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Introduction
Prenatal exposure to alcohol is the leading preventable cause of birth defects, developmental disorders, and
1
intellectual disabilities in children. The prevalence of fetal alcohol spectrum disorders (FASD) is estimated to
2
3
range between 1.1 and 5.0% in the United States, and has been identified in all racial and ethnic groups.
Children prenatally exposed to alcohol can suffer from serious cognitive deficits and behavioural problems as
well as alcohol-related changes in brain structure. Heavy prenatal alcohol exposure is associated with
decreased intellectual functioning and deficits in learning, memory, and executive functioning. Additionally,
alcohol exposure is associated with problem behaviours including hyperactivity, impulsivity, poor socialization
and communication skills, and the development of substance use problems.
4

The term “fetal alcohol syndrome” (FAS) was introduced in 1973 and is defined by three criteria: specific
craniofacial features (short palpebral fissures, indistinct philtrum, and thin vermillion), pre- and/or postnatal
5-7
growth deficits, and central nervous system (CNS) dysfunction. Recent updates to the diagnostic criteria now
th
recommend evidence of both abnormal structural CNS development (head circumference ? 10 percentile,
structural irregularities, and/or nonfebrile seizures) and functional CNS impairment (cognitive and/or
5
behavioural). While examination of the consensus between diagnostic criteria is at the forefront of current
8
research, it is clear that children with confirmed prenatal alcohol exposure may not meet all diagnostic criteria
9-11
while still exhibiting significant neurobehavioural impairments and neuroanatomical abnormalities.
The nondiagnostic umbrella term fetal alcohol spectrum disorders has been adopted to capture the spectrum of
5
consequences of alcohol exposure.
Subject
The development of a neurobehavioural profile for FASD can aid in the identification of children affected by
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prenatal alcohol exposure that otherwise would be quite difficult to discern. In addition to improving the
identification of affected individuals, a neurobehavioural profile also will aid in improving intervention tools and
early treatment options, as well as increasing the accuracy of incidence rates of the disorder.
Problems
The identification of children with heavy prenatal alcohol exposure is impeded by the fact that along the
continuum of FASD, only diagnoses on the severe end of the spectrum (i.e. FAS and partial FAS) are
5
characterized by physical facial features. The majority of alcohol-affected children lack some or all of these
physical markers and are therefore more difficult to identify, especially if a clear history of alcohol exposure is
unavailable. Despite the presence of significant neurobehavioural impairments, many children are missed
12
(80.1%) or misdiagnosed (6.4%). While research over the last four decades has documented diverse and
13
significant neurobehavioural deficits in children with FASD, it is not clear whether one or more profiles of
neurocognitive function exist and if so, whether these profiles are specific to this population.
Research Context
In order to determine the deficits associated with heavy prenatal alcohol exposure, researchers typically
compare the performance of children with FASD to non-exposed controls on a wide range of
neuropsychological tasks. Additionally, in order to improve upon the specificity of the neurobehavioural profile,
comparisons are made with other clinical groups of children who display an overlap in neuropsychological
14
performance to alcohol-affected children. The majority of these comparisons are focused on individuals with
low IQ scores and those with attention-deficit/hyperactivity disorder (ADHD).
Key Research Questions
Recent research has addressed whether children with FASD exhibit a unique neurobehavioural profile. The
identification of a syndrome-specific profile would improve the diagnosis of children with FASD and inform
interventions for all children affected by heavy prenatal alcohol exposure.
Recent Research Results
Summary of neurobehavioural deficits in children with heavy prenatal alcohol exposure. FASD is associated
with a number of neurobehavioural impairments including lower overall intelligence and deficits in executive
13
functioning, learning and memory, language, visual-spatial functioning, and attention. Additionally, children
with heavy prenatal alcohol exposure are at a high risk for developing maladaptive and problematic behaviours.
15,16
Children with and without the facial dysmorphia associated with FAS display similar deficits in many of
these domains, as described below.
Overall intelligence. Compared to their non-exposed peers, children with heavy prenatal alcohol exposure have
diminished intellectual functioning. The IQ scores for these individuals typically fall in the borderline to low
9
average range, with reductions in both verbal and performance (nonverbal) IQ. Such deficits are persistent and
17-19
stable.
Among those with FASD, lower intellectual ability levels are reported for those on the severe end of
20
the spectrum (i.e. FAS), however, children with and without the facial dysmorphology display intellectual
9
impairment. In addition, FAS is thought to be the leading known cause of intellectual disability (i.e. IQ less than
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70) in the United States, although the majority of children with FAS are not intellectually disabled.

