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Abstract
Background—Fetal alcohol disorders are preventable, but self-reported alcohol consumption
can be misleading and impede effective treatment. Biomarkers represent an alternative method for
assessing alcohol use, and this study evaluated the relationship between blood phosphatidylethanol
(PEth) and alcohol use in a sample of reproductive age women.

Methods—Alcohol use was estimated by validated self-report methods in 80 non-pregnant
women ages 18 to 35. PEth was measured by a contracted laboratory using a liquid
chromatography-tandem mass spectrometry assay. Regression methods appropriate for the
distribution of PEth were used to define its relationship to alcohol consumption during the prior 2
weeks and explore the effects of drinking patterns on this association. Receiver operating
characteristic analysis was used to estimate the sensitivity of PEth for various drinking levels at
95% specific cutoffs.

Results—PEth had a positive linear association with grams of alcohol consumed (p<0.001), and
was detectable in 93% of subjects consuming an average of 2 or more drinks per day. The
relationship between total alcohol consumption and PEth may be stronger in women with recent
heavy drinking days. The relationship between drinking and PEth varied considerably between
individuals, and sensitivity for a certain amount of drinking was low at a highly specific cutoff
concentration.

Conclusions—PEth is a highly sensitive indicator of moderate and heavy alcohol consumption
in reproductive age women and may complement the use of self-report alcohol screens when
additional objective markers of alcohol use are desirable. However, choosing a highly valid cutoff
concentration for PEth to differentiate various levels of alcohol consumption may not be feasible.
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INTRODUCTION
Fetal alcohol spectrum disorders (FASD) are preventable birth defects that occur in
approximately 1 in 1,000 live births in the US (May and Gossage, 2001). Fetal alcohol
syndrome is a severe form of FASD related to chronic heavy drinking during pregnancy, and
is characterized by facial dysmorphology, diminished growth, and mental retardation. Other
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alcohol-related birth defects can also occur, including heart, kidney, and auditory deficits.
Alcohol-related neurodevelopmental disorder can be a subtler condition that may also be
associated with heavy and perhaps even moderate drinking during pregnancy, and is
expressed as learning deficits and behavioral problems that may only become apparent as
the child matures (Floyd et al., 2005, Bertrand, 2004).

Detection of alcohol use must precede preventive interventions for FASD in women who
drink while trying to conceive or during pregnancy, and several self-report screens have
been validated for detecting potentially harmful alcohol use in pregnant and reproductive-
age women (Bailey and Sokol, 2008). While the use of a validated self-report screen for
drinking is recommended and effective, these can be misleading in some circumstances,
either due to an error in communication or administration, or by intentional under-reporting
of alcohol use (Del Boca and Darkes, 2003). As a result, laboratory measures of alcohol
exposure may be a helpful adjunct to self-report screens (Bearer, 2001), and may help
clarify the controversial role of light to moderate drinking during pregnancy as a cause of
FASD (Henderson et al., 2007), an association that may be partly due to inaccurate alcohol
assessments. Unfortunately, traditional alcohol biomarkers such as GGT, aminotransferases,
and erythrocyte mean corpuscular volume do not have the requisite sensitivity and
specificity for confidently predicting alcohol exposure, and thus have limited utility for
clinical and research applications (Conigrave et al., 2003). This is particularly true in
younger people, in whom the sensitivity of such markers is particularly low. However,
minor, non-oxidative metabolites of ethanol may provide high sensitivity and specificity for
detecting alcohol use (Wurst et al., 2005). For example, urine and hair ethyl glucuronide
have been evaluated as alcohol consumption biomarkers during pregnancy (Wurst et al.,
2008). In urine, this marker has clinical potential, but has a short half-life, with sensitivity
dropping sharply after approximately 24 hours of abstinence (Wojcik and Hawthorne, 2007).
Hair ethyl glucuronide appears to identify cases of otherwise undetected drinking (Wurst et
al, 2008). However, since detectable hair ethyl glucuronide persists for several months,
positive results may not be specific for drinking during pregnancy, and reductions in
concentration may not occur rapidly enough for optimal assessment of drinking reduction
during pregnancy. Blood phosphatidylethanol (PEth) is another product of ethanol
elimination with high potential for clinical utility (Hartmann et al., 2007). PEth is
synthesized from phosphatidylcholine and ethanol via a phospholipase D catalyzed reaction,
and can be measured in red blood cells using one of several analytical techniques
(Gustavsson, 1995, Gunnarsson et al., 1998). Like urinary ethyl glucuronide, PEth has the
advantage of high specificity as a product of ethanol elimination, but has a longer half-life of
approximately 4 days (Varga et al., 2000). In addition, since it does not reflect alcohol
toxicity, only exposure, it may in theory have greater sensitivity in young people relative to
traditional markers. To evaluate the potential clinical and research utility of this biomarker
for drinking detection in young women and ultimately FASD prevention, we undertook this
initial observational study to characterize the relationship of PEth to alcohol consumption in
non-pregnant women of reproductive age.

