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Abstract

While direct ethanol metabolites, including ethylglucuronide (EtG), play an important role for the
confirmation of prenatal alcohol exposure (PAE), their utility is often limited by their short half-
lives in blood and urine. Maternal hair might allow for a retrospective measure of PAE for up to
several months. This study examined the validity of hair EtG (hEtG) relative to self-reporting and
five other biomarkers (gamma glutamyltranspeptidase [GGT], carbohydrate-deficient transferrin
[%dCDT], urine ethyl glucuronide [UEtG], urine ethyl sulfate [uEtS], and phosphatidylethanol
[PEth]) in 85 pregnant women. Patients were recruited from a University of New Mexico prenatal
clinic, which provides care to women with substance abuse and addiction disorders, and followed
until early postpartum. The composite index, which was based on self-reported measures of
alcohol use and allowed us to classify subjects into PAE (n = 42) and control (n = 43) groups, was
the criterion measure used to estimate the sensitivity and specificity of hEtG and other biomarkers.
Proximal segments of hair were collected at enroliment (average 22.0 gestational weeks) and
analyzed by liquid chromatography—tandem mass spectrometry (LC-MS/MS). At the same visit,
maternal blood and urine specimens were collected for analysis of GGT, %dCDT, PEth, uEtG,
and uEtS. The study population included mostly opioiddependent (80%) patients, a large
proportion of ethnic minorities (75.3% Hispanic/Latina, 8.2% American Indian, 4.7% African-
American), and patients with low education (48.2% < high school). The mean maternal age at
enrollment was 26.7 + 4.8 years. Hair EtG demonstrated 19% sensitivity and 86% specificity. The
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sensitivities of other biomarkers were comparable (5-20%) to hEtG in this cohort, but specificities
were higher (98-100%). Hair EtG sensitivity improved when combined with other biomarkers,
especially with GGT (32.5%) and PEth (27.5%). In addition, validity of hEtG improved in patients
with less frequent shampooing and those who did not use hair dyes/chemical treatments. Mothers
of two children with Fetal Alcohol Syndrome had hEtG levels of 158 and 58 pg/mg. These data
suggest that hEtG alone, as measured in maternal hair, is not a sufficiently sensitive or specific
biomarker to be used separately for the identification of PAE, but might be useful in a battery
along with other maternal biomarkers.
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Introduction

Alcohol has been recognized as a human teratogen since the late 1960s to early 1970s. The
term Fetal Alcohol Syndrome (FAS) was introduced (Jones, Smith, Streissguth, &
Myrianthopoulos, 1974; Jones, Smith, Ulleland, & Streissguth, 1973; Lemoine, Harousseau,
Borteyru, & Menuet, 2003) when a specific pattern of structural and neurobehavioral
abnormalities was identified. Despite extensive research in this field during the past 40
years, concerted efforts continue in the primary and secondary prevention of Fetal Alcohol
Spectrum Disorder (FASD). Recent findings from an active case ascertainment study
demonstrated that as many as 2.4-4.8% of a representative middle-class community of
young schoolchildren in the Midwestern United States were affected by FASD (May et al.,
2014). Early and accurate recognition of alcohol consumption during pregnancy followed by
targeted harm reduction strategies, such as brief intervention which can be administered by
health professionals, are recognized tools to reduce the number of children affected by
prenatal alcohol exposure (PAE) (Jones, Bailey, & Sokol, 2013). However, social stigma
associated with alcohol use in pregnancy often leads to substantial maternal under-reporting.

The utility of supplementing a potentially unreliable maternal self-report with ethanol
biomarkers to more comprehensively capture PAE has long been recognized. Hair
ethylglucuronide (hEtG) is a promising biomarker due to its high sensitivity and specificity
for the identification of heavy chronic alcohol use. A meta-analysis conducted by Boscolo-
Berto and colleagues (2014) found an overall sensitivity of 96% and specificity of 99% for
hEtG in chronic alcohol users from eight studies (Boscolo-Berto et al., 2014). Furthermore,
hEtG has a broader detection window (up to several months) compared to biomarkers
measured in more traditional biological matrices such as blood and urine (Bakhireva &
Savage, 2011). That is, urine or blood screening for alcohol biomarkers at the first prenatal
visit will be negative in many pregnant women who discontinue drinking upon pregnancy
recognition, while hair analysis can identify risky drinking in the periconceptional period —
the most crucial period of organogenesis. In addition, hEtG, as a direct ethanol metabolite,
has a higher specificity than traditional alcohol biomarkers, such as gamma
glutamyltranspeptidase (GGT) and disialo carbohydrate-deficient transferrin (%dCDT),
which are known to be affected by a number of maternal conditions and physiological
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changes in pregnancy. Specifically, advanced gestational age, iron deficiency, hypertension,
and liver conditions have been reported to affect %dCDT in addition to excessive alcohol
use. (Bakhireva et al., 2012; Bianchi, lvaldi, Raspagni, Arfini, & Vidali, 2011; De Feo et al.,
1999; Kenan, Larsson, Axelsson, & Helander, 2011). One biological matrix with a
comparable detection window to hair is meconium — a newborn’s first stool. While ethanol
biomarkers measured in meconium can capture PAE from approximately 20 gestational
weeks onward, a number of challenges have been described with meconium analyses,
including logistical difficulties with collection and storage, variations on laboratory analysis
methods (Lange, Shield, Koren, Rehm, & Popova, 2014), and the possibility of increased
false positive rates (Zelner, Hutson, Kapur, Feig, & Koren, 2012). While analysis of alcohol
biomarkers in neonatal hair might present some cultural and aesthetic challenges, obtaining
a sample of maternal hair appears more feasible and acceptable.

