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Phosphatidylethanol in blood (B-PEth):
A marker for alcohol use and abuse
Anders Isaksson,∗ Lisa Walther, Therese Hansson, Anders Andersson
and Christer Alling

Phosphatidylethanol (PEth) represents a group of glycerophospholipid homologues where ethanol by phospholipase D has
been bound at the position that normally contains an amino-alcohol. Since the formation of PEth is specifically dependent
on ethanol, the diagnostic specificity of PEth as an alcohol biomarker is theoretically 100%. The half-life of PEth in blood is
approximately 4 days. The amount of alcohol consumed correlates to blood concentration of PEth and PEth has been shown
to be a more sensitive indicator of alcohol consumption than traditional alcohol markers, such as CDT (carbohydrate-deficient
transferrin), GGT (γ -glutamyl transferase), and MCV (mean corpuscular volume) or a combination of these. Almost all clinical data
so far available are based on a high performance liquid chromatography (HPLC) method with limited analytical sensitivity. With
the advent of methods with considerably higher analytical sensitivity (e.g. mass spectrometric methods), clinical sensitivity will
increase correspondingly. The possibility of determining very low concentrations of PEth by new sensitive analytical techniques
may, however, have both ethical and legal consequences that have to be considered. Copyright c© 2011 John Wiley & Sons, Ltd.
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Introduction

Alcohol is a common cause of disability, disease, and premature
death. Guidance on the investigation of suspected alcohol
dependence or abuse includes symptoms, medical history, self-
report forms, special questionnaires (e.g. AUDIT), and alcohol
biomarkers. Aside from ethanol in blood, urine, or exhaled air,
there are several direct markers of alcohol consumption that can
be measured in blood or urine, for example, some minor ethanol
metabolites such as ethyl glucuronide (EtG), ethyl sulfate (EtS),
and fatty acid ethyl esters (FAEE). Common to EtG and EtS is that
specificity is high, that single intake will give a positive result, and
that they are detected in urine one or a few days after alcohol
intake and a somewhat shorter time period when measured in
serum.[1 – 5] It is, however, described that EtG, but not EtS, can
be produced post-sampling if urine specimens contain E. coli[6]

and that EtG but not EtS is sensitive to bacterial hydrolysis if
samples are stored improperly.[7,8] To increase clinical specificity,
a combination of EtG and EtS has been recommended. FAEE in
serum has a similar window of detection as EtG and EtS.[9] Longer
time windows of several months are seen when these markers,
i.e. FAEE or EtG, are determined in hair,[10 – 13] but the use of hair
as sample material is somewhat hampered for practical reasons.
Slowly eliminated indirect markers of alcohol consumption such as
GGT (γ -glutamyltransferase) and MCV (mean corpuscular volume)
are therefore still used for detection and follow up of long-term risk
consumption or heavy drinking. Common to these are, however,
their low clinical sensitivity and specificity, which means that
a large proportion of high consumers may have normal values
and that an elevated value in a significant proportion of cases
has a reason other than alcohol. CDT (carbohydrate-deficient
transferrin), another indirect marker of alcohol consumption with
a wide window of detection, shows a considerably higher clinical
specificity but only a minor improvement in sensitivity. Slowly
eliminated direct biomarkers of ethanol with inherent improved

specificity and sensitivity would therefore seem to be highly
desirable. One such biomarker that has gained increasing interest
over the last few years is phosphatidylethanol in blood (B-PEth).

Phosphatidylethanol (PEth)

PEth represents a group of glycerophospholipid homologues
(Figure 1) with phosphoethanol as the head group, each with
a unique set of long chain carboxylic acid residues (two per
molecule), typically containing 14 to 22 carbon atoms with
0 to 6 double bonds, as substituents.[14] These homologues
are commonly named in the form ‘PEth A : B/C : D’; wherein
A indicates the number of carbons in the carboxylic acid
substituent at the first position of the glycerol backbone and
B indicates the number of double bonds encompassed by
that carbon chain; C indicates the number of carbons in
the carboxylic acid substituent at the second position of the
glycerol backbone and D indicates the number of double
bonds encompassed by that carbon chain. This nomenclature,
however, does not indicate the position, or the stereochemistry,
of any existing double bonds. For example, the regio- and
stereo-isomers 1-Hexadecanoic acid-2-[(Z)-Octadec-9-enoic acid]-
sn-Glycero-Phosphatidylethanol and 1-Hexadecanoic acid-2-[(E)-
Octadec-11-enoic acid]-sn-Glycero-Phosphatidylethanol are both
named PEth 16 : 0/18 : 1. Theoretically, there are a large number
of different PEth homologues and so far 48 homologues of

∗ Correspondence to: Anders Isaksson, Department of Laboratory Medicine,
Division of Clinical Chemistry and Pharmacology, Lund University, Skåne
University Hospital, SE-221 85 Lund, Sweden. E-mail: anders.isaksson@skane.se

Department of Laboratory Medicine, Division of Clinical Chemistry and
Pharmacology, Lund University, Skåne University Hospital, SE-221 85 Lund,
Sweden

Drug Test. Analysis 2011, 3, 195–200 Copyright c© 2011 John Wiley & Sons, Ltd.



