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Abstract

The potential of micronutrients to ameliorate the impact of prenatal alcohol exposure (PAE) on 

attentional regulation skills was explored in a randomized clinical trial conducted in Ukraine. 

Women who differed in prenatal alcohol use were recruited during pregnancy and assigned to one 

of three groups (No study-provided supplements, Multivitamin/Mineral Supplement (MVM), or 

MVM plus Choline). Their offspring were seen in the preschool period and a reaction time task 

was administered. Participants were asked to press a response button as quickly as possible as 

thirty stimuli from the same category (animals) were presented consecutively and then followed 

by 6 stimuli from a novel category (vehicles). Number correct, mean latency of the response 

over trials, and variability in the latency were analyzed separately by sex. During the initial 

animal trials, boys whose mothers received MVM during pregnancy had more correct responses 

and reduced response latency compared to boys whose mothers had no MVM treatment. During 

vehicle trials, maternal choline supplementation was associated with increased response speed in 

males without a PAE history. Females receiving supplements did not show the same benefits from 

micronutrient supplementation and were more adversely impacted by prenatal alcohol exposure. 

Relationships between maternal levels of choline, betaine, and dimethylglycine (DMG) and task 

performance were also assessed. Although no effects were found for choline after adjusting for 

multiple comparisons, lower baseline DMG level was associated with greater accuracy and shorter 

latency of responses in the initial animal trials and shorter latency in the vehicle trials in female 

preschoolers. Level of betaine in Trimester 3 was associated with reduced variability in the latency 

of male responses during the animal trials. Maternal micronutrient supplementation in pregnancy 

appears to improve preschool reaction time performance but the effects varied as a function of sex 

and PAE exposure status.

Keywords

Prenatal alcohol; micronutrient supplementation; choline; reaction time; attention

Prenatal alcohol exposure (PAE) has been associated with a spectrum of neurobehavioral 

and physical effects that are captured using an umbrella term, Fetal Alcohol Spectrum 

Disorders (FASDs) (Riley, Infante, & Warren, 2011), with the most extreme variant being 

Fetal Alcohol Syndrome (FAS)(Stratton, Howe, & Battaglia, 1996). Those diagnosed 

with FAS have characteristic facial features, growth delays, and neurodevelopmental 

impairments. The potential of multivitamins and micronutrients to ameliorate the impact 

of PAE has been the focus of considerable human and animal model research over the 
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last decade (Helfrich, Saini, Kling, & Smith, 2018; Huebner et al., 2018; Jacobson et al., 

2018; Naseer, Y., & M.O., 2010; Nguyen, Risbud, Mattson, Chambers, & Thomas, 2016; 

Ojeda et al., 2009; Serrano, Han, Brinez, & Linask, 2010; Summers, Rofe, & Coyle, 2009; 

Thomas, Abou, & Dominguez, 2009; Wozniak et al., 2015) with the effectiveness of choline 

supplementation receiving considerable attention. Investigations of maternal nutrient status 

has indicated that mothers of children with FASDs often have poor dietary intake and 

nutritional status (Carter et al., 2018; Carter, Jacobson, Molteno, & Jacobson, 2007; Carter 

et al., 2017; May et al., 2016; May et al., 2014).

Although preclinical studies of choline supplementation after a history of PAE have 

produced promising results, human clinical trials have not been as clear (see review, 

(Akison, Kuo, Reid, Boyd, & Moritz, 2018)). Choline supplementation provided to older 

children with PAE has not been found to improve physical status or neurobehavioral 

outcomes (Nguyen et al., 2016) but has been found to improve memory functioning in 

preschoolers (Wozniak et al., 2015). In a later assessment of the preschool cohort, enhanced 

effectiveness of choline supplementation was observed after a four year gap period in the 

areas of working memory, visual-spatial skills, verbal memory, and behavioral functioning 

(Wozniak et al., 2020), suggesting effects of the supplementation postnatally may be 

delayed. Choline supplements taken in pregnancy have resulted in improved physical and 

developmental outcomes (Jacobson et al., 2018; Kable, Coles, Keen, Uriu-Adams, Jones, 

Yevtushok, Kulikovsky, Wertelecki, Pedersen, & Chambers, 2015) but to date the results 

have only been reported on outcomes during the infancy and toddler periods of development 

due to the age of the cohorts.

