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Abstract
Background: Prenatal alcohol exposure (PAE) is associated with growth deficits
and neurodevelopmental impairment including foetal alcohol spectrum disorder
(FASD). Difficulties with oral and written communication skills are common
among children with PAE; however, less is known about how communication
skills of adolescents who have PAE compare with those who do not. Adolescence
is a critical time for development, supporting the transition into adulthood, but
it is considered a high-risk period for those with FASD.
Aims: We conducted a systematic review to synthesize evidence regarding oral
and written communication skills of adolescents with PAE or FASD and how
they compare with those with no PAE.
Methods & Procedures: A comprehensive search strategy used seven
databases: Cochrane Library, Cinahl, Embase, Medline, PsycInfo, Eric and Web
of Science. Included studies reported on at least one outcome related to oral and
written communication for a PAE (or FASD) group as well as a no/low PAE
group, both with age ranges of 10–24 years. Quality assessment was undertaken.
Main Contribution: Communication skills most often assessed in the seven
studies included in this review were semantic knowledge, semantic process-
ing, and verbal learning and memory. These communication skills, in addition
to reading and spelling, were commonly weaker among adolescents with PAE
compared with those with no/low PAE. However, the findings were inconsistent
across studies, and studies differed in their methodologies.
Conclusions & Implications: Our results emphasize that for adolescents with
PAE, communication skills in both oral and written modalities should be com-
prehensively understood in assessment and when planning interventions. A key
limitation of the existing literature is that comparison groups often include some
participants with a low level of PAE, and that PAE definitions used to allocate
participants to groups differ across studies.
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What this paper adds
What is already known on the subject

∙ PAE and FASD are associated with deficits in oral and written communication
skills. Studies to date have mostly focused on children with a FASD diagnosis
as well as combined groups of children and adolescents with FASD or PAE.
There is a gap in what is known about oral and written communication skills
of adolescents, specifically, who have PAE or FASD. This has implications for
the provision of assessment and supports during a period of increased social
and academic demands.

What this study adds to existing knowledge

∙ This review provides systematic identification, assessment and synthesis of the
current literature related to oral and written communication skills of adoles-
cents with PAE compared with those with no/low PAE. The review revealed
a small knowledge base with inconsistent methodologies and findings across
studies. However, the findings overall highlight that adolescents with PAE
have weaker skills in oral and written language than those with no/low PAE.
Results are discussed in relation to education, social and emotional well-being,
and forensic contexts.

What are the potential or actual clinical implications of this work?

∙ Findings emphasize that for adolescents with PAE, comprehensive assessment
of both oral and written communication skills, through both standardized and
functional tasks, should be undertaken. Speech–language pathologists have a
key role in assessment with individuals who have PAE.

INTRODUCTION

Prenatal alcohol exposure (PAE) and foetal
alcohol spectrum disorder (FASD)

PAE is a global public health concern. Alcohol can affect
foetal development, potentially resulting in a range of neu-
rodevelopmental impairments, including FASD (McCor-
mack et al. 2017). Globally, the prevalence of alcohol use in
pregnancy is 10%, however variation is considerable within
and across countries (Popova et al. 2017). In Australia,
for example, one study in which children were randomly
selected from a government database and their parents

were interviewed face to face reported that 30% of preg-
nancies involved PAE (Hutchinson et al. 2013). In another
Australian study, in which women were from a prospective
pregnancy cohort study and interviewed via telephone,
PAE was identified in 61% of pregnancies (McCormack
et al. 2017). Following pregnancy recognition, just over one
in four pregnancies in Australia continue to involve PAE
(Muggli et al. 2016). Globally, approximately 8% of chil-
dren with PAE receive a diagnosis of FASD (Lange et al.
2017). Pooled prevalence estimates of FASD among chil-
dren and youth in the general community range from< 1%
to 2% (Lange et al. 2017). However, the prevalence is much
higher among specific sub-populations, such as in special
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education (3–8%) and child welfare populations (5–31%)
(Popova et al. 2019).

Duration and dose of PAE are associated with risk of
psychosocial and behaviour problems which extend into
early adulthood (Day et al. 2013), and PAE of ≥ 1 ounce
(oz) of absolute alcohol (AA) per week1 is associated with
structural changes and reduced volume of the brain (Chen
et al. 2012). Individuals with a FASD diagnosis demon-
strate severe impairments across a wide range of neurocog-
nitive domains, including attention, memory, language,
executive function, cognition, motor skills and affect reg-
ulation (Mattson et al. 2019). These impairments con-
fer additional vulnerability for the acquisition and use of
adaptive functioning and academic skills (Lynch et al. 2017,
McLachlan et al. 2020). Neurodevelopmental impairment
associated with PAE can also be compounded by exposure
to childhood trauma and other adversities (Hyter 2007,
Kambeitz et al. 2019). While neurodevelopmental impair-
ment can occur among children with trauma alone, it is
more common among those with both trauma and FASD
(Henry et al. 2007).

PAE and skills related to oral and written
communication

Communication skills are a key consideration in FASD
diagnostic assessments and in the provision of services to
support functioning (Bower and Elliott 2016, Scottish Inter-
collegiate Guidelines Network 2019). Speech-sound, word-
and sentence-level language difficulties were first observed
among children and adolescents of parents with alcohol
use problems in France in the late 1960s (Lemoine et al.
2003). In the 1970s, standardized assessment of the com-
munication skills of 45 young children with a diagnosis
of foetal alcohol syndrome (FAS: a diagnosis subsumed
under the diagnosis of FASD) in the United States revealed
that 80% demonstrated speech, language or voice deficits
(Iosub et al. 1981). In Australia, parent-reported language
delay at 2 years of age was not associated with PAE at
low levels (≤ 20 g of AA per occasion, less than weekly2);
however, language delay was more common among those
with higher levels of PAE in trimesters two and three of
pregnancy (O’Leary et al. 2009). More recently, in Canada,
among children of high-risk drinkers, a 50% increased risk
of parent-reported communication delay in early child-
hood was identified (Netelenbos et al. 2020).

