samples accompanied by maternal
history, only 5 (27.8%) tested positive for FAEE, and 4
(22.2%) were borderline positive. Overall, 20 of the 142 me-
conium samples were positive for FAEE (14.1%) (Table 4).

Distribution of Meconium FAEE
The rank order of FAEE detected in positive samples
(from most to least prevalent) was E16 > E18:2 and E20:4 >

TABLE 3. The Prevalence of lllicit Drug Exposure Among
Samples that Tested Positive or Negative for FAEE

FAEE Positive FAEE Negative
(n=20) (n=122)
No. Positive No. Positive
Illicit Drug  Tested (%) Tested (%) P
Cannabis 18 7 (38.9%) 112 61 (54.5%) NS
Cocaine 20 4(20.0%) 121 34 (28.1%) NS
Opiates 16 3 (18.8%) 109 17 (12.9%) NS
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TABLE 4. The Distribution of FAEE Among 20 Positive Meconium Samples (ie, Cumulative Meconium FAEE? Levels (Excluding

E12 & E14) Measured Above the 2 nmol/g Cutoff)

Palmi-  Palmi- Arachi- Total FAEE
Subject Maternal Laurate Myristate tate toleate Stearate Oleate Linoleate Linolenate donate Total (Excluding
No. History (E12) (E14) (E16) (El16:1) (E18) (E18:1) (E18:2) (E18:3) (E20:4) FAEE® E12 and E14)°
20 No 0.00 0.82 2.95 1.02 0.56 16.40 5.66 0.63 242 30.46 29.64
22 No 5.42 2.06 6.74 0.96 0.81 19.61 9.28 0.90 9.31 55.09 47.61
27 No 0.00 0.00 6.46 0.72 1.81 0.87 T 0.00 1.02 10.88 10.88
33 No 0.00 0.00 0.00 0.00 1.44 5.83 6.94 1.25 0.35 15.80 15.80
41 No 0.00 0.00 0.43 0.00 0.00 0.00 1.08 0.00 1.76 3.27 3.27
43 Yes 0.00 0.82 0.85 0.78 0.20 16.31 8.99 1.22 1.46 30.63 29.81
44 No 0.00 0.00 8.23 0.00 0.00 0.00 0.81 0.00 0.00 9.04 9.04
45 No 3.17 1.62 3.02 0.47 1.07 12.60 12.83 T 1.42 36.19 31.40
46 Yes 0.00 0.00 0.70 0.00 0.00 0.83 1.46 0.00 4.06 7.06 7.06
51 Yes 10.52 2.33 2.42 1.30 T 26.33 15.89 2.08 10.55 71.42 58.56
58 No 0.00 0.00 0.54 0.00 0.36 0.00 0.24 0.65 0.43 2.23 2.23
63 No 2.35 1.48 1.76 0.46 0.27 42.23 30.69 3.34 1.34 83.92 80.10
70 Yes 0.00 0.00 1.92 0.00 0.00 0.50 10.96 0.00 26.43 39.81 39.81
71 No 0.00 0.00 0.95 0.43 0.00 2.38 0.98 0.34 0.40 5.48 5.48
73 No 157.40 71.22 98.26 4.02 0.00 0.00 0.00 13.83 18.16 362.89 134.27
74 No 0.00 0.00 0.80 0.00 0.44 0.00 3.90 0.00 13.45 18.60 18.60
75 Yes 0.00 0.00 0.46 0.00 T 0.37 4.26 T 0.68 5.77 5.77
83 No 0.00 0.00 1.78 0.00 0.00 1.51 0.00 0.00 3.82 7.11 7.11
87 No 0.00 0.00 0.43 0.00 0.00 2.09 0.38 0.00 0.32 3.22 322
123 No 0.00 0.00 2.73 1.11 0.00 7.41 3.29 T 0.00 14.54 14.54
Mean 8.94 4.02 7.07 0.56 0.39 7.76 6.19 1.43 4.87 40.67 27.71
SD 35.04 15.84 21.59 0.93 0.55 11.36 7.63 3.33 7.19 79.39 32.70
95% CI (—6.41, (—2.92, (—2.39, (0.16, 0.14, (2.78, (2.85, (=0.03, (1.72, (5.88, (13.38,
24.30) 10.96) 16.53) 0.97) 0.63) 12.74) 9.53) 2.88) 8.02) 75.46) 42.04)
Range 0-157.40 0-71.22 09826 0-4.02 0-1.81 04223 0-30.69 0-13.83 02643 2.23-362.89 2.23-134.30
Below LOD (%) 15(75.0) 13(65.0) 1(5.0) 10(50.0) 9(45.0)0 5(25.00 2(10.0) 8(40.0) 2(10.0) 0(0.0) 0(0.0)
Trace (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2(10.0) 0(0.0) 1(5.0) 3(15.0) 0(0.0) 0(0.0) 0(0.0)
Above LOQ (%) 5(25.0)  7(35.0) 19(95.0) 10(50.0) 9(45.0) 15(75.0)0 17(85.0) 9(60.0) 18(90.0) 20(100.00) 20 (100.00)