1

21

Executive function. Global executive functioning deficits are present across the spectrum of FASD. Children
22
23
with FASD display deficits on measures of verbal and nonverbal fluency, problem solving and planning,
24
concept formation, and set-shifting. Although deficits are also observed in working memory and response
25-27
inhibition domains, results are inconsistent and further research is necessary.
Learning and memory. Children with FASD display deficits in learning and memory, including deficits in the
28,29
acquisition and recall of both verbal and non-verbal information.
These impairments are present even when
30
compared to IQ-matched samples. However, overall memory function is complex and may not be globally
affected by prenatal exposure to alcohol. For example, while learning and recall are impaired, retention of
29,31
verbal (but not nonverbal) material appears to be spared in most studies.
Deficits are also found with spatial
32
learning and memory, primarily using animal models.
Language. Children with heavy prenatal alcohol exposure display deficits in various basic language skills
33
34
including speech production, phonological processing (e.g., pseudoword reading), articulation, word
35
ordering, and grammatical understanding. Furthermore, children with FASD make more grammatical errors
compared to controls; grammatical error rate measures could be a potential biomarker that can significantly aid
36
in the identification of those with FASD. Overall, receptive and expressive language skills are impaired in
alcohol-exposed children, although expressive abilities may be affected to a greater degree, and both types of
37
deficits may be secondary to diminished intellectual functioning.
Visual-spatial function. Children with heavy prenatal alcohol exposure have also been shown to have a variety
of visual-spatial deficits, although these are not as well studied. Deficits include problems with basic figure
38
18
23
39
40
copying, spatial learning, spatial working memory, spatial recall, visual-spatial reasoning, visual41
42
perceptual matching (e.g., matching complex geometric shapes), and sustained visual attention.
Attention. Attention deficits are well documented in children with FASD, specifically in the establishing and
43
42
sustaining aspects of attention. Within the area of sustaining attention, increased omission errors, decreased
44
accuracy rates, and slower reaction times are observed. Additionally, attending to visual information appears
42,44
to be more severely impaired compared to auditory information.
Behaviour problems and psychiatric disorders. Children prenatally exposed to alcohol are at a high risk for
problem behaviours that can interfere with their home, school and social environments. This includes an
15,45,46
increased risk for psychiatric disorders,
trouble with the law, alcohol and drug abuse, and other
16
maladaptive behaviours. Additionally, they are more likely than non-exposed children to be rated as
11,47
15,46,48
hyperactive, impulsive, or delinquent,
and frequently meet the diagnostic criteria for ADHD.
Further,
49,50
children prenatally exposed to alcohol exhibit poor adaptive skills and are less likely to live independently.
Specificity of neurobehavioural deficits in children with heavy prenatal alcohol exposure. Studies comparing
children with FASD to non-exposed children with ADHD or low IQ scores lend support for a specific
neurobehavioural profile associated with prenatal alcohol exposure. On measures of executive functioning, both
alcohol-exposed children and non-exposed children with ADHD demonstrate deficits on sorting tasks and letter
vs. category fluency, but only the alcohol-exposed group display overall deficits on letter fluency and letter-
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number switching. Other studies comparing children with FASD and ADHD demonstrate that alcohol-exposed
children display greater difficulty on tasks of visual-spatial reasoning, problem solving, and encoding and
52
53
shifting aspects of attention, as well as weaker social cognition and facial emotion processing abilities.
Additionally, children with FASD display greater deficits in working memory, fluency, planning, and set-shifting
54
compared to children with ADHD. Both clinical groups have deficits in delayed recall of verbal information, but
only children with FASD display deficits in the recognition of material, whereas children with ADHD are more
28
impaired in the retention of learned material. On measures of communication and socialization skills, children
with FASD display an arrest in the development of adaptive abilities, whereas non-exposed children with ADHD
50
are delayed in adaptive skills, as abilities tend to improve with age. When comparing overall
neuropsychological performance, children with alcohol exposure are more impaired compared to those with an
55
ADHD diagnosis, however no differences are found between alcohol exposed children with and without ADHD.
Although the concurrent presence of FASD and ADHD does not appear to further affect cognitive functioning,
56
the comorbidity does have an exacerbating effect on communication skills and an increased rate of psychiatric
57
disorders. In summary, existing research suggests that children with FASD and children with ADHD have
overlapping profiles of deficits, but with varying patterns and degrees of impairment, which are compounded by
their comorbidity. Therefore, more research is needed to clarify the similarities and differences between these
two diagnoses, and to further refine a neurobehavioural profile for FASD.
11