Several studies show that individuals with FASD or
PAE (without a diagnosis of FASD) demonstrate impair-
ments across multiple verbal skills. In general, the research
focuses on children with a FASD diagnosis, combined
groups of children and adolescents with FASD or PAE,
and adolescents with PAE that was assessed for part of

the pregnancy, rather than for all three trimesters in preg-
nancy. Weak verbal memory skills are seen in children
with FASD and adolescents with PAE (Becker et al. 1990,
Olson et al. 1998, Willford et al. 2004). Hearing loss is also
common among children with FASD (McLaughlin et al.
2019). Such deficits affect the encoding and consolidation
of speech and language, and in turn, compromise learn-
ing within oral language domains of phonology, seman-
tics and syntax (grammar). Individuals with FASD have
been found to lack adequate semantic knowledge, includ-
ing receptive and expressive vocabulary (Wyper and Ras-
mussen 2011), and those with PAE are slower to access and
retrieve vocabulary items based on semantic and phone-
mic constraints (Mattson and Riley 1999). Using semantic
knowledge for language-related problem-solving tasks is
also difficult for individuals with FASD (Rasmussen and
Bisanz 2009, Wyper and Rasmussen 2011). Grammatical
skills can also be compromised, impeding both compre-
hension and formulation of language at sentence and text
levels (Kodituwakku et al. 2006, Wyper and Rasmussen
2011).

Oral language skills are foundational to learning how
to read, spell and write (Nation 2019, Wagner and Torge-
sen 1987). Both oral and written language skills are crit-
ical for academic and occupational success, therefore it
is important to consider both these modalities. Studies
with children who have FASD, either separate to or in
a combined group with adolescents, have found compro-
mised reading and spelling abilities (Adnams et al. 2007,
Glass et al. 2015). These studies have also shown that
underlying these difficulties are weaknesses in phonolog-
ical awareness, phoneme manipulation, decoding (map-
ping graphemes to phonemes) and encoding (mapping
phonemes to graphemes) (Adnams et al. 2007, Glass et al.
2015). According to the Simple View of Reading, skills
in both decoding and semantic knowledge are required
for reading comprehension (Nation 2019), and weak read-
ing comprehension skills have also been found among
individuals with PAE, with and without FASD (Mattson
et al. 1998, Vaurio et al. 2011). Further, rapid naming skills,
which are strongly associated with reading fluency (Nor-
ton and Wolf 2012), were also found to be weak (Glass et al.
2015).

PAE, communication skills and
adolescence

Some studies have reported that deficits with communica-
tion skills among individuals with FASD or PAE become
more severe with increasing age. Increasing deficits in
overall receptive and expressive language ability have been
identified (de Beer et al. 2010, Proven et al. 2014) as well
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as in specific skills, such as grammar (Wyper and Ras-
mussen 2011) and verbal fluency (Rasmussen and Bisanz
2009). It is not surprising that deficits in communication
skills become more severe with age given the increasing
social and academic demands as well as fewer parent and
teacher supports. Individuals with FASD struggle with the
complex language and cognitive skills required to navi-
gate learning and social situations (Duquette et al. 2006,
Skorka et al. 2020). Consequently, the transition from pri-
mary to high school as well as from adolescence into young
adulthood is particularly problematic (Lynch et al. 2017,
Skorka et al. 2020).

Adolescence begins at the commencement of puberty
(a biological event); however, the end of adolescence dif-
fers according to country and community, and can align
with social and cultural achievements, such as educa-
tional attainment, social competence and financial inde-
pendence (Blakemore 2018). Adolescence is a critical time
for the development of neurocognitive skills which support
the establishment of greater independence as well as influ-
ence social, educational, health and economic trajectories
(Dahl et al. 2018). Thus, adolescent health has emerged as
an internationally recognized priority area concerned with
health and well-being, encompassing both the adolescent
(10–19 years) and youth (15–24 years) age ranges (Patton
et al. 2016, Viner et al. 2012).

The development of communication skills is particu-
larly important during adolescence, with growth in skills
related to semantic knowledge, morphology and syntax as
well as metacognitive verbs, figurative and pragmatic lan-
guage (Nippold 2016, Spencer 2018). Adolescents become
increasingly capable of producing and comprehending
more complex oral and written language. This in turn con-
tributes to successful participation in social, academic and
occupational contexts. However, during adolescence, the
development of communication skills can be often over-
looked, and communicative competence assumed, given
that development of communication skills is less visi-
ble compared with early childhood years (Spencer 2018).
Given the significance of oral and written communication
skill development within adolescence and beyond, specific
attention to the communication skills of adolescents with
PAE is warranted.

Previous systematic reviews

Four systematic reviews report communication outcomes
as part of their investigation of individuals with FASD or
PAE. A systematic review and meta-analysis, by Popova
et al. (2016), of the comorbid conditions among children,
adolescents and adults with a diagnosis of FAS estab-
lished receptive (82%) and expressive language disorder
(76%) as two of the most common comorbid conditions.

Articulation, motor-speech and voice problems were also
commonly noted; however, detailed communication pro-
files were not reported given that the focus of the review
related to a wide range of comorbidities (Popova et al.
2016). Price et al. (2017) systematically reviewed research
related to the impact of both PAE and trauma on devel-
opment; they identified that for 0–16-year-olds, exposure
to both trauma and PAE can have a compounding effect,
resulting in a higher risk of communication problems,
including with phonological awareness, speech, vocabu-
lary, grammar as well as verbal memory, compared with
exposure to one of these factors alone. Flak et al. (2014) sys-
tematically reviewed and meta-analysed research related
to the association between PAE and child neurodevelop-
ment; they failed to find an association between mild,
moderate and binge levels of PAE and expressive vocabu-
lary, verbal intelligence, semantic verbal fluency and read-
ing for 0–14-year-olds. Due to the complex and dynamic
nature of neurodevelopment, Flak et al. (2014) raised a
concern about analysing results from studies with a wide
age range of participants. Irner (2012) undertook a system-
atic review on the association between PAE and other sub-
stance exposures in-utero and developmental outcomes in
adolescence. They included studies with and without com-
parisons between PAE and no/low PAE groups, as well as
studies with participant groups with children, adolescents
and adults. They concluded that PAE, especially at high
levels (more than or equal to five alcohol drinks per occa-
sion), is associated with developmental deficits, includ-
ing in verbal skills and academic achievement, and high-
lighted the impact on development that social adversity
and other drug exposures may also have.