“FAEE expressed in nmol/g meconium (wet weight).
"Total FAEE is the cumulative sum of 9 individual FAEE.

“Total FAEE (excluding E12 and E14) is the cumulative sum of the remaining 7 individual FAEE.

E18:1>E18:3>E18>El6:1 (Fig. lA). The majority of posi-
tive meconium samples (95%) contained at least 2 FAEE, and
85% of them tested positive for 4 FAEE or more (Table 5).
None of the positive samples can be identified by the use of a
single FAEE. In contrast, only 6% of borderline-positive
samples and 28% of meconium samples accompanied by ma-
ternal drinking history contained 4 FAEE or more. In positive
samples, cumulative FAEE concentrations (excluding E12 and
El14) ranged from 2.2 nmol/g (685 ng/g) to 134.3 nmol/g
(39,367 ng/g) [mean 27.7 nmol/g (8495 ng/g), 95% confidence
interval (CI) 13.4 to 42.0 nmol/g (4,212 to 12,779 ng/g)]. Ethyl
oleate (E18:1) was detected at the highest concentrations
among positive samples [mean 7.8 nmol/g (2410 ng/g), 95%
CI2.8to 12.7 nmol/g (864 to 3956 ng/g)]. Large interindivid-
ual variability was observed in the mean levels of E16, E18:1,
E18:2, and E20:4 measured among positive samples (Fig. 1B).

© 2004 Lippincott Williams & Wilkins

The mean levels of individual and cumulative FAEE for the
positive samples, borderline positive samples, and meconium
samples that were accompanied by maternal history were sum-
marized in Table 6.

DISCUSSION

The potential use of the meconium FAEE screening test
as an objective tool to identify prenatal alcohol exposure
among high-risk neonates in the absence of maternal drinking
history was investigated in the present study.

Our study population consisted of neonates born to
mothers suspected of illicit drug use during pregnancy, and
meconium samples were referred to our laboratory for routine
drug testing. The meconium test corroborated the clinical sus-
picion of illicit drug exposure in 71% (n = 101) of all cases.
The use of cannabis was most prevalent in this study popula-
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(a) Distribution of FAEE Among Positive Samples (n =20)
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FIGURE 1. A, The distribution of FAEE among positive samples.
B, Levels of individual FAEE [mean =+ standard error of the
mean (SEM)] in positive samples.
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tion (52.3%), followed by cocaine (27%) and opiates (16%).
According to the results collected from Canada’s Alcohol and
Other Drugs Survey (1994), cannabis is the illicit substance
most widely used by Canadians, particularly among those be-
tween 15 to 24 years.”> Although Canadian population-based
data regarding substance use during pregnancy are not avail-

able, 5% of women of childbearing potential (15 years and
older) reported current use (last 12 months) of cannabis.>* A
national study conducted in the United States between 1996
and 1998 documented that 2.8% of pregnant women used il-
licit drugs.®* The use of cannabis was most prevalent (75%),
but cocaine accounted for 10% of all gestational illicit drug
use. Of those pregnant women who used illicit drugs, more
than 50% of them also used cigarettes and alcohol. In sum-
mary, the rates of substance use documented in our study cor-
respond closely to those reported by North American studies.

