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Abstract
Background. Ethyl glucuronide in maternal hair (hEtG) is increasingly used in epidemiological research 
as a biomarker of alcohol consumption during pregnancy and prenatal alcohol exposure, as  it provides 
objective, long-term evidence of alcohol consumption.

Objectives. To understand postpartum women’s perceptions of and reactions to hEtG results indicating 
alcohol use during pregnancy.

Materials and methods. The study involved 150 postpartum women and their newborns. Maternal hair 
samples were analyzed for hEtG concentrations using gas chromatography–tandem mass spectrometry 
(GC–MS/MS). Data included survey responses on self-reported alcohol use during pregnancy and medical 
record information on the course of pregnancy and neonatal health. Two years later, participants were of-
fered the opportunity to receive their hair analysis results, and their reactions were qualitatively analyzed.

Results. The  hEtG analysis indicated alcohol consumption at  some point during pregnancy in  50% 
of the women. Among these, 10% had hEtG concentrations consistent with excessive alcohol use. Self-
reported data indicated alcohol use before pregnancy recognition in 32% of participants and alcohol use 
when knowing about pregnancy in only 3%. There was no clear association between self-reports and hEtG 
results. At the 2-year follow-up, when informed of their positive hEtG results, participants expressed a range 
of reactions grouped into 7 themes: disengagement and indifference; reassurance based on the child’s health; 
rejection and denial; surprise and confusion; seeking alternative explanations; concerns about research validity; 
and acceptance or ambiguous acknowledgment.

Conclusions. Maternal hair testing is a valuable tool for investigating prenatal alcohol exposure; however, 
positive results are frequently questioned or denied by participants. While discussions often focus on pos-
sible alternative explanations for elevated hEtG levels, such as external contamination, the most plausible 
explanation remains actual alcohol consumption during pregnancy. Nonetheless, the stigma associated 
with such behavior and/or fear of legal or social consequences may lead to persistent denial, highlighting 
the challenges of interpreting and communicating biomarker results in sensitive contexts.
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Background

In the field of psychoactive substance use, epidemiologi-
cal assessments are primarily based on self-report data.1 
However, such data are prone to various sources of error, 
including imprecise recall, lack of attention, and the ten-
dency to present oneself in a socially desirable manner.2,3 
While careful question design can reduce recall-related 
errors,4 mitigating social desirability bias remains par-
ticularly challenging,2 especially when the topic is highly 
stigmatized.

Among the general population, self-reports of alcohol 
and other substance use tend to underestimate actual con-
sumption. For instance, survey-based estimates typically 
capture only 30–60% of the alcohol consumption sug-
gested by sales statistics5 or illicit drug use as compared 
with biological marker results.6 It is reasonable to assume 
that underreporting may be even more severe in contexts 
where the behavior is socially condemned.

Alcohol consumption during pregnancy has been con-
sistently associated with a broad spectrum of adverse de-
velopmental, behavioral, cognitive, and physical outcomes 
in offspring, commonly referred to as fetal alcohol spec-
trum disorders (FASD).7,8 Beyond the significant medi-
cal and psychological implications, maternal alcohol use 
during pregnancy, in some jurisdictions,9 although not 
in Poland, may also lead to legal and social repercussions, 
including reports of child abuse or neglect and subsequent 
involvement of child protective services.

These consequences help to create a highly stigmatized 
context surrounding alcohol use during pregnancy. Ap-
proximately 80% of the general population disapprove of al-
cohol use in pregnancy.10 Mothers of children diagnosed 
with FASD are perceived more negatively than women with 
serious mental illness or substance dependence, or those 
who have been incarcerated.11 The public opinion study 
in which participants were asked to rate differences and 
disdain toward women who consume alcohol during preg-
nancy and toward biological mothers of children with 
FASD indicated that women who consumed alcohol dur-
ing pregnancy are even more stigmatized than biological 
mothers of children with FASD.12 Unsurprisingly, many 
women are reluctant to disclose prenatal alcohol use in ei-
ther surveys or clinical interviews, underscoring the need 
for alternative data collection methods.13

Given that in Europe there are no mandatory laws prohibit-
ing drinking during pregnancy, several countries have estab-
lished warnings on every container of alcohol recommending 
abstinence during pregnancy.14 Nevertheless, many pregnant 
women continue to consume alcohol,15 and therefore, accu-
rate and objective assessment of alcohol consumption during 
pregnancy is essential for epidemiological research, clinical 
risk assessment, and intervention development.