Children with FASD are similar to IQ-matched, non-exposed peers on measures of internalizing behaviour,
58
fine motor skills, sustained attention, retention of verbal material, and expressive and receptive language skills.
36
11
59
However, children with FASD have more externalizing behaviour problems, impaired adaptive skills, and
58
verbal learning deficits compared to IQ-matched controls. Thus, common comorbidities, like low IQ and
ADHD, do not entirely account for the neurobehavioural deficits reported in FASD, and other co-occurring
factors need to be studied.
Several studies have demonstrated the potential usefulness of a neurobehavioral profile in the identification of
children with FASD. Performance on various neurobehavioural measures were successful in distinguishing
between children with prenatal alcohol exposure and non-exposed controls with overall classification accuracy
60-62
rates ranging between 71.5% - 92%.
Furthermore, when differentiating between alcohol-exposed and ADHD
61
children, the neurobehavioral profile had an overall classification accuracy rate of 73.9%. Executive function
60
62
and spatial processing measures, as well as measures of attention are particularly sensitive to the detection
of prenatal alcohol exposure.
Research Gaps
The use of a neuropsychological profile in the aid of the diagnosis of FASD has been shown to be useful and
increase success rates compared to relying on the presence of dysmorphological characteristics alone.
Additional research is necessary to further define this neurobehavioural profile, as well as to continue to identify
deficits in various areas including working memory, response inhibition, and visual-spatial function, as
impairments in these areas are less well understood, as discussed above. Additionally, the identification of risk
and resiliency factors is imperative in the development of preventative measures. Improving identification
techniques will aid in earlier diagnosis, enhance targeted interventions, and ultimately lead toward better
49
outcomes for affected individuals.
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Conclusions
Prenatal exposure to alcohol affects 1.1 to 5.0% of the population and leads to a spectrum of neurobehavioural
consequences, including decreased overall intelligence and specific deficits in executive functioning, learning,
memory, language, visual-spatial skills, and attention. Children with FASD display deficits in daily living skills
and are at a higher risk for problem behaviours. These abnormalities have been documented in children both
with and without the facial dysmorphology required for a diagnosis of FAS. Although there is some overlap in
the deficits observed of non-alcohol exposed children with ADHD or low IQ, children with FASD display a
specific pattern in areas including adaptive skills, problematic behaviours, and some neuropsychological
domains. The potential clinical utility of a neurobehavioural profile in the aid of differential diagnosis has been
shown, yet further research is necessary to continue to refine and increase classification accuracy.
Implications
The identification of a syndrome-specific profile would improve diagnosis of children with heavy prenatal
exposure to alcohol, especially for the majority of children with FASD who do not display the facial
dysmorphology. Additionally, further refinement of a neurobehavioural profile for FASD would inform treatments
and interventions for children along the spectrum. The effects of alcohol on the developing central nervous
system are permanent and irreversible. Treatments are currently symptom-based and are aimed at addressing
the cognitive and behavioural consequences of prenatal exposure to alcohol. Current treatments include those
63
targeted toward improving attention, self-regulation, social skills, and adaptive abilities. Furthermore, given the
array of cognitive impairments associated with prenatal alcohol exposure, many affected individuals experience
64
trouble in academic and learning environments. Interventions using modified teaching strategies that focus on
65
improving language, literacy, and mathematic abilities have been successful. Finally, parent-focused
interventions that provide parents with effective parenting strategies not only show advancements for the child,
63,65
but also reduce parent stress and improve upon the parent-child relationship.
Existing interventions have
been shown to have a positive effect for children with FASD, thus greater clarity of the neurobehavioural profile
exhibited by affected children could further direct clinicians in the development of rational treatments that are
specific to the disorder.
Acknowledgements: Preparation of this paper was supported by NIAAA grant U01 AA014834
References
1. American Academy of Pediatrics Committee on Substance Abuse and Committee on Children With Disabilities. Fetal alcohol syndrome and
alcohol-related neurodevelopmental disorders. Pediatrics. 2000;106(2):358-361.
2. May PA, Chambers CD, Kalberg WO, et al. Prevalence of fetal alcohol spectrum disorders in 4 US communities. JAMA. 2018;319(5):474482.
3. Abel EL. An update on incidence of FAS: FAS is not an equal opportunity birth defect. Neurotoxicology and Teratology. 1995;17(4):437-443.
4. Jones KL, Smith DW. Recognition of the fetal alcohol syndrome in early infancy. Lancet. 1973;302(7836):999-1001.
5. Hoyme HE, Kalberg WO, Elliott AJ, et al. Updated clinical guidelines for diagnosing fetal alcohol spectrum disorders. Pediatrics. 2016;138(2).
6. Stratton K, Howe C, Battaglia F; Committee to Study Fetal Alcohol Syndrome, Institute of Medicine. Fetal alcohol syndrome: Diagnosis,
epidemiology, prevention, and treatment. Washington, D.C.: National Academy Press; 1996.
7. Bertrand J, Floyd RL, Weber MK. Guidelines for identifying and referring persons with fetal alcohol syndrome. MMWR Recommendations
and Reports. 2005;54(RR-11):1-10.