A further two systematic reviews specifically focused on
PAE and communication skills among infants and young
children, but are equivocal in their findings as to whether
PAE, at varying levels, is associated with weaker commu-
nication outcomes (Hendricks et al. 2019, O’Keeffe et al.
2014). The current review aimed to address a gap in previ-
ous reviews, namely the need to synthesize nuanced data
on communication profiles of adolescents to provide a
comprehensive understanding of how both PAE and FASD
affect oral and written communication outcomes during
this developmental period.

Current study

Our objective was to systematically review and synthesize
literature to identify the communication profiles of adoles-
cents (10–24 years) with PAE, and to examine how they
compare with those with no/low PAE. Detailed insights
into the specific communication profiles of adolescents
with PAE can help to drive assessment, support and thera-
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peutic approaches that are developmentally and neurocog-
nitively appropriate for this age group.

Materials and methods

We conducted and report this systematic review follow-
ing the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement (Moher et al.
2009). Our protocol was registered with PROSPERO (ID:
CRD42019077187).

Eligibility criteria

This review included only English-language, peer-
reviewed and published studies that had both a PAE (or
FASD) group and a no/low PAE group. For inclusion in
this review, PAE needed to have been assessed for each
group. In this review, we used the age range consistent
with that used in adolescent health (Patton et al. 2016,
Viner et al. 2012); all participants in both the PAE and
no/low PAE groups needed to be aged 10–24 years. Studies
in which the age range of participants fell outside of this
age criterion were excluded, unless data were provided
specifically for those in the required age range. We con-
tacted the authors if a study did not specify the age range
of the participants. Studies were eligible if they included
data (mean/SD) from standardized or non-standardized
assessments for at least one outcome related to oral or
written communication skills.

Search strategy and information sources

Our search strategy included terms for (1) adolescents,
(2) PAE and FASD, (3) control groups and (4) outcomes
related to oral and written communication skills exam-
ined when a diagnosis of FASD is being considered, for
example, speech, language, verbal memory, verbal fluency
and literacy (Bower and Elliott 2016, Scottish Intercolle-
giate Guidelines Network 2019). An example of our search
strategy is provided (see table S1 in the additional support-
ing information). We did not include individual subtest
outcomes related to mathematics, social communication
or social problem solving. While composite verbal IQ and
verbal comprehension scores include data related to these
skills, they also include data related to vocabulary, similar-
ities and general knowledge, and are considered to reflect
overall verbal ability (Wechsler 1991). Therefore, we have
included the verbal IQ and verbal comprehension compos-
ite scores. Further, we did not include verbal tasks which
require switching and are considered measures of inhibi-

tion, for example, the switching subtest scores for verbal
fluency and rapid naming.

The databases searched were the Cochrane Library,
Cinahl, Embase, Medline, PsycInfo, Eric and Web of Sci-
ence. We used MeSH headings as well as title and abstract
truncation relevant to each electronic database, and our
search strategy was reviewed by an experienced univer-
sity librarian. The search included studies published from
1967 onwards and was conducted in March 2019. Before our
final reporting, we conducted the search again for studies
published during 2019 and up to 6 July 2020.

Study selection

The search results were exported to Endnote (X8.2) and
uploaded to Covidence, a web-based software program for
systematic reviews (Veritas Health, Innovation). Following
the removal of duplicates, the first author and a second
(SL/RW/AFJ) independently screened 100% of titles and
abstracts. The same method was carried out for full-text
screening of 100% of the remaining results. We resolved
disagreements by team discussion.

Quality assessment

The first author and a second (RW/AFJ) independently
assessed the methodological quality of the included studies
using the Standard Quality Assessment Criteria for Eval-
uating Primary Research Papers from a Variety of Fields
(Kmet et al. 2004). Studies were assessed for their design,
participant recruitment, assessment and outcomes as well
as reporting of results and confounders. Items can be
scored 0= no, 1= partial, 2= yes, or N/A if not applicable.
Items 5–7 can be excluded for observational studies; how-
ever, we included item 6 as it relates to blinding of inves-
tigators which is an important item to consider in quality
assessment (National Health and Medical Research Coun-
cil 1999). Raw scores were converted to percentages and
used to categorize study quality as strong (> 80%), good
(70–80%), adequate (50–69%) or limited (< 50%) (Lee et al.
2008) (table 1). Disagreements were resolved by team dis-
cussion.

Data extraction

The first author extracted data related to study char-
acteristics from the included studies, using a tem-
plate that we developed based on guidelines from the
National Health and Medical Research Council (1999). The
extracted data were related to study design and participant
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TABLE 2 Definitions of PAE by group for the included studies

Group definitions of PAE
Reference PAE No/low PAE
Furtado and de Sa Roriz

(2016)
Any positive answer to alcohol

consumption questions; score ≥ 1 on
an assessment of high-risk drinking
(T-ACE); alcohol abuse/dependence

Alcohol abstinence in pregnancy;
score of 0 on T-ACE
assessment; no alcohol
diagnosis

Lewis et al. Heavy: ≥ 1.0 oz AA per day during
pregnancy

< 0.5 oz AA per day during
pregnancy

Moderate: 0.5–0.99 oz AA per day
during pregnancy

McLachlan et al. (2014) Participant has a FASD diagnosis No known, documented, or
suspected PAE

Howell et al. ≥ 2 drinks per week during pregnancy No PAE
Doyle et al. > 4 drinks per occasion or > 13 drinks

per week on average during
pregnancy; Alcohol
abuse/dependence; PAE suspected
AND criteria met for FAS

≤ 1 drink per week on average
and never > 2 drinks per
occasion during pregnancyd

Notes:AA, absolute alcohol. A total of 0.6 fluid ounces (fl oz) of AA= one standard drink in the United States (National Institute on Alcohol Abuse and Alcoholism,
2020); FAS, foetal alcohol syndrome (diagnosis subsumed under FASD).
aDetroit sample only.
bThe same participants, but different outcomes and age, are reported by Coles et al. (2010).
cThe same participants, but different outcomes, are reported by Panczakiewicz et al. (2016).
dDefinition used by Panczakiewicz et al. (2016): less than one drink per week on average and never more than two drinks per occasion during pregnancy.

characteristics (table 1), as well as the definitions used
for PAE and the methods used to guide FASD diagnos-
tic decisions (table 2). We extracted outcomes of interest
(i.e., mean/SD) and the respective assessments adminis-
tered (table 3). All extracted data were cross-checked by
a second author (SL/AFJ/RW). We classified outcomes
according to oral language domains, verbal processing
skills that underlie communication skills, and written lan-
guage skills. Two speech–language pathologists (NK and
SL) reviewed each administered assessment task and clas-
sified outcomes accordingly. Discrepancies were resolved
through team discussion.