Biomarkers are increasingly used in epidemiological 
research to address these limitations, especially in stud-
ies on alcohol use during pregnancy. Alcohol biomarkers 
can be detected in various biological matrices from both 
the mother and the newborn.16–18 One such biomarker, 
ethyl glucuronide in hair (hEtG), accumulates over time 
and has been extensively utilized to detect chronic alcohol 
use over prolonged periods.19,20 As a result, hEtG is used 
in diverse fields, including forensic science and medical re-
search, to assess both abstinence and chronic alcohol use.21 
Compared with biomarkers found in meconium or cord 
blood, which reflect only recent to medium-term exposure, 
hEtG in maternal hair provides a detection window for 
the entire pregnancy. Given that scalp hair grows at ap-
prox. 1 cm per month, a 9-cm segment cut shortly after 
delivery can reflect alcohol use throughout pregnancy.22

Recent research has highlighted factors such as external 
contamination (e.g., from ethanol-based hand sanitizers), 
certain clinical pathologies (e.g., renal dysfunction), and 
the ongoing debate over the optimal cutoff value, which 
can influence results.13,21,22 However, current biomarkers 
and screening tools for prenatal alcohol exposure (PAE) 
are generally more reliable at ruling out exposure than 
at detecting all affected individuals.

Not surprisingly, epidemiological data obtained through 
anonymous biological sampling often reveal higher rates 
of PAE than survey-based data.23–28 Existing research indi-
cates that hEtG analysis has very high specificity (ranging 
from 71% to 100%) but variable sensitivity, ranging from 
0% to 97%, with a median value of 23%, indicating that 
moderate alcohol use may frequently go undetected.26 
Investigations by different authors, using various labora-
tory techniques, samples from healthy individuals and 
patients with different pathologies, and various cutoffs, 
show positive predictive values (PPV) ranging from 38% 
to 100% and negative predictive values (NPV) from 19% 
to 100%.29

Highlights
	• Maternal hair ethyl glucuronide provides objective evidence of prenatal alcohol exposure.
	• Half of postpartum women showed evidence of alcohol consumption during pregnancy.
	• Positive hEtG results frequently elicited denial, confusion, or alternative explanations.
	• Stigma and fear of social or legal consequences may influence biomarker perception.
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Objectives

While positive hEtG results provide highly probable bio-
logical evidence of exposure, the experience of receiving 
these results, especially when the findings contradict a par-
ticipant’s beliefs about their consumption, self-identity, 
or personal habits, remains largely unexplored. Although 
there is some evidence that patients are generally in favor 
of alcohol screening by their physicians30 and appreci-
ate biomarker testing in outpatient alcohol-dependence 
treatment,31 there is a gap in research concerning patients’ 
attitudes toward these approaches during the perinatal 
period. This study addresses the need to explore pregnant 
women’s perspectives on and reactions to their hEtG bio-
marker results. Specifically, the aim of this study is to un-
derstand women’s perceptions of biomarker-based feed-
back regarding their alcohol use. To our knowledge, this 
is the first study to examine how women perceive the re-
sults of an objective measure of their alcohol consumption 
during pregnancy.

Materials and methods

This study is a comprehensive longitudinal investigation 
that tracks mothers and their children from the perinatal 
period through the first 2 years of life. Phase 1 of the study 
aimed to assess the prevalence and patterns of alcohol con-
sumption during pregnancy using 1) hEtG concentrations 
in hair, 2) a standard medical interview conducted at hospi-
tal admission, and 3) a structured questionnaire. Associa-
tions between hEtG levels, maternal characteristics, and 
pregnancy outcomes were also examined. The description 
and results of phase 1 have already been published,32 and 
therefore we present them here only as background for 
the presentation of phase 2. Phase 2 investigates the rela-
tionship between maternal alcohol consumption during 
pregnancy (as determined by hEtG levels in phase 1) and 
the health and neurodevelopmental outcomes of the child 
at 24–27 months of age. During re-recruitment for phase 2, 
each participant had the opportunity to learn the results 
of her hEtG analysis. In this article, only data collected dur-
ing the re-recruitment process are analyzed and discussed.

Setting and participants

The study was conducted at the Obstetrics and Gynecol-
ogy Clinic of the Institute of Mother and Child in War-
saw, Poland, between June 2022 and January 2023, with 
follow-up conducted 2 years later (2024–2025). The study 
complied with the Declaration of Helsinki and received 
approval from the  Ethics Committee of  the  Institute 
of Mother and Child (approval No. 17/2024).

A sample of postpartum women was recruited at ran-
dom, although not systematically, from among patients 
who gave birth at  the  clinic. Recruitment depended 

on research staff availability and clinic accessibility and 
was limited to hours that did not interfere with the clinic’s 
normal operations. Therefore, over 8 months, the research 
team collected data on a total of 36 days. Another key 
recruitment factor was the patient’s wellbeing when a re-
search team member visited. Patients who were sleeping 
or reported feeling unwell were not recruited.

Women were eligible if their newborns did not require 
urgent or specialized medical care. Those excluded were 
minors, women unable to  complete an  interview due 
to cognitive, linguistic, or health limitations, and moth-
ers of newborns diagnosed with genetic diseases.

Trained research staff conducted recruitment using 
communication techniques informed by  motivational 
interviewing.33 The motivational interviewing approach 
aimed to establish warm, nonjudgmental communication 
with patients using nonstigmatizing language, reflective 
listening, and open-ended questions34 to reduce stigma-
related reporting bias.35–37

A total of 401 patients were admitted to the ward dur-
ing the recruitment period. Figure 1 presents the patient 
flow. The most common reasons for declining participa-
tion were postpartum discomfort and cosmetic concerns 
related to hair sampling.