©2020 CEECD / SKC-ECD | FETAL ALCOHOL SPECTRUM DISORDERS (FASD)

5

8. Coles CD, Gailey AR, Mulle JG, Kable JA, Lynch ME, Jones KL. A comparison among 5 methods for the clinical diagnosis of fetal alcohol
spectrum disorders. Alcoholism: Clinical and Experimental Research. 2016;40(5):1000-1009.
9. Mattson SN, Riley EP, Gramling L, Delis DC, Jones KL. Heavy prenatal alcohol exposure with or without physical features of fetal alcohol
syndrome leads to IQ deficits. Journal of Pediatrics. 1997;131(5):718-721.
10. Mattson SN, Riley EP, Gramling L, Delis DC, Jones KL. Neuropsychological comparison of alcohol-exposed children with or without physical
features of fetal alcohol syndrome. Neuropsychology. 1998;12(1):146-153.
11. Mattson SN, Riley EP. Parent ratings of behavior in children with heavy prenatal alcohol exposure and IQ-matched controls. Alcoholism:
Clinical and Experimental Research. 2000;24(2):226-231.
12. Chasnoff IJ, Wells AM, King L. Misdiagnosis and missed diagnoses in foster and adopted children with prenatal alcohol exposure. Pediatrics
. 2015;135(2):264-270.
13. Mattson SN, Bernes GA, Doyle LR. Fetal alcohol spectrum disorders: A review of the neurobehavioral deficits associated with prenatal
alcohol exposure. Alcoholism: Clinical and Experimental Research. 2019;43(6):1046-1062.
14. Mattson SN, Riley EP. The quest for a neurobehavioral profile of heavy prenatal alcohol exposure. Alcohol Research & Health.
2011;34(1):51-55.
15. Weyrauch D, Schwartz M, Hart B, Klug MG, Burd L. Comorbid mental disorders in fetal alcohol spectrum disorders: A systematic review.
Journal of Developmental and Behavioral Pediatrics. 2017;38(4):283-291.
16. Rasmussen C, Andrew G, Zwaigenbaum L, Tough S. Neurobehavioural outcomes of children with fetal alcohol spectrum disorders: A
Canadian perspective. Paediatrics & Child Health. 2008;13(3):185-191.
17. Spohr H-L, Willms J, Steinhausen H-C. Fetal alcohol spectrum disorders in young adulthood. Journal of Pediatrics. 2007;150(2):175-179.
18. Streissguth A. Offspring effects of prenatal alcohol exposure from birth to 25 years: The Seattle prospective longitudinal study. Journal of
Clinical Psychology in Medical Settings. 2007;14:81-101.
19. Streissguth AP, Randels SP, Smith DF. A test-retest study of intelligence in patients with fetal alcohol syndrome: Implications for care.
Journal of the American Academy of Child and Adolescent Psychiatry. 1991;30(4):584-587.
20. Ferreira VK, Cruz MS. Intelligence and fetal alcohol spectrum disorders: A review. Journal of Population Therapeutics and Clinical