Prior studies have examined the validity of hEtG in pregnant (Morini et al., 2013; Morini,
Marchei, et al., 2010; Wurst et al., 2008) and non-pregnant women (Kronstrand,
Brinkhagen, & Nystrom, 2012; Politi, Morini, Leone, & Polettini, 2006) with mixed results.
In two studies by Morini et al. (Morini, Marchei, et al., 2010; Morini et al., 2013), maternal
alcohol consumption information was obtained from medical records rather than an in-depth
face-to-face interview, which may be limiting in validating hEtG as a reliable biomarker.
Differences in alcohol consumption patterns, the methods used to ascertain alcohol
exposure, and timing of assessment might contribute to heterogeneity of findings. To our
knowledge, none of the previous studies has compared the validity of hEtG to a battery of
direct and indirect alcohol biomarkers. In this report, we examine the sensitivity and
specificity of hEtG among 85 pregnant women and compare it with the performance of
maternal biomarkers measured in more traditional media — maternal urine and blood.

Materials and methods

Study design and participant recruitment

Study participants were enrolled in the Biomarkers in Pregnancy Study (BIPS) (P.1.:
Bakhireva) approved by the University of New Mexico (UNM) Human Research Review
Committee. This study utilized a prospective cohort design with a baseline visit during one
of the patient’s first prenatal care visits and a follow-up visit during the hospital stay after
delivery. The detailed study methodology has been described elsewhere (Bakhireva et al.,
2012). Patients were recruited from a UNM prenatal clinic providing medical care to women
with substance abuse and addiction disorders and had to meet the following initial eligibility
criteria: (1) a singleton pregnancy; (2) plan to deliver at UNM Hospital; (3) be less than 32
weeks gestation; and (4) be able to give written consent. After enrollment, a semi-structured
maternal interview was conducted which captured detailed information on alcohol and
substance use in the periconceptional period and during pregnancy. Demographic (i.e., age,
marital status, race/ethnicity, education, current employment, and health insurance status),
medical, and reproductive health characteristics (i.e., any chronic conditions, complications
during pregnancy, use of medications and vitamins, gravidity, parity, pregnancy dates) were
also ascertained. Participants were also queried about the use of hair products (i.e., use of
hair dyes and chemical treatment during the past 6 months and frequency of shampooing per
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week). Within 24 hours after delivery, a follow-up interview was administered to capture
changes in alcohol and substance use since the enrollment interview as well as alcohol use in
the 2 weeks before delivery. Information was abstracted from patients’ electronic medical
records regarding pregnancy and newborn outcomes, including any maternal and newborn
complications and any diagnosis of major structural anomalies for the newborn.

Self-reported alcohol use and group allocation

The timeline follow-back (TLFB) interviewing technique (Sobell & Sobell, 1992) captured
alcohol consumption in the periconceptional period (2 weeks before and 2 weeks after the
first day of their last menstrual period [LMP]) and the 2 weeks before enrollment.
Participants were asked to recall and report the specific types and number of drinks
containing alcohol they consumed during those time periods. The reported quantities were
converted into standard drink units (SDUs) based on the percentage of alcohol and quantity
consumed. Reported quantity and frequency of alcohol use were then converted into
absolute ounces of alcohol per day and per drinking day in periconceptional period (AADO
and AADDO, respectively) and the 2-week period before enroliment (AAD1 and AADD1,
respectively) as previously described (Bakhireva et al., 2012; Jacobson, Chiodo, Sokol, &
Jacobson, 2002). Study participants were also administered a standard 10-question Alcohol
Use Disorders Identification Test (AUDIT) questionnaire and were asked to report the
maximum number of drinks consumed during 24 hours any time after LMP.