Approximately 2 years postpartum, participants were 
recontacted by phone and invited to participate in phase 2 

Fig. 1. Participant flowchart (phase 1)

patients in the maternity
ward on the days of data 

collection n = 401

patients whose hair sample was tested
n = 150

excluded due to child's genetic disease n = 1

left the ward before hair sample was
collected n = 5

refused to participate n = 62
(response rate = 71.6%, with the most
common reasons for declining being
postpartum discomfort and cosmetic

concerns)

not invited due to:
– organizational or health issues n = 176
– not eligible due to lack of knowledge

of the Polish language n = 6
– not eligible due to cognitive disorders n = 1

patients invited
to participate n = 218

patients recruited
n = 156

patients with hair
sample  n = 151
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of the study. The two-arm cohort study involved partici-
pants from phase 1: 1) mothers with positive hEtG results 
(n = 76) and 2) mothers whose hair analysis did not indicate 
alcohol consumption during pregnancy (n = 74). Overall, 
59.3% of the original sample were successfully re-recruited, 
including 55.3% of those with positive and 63.5% of those 
with negative hEtG results (Fig. 2). Several women declined 
immediately; in some cases, contact was not feasible, and 
in 1 case, the interview was not possible due to a child’s death. 
Some women who initially consented later withdrew during 
scheduling, while others could not find time for the interview.

Data collection procedures

In phase 1, written informed consent was obtained from 
all study participants for an interview about their sociode-
mographic characteristics, health behaviors, pregnancy 
and delivery, and newborn health, and for the collection 
of a hair sample for analysis of EtG concentration. Due 
to the sensitive nature of the data collected, participant 
confidentiality was ensured by using identification codes 
distinct from hospital identification numbers and by sep-
arating study data from medical records. A structured 
interview included the following components: 1) Alcohol 
Use Disorders Identification Test – Concise (AUDIT-C)38 
– a 3-item screening test asking about drinking frequency, 
quantity, and the number of occasions involving at least 
4 drinks in the 3 months prior to pregnancy; 2) a parallel 
set of questions about alcohol use during pregnancy; 3) 
a retrospective assessment based on the Timeline Follow-
back method,4 in which the participant was asked to mark 

on a calendar dates relevant to her most recent pregnancy 
(date of the last menstrual period, pregnancy recognition, 
1st visit to the doctor, etc.) and personal life (e.g., a birth-
day, holiday, etc.), identify the last occasion on which she 
drank alcohol, and then recall previous drinking occasions. 
Information on alcohol consumption collected using these 
3 methods allowed us to create indicators of occasional and 
risky drinking before pregnancy, drinking after conception 
but before learning about the pregnancy, and drinking 
after pregnancy recognition.

Hair samples were collected postpartum during phase 1. 
Each sample was securely labeled and stored in a closed en-
velope to prevent contamination and ensure proper iden-
tification. The samples were then shipped at room tem-
perature to the Istituto Superiore di Sanità (ISS) in Rome, 
Italy, for analysis.

At follow-up, the initial data (presented in this article) 
were collected during participant re-recruitment. Given 
the sensitive nature of the conversation, recruiters first 
sought to ensure that the patient was comfortable speaking 
on the phone at the time. If not, they scheduled the inter-
view for a more convenient time. During the structured tele-
phone conversation based on a written script, the recruiters 
discussed the purpose and procedure of phase 2 and, with 
the respondent’s consent, disclosed the results of her hair 
sample analysis for EtG concentration. The recruiters re-
corded mothers’ reactions to the invitation as close to verba-
tim as possible. If necessary, attempts to establish telephone 
contact were repeated at least 5 times on subsequent days 
and at different times. If there was no response, an invitation 
to make contact was also sent via text message or email.

Fig. 2. Participant flowchart at follow-up

eligible to participate
n = 150

hEtG negative 
n = 74

recruitment 
consent n = 57

interviewed 
n = 47

not interviewed: 
withdrawn consent n = 1

not available n = 9

recruitment:
refusal n = 7

no contact n = 10

hEtG positive n = 76

recruitment  
consent n = 51

interviewed 
n = 42

not interviewed:
withdrawn consent n = 2
was supposed to answer 

online herself n = 2
no contact n = 2

not available n = 3

recruitment: 
refusal n = 14

no contact n = 10
other n = 1
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Biological sample analysis

Hair samples collected during phase 1 were inspected 
for integrity upon arrival at ISS and stored appropriately 
until analysis. To assess alcohol use across the 3 trimesters, 
hair samples of sufficient volume (n = 135 out of a total 
of 150) were divided into three 3-cm segments correspond-
ing to the 1st  (6–9 cm), 2nd (3–6 cm), and 3rd (0–3 cm) 
trimesters of pregnancy. This segmentation approach, 
based on an average hair growth rate of approx. 1 cm per 
month, enables trimester-specific estimation of cumula-
tive alcohol exposure. Samples too small to be divided 
(n = 15) were analyzed in their entirety, indicating alcohol 
exposure at any time during pregnancy. The analysis was 
performed using validated gas chromatography–tandem 
mass spectrometry (GC–MS/MS), following validated 
procedures.39 Ethyl glucuronide (EtG) concentrations 
were interpreted according to international guidelines18: 
≤5 pg/mg: abstinence; 5–30 pg/mg: occasional to moderate 
drinking (equivalent to 2–4 drinks per day on several days 
per week); ≥30 pg/mg: heavy drinking (≥4 drinks per day 
on several days per week).