1
9

6

Drug Testing
and Analysis A. Isaksson et al.

Figure 1. The structure of the most common PEth homologue, PEth
16 : 0/18 : 1.

Figure 2. Schematic representation of the formation of phos-
phatidylethanol (PEth) from phosphatidylcholine. Normally, in the pres-
ence of water, phospholipase D (PLD) hydrolyzes phosphatidylcholine
to phosphatidic acid and choline. In the presence of alcohol (ethanol),
however, PLD synthesizes phosphatidylethanol (PEth) from phosphatidyl-
choline.

PEth have been identified in blood.[14] PEth is an abnormal
phospholipid formed by transphosphatidylation of precursor
phospholipids with a glycerol backbone under catalytic influence
of phospholipase D in the presence of ethanol.[15 – 17] In the absence
of ethanol, phosphatidic acid is formed (Figure 2).

After exposition to ethanol, PEth can be detected in different
organs of both humans and rats with the highest concentrations
in the gastrointestinal tract (especially when alcohol is given

orally), kidney, lung, and spleen, but also in the CNS.[18 – 19] In
contrast to the rat, PEth in humans is also demonstrated in the
blood.[20] In vitro incubation of human blood with ethanol results
in formation of PEth, unlike blood from rats and several other
investigated species,[21] suggesting that humans may be different
with regard to the formation and accumulation of PEth in blood.
Formation of PEth in human blood takes place both at room
temperature and at −20 ◦C but no significant formation is seen
when blood is incubated at +4 ◦C in the presence of ethanol for
up to 3 weeks.[22]

In blood from humans, PEth can be detected in leukocytes and
erythrocytes. Since erythrocyte counts exceed leukocyte counts
by a factor of about 1000, almost all PEth in blood is, however,
found within the erythrocyte fraction.[23] Like other phospholipids,
PEth is probably concentrated in the membrane fraction of cells.

Evaluation of PEth as an Alcohol Biomarker

Data on the formation and degradation of PEth in vivo were
needed to establish PEth as an alcohol marker. It has been shown
that more than a week of regular consumption of more than
moderate amounts of alcohol is required before PEth is detectable
in blood and that a single dose of ethanol (50 g) does not give
measurable PEth-concentrations (>0.8 µmol/L).[24] In a study by
Aradottir et al.[25] involving 144 actively drinking patients (123
men, 21 women) consisting of both outpatients and inpatients,
PEth was detectable (≥0.22 µmol/L) in all patients except one.
Other measured alcohol markers, including CDT and GGT, were
increased in a considerably lower proportion of the patients. In
this study it was also observed that PEth was positive at a lower
consumption level than was required for the other alcohol markers
(Figure 3). Various studies have reported a sensitivity of PEth as
an alcohol marker between 94 and 100% depending on study
group and decision-limit[24 – 26] and that there is a clear correlation
between reported alcohol consumption and the concentration of
PEth in blood.[25] One of these studies[26] comprised 35 forensic
psychiatric patients, who had not been drinking alcohol for at least
4 weeks prior to sampling and 56 alcohol-dependent patients with
a self-reported intake of 280–5320 g of alcohol during the 7 days
immediately prior to admission to hospital for detoxification. ROC
(receiver operating characteristics) analysis in this study showed
94.5% sensitivity and 100% specificity at a decision-limit for PEth
of 0.36 µmol/L. The corresponding values for both sensitivity and
specificity of GGT, MCV, and CDT were significantly lower. Studies
of different patient groups including both active alcoholics and
non-drinking subjects with previous alcohol abuse demonstrated
no false positive results for PEth.[12,26,27] The half-life of PEth in
the blood is about 4 days, which means that PEth, depending on
the value at baseline, can be detected up to 4 weeks after alcohol
has been eliminated from the body.[23,27 – 29] No effects of gender
were seen when correlating reported alcohol consumption to PEth
concentration at admission to hospital or at any time point during
abstinence.[29]