A total of 102 patients were enrolled into the study and were preliminarily classified into
PAE (n = 46) or control (n = 56) groups based on the self-reported measures. Initial
allocation in the control group required that participants meet all of the following criteria (1)
no binge drinking episodes (= 4 drinks/occasion) in the periconceptional period, (2) no more
than two drinks per week in the periconceptional period (AADO < 0.14), and (3) abstinence
during the 2 weeks prior to enrollment per TLFB calendar (AAD1 and AADD1 = 0). The
control group was further restricted to 44 participants after disqualifying patients who either
admitted some alcohol use after the LMP but prior to the 2-week window immediately
before enrollment (n = 7), had an AUDIT score = 8 (n = 3), or both (n = 2). Allocation in the
PAE group required that participants report either = 3 drinks per week on average at
enrollment (average AAD1 = 0.21) or report at least one binge drinking episode at
enrollment (AADD1 = 2.0). Given the broad detectability window of hair biomarkers,
patients recruited before 10 weeks of gestation (4 PAE and 1 control) were excluded from
the analysis to avoid a potential confounding by alcohol use prior to the periconceptional
period. Thus, the final sample size for this study was limited to 85 patients (43 controls and
42 PAE). Moreover, a subgroup analysis was conducted after further restricting the sample
size to 52 patients (29 controls and 23 PAE) who reported no chemical hair treatment or hair
dyeing in the past 6 months, to avoid potential confounding by hair products.

Biospecimens and laboratory measures

After completion of the maternal baseline interview, maternal biospecimens (1 mL serum, 1
mL whole blood, 10 mL urine, and hair) were collected. From each participant, a section of
approximately 80 strands of hair was cut with scissors from the posterior vertex immediately
above the scalp. Participants were explained that the hair sample would be cut from an area
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that would not be visible nor would affect the cosmetic appearance of their hairstyle. After
collection, a 6-cm proximal section of the hair specimen was measured, cut, and separated
from the distal section, weighed, wrapped in foil and packaging according to the United
States Drug Testing Labortory (USDTL; Des Plaines, IL) specimen preparation instructions,
and stored at room temperature prior to shipment for hEtG analysis. The remaining distal
section beyond 6 cm was discarded. Given that the rate of hair growth is approximately 1.0
cm per month (Harkey, 1993; Hayashi, Miyamoto, & Takeda, 1991) and the fact that most
participants were enrolled around 22 gestational weeks, hEtG analysis in the collected
specimen approximates exposure in the periconceptional period and during pregnancy.

Analysis of hEtG was performed by USDTL by liquid chromatography—tandem mass
spectrometry (LC-MS/MS) as previously described (Jones et al., 2012). Briefly, hair
specimens were decontaminated using hexane, methylene chloride, and methanol. After
drying, specimens were placed in a high-energy cell disruptor (BioSpec Products,
Bartlesville, OK) until powdered, then extracted with water. Solid phase extraction with
methanol and deionized (DI) water was used followed by vacuum drying. EtG was extracted
using 2% formic acid in methanol, evaporated under nitrogen, and reconstituted with DI
water. The extracted EtG was then analyzed using a LC-MS/MS Agilent Technologies 1200
system. The limit of detection (LOD) was 2.0 pg/mg and the limit of quantitation was 8.0
pg/mg. Hair EtG values greater than the 8.0 pg/mg cut-off (Kerekes, Yegles, Grimm, &
Wennig, 2009; Stewart, Koch, Willner, Randall, & Reuben, 2013) were considered a
‘positive’ test.

Maternal urine and whole blood specimens were sent frozen in dry-ice packaging to the
USDTL for urine EtG (UEtG), urine ethyl sulfate (UEtS), and phosphatidylethanol (PEth)
analysis using LC-MS/MS (Jones, 2011). Maternal serum specimens for GGT analysis were
sent to the TriCore Reference Laboratories (Albuquerque, NM) and analyzed as part of a
liver panel by the enzymatic rate method for GGT activity on a Beckman Synchron LX
analyzer (Beckman Coulter Inc., Brea, CA). Another aliquot of serum was sent to the
Medical University of South Carolina (Charleston, SC) for %dCDT analysis by an
internationally validated HPLC and spectrophotometric detection method (Anton &
Youngblood, 2006; Bakhireva et al., 2012). The following established cut-offs were used to
classify tests as ‘positive’: UEtG = 25 ng/mL, UEtS = 7 ng/mL (Bakhireva et al., 2014), GGT
> 40 U/L (Hietala, Puukka, Koivisto, Anttila, & Niemeld, 2005), %dCDT > 2.0 (Bakhireva
et al., 2012; Bianchi et al., 2011; Kenan et al., 2011), and PEth = 8 ng/mL (Bakhireva et al.,
2014; Viel et al., 2012).