Using an objective screening method, our study reveals
that neonates born to mothers who are suspected or confirmed
to use illicit drugs are at risk for prenatal alcohol exposure, as
confirmed by positive meconium FAEE screening in 14% of
all neonates tested. The reason for a higher rate of positive
FAEE among drug-negative versus drug-positive meconium
samples (19.5% versus 11.9%) remains to be investigated, but
it may be attributed to the small study population. The pattern
of FAEE distribution in positive samples was similar to those
reported recently in meconium collected from neonates with
prenatal alcohol exposure.'®!'? Ethyl palmitate, oleate, linole-
ate, and arachidonate were the most prevalent FAEE found in
positive meconium samples and were detected at the highest
levels. The use of an expanded FAEE screening profile (ie,
cumulative sum of 7 individual FAEE) in this study is more
efficient in identifying neonates with alcohol exposure in
utero. At least 3 individual FAEE were found in the majority of
positive meconium samples (n = 19, 95%), whereas only 3 or
fewer FAEE were detectable in 95% of the borderline-positive
samples. The smallest number of individual species detected in
a positive meconium sample was 2 FAEE (n =1, 5%). There-
fore, some cases may not be identified if any single FAEE were
selectively measured or chosen as “the preferred biomarker,”
as suggested by previous investigations.'¢2°

TABLE 5. Individual FAEE (E16, E16:1, E18, E18:1, E18:2, E18:3, E20:4) Detected in
Positive Samples (n = 20), Borderline Positive Samples (n = 17), and Meconium Samples

Accompanied by Maternal History (n = 18)

Number of Positive Borderline Positive Samples with
Individual Samples Samples Maternal History
FAEE Detected (n=20) (mn=17) (n=18)
0 0(0.0) 0(0.0) 9 (50.0)
1 0(0.0) 6(35.3) 2 (11.1)
2 1(5.0) 5(29.4) 1(5.6)
3 2(10.0) 5(29.4) 1(5.6)
4 5(25.0) 1(5.9) 2 (11.1)
5 3 (15.0) 0(0.0) 0(0.0)
6 3 (15.0) 0(0.0) 1(5.6)
7 6 (30.0) 0(0.0) 2 (11.1)
=4 individual FAEE 17 (85.0) 1(5.9) 5(27.8)
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TABLE 6. Comparison of Individual and Cumulative FAEE Concentrations Among Positive
Samples, Borderline Positive Samples, and Samples Accompanied by Maternal History

Positive Samples® Borderline Samples” Samples with History*
FAEE (nmol/g) (Mean £ SD) (n=20) (n=17) (n=18)
Laurate (E12) 8.94 +35.04 0.00 £+ 0.00 0.58 £2.48
Myristate (E14) 4.02+15.84 0.37+0.54 0.28 £0.62
Palmitate (E16) 7.07 £21.59 0.55+0.44 0.40+0.73
Palmitoleate (E16:1) 0.56 £0.93 0.02 £0.09 0.12+0.35
Stearate (E18) 0.39 +£0.55 0.17+0.27 0.01 £0.05
Oleate (E18:1) 7.76 £11.36 0.06 £0.16 246 +7.07
Linoleate (E18:2) 6.19 +7.63 0.02+0.10 2.31+4.71
Linolenate (E18:3) 1.43 £3.33 0.13+0.29 0.29 + 0.60
Arachidonate (E20:4) 4.87+7.19 0.16 £0.29 242 +£6.52
Total FAEE? 40.67 +79.39 1.42+£0.76 9.91+20.23
Total FAEE (excl. E12 and E14)° 27.71 +£32.70 1.05+0.45 8.94+17.72

“Positive samples were defined as samples having a total FAEE (excluding E12 and E14) measurement =2 nmol/g.
*Borderline samples were defined as samples having a total FAEE (excluding E12 and E14) measurement below the

positive cutoff.

“Samples with history were defined as samples in which maternal drinking history was indicated (see Maternal and

Neonatal History).

“Total FAEE is the cumulative sum of 9 individual FAEE.

“Total FAEE (excluding E12 and E14) is the cumulative sum of the remaining 7 individual FAEE.