In a cohort of women from Ukraine, choline supplementation in pregnancy resulted in 

improved neurophysiological encoding during visual habituation for both infants with and 

without PAE. Infants with no PAE who received choline supplementation also showed 

improvements on the dishabituation trials, suggesting that choline’s positive effects were 

not sufficient to ameliorate the neural damage associated with PAE. Similar results were 

obtained in information processing speed in a cohort were prenatal choline supplementation 

was provided but PAE was not assessed (Caudill, Strupp, Muscalu, Nevins, & Canfield, 

2018). Relationships between estimates of changes in the nutrient status of the Ukrainian 

mothers over the course of pregnancy and information processing outcomes suggested that 

choline’s effect may be mediated by the breakdown of choline to betaine and then to 

dimethylglycine (DMG) (Kable, Coles, Keen, Uriu-Adams, Jones, Yevtushok, Kulikovsky, 

Wertelecki, Pedersen, & Chambers, 2015).

Although choline was given to women in the Ukrainian cohort, the focus of the 

study was broader and involved a clinical trial assessing the outcomes of micronutrient 

supplementation during pregnancy on a sample of infants with PAE. Participants were 

assigned to either receive the standard of care, which was to recommend multivitamin/

mineral supplement use (MVM) but to not provide them to mothers, or to receive 

MVM supplements from the study. Half of those who received the MVM supplements 

were also given choline (750 mg) supplements (MVM+choline). During infancy, MVM 

supplementation was found to reduce the negative impact of alcohol use during pregnancy 

on developmental outcomes as assessed using a Ukrainian adaptation of the Bayley Scale 
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of Infant and Toddler Development, 2nd edition© (Coles et al., 2015) but significant effects 

were not found for choline supplementation on this measure. This cohort was followed again 

into the preschool period where the impact of PAE was found on nonverbal reasoning and 

indices of executive functioning and these relationships were dose responsive (Coles et al., 

2021).

Choline supplementation was explored in another cohort, consisting of heavy alcohol using 

women from South Africa who participated in a randomized placebo controlled clinical trial. 

Growth and neurocognitive impairment was significantly improved in infancy with choline 

supplementation at higher dosage levels than was used in the Ukrainian cohort (Jacobson et 

al., 2018). In the South Africa study choline was not given to women who did not have a 

history of PAE and only 9.7% of the women met minimum requirements for daily choline 

intake during pregnancy. This combination of factors makes it difficult to discern if the 

choline was ameliorating the impact of PAE at this higher dosage level or just correcting a 

choline deficiency frequently present in the cohort. Collectively, these studies suggest that 

choline intake during pregnancy positively influences neurodevelopmental outcomes but the 

mechanisms and long-term effects of this intervention have yet to be determined.

One of the most common neurobehavioral impairments of children with an FASD is having 

attentional regulation problems (Chambers et al., 2019; Coles et al., 2020; Coles et al., 

1997; May, Hasken, Baete, et al., 2020; May, Hasken, Bozeman, et al., 2020; May, Hasken, 

Stegall, et al., 2020; May et al., 2021; Nanson & Hiscock, 1990; Streissguth et al., 1986), 

leading to a frequent secondary diagnosis of Attention Deficit Hyperactivity Disorder later 

in childhood (Lange, Rehm, Anagnostou, & Popova, 2018; Nanson & Hiscock, 1990). 

Early work linking PAE to impaired attentional regulation skills utilized vigilance tasks 

that measured both the ability to sustain attention and impulsivity in responding (Koelega, 

1993). Such tasks require children to maintain alertness in order to respond effectively to 

target stimuli that are presented at a low frequency relative to distractor stimuli. In school 

age children, vigilance performance (e.g., errors of commission, reaction time, and an error 

summary score) on a computerized continuous performance task was negatively impacted 

by PAE (Streissguth et al., 1986) and significantly related to parent ratings of the children’s 

endurance, persistence, organization, distractibility and impulsivity. This finding has been 

replicated in some studies of PAE (Brown et al., 1991; Kooistra, Crawford, Gibbard, 

Ramage, & Kaplan, 2010) but not in others (Boyd, Ernhart, Greene, Sokol, & Martier, 

1991; Coles et al., 1997). More recently, performance on the Quotient ADHD System was 

found to be impacted by prenatal alcohol exposure in a sample of school age children (aged 

7–14 years) (Infante et al., 2015).

Assessment of vigilance is complicated by the difficulties associated with getting 

cooperation over prolonged periods of low arousal in preschool children. In a previous 

study of a small sample of preschoolers (ages 3–4 years, n =28) exposed to PAE, vigilance 

behavior was assessed using a computerized task (Herman, Kirchner, Streissguth, & Little, 

1980) that increased the frequency of the target stimulus to reduce subject attrition often 

seen in preschool samples. The number of correct responses on the vigilance task was 

significantly related to overall IQ (r = .53) and a trend was found for an effect of maternal 

alcohol use. In a larger study of 4 year-olds (n=245) no significant effects of PAE were 
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found on a similar computerized vigilance task, suggesting that such measures may be 

not be effective in identifying early alcohol related neurodevelopmental compromise (Boyd 

et al., 1991). An alternative to vigilance tasks for preschoolers may be simple reaction 

time tasks (Weissberg, Ruff, & Lawson, 1990) that require active responding after the 

presentation of each stimuli but still require sustained attention over the course of multiple 

trials. Although reaction time tasks are not used to assess sustained attention skills in older 

children as a result of the simplicity of the response needed for successful performance, 

responses to these type of tasks in preschoolers have predicted parental report of their child’s 

ADHD symptoms on the Connors’ behavior rating scales and have been found to have 

adequate stability and reliability (Connors, 2008).