Statistical analysis

To describe the study sample, the mean * standard deviation for continuous variables
(mother’s age and gestational age at baseline visit) and frequencies and percentages for
categorical variables (marital status, ethnicity, race, education, insurance, primigravida, and
unplanned pregnancy) were estimated. The distribution of continuous and categorical
variables between PAE and control groups was compared by a 2-sample t test with unequal
variances and a chi-square test, respectively. Given that more than 80% of hEtG values were
below the LOD, hEtG was treated as a categorical variable to demonstrate its distribution in
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the study sample. That is, the proportion of patients who fall under the three categories of
hEtG (<LOD, LOD-99.9 pg/mg, =100 pg/mg) was presented among PAE and control
groups. Summary statistics describing various measures of alcohol use during the
periconceptional period and at enrollment were also presented.

For each biomarker, the sensitivity was defined as the percent of the exposed individuals
who were positive for the biomarker; and the specificity was defined as the percent of the
controls who were negative for the biomarker. The positive and negative predictive values
(PPV, NPV) were defined as the percent of true positive and the percent of true negative
tests from the total number of positive and negative tests, respectively. The 95% confidence
intervals for sensitivity and specificity were calculated using the conservative exact binomial
distribution. In addition to estimating sensitivity and specificity for each individual
biomarker, validity indices were estimated for a combination of hEtG with each of the other
maternal biomarkers (UEtG, UELS, GGT, %CDT, PEth) as well as 3-biomarker batteries
(hEtG+GGT+%CDT, hEtG+GGT+PEth, hEtG+PEth+%CDT). For a combination of
biomarkers, a battery was considered ‘positive’ if at least one biomarker was above the
established cut-off, and was considered ‘negative’ if all biomarkers were below the cut-off.

Given that sensitivity and specificity of hEtG may be impacted by hair product use, we
created an additional hair product usage indicator, defined as no reported chemical hair
treatment or hair coloring in the past 6 months. We also created a frequent shampooing
indicator, defined as shampooing hair at least once per day. The sensitivity and specificity of
hEtG were estimated after stratification by the hair product usage and the shampooing
frequency indicators. To compare validity of hEtG to other maternal biomarkers, the percent
agreement and the kappa statistic between hEtG and each other maternal biomarker was
estimated.

There were no missing values for hEtG. A complete case analysis was conducted for the
remaining biomarkers. Specifically, missing values were omitted as needed for UEtG (2),
UEtS (2), GGT (3), CDT (3), and PEth (2). Of the 85 women included in this study, there
were 80 individuals with complete data for all biomarkers. All hypothesis tests were 2-sided
and conducted at the 0.05 significance level, and all confidence intervals were at the 95%
level. Data were analyzed in Stata version 13 (StataCorp, College Station, TX).

The study population included a large proportion of ethnic minorities (75.3% Hispanic/
Latina, 8.2% American Indian, 4.7% African-American), single or separated/divorced
women (61.2%), and women with less than a high school (48.2%) or high school/equivalent
(28.2%) level of education attainment. The vast majority of pregnancies were unplanned
(85.9%). The mean maternal age was 26.7 + 4.8 (SD) years, and the mean gestational age at
enrollment was 22.0 + 7.6 (SD) weeks. As is evident from Table 1, patients in the PAE
group were slightly older (p = 0.04) and more likely to have no medical insurance (p = 0.04)
than controls. However, no other statistically significant differences in socio-demographic
characteristics between the study groups were observed (all p > 0.05). Two children born to
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study participants in the PAE group were diagnosed with full Fetal Alcohol Syndrome
(FAS), as evident by growth retardation and two cardinal facial features.

Alcohol- and substance-use patterns by study group are presented in Table 2. None of the
controls and 76.2% of PAE subjects had an AUDIT score = 8 (p < 0.001). Consistent with
the eligibility criteria, none of the controls had any binge drinking episodes in the
periconceptional period or after LMP. All controls abstained from alcohol use after LMP
(AAD1 =0 and AADD1 = 0) and had very light levels of alcohol consumption in the
periconceptional period (AADO = 0.002 + 0.001; AADDO = 1.00 £ .50). The vast majority
of patients in the PAE group reported binge drinking in the periconceptional period with
26.2% reporting binge episodes = 5 times a week. However, despite a very high alcohol
consumption pattern during the periconceptional period (AADO = 2.23 £ 0.44 and AADDO
= 3.94 £0.45) in that group, only a few patients disclosed alcohol use 2 weeks prior to the
enrollment interview that resulted in a relatively low level of consumption (AAD1 = 0.091 +
0.24; AADD1 = 3.83 + 3.09).