There was significant interindividual variability in the
levels of individual or cumulative FAEE detected among posi-
tive samples. One significant outlier (Subject 73, Table 4) in
the positive group achieved a cumulative level of FAEE (con-
stituted of 6 individual species) that was significantly higher
than all other positive samples. This is concordant with a pre-
vious finding by Moore et al, who identified a distinctive group
of meconium samples in which total FAEE levels detected
were significantly elevated when compared with the entire
group of positive samples.'® Such observed variabilities may
be attributed to different drinking habits (eg, social, heavy, epi-
sodic binge drinkers), duration of exposure (1 trimester, 2 tri-
mesters, or throughout pregnancy), and extent of exposure (eg,
number of standard drinks consumed per drinking occasion).
This may also explain why only 5 of the 18 samples accompa-
nied by limited maternal drinking history tested positive. Ma-
ternal history accompanying these 18 samples only indicated
evidence of drinking without further details. It is highly prob-
able that most women stopped or reduced their drinking sig-
nificantly after the first trimester, when FAEE begins to de-
posit into meconium. The objective of our study was to evalu-
ate the potential of the FAEE screening test in identifying
neonates at risk for prenatal alcohol exposure independent of
maternal drinking history. Neonates tested in the current study
were referred to our laboratory based on clinical suspicion for
prenatal exposure to illicit substances and not prospectively
recruited based on history of maternal alcohol use. Therefore,
it is not possible to associate a quantitative level of drinking
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with a positive FAEE test at this time because there is currently
no established correlation between cumulative meconium
FAEE and maternal alcohol consumption over the course of
pregnancy.

A recent report by Bearer and colleagues provided evi-
dence that 1 particular FAEE in meconium, ethyl oleate
(E18:1), correlated well with maternal self-reported drinking
in a dose-response manner with a threshold of 1.5 oz (ie, 3
standard drinks) average absolute alcohol per drinking day in a
small group of South African pregnant women and their neo-
nates, who were prospectively recruited based on drinking his-
tory.?° A positive cutoff for E18:1 at 32 ng/g meconium (dry
weight) was established with 84.2% sensitivity and 83.3%
specificity. Meconium is approximately 70% + 10% water in
content (mean + SD, unpublished data); therefore, this trans-
lates to approximately 9.6 ng/g (0.03 nmol/g) meconium (wet
weight). In contrast, the cumulative FAEE positive cutoff of 2
nmol/g in our laboratory was validated in a large population of
nondrinking women and their newborns and a small group of
neonates with confirmed heavy prenatal alcohol exposure. To
compare the efficiencies of the 2 positive cutoffs established
by the 2 groups, we reanalyzed our data using both cutoffs and
summarized this comparison in Table 7. A total of 24 meco-
nium samples were considered positive using either cutoff.
Fifteen samples were identified as positive using both cutoffs,
and 9 samples were identified as positive using 1 of the 2 cut-
offs (Chan, n = 5; Bearer, n =4). The 5 samples that were
missed by Bearer’s cutoff all contained at least 3 individual
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TABLE 7. Comparison of 2 Established Positive Cutoffs in Identifying Neonates with Suspected

Prenatal Alcohol Exposure

Positive by Positive by
Sample Bearer’s Cutoff:* Chan’s Cutoff:”
No. [E18:1] > 0.03 nmol/g Total [FAEE] > 2 nmol/g Comment (FAEE Detected)
20 Yes Yes
22 Yes Yes
26 Yes No Trace E18:2
27 Yes Yes
33 Yes Yes
41 No Yes El6, E18:2, E20:4
43 Yes Yes
44 No Yes El16, E18:2, E20:4
45 Yes Yes
46 Yes Yes
51 Yes Yes
58 No Yes El6, E18, E18:2, E18:3, E20:4
63 Yes Yes
70 Yes Yes
71 Yes Yes
73 No Yes E12,E14, El16, E16:1, E18:3, E20:4
74 No Yes El6, E18, E18.2, E20:4
75 Yes Yes
83 Yes Yes
87 Yes Yes
103 Yes No E14,El16,E18, E18:1
114 Yes No El6, El6:1, E18:1, E20:4
123 Yes Yes
136 Yes No E16, Trace E18:1 & 18:3

“Positive cutoff adapted from Bearer et al.?® A cutoff of ethyl oleate (E18:1) greater than 32 ng/g meconium (dry weight)
translates to approximately 9.6 ng/g (0.03 nmol/g) meconium (wet weight), assuming 70% water content.
"Positive cutoff adapted from Chan et al.'® A positive cutoff of total FAEE at 2 nmol/g meconium (wet weight) is the

cumulative sum of 7 individual FAEE, excluding E12 and E14.