Statistical analysis

Pooled samples t-tests in SPSS were undertaken to examine
between group differences when studies reported group
comparisons with more than two groups, and when post-
hoc tests were reported without p-values. Where effect
sizes were not reported for between-group comparisons,
we calculated these with Cohen’s d, and for one study with
unequal group sizes (Lewis et al. 2015), with Hedge’s g (d/g:
small = 0.2, medium = 0.5, large = 0.8) (Cohen 1988).

Results

Study selection

As shown in figure 1, the initial search yielded 4264 records
following the removal of 2577 duplicates. Title and abstract
screening resulted in 165 records being retained for full-
text screening from which 158 records were excluded.
We achieved interrater agreement of 98% at the title and
abstract screening stage and 95% at the full text screen-
ing stage. Team discussion resulted in 100% consensus at
each stage. Reasons for full-text exclusion included incor-
rect participant population (n= 130), comparator group (n
= 5), outcomes (n = 21) and language (n = 2). The remain-
ing seven search results were consistent with the inclusion
criteria and were included in this review. No further stud-
ies were identified as meeting the inclusion criteria when
the search was rerun in July 2020.

Study and participant characteristics

Study and participant characteristics of five of the seven
included studies are reported in table 1. Three of the seven
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F IGURE 1 PRISMA flow diagram showing the process and selection of included studies (Moher et al. 2009)

studies contained unique participant groups from Brazil,
Canada and the United States (Furtado and de Sa Roriz
2016, Lewis et al. 2015, McLachlan et al. 2014), and are
reported in table 1. Two of the seven studies, also from the
United States, reported data for the same participants, but
on different outcomes and ages (Coles et al. 2010, Howell
et al. 2006). We report the study and participant character-
istics for the study with the largest sample (Howell et al.
2006) in table 1 while study and participant characteristics
for the other study are provided in table S2 in the addi-
tional supporting information. The remaining two of seven
studies are from the Collaborative Initiative on Fetal Alco-
hol Spectrum Disorders (CIFASD) research group, also in
the United States, who reported data for the same par-
ticipants, but on different outcomes (Doyle et al. 2018,
Panczakiewicz et al. 2016). We include the study and
participant characteristics for the study that reported
data for one combined PAE and one no/low PAE group

(Doyle et al. 2018) in table 1. Study and participant char-
acteristics for the remaining study, with PAE subgroups
according to gender, are provided in table S2 in the addi-
tional supporting information.

All included studies were observational, and all but
one were cohort in design. There was a total of 388 ado-
lescents in the PAE groups, and 542 in the no/low PAE
groups (table 1). One study reported on participants who
were involved with the criminal justice system (McLach-
lan et al. 2014), while the remaining reported on partic-
ipants recruited in clinic (Furtado and de Sa Roriz 2016,
Howell et al. 2006, Lewis et al. 2015) or community and
clinic (Doyle et al. 2018) settings. Where data are pro-
vided, the PAE and no/low PAE groups included a simi-
lar percentage of female and male participants. The par-
ticipant groups reported by Howell et al. (2006) and Lewis
et al. (2015) included all or mostly African American par-
ticipants, while Doyle et al. (2018) included mostly white
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participants. Data for ethnicity and race were not provided
in the remaining two studies. The languages of the partici-
pant groups were not reported in any study. However, Fur-
tado and de Sa Roriz (2016) administered tests normed with
Brazilian children, and studies from the CIFASD research
group excluded participants if English was not their pri-
mary language, or if they had been adopted from abroad
after 5 years of age or within 2 years of assessment.

Studies that reported sociodemographic data for both
the PAE and no/low PAE groups showed that participants
were classified as being of low and medium sociodemo-
graphic strata (table 1). There were no between-group dif-
ferences for the reported variables, with the exception of
Furtado and de Sa Roriz (2016) whose groups differed on
maternal religion only. Only one study (Howell et al. 2006)
reported whether the participants lived with their biologi-
cal families (PAE + dysmorphic: n = 76%; PAE – dysmor-
phic: n = 78%; no/low PAE: n = 93%).

Intelligence scores (full-scale IQ or general conceptual
ability) for both the PAE and no/low PAE groups were
reported for all the included studies except one (Lewis et al.
2015) in which a score for all participants combined was
reported. The IQ scores of the PAE and no/low PAE groups
in one study (Furtado and de Sa Roriz 2016) were not differ-
ent. However, the IQ scores of the PAE groups in two stud-
ies (Doyle et al. 2018, McLachlan et al. 2014) were lower
than those of the no/low PAE groups. Further, IQ scores
of the PAE + dysmorphic group in another study (Howell
et al. 2006) were lower than those of both the PAE – dys-
morphic and no/low PAE groups. Doyle et al. (2018), who
did not adjust for intelligence, cited Dennis et al. (2009)
who argues against adjusting for IQ in studies related to
populations with neurodevelopmental disorders. For the
studies that have controlled for IQ and other variables,
details are reported within the results on communication
outcomes below.