Given that the study population was recruited from a substance-abuse specialty clinic, the
majority of patients in both groups were opioid-dependent (93.0% of controls; 66.7% of
PAE patients; p < 0.01), as shown in Table 2. Despite the high prevalence of drug and
tobacco use in the study population, no significant differences were observed between the
study groups (all p > 0.05) except for marijuana use, which was more prevalent among PAE
subjects (54.8%) compared to controls (32.6%; p = 0.04).

Hair specimen collection was well received by the study population and a 100% collection
rate was achieved. The distribution of hEtG among PAE and control subjects is presented in
Fig. 1. As demonstrated in Table 3, hEtG reached 19.1% (95% CI: 8.6%; 34.1%) sensitivity
and 86.1% (95% ClI: 72.1%; 94.7%) specificity. The estimated sensitivity of hEtG was
comparable to that of GGT (20.0%) and PEth (17.5%). The estimated sensitivity of UEtG
and uEtS was much lower (4.9% and 7.3%, respectively), possibly reflecting the shorter
detection window of these urine biomarkers. The estimated specificity of hEtG (86.1%) was
lower compared to all other biomarkers evaluated in the study (all = 97.6%).

After hEtG was combined with other biomarkers, the sensitivity of the battery improved
without a substantial drop in specificity, i.e., estimated sensitivity reached 32.5% for the
hEtG/GGT combination with 83.3% specificity. Both PPV (57.1%) and NPV (52.1%) for
hEtG were low and only marginally improved when hEtG was combined with other
biomarkers. Among 3-biomarker batteries, it appears that hEtG+GGT+PEth only slightly
improved sensitivity (37.5%) without a substantial decrease in specificity (83.4%). Other 3-
biomarker batteries increased sensitivity at the expense of lower specificity.

Interestingly, mothers of two children with FAS identified in the study tested positive for
hEtG at enrollment (levels of 158 pg/mg and 57.5 pg/mg). Both patients were in the PAE
group. Of these, one subject tested positive for two additional maternal biomarkers: GGT
(43 U/L) and PEth (78.3 ng/mL) at enrollment. The other subject tested positive for three
additional maternal biomarkers: GGT (71 U/L), CDT (2.1%), and PEth (218 ng/mL).
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To explore whether lower estimated specificity of hEtG could be due to the use of hair
products, the validity of hEtG was presented after stratification by the use of hair products
and frequency of shampooing (Table 4). After restricting the sample to a subgroup of
patients with no hair chemical treatment or hair dye application in the previous 6 months
prior to specimen collection, the estimated sensitivity of the hEtG improved to 26.1% (95%
Cl: 10.2%; 48.4%), while it was lower among patients with hair treatment/dye (10.5%; 95%
Cl: 1.3%; 33.1%). Similarly, the estimated specificity of hEtG was higher among patients
with no hair treatment/dye use in the previous 6 months (89.7%; 95% ClI: 72.7; 97.8%)
compared to those patients with hair treatment/dye (78.6%; 95% CI: 49.2; 95.3%). A similar
pattern was observed with the frequency of shampooing with higher sensitivity and
specificity of hEtG among patients with less frequency of shampooing (Table 4).

Discussion

In this study of moderate-to-light chronic or intermittent binge drinkers, it does not appear
that hEtG can be used as a single measure of PAE in a clinical setting. These results are in
accord with a randomized controlled trial by Kronstrand et al. (2012) that examined whether
hEtG could be used to differentiate low-to-moderate drinking over a 3-month period versus
complete abstinence in 43 non-pregnant patients. Among the 7 males who consumed two
drinks per day, 57% had detectable hEtG, while only 7.1% of 14 females who consumed one
drink per day had detectable hEtG (Kronstrand et al., 2012).

Similar to our study, some prior reports have examined the effects of hair cosmetics and
treatments on hEtG (Kerekes & Yegles, 2013; Morini, Politi, & Polettini, 2009; Morini,
Zucchella, Polettini, Politi, & Groppi, 2010; Sporkert, Kharbouche, Augsburger, Klemm, &
Baumgartner, 2012). However, two of these studies focused only on in vitro analysis of hair
cosmetic treatments on the hair specimens (Kerekes & Yegles, 2013; Morini, Zucchella, et
al., 2010) and another study analyzed the ability of a specific hair lotion to produce false
positives (Sporkert et al., 2012). Analogous to our results, the study by Morini et al. (2009)
demonstrated that hair treatments and the frequency of shampooing resulted in a lower area
under the curve for hEtG, indicative of lower sensitivity and specificity.