PEth as a Clinical Alcohol Biomarker

Since May 2006 our laboratory has made PEth accessible as a
clinical alcohol marker to health care organisations and other
clients. Determination of PEth has been performed with a
high performance liquid chromatography (HPLC) method. The
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Figure 3. Sensitivity of CDT, GGT and PEth is shown in relation to alcohol
intake (g ethanol/day) at four different levels of average alcohol intake
(from low, moderate to very high consumption) during the last two
weeks prior to sampling. Decision-limits are 0.22 µmol/L, 1.7% and 50 U/L
(0.83 µkat/L) for PEth, CDT (HPLC method) and GGT, respectively. The total
number of individuals (N) is shown for each level of consumption.

consistent lower limit of quantification (LOQ) of this method is
≤0.7 µmol/L. The number of requests has continuously increased
and now exceeds that of CDT (9205 compared to 7381 during
January–October 2010), heretofore the most requested alcohol
marker. In a large number of consecutive patient samples, 67%
showed values <0.7 µmol/L, which is currently considered to
correspond to moderate or low alcohol consumption during
the 2 weeks immediately prior to sampling. Nineteen percent
had values ranging from 0.7 to 2.0 µmol/L, 12% had values
ranging from 2.0 to 5.5 µmol/L, and 2.6% had values >5.5 µmol/L,
levels corresponding to an increasingly pronounced consumption
of alcohol. In many cases, both PEth and CDT were ordered
simultaneously and values of the two alcohol markers have been
compared in 969 patient samples (Figure 4). Fifty-five percent
of the samples were below the decision-limit for both markers
(<0.7 µmol/L for PEth and <2.0% for CDT); 22% were above the
decision-limit only for PEth; while 2% of patients had CDT >2.0%
in combination with PEth <0.7 µmol/L. Overall, this is consistent
with results from published studies, which have demonstrated
that PEth is a much more sensitive alcohol marker than CDT. The
reasons for the combination of elevated CDT but normal PEth
may be several. One important reason is that the decision-limit
for PEth has been dictated by the LOQ of the HPLC method. On
the other hand, this decision-limit also reduces the risk for normal
consumption in social drinkers to be detected. A further reason
for the rare cases of relatively low PEth values relative to CDT may
also be differences in half-lives in blood, where CDT on average
has a half-life of about 10 days compared with a half-life of PEth
of about 4 days. Another and probably more important reason is
differences in clinical specificity (100% for PEth compared with
about 90–95% for CDT).

Case Reports

These cases illustrate the difference in clinical specificity (Case 1)
and sensitivity between CDT and PEth as well as the time pattern
of these (Cases 2–4, Figure 5) and results from a patient with
alcoholic hepatitis (Case 5).
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Figure 4. Scatter plot of CDT and PEth for all patient samples analyzed in
clinical routine where both alcohol markers were requested (N = 969). The
lines in the graph represent the decision-limits for CDT (HPLC method) and
PEth (2.0% and 0.7 µmol/L, respectively).

Case 1

In a driver’s license issue, a man was refused a new license
because of repeatedly elevated CDT values (2.4 to 2.8%). He
denied drinking. Further samples on several later occasions
showed CDT values at constant elevated level despite persistently
undetectable PEth concentrations even using an alternative
method (mass spectrometry) with increased analytical sensitivity.
He subsequently received a new license.

Case 2

A 54-year-old man with obesity, hypertension and known alcohol
abuse for at least 10 years with a reported alcohol consumption of
one bottle of vodka per weekend, and 0–4 cans of beer daily. PEth
was elevated at all sampling occasions, but CDT was constantly
below decision-limit.

Case 3

A 51-year-old man with known long-term alcohol abuse had
elevated PEth values on seven of the eight sampling occasions,
but only at one of four sampling occasions for CDT. The lower
values of PEth and CDT in May/June coincides with treatment on
an outpatient basis.

Case 4

A 52-year-old woman with longstanding alcohol abuse was
hospitalized in 2008 after an epileptic seizure. She had elevated
PEth on 13 out of 14 sampling occasions and on 19 of 19 occasions
for CDT with similar temporal patterns for the two markers.

Case 5

A 56-year-old man with well known alcohol problems was admitted
to hospital with a diagnosis of alcoholic hepatitis. At admission,
liver tests and alcohol markers were significantly increased
(PEth = 32 µmol/L, CDT = 11%, GGT = 84 µkat/L, AST (aspartate
aminotransferase) = 12 µkat/L, ALT (alanine aminotransferase)
= 3.4 µkat/L and bilirubin = 113 µmol/L). The value of PEth is the
highest so far recorded at our laboratory.