To further explore the impact of micronutrient supplementation in pregnancy for heavy 

alcohol using women on attentional regulation skills in their offspring, a reaction time task 

was used with preschoolers from the prospective cohort recruited in Ukraine to assess the 

impact of micronutrient supplementation in pregnancy in individuals with and without a 

history of PAE. The study’s participants were identified during their mothers’ pregnancy 

and followed prospectively until they were between 3 to 5 years old. Performance on a 

preschool reaction time task was anticipated to be adversely impacted by PAE but MVM 

and choline supplementation were hypothesized to improve the performance. Specific 

outcome measures were accuracy of responses, latency associated with the response, and 

variability in the latency of the response over trials. The latter is often recognized as a 

key distinguishing variable for detecting attentional deficit symptoms in ADHD with lower 

variability reflecting improved attentional regulation skills (Elmaghrabi et al., 2018; Gooch, 

Snowling, & Hulme, 2012; Vasquez, Binns, & Anderson, 2018).

MATERIALS AND METHODS

The study protocol was approved by institutional review boards at the Lviv National Medical 

University in Ukraine and the University of California San Diego, La Jolla, California. All 

participants were treated in accordance with the guidelines established by the Declaration 

of Helsinki and informed written consent was provided by all participants. This study was 

carried out in two cities (Khmelnytsky and Rivne) in Ukraine in collaboration with the 

OMNI-Net Birth Defects Program and was part of the Collaborative Initiative on Fetal 

Alcohol Spectrum Disorders (CIFASD), an international consortium of basic science and 

clinical investigations funded by the National Institute of Alcohol Abuse and Alcoholism 

(NIAAA).

Recruitment and Procedures

Participants were children whose mothers enrolled in a clinical trial during their pregnancy 

and who agreed to follow up during the preschool period. Women were recruited at the first 

prenatal appointment and were interviewed regarding their alcohol use during pregnancy. 

All women were provided with information on the risks of alcohol consumption during 

pregnancy. For the PAE group, those invited to participate in the study were women who 

reported at least weekly binge drinking episodes (5+ drinks), at least five episodes of 3–4 

standard drinks, or at least 10 episodes of 1–2 standard drinks either in the month around 
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conception or the most recent month of pregnancy. In addition, a sample of women who 

reported no binge episodes, minimal or no alcohol in the month around conception, and no 

continued drinking in pregnancy were also invited to participate.

Women were randomly assigned to an intervention group. Those in the standard of care 

group were encouraged to use MVMs but were not provided the MVMs. MVM supplements 

had to be purchased by participants in this group as they were not provided by the healthcare 

system in Ukraine during the interval in which the sample was recruited. MVM use 

was reported by 28.4% of the No MVM group but was only maintained throughout the 

pregnancy by one participant in the original cohort (Kable, Coles, Keen, Uriu-Adams, Jones, 

Yevtushok, Kulikovsky, Wertelecki, Pedersen, Chambers, et al., 2015). Self-initiated single 

supplement use was more common (No MVM: 49.4 %, MVM: 60.0%, and MVM+choline: 

52.8%). Folate and iodine were the most common single supplements reported. An over the 

counter prenatal MVM supplement (Theravit) was provided throughout the study for those 

assigned to the MVM group. Half of those assigned to the MVM group were assigned to 

also receive a daily dose of choline (750 mg).

Interviews were conducted with mothers at enrollment, in the third trimester (~ 32 

weeks of gestation), and at postpartum. A structured questionnaire was used to obtain 

information regarding the mothers’ demographic history, lifestyle, and parental substance 

use in pregnancy. A timeline follow back procedure was used to assess day by day alcohol 

quantity and type consumed in the periods around conception and in the two weeks 

prior to enrollment. Absolute ounces of alcohol per day (ozAA/day) and per drinking 

day (ozAA/drinking day) were computed. Blood samples were obtained from the mother 

to estimate various micronutrients at enrollment and a third trimester visit. The samples 

were then shipped to the University of California-Davis for processing and data were sent 

to the University of California San Diego and Emory University. Estimates of maternal 

choline, betaine and DMG were obtained using a UPLC-Micro triplequad MS/MS (Waters, 

Micromass) using modified Holms’ procedures (Holm, Ueland, Kvalheim, & Lien, 2003; 

Innis & Hasman, 2006). Change in choline and its metabolites, betaine and dimethylglycine 

(DMG), were computed by subtracting baseline concentrations from levels obtained at the 

second visit.

