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Learning Objectives

1. Identify the role of modifiable lifestyle factors in supporting 
neurodevelopment

1. Understand the relevance of lifestyle factors to optimizing 
neurodevelopment in individuals with FASD

1. Appreciate the need for cost effective and accessible interventions to 
support neurodevelopment in individuals with FASD
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Modifiable lifestyle factors

• Non-medical

• Broadly applicable

• Habit/behavior changes

• Evidence-based

• Benefit mood, cognition, brain function

Gimbel & Wozniak 3



Nutrition
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Nutrition is foundational to brain health

• Building blocks for brain 

development

• Deficiencies have lasting 

consequences 

• Valuable opportunity for 

intervention
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Nutrition is foundational to brain health

• Brain development is a highly 

metabolic process 

• Growth relies on nutrients that 

support energy metabolism
• Oxygen, glucose, protein, iron, 

copper, iodine  

Kuzawa CW. (1998) Am J Phys Anthropol. Suppl 27:177-209. Gimbel & Wozniak 6



Nutrition is foundational to brain health

• Ex. Folate deficiency during 

development leads to neural 

tube defects

JAMA. 2023;330(5):454-459.; Image: Cleveland Clinic (2022) Gimbel & Wozniak 7



Nutrition is foundational to brain health

• Ex. Iron deficiency during 
brain development leads to 
lower IQ, attention 
problems, memory deficits, 
& learning problems 

Saloojee, H.,  & Pettifor, J. M. (2001). BMJ (Clinical research ed.), 323(7326), 1377–1378. Gimbel & Wozniak 8



Nutrition is foundational to brain health

• Ex. Choline deficiency during 
brain development directly 
impacts formation of the 
hippocampus and, as a 
result, memory functioning

Gimbel & Wozniak 9Niculescu et al.  (2006). FASEB; 20(1):43-9



Nutrients that particularly affect early
brain development and adult function

1 Exhibits critical/sensitive period for neurodevelopment
2 Early deficiency results in long-term dysfunction
3 Evidence for epigenetic mechanism

• Macronutrients

• Protein 1, 2

• Fats (LC-PUFA) 1, 2, 3

• Glucose 1, 2

• Micronutrients

• Iron 1, 2, 3

• Zinc 1, 2 

• Copper 1, 2

• Iodine (Thyroid) 1, 2

• Vitamins/Cofactors

• B vitamins (B6, B121)

• Vitamin A

• Vitamin K

• Folate 1, 2, 3

• Choline 1, 2, 3

Michael Georgieff (2025) Gimbel & Wozniak 10



Alcohol impacts nutrition during pregnancy

• Alcohol consumption during pregnancy:
• Associated with poor diet 

• Interferes with nutrient absorption 

• PAE combined with inadequate nutrition is 

especially harmful to brain development

May, P. A.,  et  al., (2014). Reproductive toxicology, 46, 31-39.; Hutson, J.  R., et a.,   (2012). PloS one, 7(5),  e38057.; Naik, V. D., et al.,  (2022). Nutrit ion Reviews, 80(6),  1568-1579. Gimbel & Wozniak 11



Nutrition as an intervention during 
pregnancy

• Nutritional supplementation during 

pregnancy can offset impacts of PAE

• Ex. Prenatal choline/multivitamin 

supplementation during alcohol exposed 

pregnancies found to support:
• Infant growth 

• Early childhood cognitive development  

Kable, J.A. et  al. , (2015), Alcohol, 49, 647–656.; Coles, C.D. et al. , (2015) Chi ld Health J.,  19,  2605–2614.; Jacobson, S.W. et al. , (2018), Alcohol. Cl in. Exp. Res., 42, 1327–1341.; Warton, F .L. 

et al., (2021) Alcohol. Cl in. Exp. Res., 45, 1762–1774. 
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Ex. South African maternal choline 
supplementation trial
• Randomized, double-blind, placebo-controlled 

trial 
• 50 infants with heavy PAE
• Brain MRI at 2.8 weeks postpartum
• Recognition memory assessed at 12 months 

• Choline group showed larger brain volumes vs 
placebo

• Larger brain volumes associated with improved 
memory performance 

Warton, F.L. et al ., (2021) Alcohol. Cl in. Exp. Res., 45, 1762–1774. Gimbel & Wozniak 13