PAE definitions and FASD determination

Definitions of PAE and no/low PAE groups differed
between studies and are based on scores from mea-
sures used to assess alcohol dependence or thresholds
for daily/weekly alcohol use (table 2). For those studies
that used daily/weekly thresholds, the thresholds were
reported by number of alcoholic drinks or amount of AA.
In the United States, where the studies that used thresh-
olds took place, one standard drink is equal to 0.6 oz of
AA (National Institute on Alcohol Abuse and Alcoholism).
Based on this definition, PAE thresholds ranged from more
than or equal to two standard drinks per week to more than
or equal to 13 standard drinks per week during pregnancy
for the PAE groups. For the no/low PAE groups, thresh-

old ranged from alcohol abstinence to less than one stan-
dard drink per day during pregnancy. The one study with
a FASD group, rather than a PAE group (McLachlan et al.
2014), used a published FASD diagnostic guideline (Chud-
ley et al. 2005).

Quality assessment

Quality assessment outcomes of the included studies
ranged from good to strong (table 1). Areas of weak-
ness included inadequate description of the study
question or objective, limited provision of partici-
pant characteristics, lack of investigator blinding and
possible measurement errors when assessing PAE
(Sayal 2007) (see table S3 in the additional supporting
information).

Communication outcomes

Across studies, data were reported for multiple tasks
related to oral language skills, verbal processing skills that
underlie and support communication skills and written
language skills (table 3). Oral communication outcomes
predominantly drew on semantic knowledge and organi-
zation, with no reported measures of speech or syntactic
skills in any study.

Oral language

Semantic knowledge and organization

Four studies reported on five different tasks related to
semantic knowledge and organization. McLachlan et al.
(2014) compared outcomes among adolescents with FASD
to those with no/low PAE, while three studies examined
outcomes among those with PAE and no/low PAE. Howell
et al. (2006) reported on subgroups within the PAE group
(± dysmorphic) and Panczakiewicz et al. (2016) reported
on male and female subgroups within both the PAE and
no/low PAE groups.

In the comparison of adolescents with FASD with
those with no/low PAE, McLachlan et al. (2014) reported
between-group differences for all six measures (vocabu-
lary, sentence recognition and paraphrasing with and with-
out Canadian supplementary versions). In comparisons
of adolescents with PAE versus no/low PAE, results were
mixed. Furtado and de Sa Roriz (2016) found no differ-
ences between groups for vocabulary, general knowledge
or similarities. Howell et al. (2006), who conducted post-
hoc between-group analyses, found a difference between
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the PAE + dysmorphic subgroup and the no/low PAE
group for vocabulary, but not for similarities. However, in
our analysis using pooled samples t-tests, we identified a
difference between these two groups for both vocabulary
and similarities. Panczakiewicz et al. (2016) identified a dif-
ference on word definitions and similarities between the
PAE and no/low PAE groups.

McLachlan et al. (2014) identified that IQ was predic-
tive of all six outcomes (vocabulary, sentence recognition
and paraphrasing with and without Canadian supplemen-
tary versions), and after controlling for IQ that reading was
also associated with the six outcomes. However, when con-
trolling for both IQ and reading, group membership was
not predictive of any of the six outcomes. Panczakiewicz
et al. (2016) identified that among their participants, age
did not interact with any of their outcomes for seman-
tics. Overall, within the language domain of semantics,
measures of word definitions were the most administered
tasks. Group differences on these were common, with
those in the PAE groups demonstrating weaker skills than
those in the no/low PAE groups in most studies.

Verbal processing skills

Verbal intelligence

Two studies reported on communication-related skills as
measured by verbal IQ and verbal comprehension, com-
paring outcomes of adolescents with PAE and no/low PAE.
Furtado and de Sa Roriz (2016), who excluded participants
with an IQ < 70 or a language disorder, reported no group
differences for verbal IQ, and both groups scored in the
average range. Howell et al. (2006) included participants
with intellectual and language disorders; they identified
differences for both verbal IQ and verbal comprehension
between the PAE + dysmorphic subgroup and the no/low
PAE group, and both PAE subgroups and the no/low PAE
group scored below the average range on the measures.

Phonological and semantic processing skills

Three studies reported on two different tasks related to
access and retrieval of lexical items. All three compared
outcomes of adolescents with PAE and no/low PAE. Doyle
et al. (2018) and Panczakiewicz et al. (2016) reported on the
same participants. Furtado and de Sa Roriz (2016) identi-
fied a difference for semantic verbal fluency, but not for
phonemic verbal fluency. Doyle et al. (2018) and Pancza-
kiewicz et al. (2016) identified group differences for two
word-generation measures (semantic only, and semantic
and initial letter combined) and a speeded naming mea-

sure. Panczakiewicz et al. (2016) found that age did not
interact with the outcome for word generation.

Verbal working memory

Two studies reported on a digit span task. Howell et al.
(2006) included subgroups within the PAE group (± dys-
morphic). Both Howell et al. (2006) and Furtado and de Sa
Roriz (2016) found no between-group differences for digit
span (total: forwards and backwards).

Verbal learning and memory

Four studies administered three different tasks related
to verbal learning and memory. All four compared out-
comes of adolescents with PAE and no/low PAE. Pancza-
kiewicz et al. (2016) reported data for different subgroups
in both the PAE and no/low PAE groups (male and female),
and Coles et al. (2010) and Lewis et al. (2015) reported
data for subgroups within the PAE group (± dysmorphic,
and heavy and moderate). For verbal processing skills
that underlie and support communication skills, seman-
tic processing as well as verbal learning and memory were
the most commonly reported measures. Group differences
were identified for these measures across most studies,
with the PAE groups demonstrating weaker skills than the
no/low PAE groups.

Panczakiewicz et al. (2016) identified differences
between the PAE and no/low PAE groups for a word-level
memory measure (memory for names) and a text-level
memory measure (narrative memory). For outcomes
related to word-list learning, Furtado and de Sa Roriz
(2016) found no differences between groups for any of the
measures. In contrast, Coles et al. (2010) identified group
differences between both PAE subgroups (± dysmorphic)
and the no/low PAE group for four of six measures (total
recall, trial 8, long-term storage, consistent long-term
retrieval), and between the PAE + dysmorphic subgroup
and the no/low PAE group for the remaining two of six
measures (learning slope and delayed recall). Lewis et al.
(2015), who included heavy and moderate PAE subgroups,
and whose no/low PAE group had the highest threshold
for no/low PAE, identified differences between the PAE
+ heavy subgroup and the no/low PAE group for three
of five measures (short delay recall, long delay recall and
recognition discrimination).