METHODS

Subjects
Eighty generally healthy women between the ages of 18 and 35 were recruited from a
university-affiliated women's health center and by advertisement. Other than age, the main
inclusion criterion was self-reported consumption of any amount of alcohol on at least 2
days per week. This requirement was used to eliminate an excessive number of negative
PEth assays due to inclusion of alcohol abstainers, since ethanol is a prerequisite for PEth
synthesis. We anticipated that this strategy would provide a number of relatively light
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drinkers with low or undetectable PEth that would serve as a control group in estimating the
utility of PEth for detecting drinking. The main exclusion criterion was current pregnancy,
as it was imperative to minimize the potential for under-reporting consumption in this study,
which utilized self-reported alcohol consumption as the reference standard for measuring
alcohol use. Subjects received $25 to compensate them for their time and effort following
data collection. The protocol was approved by the university Institutional Review Board.

Estimation of alcohol use
A daily drinking estimate for the preceding 30 days was obtained using timeline followback
methodology (Sobell and Sobell, 1992). This validated technique uses a calendar, the
subject's usual drinking patterns, and memory cues such as highlighting important dates or
occasions to elicit estimated daily alcohol consumption. Subjects reported the type of
beverages and amount consumed. These estimates were converted into grams of ethanol
based on the alcohol content of the specific beverages and volume ingested. Given the
estimated half-life of 4 days (Varga et al., 2000), we used the grams of ethanol consumed in
the past-2-weeks as the main predictor of PEth, roughly corresponding to 3 half-lives. Since
the relationship between PEth and total consumption might logically be influenced by the
blood ethanol concentration that is attained, the drinking frequency, and the time elapsed
between drinking and PEth measurement, we also quantified heavy drinking days (defined
as 4 or more drinks in one day), number of drinking days (defined as a day during which any
amount of alcohol was consumed), days since last heavy drinking day, and days since last
drink.

Measurement of PEth
Ten ml of blood was drawn into a tube containing 100 mg sodium fluoride and 20 mg
potassium oxalate. Samples were shipped fresh or following a maximum of 2 weeks storage
at −20° C to a contracted laboratory (US Drug Testing Laboratories, Des Plaines, IL) which
was masked to the status of the study subjects. PEth concentration has been shown to be
stable in blood samples under similar conditions (Aradottir and Olsson, 2005). The assay
employed by the laboratory was an adaptation of previously published methods (Tolonen et
al., 2005, Gunnarsson et al., 1998). Phosphatidylpropanol was added to 1 mL of sample as
an internal standard, and a liquid-liquid extraction for lipids was then completed. The LC-
MS-MS assay (Waters Quattro Ultima coupled to a Waters 2790 Separations Module) in
multiple reaction monitoring mode detected a product ion of the isomers 1-palmitoyl-2-
oleoyl-sn-glycero-3-phosphatidylethanol and 1-oleoyl-2-palmitoyl-sn-glycero-3-
phosphatidylethanol, which include approximately 40% of total PEth (Gunnarsson et al.,
1998). The within-batch coefficient of variation for the assay was 3.1%, the between-batch
coefficient of variation 6.3%, and the statistical limit of quantification 19.8 ng/mL. A test
was considered positive at 20 ng/mL or higher (i.e., above the assay cutoff where PEth can
reliably be detected over background noise).