• During childhood, nutrient intake 

continues to be critical for brain 

development

• Children with with FASD have 

food sensitivities and eating 

patterns that can impact nutrition 

Alcohol impacts nutrition during childhood

Fuglestad, A. J.,  et  al., (2013). Neurotoxicology and teratology, 39, 128–132.; Amos-Kroohs, R. M., et al.,  (2016). The Journal of pediatrics, 169, 194–200.e1.  Gimbel & Wozniak 14



Alcohol impacts nutrition during childhood

• Children with FASD have lower 

quality nutrient intake 
• 90% inadequate fiber

• 97% inadequate n-3 fatty acids

• 48% inadequate n-6 fatty acids

• 84% inadequate choline

• 32% inadequate iron

Fuglestad, A. J.,  et  al., (2013). Neurotoxicology and teratology, 39, 128–132.; Amos-Kroohs, R. M., et al.,  (2016). The Journal of pediatrics, 169, 194–200.e1.  Gimbel & Wozniak 15



Nutrition as an intervention for children 
with PAE: University of Minnesota choline 
trials
• Nutritional supplementation during 

early childhood also confers 
important benefits

• Ex. Choline
• Safe and well-tolerated 
• Provides benefits for hippocampal 

memory function in young children 
• Evidence for larger benefits over time 

in non-verbal IQ, attention, memory, 
executive functioning 

Wozniak, J.  R.,et al.,  (2013). Nutrit ion research (New York, N.Y.), 33(11), 897–904.; Wozniak, J.  R.,et al.,  (2015). The American journal of clinical nutrit ion, 102(5),  1113–1125.; Wozniak, J. R.,et 
al., (2020). Journal of neurodevelopmental  disorders, 12(1),  9.

Gimbel & Wozniak 16



https://doi.org/10.1016/j.ajcnut.2025.02.009
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• Combined: 3 Randomized Controlled Trials 

between 2010 and 2021

• Ages 2.5 to 5.9 years

• 9-month duration

• Compared fixed 500 mg per day vs 22 

mg/kg vs placebo



https://doi.org/10.1016/j.ajcnut.2025.02.009
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• Compliance was very good (78%)

• No adverse effects other than fishy 

odor (36% choline group vs. 8% 

placebo group)

• Fishy odor was higher for 500mg 

(57%) vs. weight-adjusted (11%)

• Sequential memory performance 

improvement favored choline 

(35.4%) vs. placebo (10.9%)



https://doi.org/10.1016/j.ajcnut.2025.02.009

Gimbel & Wozniak 19

• Younger age associated with 

greater improvement in memory 

performance

• No choline effect for IQ, executive 

functioning, or parent-reported 

behavior



Evidence from related conditions

Essential multi-nutrient supplementation 

Clinician rated severity of symptoms:

• ↓Emotion dysregulation 

• ↓Inattentive symptom 

Vitamin D + Magnesium supplementation 

Compared to placebo, treatment group showed:

• ↓Internalizing difficulties score

• ↓Peer conflict score

ADHD - Randomized Controlled Trials

Rucklidge, J. J. , et al., (2018). Journal of chi ld psychology and psychiatry , and allied disciplines, 59(3),  232–246.; Hemamy, M., et al., (2021). BMC Pediatr  21, 178. Gimbel & Wozniak 20



Everyday practical strategies: Nutrition

• Incorporate foods that are high in Choline
• Salmon, 3 ounces/85 grams: 187mg (34% DV)

• Hard boiled egg,1 large/50 grams: 147mg (27% DV)

• Roasted soybeans, ½ cup/93 grams: 107mg (19% DV)

• Chicken breast, 3 ounces/85 grams: 72mg (13% DV)

• Atlantic cod, 3 ounces/85 grams: 71mg (13% DV)

• Ground beef, 3 ounces/85 grams: 72mg (13% DV)

• Red potato with skin, 1 large/299 grams: 57 mg (10% 

DV)

Photo: Vicky Wasik; Food Styling: Ola Wadley; Design: Kitchn

Visualization of serving size of  meat and fish

U.S. Department  of Health and Human Serv ices. (2022). Office of dietary supplements - choline. 
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Supporting healthy eating in young 
children

• Early eating experiences shape eating habits 

later in life 
• Food preferences are strongly related to eating 

patterns - we like what we are most familiar with

• Early and broad exposure to healthy foods is 

crucial for supporting lifelong healthy eating 

habits
• From 4-24 months of age, 8-10 exposures to a single 

food increases acceptability 

Cooke, L. (2007). Journal of human nutr ition and dietetics, 20(4),  294-301; Spill et al.  (2019) USDA Nutrition Evidence Systematic Review, Alexandria, VA. Gimbel & Wozniak 22



Supporting healthy eating in young 
children

• Strategies for picky eaters:
• Model trying new foods

• Provide choices 

• Pair new foods with familiar ones

• Try foods with a variety of textures 

• Try something new, wait a few days, try it again 

• Make eating new foods a fun game! 