FAEE at significantly elevated concentrations, except for the
chosen biomarker, ethyl oleate (E18:1), and therefore could be
identified as positive only using the cumulative positive cutoff.
All four samples that were classified as positive only by Bear-
er’s cutoff contained E18:1 as well as several other FAEE spe-
cies that were detected by our method. However, their cumu-
lative levels were very low and measured below our estab-
lished positive cutoff of 2 nmol/g. The technologies used by
our group and Bearer’s group in the isolation (solid-phase ex-
traction versus silica gel chromatogrphy) and analysis (GC-
FID versus GC-MS-MS) of FAEE may have contributed to the
differences observed. But overall, there is reasonable agree-
ment between positive cutoffs established by 2 laboratories in
different study populations, further validating the meconium
FAEE screening method.

Based on these findings, we conclude that although a
threshold has not been established for the dose—response char-
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acteristics of the cumulative meconium FAEE test (ie, the
number of drinks required to constitute a positive screen), the
positive cutoff of cumulative FAEE at 2 nmol/g established
previously from our population baseline study is efficient in
distinguishing neonates who are not exposed to alcohol during
pregnancy from those who are exposed heavily. Broad-
spectrum FAEE screening has also demonstrated higher effi-
ciency than selective FAEE testing in the identification of neo-
nates with suspected prenatal alcohol exposure. Based on the
evidence that a dose—response relationship may exist for par-
ticular individual FAEE with maternal drinking,?° it is reason-
able to speculate that the cumulative sum of individual FAEE
would also correlate with gestational exposure to alcohol.
Therefore, those neonates identified by positive cumulative
meconium FAEE screening are likely to be more heavily ex-
posed to alcohol in utero. For those samples in which cumula-
tive meconium FAEE was greater than the LOQ but below the
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positive cutoff level (borderline positive, n = 17), gestational
exposure to heavy maternal drinking is unlikely; however, pre-
natal exposure to lower levels of ethanol can neither be abso-
lutely ruled out nor confirmed in the absence of maternal
drinking history at this time. As discussed previously, the cur-
rent cutoff does not distinguish between neonates born to non-
drinkers and those of social drinkers. This is one of the main
limitations of the meconium FAEE test currently, but this can
be resolved in the future by conducting properly designed pro-
spective studies and recruiting pregnant women with a wide
spectrum of drinking histories.

Despite limitations of the present study, we identified
pregnant women with addiction problems to be at risk for
heavy drinking using an objective and noninvasive test in their
neonates. The Centers for Disease Control and Prevention has
recently surveyed alcohol use among women of childbearing
age for the years 1991 to 1999.% The rates of binge drinking
(more than 5 standard drinks per occasion) and frequent drink-
ing (more than 7 drinks per week or binge) remained largely
unchanged at an average of about 3% over this period. Most
relevant for the present study, the prevalence of heavy drinking
during pregnancy (more than 14 drinks per week) was esti-
mated between 0.1% and 0.3%. Our present study found that
14% of women suspected to be illicit drug users in pregnancy
were heavy drinkers, rendering a relative risk of 47 to 140 of
drinking heavily (14% versus 0.1% to 3%) as compared with
the general population of pregnant women.

CONCLUSION AND FUTURE DIRECTIONS

This is the first study that evaluated the potential of me-
conium FAEE screening in identifying high-risk neonates sus-
pected of prenatal alcohol exposure in the absence of maternal
history. Our study confirmed previous findings that signifi-
cantly elevated levels of cumulative FAEE and the presence of
more than 4 individual FAEE species in meconium are exclu-
sive to neonates who have likely been exposed to excessive
amounts of alcohol in utero. Our findings also indicate that
pregnant women suspected of using illicit drugs have an ex-
tremely elevated risk of drinking in pregnancy and may have a
significantly elevated risk of having an offspring affected by
FASD. These results strongly support the potential use of an
objective and noninvasive meconium FAEE screening test
among high-risk neonates. More research is needed to estab-
lish a definitive threshold for the meconium test and to corre-
late distinct drinking behaviors with different test results. Be-
cause confirmed maternal drinking history is usually lacking in
the majority of children affected by less apparent forms of al-
cohol-related disorders, meconium FAEE are emerging bio-
logical markers that can potentially facilitate earlier diagnosis
and interventions in affected children and indirectly lead to
more favorable outcomes.
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