Panczakiewicz et al. (2016) identified that age did not
interact with memory outcomes. When controlling for IQ,
Coles et al. (2010) found that the results changed for total
recall only, and only between the PAE – dysmorphic sub-
group and the no/low PAE group. Coles et al. (2010) also
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examined forgetting across groups by analyzing delayed
recall in the context of total recall, long-term storage and
consistent long-term retrieval. There was no difference
between groups for forgetting. When Lewis et al. (2015)
controlled for socioeconomic status, maternal vocabulary
and maternal smoking in pregnancy, differences between
the groups remained. Lewis et al. also identified that out-
comes were not related to prenatal exposure to marijuana
or cocaine.

Written language skills

Reading

Two studies reported on reading using three different mea-
sures. McLachlan et al. (2014) compared outcomes among
adolescents with FASD and no/low PAE, while Howell
et al. (2006) compared outcomes between PAE subgroups
(± dysmorphic) and a no/low PAE group. McLachlan et al.
(2014) identified differences between the FASD and no/low
PAE groups for their reading measure (combined score for
identification of letters, word reading, and sentence-level
reading comprehension). Howell et al. (2006) also identi-
fied a difference for one reading measure (combined score
for receptive vocabulary and text-level reading) between
the PAE + dysmorphic subgroup and the no/low PAE
group, but not for another reading measure (non-word and
word-reading).

Spelling

Just one study reported on spelling. Howell et al. (2006),
who included two PAE subgroups (± dysmorphic), did
not identify a difference between groups in their post-hoc
tests. However, in our analysis, we identified a difference
between the PAE + dysmorphic subgroup and the no/low
PAE group for single-word spelling.

Discussion

We synthesized the published, peer-reviewed literature on
oral and written communication skills of adolescents who
have PAE compared with those with no/low PAE. Stud-
ies included in this review demonstrated that participants
with PAE generally had weaker skills in vocabulary and
semantic knowledge, semantic processing, verbal learn-
ing and memory, as well as reading and spelling com-
pared with those with no/low PAE. However, these find-
ings were inconsistent across studies and measures. For
the domain of oral language, two studies found between-

group differences on all measures of semantic knowledge
and organization, and another found differences on all
tasks but only for the comparison between adolescents
with PAE plus dysmorphic features and those with no/low
PAE. One found no difference on any task. For verbal pro-
cessing skills, one study found differences on semantic ver-
bal fluency but not phonemic verbal fluency, verbal IQ,
working memory, or verbal learning and memory. Another
study found differences on verbal IQ, for just adolescents
with PAE plus dysmorphic features compared with those
with no/low PAE, but not for working memory. Two stud-
ies found differences on both tasks administered (seman-
tic verbal fluency and rapid naming, and semantic verbal
fluency and learning and memory, respectively). Another
study identified differences on all six subtests of a verbal
learning and memory task; however, on two of these sub-
tests, between group differences were not observed for the
comparison involving the PAE group who did not have dys-
morphic features. A further study identified differences for
three out of five subtests of a verbal learning and memory
task, but only for comparisons involving adolescents with
heavy levels of PAE and those with no/low PAE. For writ-
ten language skills, one study found between group differ-
ences for reading, while the other reported differences for
spelling and one of two reading tasks, but only for com-
parisons involving adolescents with PAE plus dysmorphic
features. Studies were rated as having either good or strong
quality.

In line with the findings of previous systematic reviews,
methodological differences for the included studies poten-
tially contributed to mixed findings. Together, with the
small number of studies identified and included, this lim-
its our capacity to draw robust conclusions from the extant
literature. We identified inconsistency in the definitions
used to allocate participants to groups based on PAE lev-
els. No safe level of PAE has been identified, methods
used to assess PAE vary, and the effect of alcohol on the
foetus can be influenced by other exposures, timing and
dose of PAE, as well as individual differences in alcohol
metabolism (Popova et al. 2017). Misclassification of par-
ticipants is likely to have also occurred within the included
studies due to caregiver-fears of stigmatization as well as
memory and recall bias (Sayal 2007). Furthermore, assess-
ment and diagnostic guidelines for FASD differ interna-
tionally. Accordingly, it is possible that the definitions used
to allocate research participants to PAE groups will con-
tinue to lack consistency. To determine the source of vari-
ation in communication profiles of individuals with and
without PAE, it will be important that there is consistency
in the ways in which PAE is assessed and defined in future
research.

Previous systematic reviews related to individuals
with FASD or PAE and which reported communication
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outcomes emphasize a need to consider additional con-
founding factors. While socioeconomic status (SES) was
considered in most studies in this review, most reported on
adolescents from medium and low socioeconomic strata,
highlighting a dearth of knowledge related to higher SES
groups. Given that PAE is also associated with educational
attainment and economic advantage (Hutchinson et al.
2013, McCormack et al. 2017, Muggli et al. 2016), research
with groups from medium to high SES will contribute to
a better understanding of the effects of PAE on commu-
nication skills. This review revealed that little is known
about the communication skills of adolescents with PAE
in relation to caregiving and trauma backgrounds. We
further identified that most studies lacked data related to
the languages spoken of the participants. The languages
used, as well as the culture and caregiving environment
of a child heavily influences language skill development
(Norbury and Sparks 2013). Therefore, it is important
that future research considers and accounts for these
variables.

We identified that participants were assessed predom-
inantly using tasks that draw on semantic knowledge
and organization. Vocabulary knowledge is enriched
within the lexicon, and the breadth, depth and organi-
zation of semantic knowledge promotes the ability to
efficiently appreciate and convey meaning (Levelt 1995).
Semantic knowledge is fundamental to educational and
occupational success (Lowe et al. 2018). In this review,
we found that expressive vocabulary skills were generally
weaker among adolescents with PAE compared with those
with no/low PAE. Receptive vocabulary skills are also
important when examining semantic skills; however, data
for receptive vocabulary were not reported in any of the
included studies.