Centers for  Disease Control  and Prevention. (2014). Tips to help your picky eater.

Gimbel & Wozniak 23



Healthy eating as an adult

• Think small habit changes vs. drastic fads or diets

• Track eating for several days (e.g. cronometer.com, etc.)

• Learn nutritional content

• See your personal habits / patterns

• Think about portion sizes

• Plan shopping / meals; Cook

• Become aware of cues and alter them

• Eat food…not too much…mostly plants

• Slow your eating

• Avoid sugary beverages

Centers for  Disease Control  and Prevention. (2014). Tips to help your picky eater; The Omnivore’s Dilemma & In Defense of Food by  Michael Pollan 

Gimbel & Wozniak 24



Sleep
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Sleep is critical for healthy brain function

Shapiro & Flanigan (1993). BMJ: British Medical  Journal,  306(6874), 383.

The sleep cycle, including the 5 stages of sleep

Gimbel & Wozniak 26



Sleep needs change over the lifespan

Gimbel & Wozniak 27

Centers for  Disease Control  and Prevention. (2024). About Sleep

Group Age Recommended Sleep Per Night

Newborn 0-3 months 14-17 hour

Toddler 1-2 years 11-14 hours (including naps)

Preschool 3-5 years 10-13 hours (including naps)

School age 6-12 years 9-12 hours

Teenager 13-17 years 8-10 hours

Adult 18-60 years 7 or more hours

Older adult 65 years and older 7-8 hours



Sleep is critical for healthy brain function

• Why do we need to sleep?
• Rest / conserve energy?

• Metabolism decreases only 25%

• Consolidate memories? 
• Sleep deprivation impairs memory

• Even a nap enhances some memory

• Maintain / repair the brain?
• Proteins are synthesized

• Myelin is produced / refreshed 

• Clearing waste products

Siegel,  JM. (2022). Nature, 437(7063): 1264-1271; Madsen et al. (1985). J. Appl. Physiol, 70(6): 2597-2601;  Tucker et al. (2006). Neurobiol Learn Mem, 86(2): 241-247. Gimbel & Wozniak 28



Sleep is critical for healthy brain function

• Adenosine induces sleep (countered by 
caffeine)

Reichert & Landolt (2022). Journal of sleep research, 31(4),  e13597; Pharmacogenomics Knowledge Base: PharmGKB summary: caffe ine pathway.; Image: Heim, K. (2019). Integrative 
Pharmacology.; Image: Thomas, J. (2019). Medium. 
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Sleep is critical for healthy brain function

• Glymphatic system
• Removes waste products

• Most active in deep sleep (N3)

• Inadequate / disrupted sleep doesn’t 

allow optimal “cleaning”

• Being studied: amyloid clearance 

problems and Alzheimer’s Disease 

Habli tz & Nedergaard (2021). J. Neurosci; 41(37): 7698-7711. Gimbel & Wozniak 30



Evidence that PAE impacts sleep

• PAE affects circadian rhythm 

expression of core-CLOCK genes 
• In children with PAE, CLOCK gene 

expression follows an irregular pattern 

compared to the typical circadian rhythm

• In children with PAE, the gene expression 

levels were lower than typically 

developing children

Das, U., et al.,  (2024). Scientific Reports, 14(1),  19886–11. 
Gimbel & Wozniak 31



Sleep disruption in FASD
• ~80% of children with FASD have 

significant sleep problems 
• Insomnia, RLS, circadian disruptions, 

daytime fatigue 

• PAE assoc. with sleep dysfunction 
• Worse quality of sleep 

• Sleep fragmentation

• Less time asleep 

• Sleep disorders

• Decreased REM sleep

Inkelis, S.M., & Thomas, J. D. (2018) Alcoholism: Clinical and Experimental Research., 42(8), 1390-1405.; Chen et al. (2012). Sleep Medicine; 8(4): 421-429; Gerstner et al.,  (2023). Alcohol (Hanover, 
York County , Pa.), 47(3),  589–599.; Ipsiroglu, O. S., et al., (2019). Sleep medicine, 54, 101–112. 
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Sleep disruption in FASD