Pharmacology. 2017;24(3):1-18.
21. Mattson SN, Crocker N, Nguyen TT. Fetal alcohol spectrum disorders: Neuropsychological and behavioral features. Neuropsychology
Review. 2011;21(2):81-101.
22. Schonfeld AM, Mattson SN, Lang AR, Delis DC, Riley EP. Verbal and nonverbal fluency in children with heavy prenatal alcohol exposure.
Journal of Studies on Alcohol and Drugs. 2001;62(2):239-246.
23. Green CR, Mihic AM, Nikkel SM, et al. Executive function deficits in children with fetal alcohol spectrum disorders (FASD) measured using
the Cambridge Neuropsychological Tests Automated Battery (CANTAB). Journal of Child Psychology and Psychiatry. 2009;50(6):688-697.
24. McGee CL, Schonfeld AM, Roebuck-Spencer TM, Riley EP, Mattson SN. Children with heavy prenatal alcohol exposure demonstrate
deficits on multiple measures of concept formation. Alcoholism: Clinical and Experimental Research. 2008;32(8):1388-1397.
25. Kodituwakku PW, Handmaker NS, Cutler SK, Weathersby EK, Handmaker SD. Specific impairments in self-regulation in children exposed to
alcohol prenatally. Alcoholism: Clinical and Experimental Research. 1995;19(6):1558-1564.
26. Mattson SN, Goodman AM, Caine C, Delis DC, Riley EP. Executive functioning in children with heavy prenatal alcohol exposure.
Alcoholism: Clinical and Experimental Research. 1999;23(11):1808-1815.
27. Connor PD, Sampson PD, Bookstein FL, Barr HM, Streissguth AP. Direct and indirect effects of prenatal alcohol damage on executive
function. Developmental Neuropsychology. 2000;18(3):331-354.
28. Crocker N, Vaurio L, Riley EP, Mattson SN. Comparison of verbal learning and memory in children with heavy prenatal alcohol exposure or
attention-deficit/hyperactivity disorder. Alcoholism: Clinical and Experimental Research. 2011;35(6):1114-1121.
29. Mattson S, Roebuck T. Acquisition and retention of verbal and nonverbal information in children with heavy prenatal alcohol exposure.
Alcoholism: Clinical and Experimental Research. 2002;26(6):875-882.
30. Lewis CE, Thomas KG, Dodge NC, et al. Verbal learning and memory impairment in children with fetal alcohol spectrum disorders.
Alcoholism: Clinical and Experimental Research. 2015;39(4):724-732.
31. Willford JA, Richardson GA, Leech SL, Day NL. Verbal and visuospatial learning and memory function in children with moderate prenatal
alcohol exposure. Alcoholism: Clinical and Experimental Research. 2004;28(3):497-507.
32. Berman RF, Hannigan JH. Effects of prenatal alcohol exposure on the hippocampus: Spatial behavior, electrophysiology, and
neuroanatomy. Hippocampus. 2000;10(1):94-110.