Statistical methods
Descriptive statistics were calculated for PEth and alcohol consumption. Because PEth
concentration was censored below the limit of quantification (i.e., 20 ng/mL), the linearity of
the relationship between alcohol consumption and PEth was estimated using tobit
regression. This method simultaneously accounts for the probability of dependent variables
being quantifiable, and the relationship between dependent and independent variables in the
quantifiable range of the dependent variable (Austin et al., 2000). For the tobit regression,
PEth concentration served as the dependent variable, and grams of ethanol consumed over
the 2 weeks preceding PEth measurement served as the main independent variable.
Secondarily, we explored for interactions of total alcohol consumption with the number of
heavy drinking days, number of drinking days, number of days since last heavy drinking
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day, and number of days since last drink. Finally, since classification of drinking status is a
potentially important clinical application, a simple logistic regression was employed to
predict each subject's probability of being in a certain drinking category (i.e., averaging
more than 1 drink per day or more than 2 drinks per day in the past 2 weeks) based on their
blood PEth concentration. A receiver operating characteristic curve (ROC) was generated by
plotting sensitivity against 1-specificity for every observed PEth value, and the area under
the curve (AUC) was estimated for each of these drinking categories. The AUC quantifies
the probability that a woman in a higher drinking category would have a higher PEth
concentration relative to a woman in a lower drinking category (e.g., a woman drinking
more than 2 drinks per day compared to a woman drinking less). In addition to the AUC,
because high specificity is paramount in clinical settings, we also report the sensitivity at a
95% specific PEth cutoff concentration for each drinking category.

RESULTS
Eighty subjects were recruited over a 4 month period. The median age was 26 (interquartile
range 23 to 30), 89 % were non-Hispanic white, 7 % were non-Hispanic black, and 4 %
identified themselves with other ethnic groups. The median grams of ethanol in the 14 days
preceding blood sampling was 322 (interquartile range 211 to 534; range 17 to 1,378). This
median translates to 23 standard drinks or an average of 1.6 drinks per day, with a standard
drink roughly equivalent to 12 ounces of beer, 5 ounces of wine, or 1.5 ounces of an 80-
proof beverage. The median PEth concentration was 45 ng/mL (interquartile range 0 to 84,
range 0 to 565). Twenty-nine percent (n=23) of the subjects did not have quantifiable PEth,
and this was related to the amount of alcohol consumed. For example, PEth was quantified
in 8 of 15 (53%) subjects drinking up to one drink per day, in 23 of 37 (62%) drinking >1 to
2 drinks per day, and 26 of 28 (93%) averaging more than 2 drinks per day.

A scatter plot of the results is shown in the figure. The tobit regression demonstrated a
significant linear relationship between PEth and total consumption in the past 2 weeks
(regression coefficient = 0.26, p<0.001). In clinically relevant terms, this would roughly
translate into an average elevation in PEth concentration of 50 ng/mL for an increase of one
drink per day during the 2 weeks preceding PEth measurement. The relationship of total
consumption to PEth concentration in our subjects did not depend on the number of heavy
drinking days (p-value for interaction=0.467), number of days during which any alcohol was
consumed (p>0.500), or days since last drink (p=0.255). However, the p-value for
interaction with days since last heavy drinking day was 0.190, which we considered
marginal given the sample size of 80. As a result we dichotomized at the median of 5 days
and ran the analyses in each of the two resulting groups. In the 41 subjects in whom the last
heavy drinking day was greater than or equal to 5 days, the regression coefficient for past 2
week total consumption was 0.11 (p=0.227), and 19 subjects (46%) did not have
quantifiable PEth concentrations. In the 39 subjects reporting a heavy drinking day in the
prior 1 to 4 days, the regression coefficient was 0.24 (p<0.001), and 4 subjects (10%) did not
have quantifiable PEth concentrations.

The results from the ROC analyses are included in the table. The areas under the curves
indicate that a woman within a particular drinking category would usually have a higher
PEth value compared to a woman drinking less alcohol (e.g., women consuming greater than
1 drink per day would have higher PEth 77% of the time relative to women drinking less
than 1 drink per day). Overall, due to between-subject variability in the relationship of PEth
concentration to the grams of alcohol ingested, it was not possible to define a highly
sensitive cutoff for differentiating various drinking categories while maintaining very high
specificity (e.g., 95% of women drinking less than 1 drink per day would have PEth < 45 ng/
mL, but only 61% of women drinking more than 1 drink per day would have PEth ≥ 45 ng/
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mL). However, it should be noted that in many cases there were small differences in alcohol
consumption between groups (e.g., a person consuming less than one drink daily may have
consumed approximately 190 grams of ethanol, whereas a person consuming more than one
drink daily may have consumed only slightly more than that).

DISCUSSION
This study evaluated the relationship of alcohol drinking to PEth in women of reproductive
age. Results demonstrated that PEth above the limit of quantification was highly sensitive
for drinking averaging at least 2 drinks per day during the weeks preceding measurement,
and concentrations above 127 ng/mL were highly specific for drinking in excess of 2 drinks
per day. In general however, there was substantial variation observed between individuals in
PEth concentration given similar self-report of recent drinking. This demonstrates that
highly specific cutoff concentrations for heavy drinking are likely to have low sensitivity.
Conversely, highly sensitive cutoff concentrations for screening would result in substantial
misclassification of moderate drinkers as heavier drinkers. Such misclassification may be
less of an issue in obstetrical applications as ideally no patients would have detectable PEth
during pregnancy or while trying to conceive.