Data analysis

Quantitative analysis of phase 1 results has already been 
described.32 In phase 2, descriptive statistics (frequencies) 
were used to characterize participants in this phase and 
compare them with those who took part only in phase 1. 
Differences between these 2 groups were examined using 
the χ2 test and Fisher’s exact test for dichotomous variables 
(with the exception of age, for which the t-test was used), 
with a significance threshold of p < 0.05. The respondents’ 
perceptions of the hEtG analysis results were analyzed 
qualitatively. Because our primary research question was 
“How do respondents react to information about the re-
sults of the analysis of their own hair sample?”, we used 
a bottom-up approach to identify categories in the data, 
following methodological guidance for presenting qualita-
tive analyses in interdisciplinary research.40 In line with 
the principles of traditional grounded theory and current 
quality standards for its application,41,42 all statements were 
recorded and initially coded into key categories. Three 
independent researchers verified the initial coding, identi-
fied emerging ideas, categorized the data into topics, and 
formulated the key themes.

Results

Participant characteristics

The  mean age of  phase  2 participants was 33  years 
(Table 1). The majority held a higher education degree, had 
permanent employment, were married, lived in Warsaw, 
rated their economic situation as good or very good, and 

had planned the pregnancy. The only statistically signifi-
cant difference between those who participated in both 
phases and those who took part only in phase 1 was edu-
cational attainment, which was higher among participants 
in both phases (Table 2).

Alcohol consumption during pregnancy 
and pregnancy outcomes

The results of phase 1 have already been described and 
discussed in  detail elsewhere.32 From the  perspective 
of phase 2, the key information from phase 1 is each pa-
tient’s hEtG result, not the statistical analysis of the study 
sample. We briefly present the most important findings 
and their interpretation in Table 323–29,43–45 and Fig. 3. 
These results indicate that 50% of patients drank alco-
hol during pregnancy, including 10% who drank heavily. 
An increased risk of low birth weight was also found among 
infants whose mothers drank alcohol during pregnancy.

Perception of hEtG

Analysis of  participant responses to  the  disclosure 
of hEtG results revealed seven primary themes (Table 4). 
These themes reflect a range of emotional, cognitive, and 

Table 1. Characteristics of phase 2 participants (n = 89)*

Variable n %

Mean age (SD) [years] 33.21 (4.51) –

Education

primary 3 3.4

secondary 6 6.7

bachelor’s degree 8 9.0

higher education 72 80.9

Marital status
married 70 80.5 

cohabiting/single/divorced 17 19.5

Place 
of residence

large city 64 72.7

town/village 24 27.3

Economic 
situation

average/poor 14 15.7

good 59 66.3

very good 16 18.0

Social role

employee 73 83.9

housewife/student 6 6.8

businesswoman 8 9.2

Previous 
miscarriage

yes 17 19.1

no 72 80.9

Planned 
pregnancy

no 20 24.4

yes 62 75.6

Week 
of pregnancy 
recognition

1–4 20 23.8

5 34 40.5

6 or later 30 35.7

* For some variables, the number of responses given in the table does not 
add up to 89 due to missing data. SD – standard deviation.
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behavioral reactions, especially among women whose re-
sults indicated PAE. The categories were not fully sepa-
rable, so one person’s reactions could encompass more 
than one category.

Many participants, particularly those with negative hEtG 
results, did not engage with the  information provided, 
probably taking it for granted (Theme 1). For participants 
with positive hEtG results, the lack of a verbal reaction 

Table 2. Comparison between participants who took part only in phase 1 of the study and those who took part in both phases

Variable Took part only 
in phase 1

Took part 
in phases 1 and 2 Test Significance

Mean (SD) Mean (SD) t p-value

Age [years] 31.61 (4.75) 33.21 (4.51) −1.914 0.059

n (%) n (%) χ2 Fisher’s exact test

Education
higher education 36 (63.2) 72 (80.9)

5.680 0.021
other 21 (36.8) 17 (19.1)

Marital status
married 43 (75.4) 70 (80.5)

0.514 0.536
cohabiting/single/divorced 14 (24.6) 17 (19.5)

Place of residence
large city 40 (70.2) 64 (72.7)

0.111 0.850
town/village 17 (29.8) 24 (27.3)

Previous miscarriage
yes 9 (15.0) 17 (19.1)

0.418 0.661
no 51 (85.0) 72 (80.9)

Planned pregnancy
no 14 (29.2) 20 (24.4)

0.358 0.544
yes 34 (70.8) 62 (75.6)

n (%) n (%) χ2 p-value

Economic situation

average/poor 13 (22.8) 14 (15.7)

2.148 0.342good 31 (54.4) 59 (66.3)

very good 13 (22.8) 16 (18.0)

Social role

employee 49 (87.5) 73 (83.9)

2.449 0.484housewife/student 3 (5.4) 6 (6.8)

businesswoman 4 (7.1) 8 (9.2)

Week of pregnancy 
recognition

1–4 13 (28.3) 20 (23.8)

0.495 0.7815 16 (34.8) 34 (40.5)

6 or later 17 (37.0) 30 (35.7)

SD – standard deviation.