©2020 CEECD / SKC-ECD | FETAL ALCOHOL SPECTRUM DISORDERS (FASD)

6

33. Church MW, Eldis F, Blakley BW, Bawle EV. Hearing, language, speech, vestibular, and dentofacial disorders in fetal alcohol syndrome.
Alcoholism: Clinical and Experimental Research. 1997;21(2):227-237.
34. Becker M, Warr-Leeper GA, Leeper HA, Jr. Fetal alcohol syndrome: A description of oral motor, articulatory, short-term memory,
grammatical, and semantic abilities. Journal of Communication Disorders. 1990;23(2):97-124.
35. Carney LJ, Chermak GD. Performance of American Indian children with fetal alcohol syndrome on the test of language development.
Journal of Communication Disorders. 1991;24:123-134.
36. Thorne JC. Accentuate the negative: Grammatical errors during narrative production as a clinical marker of central nervous system
abnormality in school-aged children with fetal alcohol spectrum disorders. Journal of Speech Language and Hearing Research.
2017;60(12):3523-3537.
37. McGee CL, Bjorkquist OA, Riley EP, Mattson SN. Impaired language performance in young children with heavy prenatal alcohol exposure.
Neurotoxicology and Teratology. 2009;31(2):71-75.
38. Conry J. Neuropsychological deficits in fetal alcohol syndrome and fetal alcohol effects. Alcoholism: Clinical and Experimental Research.
1990;14(5):650-655.
39. Willoughby KA, Sheard ED, Nash K, Rovet J. Effects of prenatal alcohol exposure on hippocampal volume, verbal learning, and verbal and
spatial recall in late childhood. Journal of the International Neuropsychological Society. 2008;14(6):1022-1033.
40. Hunt E, Streissguth AP, Kerr B, Olson HC. Mothers' alcohol consumption during pregnancy: Effects on spatial-visual reasoning in 14-yearold children. Psychological Science. 1995;6(6):339-342.
41. Janzen LA, Nanson JL, Block GW. Neuropsychological evaluation of preschoolers with fetal alcohol syndrome. Neurotoxicology and
Teratology. 1995;17(3):273-279.
42. Coles CD, Platzman KA, Lynch ME, Freides D. Auditory and visual sustained attention in adolescents prenatally exposed to alcohol.
Alcoholism: Clinical and Experimental Research. 2002;26(2):263-271.
43. Nanson JL, Hiscock M. Attention deficits in children exposed to alcohol prenatally. Alcoholism: Clinical and Experimental Research.
1990;14(5):656-661.
44. Mattson S, Calarco K, Lang A. Focused and shifting attention in children with heavy prenatal alcohol exposure. Neuropsychology.
2006;20(3):361-369.
45. Popova S, Lange S, Shield K, et al. Comorbidity of fetal alcohol spectrum disorder: a systematic review and meta-analysis. Lancet.
2016;387(10022):978-987.
46. Fryer SL, McGee CL, Matt GE, Riley EP, Mattson SN. Evaluation of psychopathological conditions in children with heavy prenatal alcohol
exposure. Pediatrics. 2007;119(3):E733-E741.
47. Roebuck T, Mattson S, Riley E. Behavioral and psychosocial profiles of alcohol-exposed children. Alcoholism: Clinical and Experimental
Research. 1999;23(6):1070-1076.
48. Burd L. FASD and ADHD: Are they related and how? BMC Psychiatry. 2016;16:325.
49. Streissguth AP, Bookstein FL, Barr HM, Sampson PD, O'Malley K, Young JK. Risk factors for adverse life outcomes in fetal alcohol
syndrome and fetal alcohol effects. Journal of Developmental and Behavioral Pediatrics. 2004;25(4):228-238.
50. Crocker N, Vaurio L, Riley EP, Mattson SN. Comparison of adaptive behavior in children with heavy prenatal alcohol exposure or attentiondeficit/hyperactivity disorder. Alcoholism: Clinical and Experimental Research. 2009;33(11):2015-2023.
51. Vaurio L, Riley ER, Mattson SN. Differences in executive functioning in children with heavy prenatal alcohol exposure or attentiondeficit/hyperactivity disorder. Journal of the International Neuropsychological Society. 2008;14(1):119-129.
52. Coles CD, Platzman KA, Raskind-Hood CL, Brown RT, Falek A, Smith IE. A comparison of children affected by prenatal alcohol exposure
and attention deficit, hyperactivity disorder. Alcoholism: Clinical and Experimental Research. 1997;21(1):150-161.
53. Greenbaum RL, Stevens SA, Nash K, Koren G, Rovet J. Social cognitive and emotion processing abilities of children with fetal alcohol
spectrum disorders: A comparison with attention deficit hyperactivity disorder. Alcoholism: Clinical and Experimental Research.
2009;33(10):1656-1670.
54. Kingdon D, Cardoso C, McGrath JJ. Research review: Executive function deficits in fetal alcohol spectrum disorders and attentiondeficit/hyperactivity disorder - a meta-analysis. Journal of Child Psychology and Psychiatry. 2016;57(2):116-131.
55. Glass L, Ware AL, Crocker N, et al. Neuropsychological deficits associated with heavy prenatal alcohol exposure are not exacerbated by
ADHD. Neuropsychology. 2013;27(6):713-724.
56. Ware AL, Glass L, Crocker N, et al. Effects of prenatal alcohol exposure and attention-deficit/hyperactivity disorder on adaptive functioning.
Alcoholism: Clinical and Experimental Research. 2014;38(5):1439-1447.