• Breathing-related sleep disorders
• Apnea / hypopnea 

• Characterized by snoring, stopping 

breathing, wakings

• Circadian disruption
• Insomnia (delayed sleep onset)

• Late sleeping / daytime fatigue

• Wakings

Image: Nationwide Children’s Hospital , 700 Children’s Blog; Chen et al . (2012). Sleep Medicine; 8(4): 421-429; Thomas et al Gimbel & Wozniak 33



Disrupted sleep patterns in PAE

• Ex. San Diego State University sleep study
• 74 participants (35 PAE, 39 Control); 

Ages 6-10
• Completed 24-h actigraphy for 2 

weeks
• Sleep diaries & sleep questionnaires 

• Findings: 
• Those with PAE were more varied in 

sleep behaviors than controls
• PAE participants had more sleep 

problems as they got older

Inkelis et al. (2024). Characteristics of sleep in children with heavy prenatal alcohol exposure. Alcohol : Clinical  and Exper imental Research. Gimbel & Wozniak 34



Consequences of sleep disturbances
• Daytime fatigue / poor attention

• Hyperactivity / mood dysregulation

• Non-optimized memory performance

• Learning difficulties in school or work 

Chen et al.  (2012). Sleep Medicine; 8(4): 421-429; Images: Adobe StockDrSafeHands.Com Gimbel & Wozniak 35



Sleep-based interventions in humans

• Cognitive Behavioral Therapy for Insomnia 

(CBT-I)

Sleep 
education

Re-shaping 
beliefs/fears 

re: sleep

Changing 
sleep 

habits/
behaviors

Gimbel & Wozniak 36Taylor  & Pruiksma (2014). International review of psychiatry, 26(2), 205-213.



Everyday practical strategies: Sleep 

• Understanding circadian rhythms 
• 24-hour clock in the brain (suprachiasmatic 

nucleus)

• Many cells fall into rhythm with the SCN

• Primary inputs that “push” the clock one way or the 

other
• Light hitting the eyes

• Triggers melatonin (natural hormone); level rises and 

peaks in evening  

• Eating / digestion

• Exercise / movement

Sletten, T. L., et al.,   (2018). PLoS medicine, 15(6),  e1002587.; Image: Oxford Research Encyclopedia, Oxford University Press Gimbel & Wozniak 37



Everyday practical strategies: Sleep 

• Sleep hygiene 
• Highly consistent timing

• Bedtime and wake time

• Keep routine 7 days per week

• Consistent bedtime routines
• Bathing, brushing teeth

• Lowering lights in the home

• Pair bed with sleep only
• No screens/electronics in the bedroom

• If unable to sleep, move to another room 

and return when tired 

Gimbel & Wozniak 38

Centers for  Disease Control  and Prevention. (2020). Improve S leep: Tips to Improve Your Sleep When Times Are Tough



Everyday practical strategies: Sleep 

• Sleep hygiene 
• Proper environment

• Cool temperature

• Quiet, dark

• Physiological signals
• Bright sunlight early in the morning; low light only in evening

• Healthy meals consistently during the day; no eating in the hours before sleep

• Exercise regularly in the morning / daytime; avoid aerobic ex. before bed

• Limit caffeine intake; no coffee or soda after midday

• Melatonin
• Can help reset circadian rhythm (taken 1 hour before bedtime)

• Mostly for insomnia; can be counter-productive in other sleep disorders

Gimbel & Wozniak 39

Centers for  Disease Control  and Prevention. (2020). Improve S leep: Tips to Improve Your Sleep When Times Are Tough



Exercise and 
physical 
activity

Gimbel & Wozniak 40



Evidence that PAE impacts physical activity

• Voluntary physical activity in rats 

with PAE improved functioning of 

hippocampus 
• Cell proliferation

• Early neuronal maturation

• Cell survival

• BDNF expression

• Synaptic plasticity

Lucas, B. R.,  et al ., (2014). Pediatr ics, 134(1).; Boehme, F.,  et  al., (2011). European Journal of Neuroscience, 33(10), 1799–1811. 