Semantic knowledge and organization were also
assessed on other measures such as similarities, sentence
recognition, paraphrasing, semantic processing and read-
ing comprehension. Across most studies, adolescents with
PAE performed more poorly than those with no/low PAE.
This may reflect the influence of their weaker expressive
vocabulary knowledge on more complex word- and
sentence-level language-based tasks and highlights the
importance of examining vocabulary and semantic skills
comprehensively.

Word learning involves the encoding and mapping of
phonological (sound based) and semantic representations
of words (Brackenbury and Pye 2005). Phonological repre-
sentations are encoded using phonological memory skills
(Gathercole 2006). Semantic representations, which are
thought to develop through syntactic, semantic, pragmatic
and social–cognitive cues, map onto their respective
phonological representations (Brackenbury and Pye 2005,

Stackhouse and Wells 1997). A robust measure of phono-
logical memory skills is non-word repetition (Gathercole
2006); however, none of the included studies reported
non-word repetition data. Individual subtest data for digit
span forwards, also a measure of phonological memory
(Rasmussen 2005), was also not reported. Research with
9-year-old children with PAE and no/low PAE has shown
that the patterns of neural activation involved in phono-
logical memory differ, indicating atypical phonological
skills among those with PAE (Diwadkar et al. 2013).
Further, the transition from visual to verbal memory
strategies, which draws on phonological memory skills,
occurs in late childhood and early adolescence among
children with FASD, which is much later than for chil-
dren without FASD (Rasmussen et al. 2009). The lack of
evidence about phonological memory skills identified in
this review makes it difficult to draw conclusions about if,
and how, phonological memory skills of adolescents with
PAE compare with those with no/low PAE, and how they
relate to word learning and semantic knowledge.

In the studies included in this review, participants
were also assessed on verbal working-memory and verbal
learning and memory measures. While we identified no
between-group differences in verbal working memory,
there was an identified trend for verbal learning and
memory skills to decrease according to the presence of
dysmorphology (Coles et al. 2010) and the level of PAE
(Lewis et al. 2015). Age-related specialization of neural sys-
tems that underlies memory skills occurs across childhood
and adolescence (Bathelt et al. 2018). However, PAE is
associated with smaller brain volumes and atypical brain
structures, including those important for memory (Chen
et al. 2012, Willoughby et al. 2008). Therefore, a growth
deficit related to PAE might contribute to atypical neural
development and weaker verbal learning and memory
skills among adolescents with PAE.

Using different methods, Lewis et al. (2015) and Coles
et al. (2010), whose studies differed on sample size,
participant age, assessment task and PAE definitions,
examined the deficits underlying weaker learning and
memory performance among their PAE groups. Coles et al.
(2010) suggested that memory difficulties among their
participants with PAE are linked to encoding problems
rather than a tendency to forget learned information.
Lewis et al. (2015) suggested that memory difficulties
among their participants with PAE are linked to problems
with retention as well as inefficient strategies to access and
retrieve words. Further, as discussed by Lewis et al. (2015)
and Furtado and de Sa Roriz (2016), a semantic clustering
strategy, which can support memory and recall, is used less
frequently and effectively by individuals who have PAE.
The findings in this review for verbal fluency show that
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semantic information is accessed and retrieved less
efficiently by adolescents with PAE. A specific deficit in
semantic skills was posited by Furtado and de Sa Roriz
(2016) as being a key consequence of PAE, given that
semantic verbal fluency was the only verbal measure
in their study in which group differences were identi-
fied, and that children who have FASD have abnormal
neural activation of a language processing area in the
temporal lobe (Sowell et al. 2007). Access to and retrieval
of words is complex, and thought to be supported by
the robustness of stored phonological and semantic
representations as well as the ability to use retrieval
cues (Brackenbury and Pye 2005, Levelt 1995). While
limited, our findings indicate that in assessment of mem-
ory and learning skills with adolescents with PAE, it is
important to consider both lexical storage and retrieval
strategies.

Few studies in this review examined reading and
spelling skills. However, those that did indicated that
adolescents with PAE perform more poorly. As reading
requires skills in both the decoding of graphemes, as
well as in receptive language, weaknesses in one or both
can compromise reading ability (Nation 2019). Howell
et al. (2006) identified that the receptive vocabulary
and text-level reading comprehension score was lower
among adolescents with PAE. As these participants’
scores for non-word and word reading were similar for
both groups, albeit below the expected level for their
age, it is likely that receptive language skills, rather than
decoding skills, underlie the between-group difference
for the reading scores. This is supported by our findings
in the domain of semantic knowledge. In addition, Doyle
et al. (2018) showed that adolescents with PAE have
weaker rapid naming skills, which has implications for
decoding, word recognition and reading fluency (Norton
and Wolf 2012). As a result, both reading and spelling
skills can be compromised. Our findings highlight that
for adolescents with PAE, assessment should consider
phonological processing, decoding and receptive lan-
guage skills, and the impact these have on literacy skill
development.

Several studies included in this review reported on
communication measures that draw on grammar com-
prehension and expression. For example, tasks involving
sentence and text levels of language require grammatical
skills, in addition to semantic and memory skills, to
support language processing (Levelt 1995). However, none
of the studies used measures of grammar, nor reported
directly on grammatical skills. Therefore, it is unclear
how the grammatical skills of adolescents who have
PAE compare with those with no/low PAE, and what
implications there are for their communication ability.

Implications for clinical practice and
research

Our findings are important to functioning and well-being
in adolescence and have implications for clinicians work-
ing across a variety of settings. For example, in a school
setting, students who lack competence in oral and written
communication skills are likely to have problems with the
comprehension and production of both oral and written
texts (Lowe et al. 2018, Nippold et al. 2009). As a result, a
student may have difficulty extending and demonstrating
their knowledge, and in turn, meeting the requirements
of the school curriculum. A pilot speech–language pathol-
ogy intervention study with 9-year-old students with FASD
revealed that gains in language and literacy skills can be
made (Adnams et al. 2007), suggesting an important role
for speech–language pathologists within schools to deliver
services to improve language and literacy outcomes of stu-
dents with PAE and FASD. However, there is a dearth of
research investigating language and literacy interventions
for adolescent students who have PAE. Given our find-
ings that adolescents with PAE have difficulties with both
oral and written communication skills, and that complet-
ing school is important to adolescent students who have
FASD (Duquette et al. 2006), future research investigating
the effectiveness of language and literacy interventions is
required to inform clinical practice.