Fig. 3. Prevalence of alcohol consumption among study participants based on self-reports and ethyl glucuronide in maternal hair (hEtG) analysis
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was harder to interpret. Some women even ignored the op-
portunity to learn about or discuss the result, immediately 
redirecting the conversation to issues related to the next 
stage of the examination, i.e., assessing the child’s health 
in the 2nd year of life. Moreover, researchers could not rule 
out the possibility that the lack of  interest in receiving 
or discussing the results was due to the context of the tele-
phone conversation, which is not conducive to discussing 
this topic (despite the participant’s initial declaration that 
she could talk freely at that moment).

Several mothers justified their lack of concern or par-
ticipation by emphasizing their child’s good health and de-
velopment, implicitly framing the test results as irrelevant 

(Theme 2). Similar comments were also made by mothers 
who firmly denied alcohol use during pregnancy, empha-
sizing not only the child’s health but also how caring and 
responsible they were.

A prominent theme (Theme 3) among mothers with pos-
itive hEtG results was firm denial of alcohol consumption 
during pregnancy, often accompanied by emotional protest 
and rejection of the test’s validity. Some respondents re-
inforced their statements of abstinence during pregnancy 
by describing the support they received from loved ones.

Some participants expressed disbelief without antago-
nism or strong emotional responses (Theme 4). Their com-
ments reflected cognitive dissonance or attempts to make 

Table 3. Key findings of the phase 1 study32 – results and their interpretation

Topic Results Interpretation/discussion

Self-reported alcohol 
consumption before 
pregnancy

20% of participants scored ≥4 on the AUDIT-C 
for alcohol consumption in the 3 months prior 

to pregnancy.

This result indicates risky drinking among 1/5 of women 
of childbearing age, suggesting a risk of continued alcohol use 

after becoming pregnant.

Self-reported alcohol 
consumption during 
pregnancy

Alcohol use during pregnancy was identified in 0% 
of cases through a standard medical interview 
conducted at hospital admission for delivery.

Routine medical interviews fail to detect alcohol use during 
pregnancy.24,28 This leaves healthcare professionals unaware 
of the actual magnitude of the issue and makes it difficult 

to diagnose FASD and provide adequate support.

32% of women reported alcohol use between 
conception and pregnancy recognition.

The objective measure of alcohol consumption (hEtG) indicates 
a substantially higher prevalence of PAE than would be expected 

from self-reported data. This result aligns with previous studies 
conducted in other countries23–27 and highlights the limitations 

of relying solely on self-reporting when studying sensitive 
or stigmatized behaviors.24,26

3% admitted to knowingly drinking alcohol during 
pregnancy.

–

Alcohol consumption 
during pregnancy assessed 
by hEtG concentration

50% of participants had hEtG 
concentrations >5 pg/mg.

This indicates that half of the study participants consumed 
alcohol at some point during pregnancy.

Among the aforementioned 50%, 40% had EtG 
concentration of 5–30 pg/mg and 10% had EtG 

concentrations ≥30 pg/mg.

This indicates that 1 in 10 participants consumed alcohol in large 
amounts at some point during pregnancy.

No statistically significant differences were observed 
in sociodemographic characteristics or the course 

of pregnancy.

Alcohol consumption during pregnancy in the study 
by Okulicz-Kozaryn et al.32 was not related to sociodemographic 

characteristics. This is in line with other studies in which no 
association between alcohol use during pregnancy and 

place of residence, maternal age, education, or religiosity was 
found.23,43,44

No significant association was observed between 
self-reported alcohol consumption after conception 
but before pregnancy recognition (reported by 32% 

of participants) and hEtG concentrations measured for 
the 1st trimester.

This may suggest that those who disclosed alcohol use 
consumed only small amounts, insufficient to raise hEtG 

concentrations above the 5 pg/mg cutoff, or that those who 
consumed greater quantities were reluctant to disclose such 
behavior. This supports the assumption that many pregnant 

women are aware of the negative social perception surrounding 
alcohol use during pregnancy and fear negative reactions, 

especially from healthcare professionals.24,27

Alcohol consumption 
during pregnancy assessed 
by hEtG concentration and 
pregnancy outcomes

Binary logistic regression used to examine 
the relationship between hEtG and early observable 

diagnostic criteria for FASD (birth weight 
<10th percentile, head circumference <3rd percentile, 

presence of facial dysmorphologies, and serious 
or lifelong neonatal health problems) indicated higher 

odds (OR = 6.008, p = 0.023) of low birth weight 
among newborns whose mothers drank alcohol 
during pregnancy than among children whose 

mothers had hEtG concentrations below 5 pg/mg.