Prior PEth validation studies in clinical populations have used an alternative and less
sensitive PEth assay (Hansson et al., 1997, Hartmann et al., 2007). Such studies
demonstrated nearly perfect specificity and very high sensitivity in differentiating known
heavy drinkers (e.g., entering alcohol detoxification programs) from known abstainers and
social drinkers. High sensitivity for heavy drinking has also been demonstrated in
uncontrolled studies (Aradottir et al., 2006, Wurst et al., 2004). Our results with the MS
assay reported here demonstrate quantifiable PEth in many social drinkers and in most
women who exceed an average of 2 drinks per day. This is consistent with a prior study in
patients with liver disease and hypertension, demonstrating quantifiable PEth in some light
to moderate drinkers, even down to an average of less than one drink per day in some cases
(Stewart, in press). While there is some variability in the extraction of lipids from the blood
samples (Hansson et al., 1997), reasons for the individual variability in the relationship
between PEth concentration and the amount of alcohol consumed have not been well-
characterized, but our results suggested that some of the variability may be related to the
recency of relatively heavy drinking. This seems logical as higher blood alcohol
concentrations might in theory result in enhanced synthesis of PEth in red blood cells. For
clinical application, any quantifiable PEth concentration by mass spectrometry indicates
some amount of drinking during the prior days to weeks, and concentrations greater than
127 ng/mL appear highly specific for averaging greater than 2 drinks daily. However, lower
levels do not rule out heavier drinking, due to the observed variability between subjects in
the relationship between alcohol consumption and PEth concentration, and because PEth
may be decreasing due to recent drinking reduction or abstinence. These estimates should be
considered preliminary, since they are based on a study sample of 80 women in whom we
can not definitively exclude erroneous self-report.

Strengths of this study included the detailed assessment of alcohol use and its association
with a novel alcohol biomarker in a population of particular importance, and inclusion of a
full range of recent alcohol exposures. This inclusion of a broad range of recent drinking
activity explains why there was no cutoff concentration for PEth that was both highly
sensitive and highly specific for a certain level of consumption. The main limitation was
reliance on self-reported drinking as a reference standard, which provides a reasonable
estimate but is certainly not error free. Any non-random misclassification based on this
standard would bias the estimated sensitivity and specificity of PEth for specific drinking
categories. The study also evaluated non-pregnant women, and it is the prospect of
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pregnancy that makes reproductive age women of particular relevance for validating alcohol
consumption biomarkers. A similar study during pregnancy would be ideal, but ensuring
accurate self-report and recruitment of women with a range of alcohol involvement during
pregnancy would be difficult. An additional limitation was the sample size, which was not
large enough for reliably estimating the effects of drinking patterns (e.g., binging vs. regular
moderate drinking) on the relationship between PEth and total consumption. Controlled
drinking experiments over a period of several weeks could address these issues but would be
expensive to conduct. Alternatively, additional epidemiologic studies such as this one may
provide additional confidence if results were similar. Finally, the PEth assay evaluated in
this study is not routine, is currently only available in specialized laboratories, and would be
expensive for clinical use. However, a monoclonal antibody to PEth has been developed,
and less expensive immunoassays that can be utilized in most clinical laboratories may be
on the horizon (Nissinen et al., 2008).

Identification of alcohol use in pregnant women and women who are trying to conceive is an
important goal in the prevention of FASD, and validated self-report instruments are
available for this purpose. This study suggests that PEth measured by mass spectrometry can
be used as a very sensitive indicator of drinking in excess of approximately 2 drinks per day
in circumstances where there is a desire to obtain additional objective indicators of alcohol
use, with diminished sensitivity for lower levels of drinking. PEth may also be useful in
clinical research protocols for this same purpose. Future studies would be useful for
identifying sources of variability in PEth concentration among women drinking at similar
levels, verify a similar relationship between PEth and drinking during pregnancy, and to
confirm the relationship between the amount of alcohol consumed and PEth concentration.
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1. .
Plot of blood phosphatidylethanol (PEth) vs. total reported alcohol consumption in the prior
2 weeks. The PEth axis is interrupted at the limit of quantification (i.e., 20 ng/mL).
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