Drug Test. Analysis 2011, 3, 195–200 Copyright c© 2011 John Wiley & Sons, Ltd. www.drugtestinganalysis.com
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Figure 5. The concentration of PEth and CDT (HPLC method) at different
sampling occasions. Dashed lines represent decision-limits for PEth
(0.7 µmol/L, red line) and CDT (2.0%, black line).

Analytical Methods

For measurement of B-PEth, venous blood should be obtained
in a tube containing ethylenediaminetetraacetic acid (EDTA) that
should not be centrifuged. The sample is stable for 24 h at room
temperature and for 3 weeks at +4 ◦C. For longer periods of
storage, whole blood is frozen in a plastic tube and kept at −80 ◦C.
The sample should not be stored at −20 ◦C.

Originally, PEth was discovered using thin layer chro-
matography.[15] This is a manual and semi-quantitative method
with limited sensitivity and throughput and was found unsuitable
for further experimental or clinical studies. For these purposes
an HPLC method was developed and has also been used for
determination of PEth in clinical samples. In this method, whole
blood together with the internal standard (Phosphatidylbutanol
18 : 1/18 : 1) are extracted with 2-propanol and hexane, followed by
quantification of PEth in the extract on an HPLC system equipped
with an evaporative light scattering detector (ELSD) and with PEth
18 : 1/18 : 1 as calibrator.[22,28] The HPLC method determines the
sum of all PEth homologues, which are numerous due to variations
in fatty acid substituents. As PEth in blood is a mixture of differ-
ent PEth homologues, the peak representing PEth in a patient
sample is considerably broader than the peak from the calibrator
sample (Figure 6). In the beginning of April 2010 we introduced
a liquid chromatography tandem mass spectrometric (LC-MS/MS)
method for the determination of PEth in clinical samples. The
LC-MS/MS method has a considerably higher analytical sensitivity
(more than two orders of magnitude), shorter turnaround time,
and shows excellent correlation to the HPLC method [manuscript
in preparation].

During the last one or two years, there have been several
publications on LC-MS and LC-MS/MS methods for PEth from
a methodological point of view[14,28,30 – 31] as well as reports
of results from different study populations such as women
of reproductive age[32] and patients with liver disease and
hypertension.[33] Due to the high analytical sensitivity of LC-
MS/MS, PEth was considered a promising marker for differentiating
abstinence or light drinking from moderate or heavy consumption
as well as a marker of alcohol abuse. Methods based on gas
chromatography mass spectrometry (GC-MS)[34] and non-aqueous
capillary electrophoresis using UV[35] or mass spectrometric
detection[36] have also been described with similar LOQ as the
HPLC method with ELSD. In addition, monoclonal antibodies
against PEth have been produced[37] possibly enabling the
development of an immunoassay.

In mass spectrometric methods for PEth, the MS-detector is
typically tuned to detect one or a few of the more commonly
occurring PEth-homologues.[30] Since phosphatidylcholine is a
precursor of PEth, the concentrations of PEth-homologues
containing, for example, oleic acid (18 : 1) and linoleic acid (18 : 2),
such as the more commonly occurring PEth 16 : 0/18 : 1 and PEth
16 : 0/18 : 2 are likely to be dependent on a person’s diet as has
been shown for phosphatidylcholine.[38] Other factors that might
influence the fatty acid pattern in phosphatidylcholine and PEth
are diseases and alcohol habits. Hence, the level of previous ethanol
intake may be over- or underestimated when only one or a few
PEth homologues are determined. This might be compensated
for if the sum of the most prevalent PEth homologues is
reported. To simplify and standardize future analysis of PEth
with mass spectrometry, it should, however, be advantageous
to focus on distinct molecular species but this requires further
evaluation, access to commercial reference substances for other

www.drugtestinganalysis.com Copyright c© 2011 John Wiley & Sons, Ltd. Drug Test. Analysis 2011, 3, 195–200
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Figure 6. HPLC-chromatograms from an extract of a patient sample containing 4.9 µmol/L of PEth (red line) and a calibrator sample with 6.0 µmol/L of
PEth 18 : 1/18 : 1 (blue line). Phosphatidylbutanol 18 : 1/18 : 1 (PBut) is used as the internal standard and elutes at 7.55 min. PEth in the calibrator sample
elutes as a narrow peak at 8.7 min, whereas the different PEth homologues in the patient sample elutes as a broader peak at 8.9 min.