Being SGA may be the earliest observable sign of FASD.45 
In this study, the SGA risk was highest in cases of increased 
alcohol consumption during pregnancy (with higher hEtG 
concentrations observed in the 3rd trimester than in the 1st 

and/or 2nd trimester).29 This result is probably related to the fact 
that babies gain weight mainly toward the end of pregnancy 

and alcohol exposure in the 3rd trimester significantly affects their 
body mass.

AUDIT-C – Alcohol Use Disorders Identification Test-Concise; FASD – fetal alcohol spectrum disorder; hEtG – ethyl glucuronide in hair; SGA – small for 
gestational age; OR – odds ratio.
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sense of unexpected results. One of the mothers admit-
ted that she had abused alcohol in the past while denying 
drinking during pregnancy.

Some women hypothesized about environmental 
or physiological factors that could have caused false-pos-
itive results, especially those who self-identified as absti-
nent (Theme 5). Such reactions were often accompanied 
by expressions of disbelief and surprise.

One participant explicitly raised concerns about how po-
tentially inaccurate data could affect public health report-
ing and personal reputation (Theme 6). However, the de-
nial and rejection described above could also, in some 
cases, suggest doubts about the study’s validity.

Few participants accepted the result without protest 
(Theme 7). These responses were often brief or marked 
by  inquiries about medical consequences rather than 
denial. In the researchers’ view, in some cases, the lack 
of verbal comment also expressed acceptance and acknowl-
edgment of the result.

Discussion

While national surveys in Poland have reported a de-
cline in  alcohol consumption during pregnancy, from 
17% in 200543 to 5% in 201746 and 7% in 2020,44 the re-
sults of this study suggest that actual alcohol use remains 
high but that the willingness to report it has decreased. 
This may reflect successful public health campaigns that 
increase awareness47 without a corresponding shift in ac-
tual behavior.48 Therefore, prevention efforts should ex-
tend beyond information campaigns and aim to foster real 
behavioral change. Motivational interviewing has shown 
promise in this area, especially when focused on reducing 
alcohol use and improving preventive effectiveness.49,50 
However, evidence also suggests that, in some contexts, 
increased awareness does not necessarily reduce alcohol 
consumption.13

There is also an urgent need to strengthen perinatal 
care systems so that professionals are better equipped 

Table 4. Themes and illustrative quotes from participants regarding their perceptions of maternal hair ethyl glucuronide (hEtG) results

No. Theme Description Illustrative quote
(respondent’s hEtG results)

1
Disengagement and 

indifference

No engagement with hEtG results; 
some ignored the opportunity 

to learn about or discuss the results.
No comments

2
Reassurance through 

the child’s health

Focus on the child’s health 
as a justification for non-
engagement or disbelief.

The child is under the care of a pediatrician, and so far everything is fine (moderate 
drinking throughout pregnancy)

I am outraged and shocked. The test is unreliable. I did not drink alcohol before, 
during or after pregnancy. The child is healthy and developing well. He started 
walking at 13 months and talking at 24 months. (moderate drinking throughout 
pregnancy)

3
Rejection and firm 

denial

Emotional rejection of the test 
results, often accompanied 

by statements of abstinence.

This hair test turned out to be complete nonsense. I don’t drink, and I am a big 
opponent of all substances of abuse. (3rd-trimester moderate drinking)

I didn’t drink, and I’m shocked. This is some nonsense! Before pregnancy, I drank 
occasionally, maybe once a month, once every 6 months with a friend. (excessive 
drinking throughout pregnancy)

I hadn’t had a drink in a year before I got pregnant. We were trying to have a baby 
consciously, the EtG results are a nonsense. (moderate drinking in the 1st and 
2nd trimesters)

My husband also abstained to support me (moderate drinking throughout 
pregnancy)

4 Surprise and confusion
Mild astonishment, cognitive 

dissonance, or puzzlement without 
expressions of negative emotions.

My first child was born with Down syndrome and shortly after weaning I got pregnant 
again. I didn’t have a single glass of wine before I found out I was pregnant again. 
(excessive drinking throughout pregnancy)

I am addicted and in therapy. But I haven’t had a drink since I got pregnant (excessive 
drinking in the 1st trimester and moderate drinking in the 2nd and 3rd trimesters)

5
Search for alternative 

explanations

Attempts to explain results through 
environmental contamination 

or physiological factors.

I am a teetotaller. At the beginning of my pregnancy, I only drank kombucha, then 
nothing. I also did not use any alcohol-based cosmetics for fear of an allergic 
reaction. I also tried not to go to the hairdresser. (moderate drinking in the 1st and 
2nd trimesters)

I wonder if hair grows at different rates... (moderate drinking throughout pregnancy)

6
Concern about 
research validity

Expressed anxiety about 
the implications of inaccurate results 

for public health data or personal 
reputation.