©2020 CEECD / SKC-ECD | FETAL ALCOHOL SPECTRUM DISORDERS (FASD)

7

57. Ware AL, O'Brien JW, Crocker N, et al. The effects of prenatal alcohol exposure and attention-deficit/hyperactivity disorder on
psychopathology and behavior. Alcoholism: Clinical and Experimental Research. 2013;37(3):507-516.
58. Vaurio L, Riley EP, Mattson SN. Neuropsychological comparison of children with heavy prenatal alcohol exposure and an IQ-matched
comparison group. Journal of the International Neuropsychological Society. 2011;17(3):463-473.
59. Fagerlund A, Ase F, Autti-Ramo I, et al. Adaptive behaviour in children and adolescents with foetal alcohol spectrum disorders: A
comparison with specific learning disability and typical development. European Child & Adolescent Psychiatry. 2012;21(4):221-231.
60. Mattson SN, Roesch SC, Fagerlund A, et al. Toward a Neurobehavioral Profile of Fetal Alcohol Spectrum Disorders. Alcoholism: Clinical and
Experimental Research. 2010;34(9):1640-1650.
61. Mattson SN, Roesch SC, Glass L, et al. Further development of a neurobehavioral profile of fetal alcohol spectrum disorders. Alcoholism:
Clinical and Experimental Research. 2013;37(3):517-528.
62. Lee KT, Mattson SN, Riley EP. Classifying children with heavy prenatal alcohol exposure using measures of attention. Journal of the
International Neuropsychological Society. 2004;10(2):271-277.
63. Petrenko CL, Alto ME. Interventions in fetal alcohol spectrum disorders: An international perspective. European Journal of Medical Genetics.
2017;60(1):79-91.
64. Millar JA, Thompson J, Schwab D, et al. Educating students with FASD: Linking policy, research and practice. Journal of Research in
Special Educational Needs 2017;17(1):3-17.
65. Paley B, O'Connor MJ. Behavioral interventions for children and adolescents with fetal alcohol spectrum disorders. Alcohol Research &
Health. 2011;34(1):64-75.

©2020 CEECD / SKC-ECD | FETAL ALCOHOL SPECTRUM DISORDERS (FASD)

8