Gimbel & Wozniak 41



Exercise/physical activity-based interventions in 
humans

• The FAST Club: physical activity intervention for children with FASD to 

improve executive function 
• Multiple motor activities including games, 

exercises, and specific skill development 

• Significant improvement on the Children’s Color 

Trails Test (executive function measure)

Pritchard Orr, A. B., et al.,  (2018). Adapted Physical Act ivity Quarterly, 35(4),  403-423. Gimbel & Wozniak 42



Exercise/physical activity-based interventions in 
humans

• Effective interventions in children with 
various Neurodevelopmental 
Disorders 
• Attention: Mind-body exercise (i.e. 

yoga) & Exergaming (i.e. Nintendo Wii 
Sports)

• Memory: Exergaming
• Executive functioning: Exergaming, 

Mind-body exercise, & Multi-
component physical activity (i.e. sports)

Tao, R., et al.,   (2025).The international  journal  of behavioral nutrition and physical  act ivity , 22(1),  6. Gimbel & Wozniak 43



Evidence from related conditions

• Children and adolescents with ASD 
• Cognitive and social deficits associated 

with lower physical activity levels

• Older kids and girls have higher risk for 

sedentary behavior

• 12-week physical activity 

intervention (table tennis) in 

male children with ASD 
• Improved gross motor skill and 

executive function 

• Sustained at 12 weeks after 

intervention

Memari,  A. H., et al.,  (2017). Research in Autism Spectrum Disorders, 33, 21–28.; Pan, C.-Y., et al.,  (2017). Autism, 21(2),  190-202. 
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Everyday practical strategies: physical activity  

• Be active as a family
• Walks
• Games

• Go places for physical 
activity
• Public parks
• Swimming pools

• Provide equipment for 
activities
• Balls
• Jump ropes
• Tennis Shoes

Centers for  Disease Control  and Prevention. (2024). Making physical  act ivity part  of a child’s life. Centers for Disease Control and Prevention.; Image: Seaver. (2024). Al legro Pediat rics 
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Functional Exercise 

• Physical activity 

interventions significantly 

improved cognitive 

performance 

• No significant difference 

between physical and 

cognitive interventions 

effects on cognitive 

performance

• Training to prepare 
your body for daily 
tasks 

• Examples of 
functional exercise 
for kids
• Tug-of-war
• Monkey bars
• Jump rope
• Musical Chairs

Hao, L., et al., (2023). Frontiers in psychology, 14, 1266216.; Begun, R. (2018). Is functional exercise OK for kids?; Mayo Foundation for Medical Education and Research. (2021). Functional 
fitness: Is it right for you?

Gimbel & Wozniak 46



Habit building/stacking

• Attach a new habit to an existing 

consistent routine 
• Stretch muscles (new habit) before 

you brush your teeth (current habit) 

every night

Cleveland Clinic. (2024). Everything you need to know about habit stacking for self-improvement; Atomic Habits & An Easy and Proven Way to Build Good Habits and Break Bad Ones by  James 

Clear.

47

How to:

1. Make a list of current habits

2. Make a list of desired habits

3. Make a “stack” or pairing that works for 

you

4. Adjust as needed

• Reduce friction
• Running shoes near the door

• Dog or friend to reinforce habit

• Add reward



Cognitive 
activity

Gimbel & Wozniak 48



Evidence that PAE impacts cognitive ability

• PAE results in cognitive/behavioral deficits 
• Learning and memory

• Problem-solving

• Attention and impulse control

• Spatial working memory 

• Fine motor

• Social skill 

• School

Streissguth, A. P., et al.,  (1989). Neurotoxicology and Teratology, 11(5),  493–507.; Mill ians, M. N., et al., (2025). Stratton, K., Howe, C., & Battaglia, F. C. (1996). The National 
Academies.  Psychology in the Schools.

Gimbel & Wozniak 49



Cognitive training interventions for FASD

• Math Interactive Learning Experience (MILE) program conforms caregivers and educators on 
FASD-specific needs 
• Facilitate math learning and number writing skills
• Skills for parents/teachers to manage behavioral problems
• Parent/teacher ratings show improved behavior
• Significantly improved scores on math measures 

• Developed at Emory University by Dr. Coles, Dr. Kable, and Dr. Taddeo

• Website: Coles, C. D. Mile. Emory University Shield. 
https://med.emory.edu/departments/psychiatry/msacd/research/mile.html 

Coles, C. D., et al., (2009). Journal of Developmental & Behavioral Pediatrics, 30 (1),  7-15; Image: Emory University School  of Medicine. MILE Logo Gimbel & Wozniak 50



Cognitive training interventions for FASD

• GoFar program: game-like training 

• Teach self regulation and emotional control

• Increased focus and reduced impulsiveness

• Improved attention

• Disruptive behavior decreased

• Both FAR and parent-training seem to be required

• Developed at Emory University by Dr. Coles and Dr. Kable
• Website: Gofar. Emory University Shield. 