The study is, however, incorrect and does not reflect the actual state. Alcohol 
consumption throughout pregnancy was 0. If any statistics are made based 
on these studies, or another analysis, please indicate that the study in my case 
is incorrect, unreliable, or that there was a mistake. I would not like an incorrect and 
unfair result to affect the statistics on abstinence of pregnant women. (3rd-trimester 
moderate drinking)

7
Acceptance 

or ambiguous 
acknowledgment

Acknowledgment of the result 
without protest, or questions about 
implications for the child’s health.

I will not deny these results. (excessive drinking throughout pregnancy)
Could this elevated marker indicate the risk of a disease in the child? 

(moderate drinking throughout pregnancy)
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to recognize the risk of PAE and intervene effectively. 
This involves not only updating protocols and increas-
ing knowledge and skills in FASD prevention, but also 
motivating physicians, midwives, and nurses to initiate 
discussions about alcohol use with women of reproduc-
tive age and/or verify alcohol use via biomarker analysis.

Although qualitative studies have shown how reluctant 
women are to accept the results of biological sample analy-
sis, these remain the best available objective measures 
of  alcohol consumption during pregnancy. The  types 
of reactions identified among women included rejection 
and denial, confusion, a search for alternative explana-
tions, indifference, and cautious acceptance. The reac-
tions to hEtG disclosure were often emotionally charged 
and defensive. These findings underscore the importance 
of ethical sensitivity in communicating hEtG results and 
reinforce the need for confirmatory testing and supportive 
dialogue in clinical and research contexts.

Beyond conscious misreporting, unconscious psycho-
logical mechanisms may also influence participants’ re-
sponses.51 Participants’ disengagement and indifference may 
be interpreted as avoidance – a form of self-defense involv-
ing the dismissal of uncomfortable thoughts or feelings, 
or suppression, the conscious blocking of undesirable infor-
mation. Denial, which involves rejecting external reality, al-
lows one to focus on internal explanations and reassurance. 
It is understandable that a woman may want to protect her 
self-image when faced with information that contradicts her 
view of herself as a responsible, caring mother. Internalizing 
negative beliefs and feelings may lead to self-stigma, which 
is also associated with anticipating societal stigma.52,53

General health messaging, such as “zero alcohol during 
pregnancy” or “any amount can harm your baby,” while 
well-intentioned, may contribute to  the stigmatization 
of women who drink during pregnancy. These messages 
risk labeling such women as irresponsible or “bad” moth-
ers52 and may inhibit open communication with health-
care providers. Moreover, these messages can be perceived 
as paternalistic and disrespectful of women’s autonomy.54 
While the recommendation for complete abstinence dur-
ing pregnancy should remain firm, communication strat-
egies might benefit from emphasizing risk reduction and 
supporting informed decision-making without judgment 
or moralizing.

Even if we assume that most denials of hEtG results re-
flect stigma avoidance, the risk of false-positive biomarker 
results must be discussed. Although hEtG is a well-estab-
lished and highly specific biomarker for detecting high 
levels of alcohol consumption, it has limitations, particu-
larly low sensitivity for moderate drinking and individual 
variability in EtG incorporation.55 While false negatives 
are more common, research suggests that false positives 
may occur in approx. 13% of cases.26

Low (below our cutoff point of 5 pg/mg) but detectable 
hEtG concentrations have been documented in abstinent 
adults56,57 and in young children living in households with 

substance-using caregivers.56 Moreover, elevated hEtG lev-
els have been observed in individuals with kidney or liver 
disease and diabetes58,59 – though none of these conditions 
were present in our study participants, aside from isolated 
cases of gestational diabetes.

There is no evidence that hEtG levels above 5 pg/mg can 
be caused by frequent use of ethanol-based hand disinfec-
tants,60 but prolonged exposure of hair to alcohol-based 
perfumes may increase hEtG levels, resulting in false-pos-
itive results.61 Cosmetic hair treatments represent an ad-
ditional source of analytical interference that warrants 
consideration. Oxidative procedures such as bleaching 
and permanent dyeing have been shown to substantially 
reduce hEtG concentrations through chemical degrada-
tion or physical removal of EtG from the hair matrix, 
potentially leading to false-negative results.61–63 In vitro 
studies have demonstrated that hEtG can disappear en-
tirely from hair following a strong bleaching treatment61 
and that all common coloring procedures, including 
henna, markedly reduce EtG content, in some cases to be-
low the  limit of detection.63 The specific types of hair 
treatments should be documented at the time of sample 
collection and considered during result interpretation.64 
A false-positive result caused by the application of a hair 
gel in an abstinent patient after liver transplantation was 
also reported.65 Therefore, we  cannot exclude the  in-
fluence of  accidental contamination of  hair samples 
on the hEtG analysis results.