Our findings are also relevant to social and emotional
well-being. Language skills are critical to supporting the
recognition and labelling of emotions (Griffiths et al. 2020).
Among children and adolescents with FASD, strengths in
emotion recognition support adaptive functioning in the
classroom (Crawford et al. 2020), and expressive vocab-
ulary skills are associated with social perspective-taking
(Stevens et al. 2015). Given that social and emotional well-
being are areas of identified difficulty for children and ado-
lescents who have PAE (Coggins et al. 2007, Kjellmer and
Olswang 2013, Schonfeld et al. 2005), it is imperative that
assessment and service provision with them includes con-
sideration of communication skills.

Weak communication skills also have implications
for forensic contexts, compromising psycho-legal abilities
and, potentially, success in rehabilitation and educational
programmes (McLachlan et al. 2014, Rost and McGregor
2012). Adolescents and adults who have either or both
FASD and language deficits are over-represented, yet often
under-identified, in justice settings (Kippin et al. 2018,
McLachlan et al. 2019). Therefore, it is critical that the
communication demands of forensic contexts are under-
stood by the justice workforce, and that policies and prac-
tices are introduced that better enable the identification
and response to an individual’s communication needs
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(Kippin et al. 2018, Rost and McGregor 2012). For exam-
ple, providing neurocognitive assessment upon an individ-
ual’s entry into the justice system can support more respon-
sive rehabilitation efforts and more equitable outcomes for
young people with PAE (Reid et al. 2020).

A common finding amongst the research identified in
this review is that many of the scores, for both the PAE and
no/low PAE groups, did not fall into impaired thresholds
as used in FASD diagnostic guidelines, despite there being
significant differences between groups as well as poten-
tial for functional communication problems. According to
the revised Institute of Medicine Guideline for diagnos-
ing FASD (Hoyme et al. 2016), impairment of a neurocog-
nitive skill is defined as a score of ≥ 1.5 SDs below the
mean while in both the Scottish and Australian Guidelines
(Bower and Elliott 2016, Scottish Intercollegiate Guidelines
Network 2019) impairment is defined as a score of ≥ 2 SDs
below the mean. Our findings highlight the possibility that
many adolescents who have PAE may not meet criteria for
a FASD diagnosis based on their language and communi-
cation scores, while if they meet criteria based on scores
for other diagnostic domains, they may not have their oral
and written communication needs prioritized.

In the identification of communication impairments
more broadly, in both clinical practice and research, there
is no one cut-off score that is used universally (Bishop
et al. 2016). It is important that consideration is given
as to whether test scores are significantly different to
those of their peers, and that, in addition to caregiver
and teacher reports, direct assessment incorporates activi-
ties that are meaningful and relevant to the individual, to
account for the functional impacts of communication dif-
ficulties (Bishop et al. 2016, Westby and Washington 2017).
In this review, we identified that just one study (McLach-
lan et al. 2014) considered functional assessment, in which
supplemental language items specific to the Canadian
legal system were incorporated into assessment of psycho-
legal abilities. Given that all the study participants were
involved with the Canadian legal system, the supplemen-
tal items have practical relevance to the identification of
specific psycho-legal abilities needed to participate in the
Canadian criminal justice system. In research and clinical
practice related to PAE, comprehensive and direct assess-
ment of communication skills using both standardized and
functional tasks is important and should not be underesti-
mated.

A further limitation that may arise from these thresholds
for impairment is the lack of clarity regarding their appro-
priacy to warrant a neurodevelopmental disorder diag-
nosis among peoples from non-dominant languages and
cultures (Bishop et al. 2016, Norbury and Sparks 2013).
The language(s) used by an individual to communicate,
as well as assessment methods, should be carefully con-

sidered when planning and delivering assessment services
to ensure that an individual’s communication skills are
appropriately and accurately examined.

Speech–language pathologists have a key role to play in
assessment and intervention with individuals who have
PAE (Popova et al. 2014). Further, speech–language pathol-
ogy assessment is recommended in assessment guidelines
for FASD (Bower and Elliott 2016, Hoyme et al. 2016, Scot-
tish Intercollegiate Guidelines Network 2019). Increased
speech–language pathology involvement in clinical prac-
tice and research related to PAE and FASD is likely to
advance a more nuanced understanding of the communi-
cation profiles of adolescents with PAE. This is important
to inform more targeted assessment, supports and inter-
ventions into the future.

Strengths and limitations

We set a specific age range for inclusion in this review
and followed a systematic process to search for and review
studies. Our search was broad, including terms drawn from
the speech, language and literacy literature, as well as
terms relating to cognitive processing skills that underlie
communication skills. While we did not select PubMed in
the initial search strategy, we included it in an additional
search and found no further records that met the inclusion
criteria.

We did not conduct a meta-analysis due to the limited
number of studies identified, few studies reporting data
for each outcome, as well as the methodological variations
such as the PAE definitions used to allocate participants to
groups. While we identified a small knowledge base with
equivocal findings, we identified that the most assessed
skills, which were semantic knowledge, semantic process-
ing, and verbal learning and memory, were commonly
weaker among adolescents with PAE compared with those
with no/low PAE.

CONCLUSIONS

There has been limited investigation of oral and written
communication skills of adolescents with PAE compared
with those with no/low PAE. Variability between studies,
as well as the limited research base, make it difficult to
compare study results and draw conclusions. However, our
results highlight that adolescents with PAE have weaker
skills in some areas of oral and written communication,
as well as in verbal processing skills that underlie and
support communication skills, compared with those with
no/low PAE. Both oral and written communication skills
in the adolescent years underpin social and educational
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development and support the transition to becoming more
independent. Our results emphasize that for adolescents
with PAE, communication skills in both oral and writ-
ten modalities should be comprehensively understood in
assessment and when planning interventions.

NOTES
1 In the United States, one standard alcoholic drink= 0.6 fl oz or 14 g

of AA (National Institute on Alcohol Abuse and Alcoholism, 2020).
2 In Australia, one standard alcoholic drink = 10 g of AA (Depart-

ment of Health, 2020).
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