https://med.emory.edu/departments/psychiatry/msacd/research/gofar.html 

Coles, C. D.,  et al., (2015). Alcoholism: Clinical and Experimental Research, 39(11), 2224–2233; Coles, C. D., et al., (2018). Developmental Neurorehabilitation, 21(5), 345–349.; Images: Emory 

University School of Medicine. 
Gimbel & Wozniak 51

Resources: do2learn.com



Cognitive training interventions for FASD

• Similar computer game training programs 

currently being investigated for their effect 

on executive functioning 

• Small pilot study found music training 

improved attention in kids with FASD

Gleichmann, D. C.,  et al ., (2022). Sensors (Basel, Switzerland), 22(15), 5642.; Louw, J.  G., et al.,(2019). JMIR research protocols, 8(10), e14489. Gimbel & Wozniak 52



Cognitive training with neuromodulation: 
University of Minnesota

• 5-10 sessions of cognitive training

• Time intensive with small effects

• Generalizability challenges

• tDCS assisted cognitive training
• tDCS can enhance plasticity

• Combined method has better efficacy 

and functional outcomes

Gimbel & Wozniak 53
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• Randomized Controlled Trial from 

2017-2020
• Testing feasibility and efficacy

• Ages 9 to 16

• Compared active tDCS vs sham 

tDCS paired with cognitive training

https://doi .org/10.1016/j.brs.2020.04.015

https://doi.org/10.1016/j.brs.2020.04.015


Gimbel & Wozniak 55

• 86% completed (motivating)

• Small significant improvement of 

attention for active vs. sham 

(p=0.04)

• No effect on working memory, 

trail making task, or verbal 

fluency test

https://doi .org/10.1016/j.brs.2020.04.015

https://doi.org/10.1016/j.brs.2020.04.015


Gimbel & Wozniak 56

• tDCS was well-tolerated by children 

& adolescents with FASD 
• No between group differences in 

side-effects 

• Attention improvements correlated 

with decrease in ADHD symptoms 

(parent-report) 

Correlation between 
attention scores and 
parent-report of active
participants

https://doi .org/10.1016/j.brs.2020.04.015

Correlation between 
attention scores and 
parent-report of sham
participants

https://doi.org/10.1016/j.brs.2020.04.015


Evidence from related conditions

• ASD behavioral intervention Early Start Denver Model 

(ESDM) 
• Based on applied behavior analysis (ABA) methods

• Behavioral outcomes: 
• Improved cognitive skills measured by Mullen Scales of Early 

Learning & Vineland Adaptive Behavior Scales 

• EEG outcomes: 
• Increased brain activity related to attention engagement and 

active cognitive processing of social stimuli

Dawson, G., et al., (2010). Pediatr ics, 125(1).; Dawson, G.,  et al ., (2012). Journal of the American Academy of Child &amp; Adolescent Psychiatry, 51(11), 1150–1159.

Gimbel & Wozniak 57



• Widely available online cognitive training programs
• Brain HQ (brainhq.com)

• Lumosity (lumosity.com)

• Key elements:
• Repeated practice

• Varied cognitive activities

• Sequential / increasing difficulty

• Motivation to engage focus

Everyday practical strategies: 
Cognitive training 

Image: brainhq.com; Image: lumosity .com Gimbel & Wozniak 58



Activities that utilize cognitive flexibility 
and executive function

• Puzzles 
• Spatial skills development

• Reading 
• Working memory, inhibition, fluid intelligence, and 

cognitive flexibility 

Johann, V.,  et  al. , (2019). Child Neuropsychology , 26(3),  324–344.; Levine, S. C.,  et  al. , (2012). Developmental  Psychology, 48(2),  530–542. Gimbel & Wozniak 59



Activities that utilize cognitive flexibility 
and executive function

• Music lessons 
• Inhibition, selective attention, and working memory

• Learning a second language 
• Increases the grey matter in the left inferior parietal 

cortex (IPL)
• Continues to grow as proficiency increases

• Left IPL responsible for social cognition and language 

function

Fr ischen, U.,et al., (2021). Learning and Instruction, 74.; Mechell i, A., et al.,  (2004). Nature (London), 431(7010), 757–757. Gimbel & Wozniak 60



• Research continues to 

understand how, when, and 

for whom lifestyle 

interventions are most 

effective

• Healthy habits support brain 

development and health for 

those with PAE - regardless of 

FASD-specific diagnosis
Gimbel & Wozniak 61
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