Our study demonstrates a relatively low sensitivity of hEtG (19.1%). However, it was
comparable to some biomarkers evaluated in the study (PEth, GGT) and was higher than
others (%dCDT, UEtG, and uEtS). Such lower sensitivities for all biomarkers in our study
might be a reflection of a low-to-moderate or intermittent binge-drinking alcohol
consumption pattern in a majority of our study participants. Prior studies examining the
validity of hEtG included study populations of heavy drinkers (Kronstrand et al., 2012;
Morini, Politi, Acito, Groppi, & Polettini, 2009; Morini, Politi, & Polettini, 2009), patients
with documented alcohol abuse or dependence (Morini et al., 2011; Pirro, Valente, et al.,
2011), subjects with DUI records (Pirro, Di Corcia, et al., 2011), or patients undergoing
alcohol detoxification treatment (Appenzeller, Agirman, Neuberg, Yegles, & Wennig, 2007;
Politi et al., 2006; Yegles et al., 2004). Thus, it is not surprising that a much higher
sensitivity of hEtG (typically > 60%) was reported in these studies. A recent meta-analysis
of eight studies conducted in such high-risk non-pregnant populations demonstrated an
overall hEtG sensitivity of 96% and a specificity of 99% for detecting alcohol consumption
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greater than 60 g per day (Boscolo-Berto et al., 2014). In our study, while many patients
reported binge drinking early in gestation, average alcohol consumption after pregnancy
recognition was 0.1 absolute ounces of alcohol per day (equivalent to 0.2 standard drinks per

day).

We are aware of only three previous studies that examined hEtG in pregnant women.
However, none established sensitivity and specificity of this biomarker relative to either
self-report or other more established biomarkers. In a study of 103 pregnant Swedish women
(Wurst et al., 2008), a positive hEtG test alone identified more women (13.6%) with some
level of alcohol exposure than the AUDIT questionnaire (5.8%). In an Italian study by
Morini et al. (2010), all 99 samples collected from mother-infant dyads from two hospitals
in Italy and Spain tested negative for hEtG and hair fatty acid ethyl esters (hFAEE) in both
maternal and neonatal samples, while 82.8% of meconium samples tested positive for EtG
and 22.2% for FAEE (Morini, Marchei, et al., 2010). In another study of 151 mother-infant
dyads from four Mediterranean public hospitals (Morini et al., 2013), 11.9% meconium
samples tested positive (>2 nmol/g) for FAEEs and had detectable EtG levels between 0.5
and 1.5 nmol/g, whereas all maternal hair and nail samples tested negative for EtG. It is
unclear whether these results reflect lower sensitivity of hEtG compared to meconium
biomarkers or a high false positive rate of meconium FAEE, especially with samples that
may have been collected later in postpartum (Zelner et al., 2012). It is also important to note
that low concentrations of certain FAEES have been detected in meconium of infants whose
mothers had no history of drinking during pregnancy (Chan, Caprara, Blanchette, Klein, &
Koren, 2004), which may also contribute to the higher rates of positive meconium FAEEs.

Several limitations should be taken into consideration when interpreting the results of our
study. First, given hEtG’s broad window of detection, our specimen analysis could
potentially capture alcohol use before pregnancy in some patients, thus decreasing
specificity. For that reason, patients recruited before 10 gestational weeks were excluded
from the analyses to minimize the effect of alcohol use before pregnancy on hEtG. Second,
it should be acknowledged that the majority of the study population included polydrug users.
Thus, the generalizability of the results might be somewhat limited. However, to our
knowledge there are no known reasons to suggest that validity of hEtG, as a direct ethanol
metabolite, is affected by illicit drug use.

Third, we acknowledge that in this field there is no true “gold standard” that can be used in
the identification of prenatal alcohol exposure. However, one strength of our study is the use
of a well-characterized cohort with repeated measures of alcohol consumption obtained by
the TLFB in-depth interviews. While social desirability bias might affect the accuracy of
self-report, validation of novel biomarkers against repeated TLFB interviews is a widely
accepted approach (Crunelle, Cappelle, et al., 2014; Himes et al., 2015; Hjorthgj, Fohlmann,
Larsen, Arendt, & Nordentoft, 2012). It should be noted that all ethanol biomarkers were
compared to the same standard, allowing for direct comparison among them. Assuming that
some subjects underreported alcohol use, especially after pregnancy recognition, the false
positive rates (1 — specificity) could in fact indicate additional at-risk patients identified by
biomarkers who were missed by self-report. Finally, we are aware that there is no unified
cut-off concentration of hEtG for the identification of PAE. The Society of Hair Testing
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recommends 7 pg/mg as a general cutoff for repeated alcohol consumption, while we used
the 8-pg/mg cut-off similar to other studies (Kerekes et al., 2009; Stewart et al., 2013). The
same sensitivity and specificity estimates were obtained by re-analyzing the data with 7-
pg/mg cut-off. Lowering the cut-off values might potentially improve sensitivity of
identifying light drinkers. However, these cut-offs could not be examined in this sample
given that there were no hEtG values between the LOD and 12 pg/mg.