Because we cannot definitively rule out false-positive 
hEtG results in some cases, it is important to distinguish 
analytical uncertainty from psychological phenomena. 
Rejection, the  search for alternative explanations, and 
concern about validity cannot be explained solely by ana-
lytical error. Psychological defense mechanisms are ac-
tivated with great intensity when information, whether 
true or false, is perceived as threatening and challenges 
one’s identity or self-image. This is particularly the case 
in the highly stigmatizing context of alcohol consumption 
during pregnancy.

The  analysis of  reactions among participants who 
tested positive suggests that disclosing biomarker find-
ings is a highly sensitive issue. Further research is needed 
to determine the best methods for discussing such results 
with patients and making them useful in planning and 
delivering health interventions.

It should be emphasized that, while underestimation 
of alcohol use is the major threat in population-level epide-
miological analyses based on hEtG,26 false-positive results 
may pose a threat to the individual. They may have seri-
ous implications for individual-level assessments of child 
health, family dynamics, and maternal wellbeing. Thus, in-
terpreting biomarker results requires caution, and findings 
should be communicated to participants with sensitivity. 
When hEtG results inform therapeutic, social, or  legal 
interventions, confirmation with additional biomarkers 
should be required.
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Limitations of the study

This study has several limitations to consider when in-
terpreting the findings. First, the sample was relatively 
small and was drawn from a single hospital, which limits 
the generalizability of the findings.32

The recruitment process was adapted to hospital work-
flow and prioritized maternal wellbeing, reducing the stan-
dardization of data collection.32 Furthermore, participants’ 
awareness of the study objectives and the purpose of col-
lecting hair samples may have influenced their consent. 
Participants who may have consumed alcohol during preg-
nancy may have been particularly reluctant to re-engage 
in the study during the follow-up period.

However, it is difficult to assess the impact of recruit-
ment bias on the qualitative data collected in the 2nd phase 
of the study. Given the participants’ relatively good so-
cioeconomic circumstances, they may not have been ac-
customed to discussing their lifestyle with others (e.g., 
medical or social workers). Expanding on this idea, one 
could hypothesize that individuals in more disadvantaged 
circumstances, benefiting from various forms of social 
support, would be more open to discussing alcohol con-
sumption during pregnancy. It could also be argued that 
in a small town or rural environment, where there is less 
social anonymity than in a large city, responses to the hEtG 
results would differ. However, future research should verify 
these assumptions.

Moreover, only mothers participated in the study, and 
the research team made every effort to ensure that women 
felt comfortable discussing their hEtG results and that no 
one (e.g., the child’s father) influenced their responses. 
Therefore, the results reflect only the women’s perspec-
tive. However, in the future, it would also be worthwhile 
to explore men’s attitudes toward the results of biological 
sample analysis indicating possible prenatal alcohol expo-
sure in their child.

Second, the qualitative analysis is based on participants’ 
verbal reports during follow-up, which may have been in-
fluenced by social desirability, recall bias, or the passage 
of time since childbirth. Although a structured, multistage 
grounded theory approach enhanced transparency and 
reliability,40–42 the interpretation of qualitative findings 
may still reflect contextual and disciplinary perspectives.

Third, although highly specific, the  hEtG assay has 
limited sensitivity for detecting moderate alcohol con-
sumption and may produce false positives under certain 
rare conditions, which may have influenced participants’ 
reactions. 

Fourth, reliance on a single biomarker without confirma-
tory testing with other biological measures (which could 
not be included in this project for financial reasons) limits 
the certainty of individual-level conclusions, although it re-
mains informative for population-level estimates.

Finally, as with all studies addressing socially sensi-
tive topics, psychological and emotional factors may 

have influenced both participation and self-reporting 
patterns.24,27,52,53 Replication of these findings in larger, 
more diverse samples and the inclusion of multibiomarker 
approaches are recommended to  improve validity and 
strengthen the evidence base for future research.

Conclusions

This study confirms that the prevalence of PAE, de-
tected by hEtG, is substantially higher than that suggested 
by self-reported data, even among highly educated and 
socioeconomically advantaged women. Although hEtG of-
fers a valuable and objective measure of alcohol consump-
tion during pregnancy, the frequent denial or questioning 
of positive results highlights the complexity of interpre-
tation and the role of effective communication of bio-
marker results in preventing women from feeling guilty 
or stigmatized.

Denial and questioning of objective results are likely 
influenced by social desirability bias, fear of negative judg-
ment, self-stigmatization, and concerns about the poten-
tial consequences of sharing results with family members 
or professionals with whom the family or child may have 
contact. However, further studies are needed to better un-
derstand women’s reactions.

Public health strategies should integrate objective bio-
marker monitoring with effective and nonjudgmental com-
munication and, where possible, confirm positive results 
across multiple biomarkers before applying them in clini-
cal, social, or legal contexts. Strengthening perinatal care 
systems by training health professionals to openly and 
respectfully discuss alcohol use with women of reproduc-
tive age is crucial for preventing FASD. Future research 
should validate multibiomarker approaches and explore 
psychological factors that influence self-reporting. Clini-
cally, these findings highlight the need for healthcare 
providers to communicate biomarker results sensitively 
and manage patients’ denial or distress while maintaining 
a supportive, nonjudgmental approach.
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