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University of Minnesota FASD Program 
Intervention research 

Rationale:  
• The only available treatments are behavioral / educational 
• Current interventions are very specific / narrowly-focused 
• Pre-clinical work suggests opportunities for nutrient intervention 
• Focused intervention on hippocampus 

http://onestop.umn.edu/Maps/UHosp/index.html
http://www.umn.edu/


Dietary supplements?? 



Choline is an essential nutrient for humans 

 • Classified as essential nutrient (IOM, 1998) [Zeisel] 
• All cells require it 

• Die by apoptosis without it 
• Multiple needs: 

• Cell membrane 
• Lipid metabolism 
• Precursor to acetylcholine 
• Important methyl donor 

• Endogenous supply & Diet 
• 550 mg per day (adult) 
• Mean adult intake in US = 312 mg. per day 
• 200 – 250 mg. for children under 8 

•Brain development: 
• Choline and folate are linked 
• Deficiency -> neural tube disorders 

(Albright et al., 1998; Eagle, 1955; Zeisel et al., 1997; Cho et al., 2006); Zeisel et al., 2003; (Shaw et al., 2004; 
Smithells et al., 1976; Zeisel, 2009b; (Albright et al., 1999a; Albright et al., 1999b  



• In prenatally-exposed rats, choline reduced cognitive deficits 
• Choline could be given in the diet to pups 
• Memory, behavior, aspects of learning 
• Earlier supplementation was more beneficial 
• But, later supplementation had some effects (out to “childhood” in rats 



Hippocampal volumes in children with FASD vs. controls (raw 
volumes and volumes adjusted for total intracranial volume) 

Shutterstock 



How can choline impact a damaged brain?? 

• Hippocampus (memory) 
• Effects on LTP (biochemical basis of memory) 

• Building block of acetylcholine 

• Gene expression 

• Decrease apoptosis 

• Role in the repair of myelin 

• Animal models show permanent effects 

Barnes D.E. & Walker, D.W. (1981). Brain Res.; Miller (1995), ACER; Tan, S.E. et al. (1990). Alcohol; Livy, D.J. et al. (2003); Neurotox Teratol.; 
Nardelli et al. (2011) ACER.; Coled et al. (2011) Brain & Cognition. 





How the brain is built during pregnancy 
has an impact throughout the lifespan 

Images: Huffington Post, Getty Images  



Delivery system development 

Allocated Interventions (2-arms) 
• 500 mg. choline vs. placebo per day 

o Randomization is 1:1 
o Supplement dose based on adequate intake of 200-250 mg. per day 

• Fruit-flavored drink mix 
• Daily intake for 9 month duration 
• FDA Investigational New Drug (IND) exemption in place 



• Randomization was accepted by parents 
• Compliance with choline was excellent and no different than 

placebo 
• 85% completed the study 
• No differential drop-out 
• Oral choline dramatically increased serum choline levels 
• Adverse events were very minimal (no SAEs) 

 



University of Minnesota Post-natal Choline Trial 



No treatment effect for Global Cognitive Functioning 
• Choline: 82(baseline) -> 87 (9 months) 

• Placebo: 84(baseline) -> 89 (9 months) 



Fig 1. EI items after short delay 
• 21 point increase for young 

choline 
• 2 point increase for young placebo 
• 2 point increase for old choline 
• 9 point increase for old placebo 

Fig 2. EI ordered pairs  
• Trend toward steeper improvement 

in young choline group 

γ= -16.05, 95% CI [-31.71, -0.40], t(84.7)= -2.09, p=0.045. 
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Improvement after 9 months 

Choline Placebo

*d=.54 *d=.50 

Elicited imitation 
memory 
performance: 
Baseline to 9 
months 



Elicited imitation performance by weight- 
adjusted / compliance-adjusted dose 

γ = -0.64, 95% CI [-1.21, -0.06], t(34.4) = -2.26, p = .030 



• Multivitamin supplements given to heavy-drinking women in Ukraine 
• 367 participated 
• Range 1.5 to 10 drinks per day (all had some binge episodes) 
• Outcome measure: Bayley Scales of Infant Development 
• Multivitamin and Multivitamin + choline were examined 

 
 

What are other human choline intervention studies showing? 



No difference in Bayley motor score Multivitamin protected Bayley mental score 
                (especially in males) 



Randomized, double-blind, placebo-controlled clinical trial of choline supplementation 
in school-aged children with fetal alcohol spectrum disorders1 
Tanya T Nguyen, Rashmi D Risbud, Sarah N Mattson, Christina D Chambers, and Jennifer D Thomas 

Am J Clin Nutr 2016;104:1683–92 

• Short-term supplementation (6 weeks) 
• Older sample (5-10 years old) of children with PAE 
• 625 mg per day 
• Spatial memory, executive functioning, attention, fine motor speed outcomes 

 
RESULTS: 
• No effects of choline on cognitive outcome 



• Second study of the Ukraine cohort of 
women 

• Outcome measure designed for infants 
• 1. Baby is habituated to a stimuli 
• 2. New stimulus is introduced 
• 3. Heart rate goes down indicating 

attention and recognition that the 
stimuli has changed 

• Choline exposure during gestation caused 
larger response in the infants (better 
attention / discrimination capacity) 
 
 

Images courtesy of the New York Times and isabelgranic.com 
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Long-term cognitive results 

Choline Placebo

d=.90 
14.0% 

d=.89 
4.2% 

d=.80 
13.6% 

d=.92 
17.8% 

Follow-up of 23 participants at 3.95 years post study termination; matched groups 
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