PEth homologues than presently available (PEth 16 : 0/16 : 0; PEth
16 : 0/18 : 1 and PEth 18 : 1/18 : 1) and comparison with a method
measuring ‘total PEth’ (HPLC) [manuscript in preparation].

Clinical Applicability of PEth

The primary use of PEth is to detect and monitor patients with
alcohol dependence or abuse and in the early identification of
people with risk behaviour or harmful alcohol consumption. PEth
can also be an aid in the investigation of several medical conditions
that may be alcohol related or pathological conditions where
alcohol may have an aggravating effect. Determination of PEth
has begun to be used in preoperative evaluation before liver
transplantation. Other uses are in emergency room setting,[39]

occupational health service, in driving license issues,[40] workplace
testing, and possibly in forensic medicine.[13,41] In the latter case,
potential post-mortem formation of PEth may, however, lead to an
interpretation problem when ethanol is present in blood. Another
use of PEth is in the investigation of abnormal values for AST, ALT,
GGT, or MCV. PEth is also reported to be of considerable value in
the evaluation of patients with gastroenterological symptoms or
diseases. With the combination of relatively slowly (i.e. PEth) and
rapidly eliminated markers (i.e. EtG and EtS) of alcohol, it might
be possible to determine both when and how much alcohol has
been consumed.

The significant increase in analytical sensitivity using mass
spectrometric methods for PEth results in a broadening of its

clinical applicability. In a study of patients with liver disease, it
was found that there was a correlation between reported alcohol
consumption and PEth, that PEth could discriminate between
abstinence or light drinking from moderate or heavy consumption,
and that PEth concentration is not influenced by liver function
or the presence of liver disease.[33] In a study of women of
reproductive age, it was observed that PEth was detectable in 93%
of women reporting a consumption of alcohol corresponding to
2 or more drinks per day.[32] PEth was therefore suggested as a
complement to the use of self-report alcohol screens. Detection
of regular alcohol use in pregnant women is important for
reducing the risk of FASD (foetal alcohol spectrum disorders)
and in particular its severe form, FAS (foetal alcohol syndrome),
which is related to chronic heavy drinking during pregnancy.
Through the highly sensitive mass spectrometric methods for
PEth, it may be possible to discriminate between no or minute
and low to moderate alcohol consumption. This might be of
relevance when monitoring compliance in situations where total
abstinence is required, e.g. for reissuing driver’s licenses.[42] The
possibility of determining very low concentrations of PEth by new
sensitive analytical techniques may, however, have both ethical
and legal consequences. This must be considered before reporting
PEth concentrations at levels corresponding to low alcohol
consumption. Caution in this regard is also motivated by the fact
that so far there are only limited data on the relationship between
PEth concentration and consumption level,[26] particularly at low
levels.

Drug Test. Analysis 2011, 3, 195–200 Copyright c© 2011 John Wiley & Sons, Ltd. www.drugtestinganalysis.com



2
0

0

Drug Testing
and Analysis A. Isaksson et al.

Conclusions and Perspectives

Phosphatidylethanol (PEth) is an abnormal phospholipid that is
formed only in the presence of alcohol (ethanol). Hence, the
diagnostic specificity of PEth as an alcohol marker is theoretically
100%. No false positive results have been recorded using the HPLC
method with an LOQ of 0.7 µmol/L. When more than moderate
amounts of alcohol are regularly consumed, blood cells become
enriched with PEth. Regular consumption for at least one week
appears to be needed to give concentrations of PEth exceeding the
LOQ of the HPLC method. There is a positive correlation between
the amount of alcohol consumed and blood concentration of PEth.
PEth has been shown to be a more sensitive indicator of alcohol
consumption than CDT, GGT, and MCV or a combination of these.
The half-life of PEth in circulation is about 4 days, which means that
PEth can be detected up to 4 weeks after ethanol has been cleared
from the body. All these conclusions are based on results obtained
from the HPLC method. The development of mass spectrometric
methods for PEth with a considerably higher analytical sensitivity
results in a corresponding increase in clinical sensitivity. The
sensitive mass spectrometric methods can be expected to be
able to differentiate no or minute alcohol consumption from
low consumption such as monitoring compliance during periods
of required abstinence. Other situations where sensitive PEth
methods might be of value are during pregnancy and in the pre-
operative evaluation before liver transplantation. Standardization,
quality assurance, and further clinical evaluation of these methods
are needed, however, to establish their clinical applicability.
Another issue is to investigate whether it is possible to link PEth
concentration to a precise drinking level throughout the whole
spectrum from no or minute to heavy consumption.
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