The study also has several unique strengths. First, to our knowledge this is the first report
that examined the validity of hEtG among more moderate drinkers as compared to prior
studies. In addition, the study includes an ethnically diverse population with a large
proportion of Hispanic/Latina and Native Americans patients who are frequently under-
represented in other population-based studies. Nevertheless, this can also potentially limit
generalizability of research findings to non-minority populations of pregnant women due to
potential genetic and alcoholmetabolism differences.

Furthermore, our study examined the utility of hEtG in a battery alongside more established
maternal ethanol biomarkers. An analysis of an array of biomarkers with varying detection
windows may increase the likelihood of detecting drinking throughout pregnancy. While
some previous studies have simultaneously assessed other biomarkers, such as CDT, MCV,
GGT, FAEE, and EtS, along with hEtG, they did not specifically report the importance of
using a combination of these biomarkers to ascertain alcohol exposure during pregnancy
(Kharbouche et al., 2012; Pirro, Valente, et al., 2011). In our study, hEtG/PEth and
hEtG/GGT combinations resulted in increased estimated sensitivity (27.5% and 32.5%,
respectively) without a substantial drop in estimated specificity (86.0% and 83.3%,
respectively) compared to an hEtG stand-alone test (sensitivity: 19.1%; specificity: 86.1%).
A preliminary study conducted in 76 non-pregnant patients with chronic alcohol abuse
found that estimated sensitivity increased to 73% for a hEtG/CDT combination (from 69%
for hEtG and 27% for CDT stand-alone tests) without any change in the specificity (Morini
etal., 2011). Finally, our study captures the effect of hair products as a potential effect
modifier on hEtG.

Future follow-up studies should include a larger sample size and focus on examining other
direct ethanol metabolites in hair samples, i.e., PEth and FAEE, as well as assessing the
validity of hEtG in hair samples collected both during pregnancy and during the early
postpartum period for each patient. It would also be important to examine the predictive
ability of hEtG measured in pregnant women to identify future adverse neurodevelopmental
outcomes in affected children. While collection of neonatal hair often presents logistical
difficulties and might be associated with cultural sensitivities, we found that the sampling of
maternal hair was well received by study participants. It would be important to further
evaluate the effect of specific hair products on the validity of hEtG as a biomarker of PAE,
examine validity of hEtG in non-head hair samples (Crunelle, Yegles, et al., 2014), and
ascertain acceptability of collecting non-head hair in pregnant women. While hEtG appears
to be a highly sensitive biomarker for identification of heavy chronic alcohol use in non-
pregnant subjects, its utility for identification of a more moderate or episodic alcohol use
pattern among pregnant women might be limited as a stand-alone test. However, hEtG’s
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utility in clinical practice can be improved when combined with other maternal ethanol
biomarkers.
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Categorical Distribution of hEtG by Study Group
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Table 1

Demographic Characteristics of the Study Sample (N=85)
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Controls PAE
Characteristics (N=43) (N=42) p value
Mean +s.d. | Mean +s.d
Maternal age (years) 257+3.9 278+54 0.04
Gestational age at enrollment (weeks) 21377 22775 0.41
% %

Ethnicity: Hispanic/Latina 79.1 71.4 0.41
Race:

White 90.7 85.0 0.63

American Indian 7.3 10.8 0.59

African-American 2.4 8.3 0.25
Marital status:

Single/separated/divorced 53.5 69.1

Married/cohabitating 46.5 30.9 0.14
Health insurance:

No insurance 0 9.5

Any other insurance 100 90.5 0.04
Education

Less than high school 44.2 52.4

High school or equivalent 34.9 21.4

Some college, vocational school or higher 20.9 26.2 0.39
Primigravida 23.3 11.9 0.17
Unplanned pregnancy 79.1 92.9 0.07
Hair product usage

Hair coloring in the past 6 months 32.6 452 0.23

Chemical treatments in the past 6 months 23 2.4 0.99

Shampoo hair at least once per day 55.8 57.1 0.90

PAE = prenatal alcohol exposure
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Table 2
Use of Alcohol & Other Substances by Study Group (N=85)

Controls PAE
N=43 N=42 p value
Alcohol Use
Past 12 months
AUDIT (Mean +s.d.) 149+ .28 16.12+1.44 <.001
AUDIT = 8 (%) 0.0 76.2 <.001
Alcohol usein periconceptional period
Frequency of binge (=4 drinks)
No binge episodes (%) 100.0 4.8
Once/week or less (%) 0.0 40.5
2—-4 times a week (%) 0.0 28.6
=5 times/week (%) 0.0 26.2 <.001
Average AA per day (AADO; Mean + s.d.) 0.002+£0.001 | 2.23+0.44 <.001
Average AA per drinking day (AADDO; Mean + s.d.)2 1.00+.50 3.94£0.45 0.02
Alcohol use at enrollment
At least one binge episode during pregnancy (%) 0 100.0 <.001
Average AA per day (AAD1; Mean +s.d.) 0 091+ .24 -
Average AA per drinking day (AADD1; Mean + s.d.) b 0 3.83+3.09 -
Illicit Drugs and Tobacco
Marijuana (%) 32.6 54.8 0.04
Cocaine/crack-cocaine (%) 30.2 31.0 0.94
Opioids/opioid-maintenance therapy (%) 93.0 66.7 <0.01
Benzodiazepines (%) 18.6 21.4 0.75
Amphetamines (%) 14.0 26.2 0.16
Tobacco (%) 81.4 78.6 0.75

aOnIy among patients who reported any drinking in periconceptional period (2 controls and 41 exposed).

bOnIy among patients who reported any drinking 2 weeks before enroliment (5 exposed).

AA = ounces of absolute alcohol.
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Table 3

The Validity of hEtG and other Maternal Biomarkers

Sensitivity (%)  Specificity (%)

Biomarkers (95% ClI) (95% ClI) PPV (%) NPV (%)
hEtG = 8 pg/mg 19.1(8.6;34.1)  86.1(72.1;94.7) 57.1 52.1
GGT > 40 U/L 20.0 (9.1;35.7)  97.6 (87.4;99.9) 88.9 56.1
%dCDT > 2.0%2 50(0.6;16.9) 100 (91.6; 100) 100 525
%dCDT > 1.7%2 225(10.8;385) 71.4(55.4;843)  42.8 49.2
UEtG = 25 ng/mL 4.9 (0.6, 16.5) 97.6 (87.4,99.9) 66.7 51.2
uEtS > 7 ng/mL 7.3(15,19.9)  97.6 (87.4; 99.9) 75.0 51.9
PEth > 8 ng/mL 17.5(7.34;32.8) 100 (91.8, 100) 100 56.6
Combinations

hEtG + UEtG 22.0 (10.6; 37.6)  83.3 (68.6; 93.0) 56.2 52.2
hE(G + UELS 24.3(12.4;40.3) 83.3 (68.6; 93.0) 58.8 53.0
hEtG + GGT 325(18.6;49.1) 83.3(68.6; 93.0) 65.0 56.4
hEtG + %dCDT >2.0% 22.5(10.8;38.5) 85.7 (71.5; 94.6) 60.0 53.7
hEtG + %dCDT > 1.7% 375 (22.7;54.2)  59.5 (43.3; 74.4) 46.9 50.0
hEtG + PEth 27.5(14.6;43.9) 86.0(72.1;94.7) 64.7 56.1
hEtG+%dCDTP+GGT  50.0(33.8;66.2) 56.1(39.7;715) 526 535
hEtG+GGT+PEth 37.5(22.7;54.2) 83.4(68.6; 93.0) 68.2 58.3
hEIG+PEth+%dCDTP 425 (27.0;59.1) 595 (43.3;74.4)  50.0 52.1

PPV = positive predictive value; NPV = negative predictive value

aBoth a traditional cut-off for %dCDT > 1.7% and a recently proposed cutoff for pregnant women of >2.0% are presented.

b

%d CDT > 1.7% was used in this battery.
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Table 4

The Validity of hEtG Stratified by the Use of Hair Products

Hair products

Sensitivity of hEtG (%)
(95% ClI)

Specificity of hEtG (%)
(95% CI)

Hair product usage

None

Shampooing frequency

< once per day

> once per day

26.1(10.2, 48.4)

Hair coloring and/or chemicals 10.5(1.3,33.1)

22.2 (6.4, 47.6)
16.7 (4.7, 37.4)

89.7 (72.7,97.8)
78.6 (49.2, 95.3)

89.5 (66.9, 98.7)
83.3 (62.6, 95.3)
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