Preschool Follow Up Assessment Procedures

Mothers and their children were seen again in the preschool period (Mean Age in Years = 

3.96 (.34)). During their visit, a medical interview, developmental testing, and the reaction 

time task were administered.

Preschool Reaction Time Task.—The reaction time task involves the child making a 

response to a series of chromatic pictures presented on a computer screen. Children were 

instructed to press a response button as quickly as possible when they saw a target stimulus. 

An initial fixation slide, consisting of a cross centrally located on the screen, was shown for 

1000 msec and was followed by the target stimulus for up to 2500 msec. After the target 

stimulus, the child was presented with a feedback slide for 1500 msec that was either a large 

yellow smiley face if they made a correct response or a large yellow frowny face if they 
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failed to make a response (see Figure 1). A total of 39 stimuli were presented consecutively. 

The first three were regarded as training trials and were discarded in the analysis. Thirty 

stimuli from the same category (animals) were presented, followed by 6 stimuli from a 

new category (vehicles) (see Figure 2 for illustration of the task structure). There were no 

distractor stimuli presented as part of this task. The child was instructed to respond after 

each photo presented. Correct responses were defined as those where the child pressed the 

response button prior to the feedback slide but after the target slide was presented. Failure to 

make a response (omissions) were treated as incorrect responses as were those that occurred 

after the feedback slide and before the next stimulus. The computer recorded responses and 

the time of the response.

Outcomes analyzed relative to task performance were number correct, mean latency of 

the responses, and variability in the latency of the responses over the trials. Mean latency 

and variability in the latency of the response was only computed for correct responses as 

defined by a response within the interval of the presentation of the target stimulus and 

the presentation of the feedback slide. The results were then analyzed relative to the two 

different blocks of stimuli. The first phase reflects the capacity to maintain performance on a 

simple routine task over several trials where a gradual decline in performance is expected as 

a result of increasing boredom and habituation to the procedures. The second portion reflects 

the capacity to maintain performance over the remaining trials but incorporates a change 

in the class of stimuli. Better performance outcomes on the second portion is suggestive of 

increased attention associated with the change in stimulus class.

Data Analysis

Data was collected and entered on site by team members from the OMNI-Net Birth Defects 

Program teams in Ukraine and transmitted to the University of California San Diego, 

La Jolla, California and Emory University, Atlanta, Georgia. Preliminary examination 

of relationships between the outcome variables and demographic data was done using 

correlations for continuous data and t-tests for categorical data. The results indicated 

that there were significant effects for age and sex. Older children were more accurate 

and responded faster with less variability. Thus, age was included as a covariate. As the 

preliminary analysis also indicated a significant sex effect in the outcomes, subsequent 

analyses were then performed separately for each sex. The final analysis was an incomplete 

factorial design that used univariate analysis of covariance with age as a covariate and 

between subject’s effects of PAE (yes vs. no), MVM treatment (yes vs. no), and choline (yes 

vs. no). The factorial design was incomplete as choline was never given to participants in the 

absence of MVM treatment.

Outcomes were examined in relation to estimates of maternal choline and its metabolites, 

betaine and DMG to determine if preschool attentional regulation skills were related to 

levels of choline and its metabolites in a linear dose response manner. This adds to the group 

comparison analysis that was done as the experimental design analysis does not consider 

variability in compliance and individual dietary preferences for micronutrient enriched foods 

that may have impacted the neurodevelopmental outcome. In addition to the traditional level 

of significance (p < .05) provided for these relationships, the corrected significance level q* 
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derived from the Benjamini and Hochberg (1995) adjustment for multiple comparison is also 

provided. This adjustment corrects for the overall false discovery rate and is used instead of 

the Bonferroni correction (Nakagawa, 2004) as a result of concerns about making increased 

Type II errors using the Bonferroni correction. The Bonferroni method adjusts for all 

p-values but the Benjamini and Hochberg (1995) procedure adjusts for p-values accordingly 

to their ranking to minimize the false discovery rate while avoiding overcorrecting for the 

negative results. Both the traditional p-value and adjusted q* value are provided in the 

results section as the analysis should be considered exploratory relative to the impact of 

pregnancy levels of choline and its metabolites have on offspring development.

RESULTS

Group Characteristics of Sample

Reaction time data were available on 243 participants. Group characteristics are outlined 

in Table 1. The table has columns for those that received MVM treatment or not relative 

to their alcohol status and then breaks out those who received MVM treatment by whether 

or not they received additional choline supplementation (columns shaded in gray). Main 

effects for alcohol exposure were obtained for maternal education (PAE: M = 13.2 (SE = 

.267); No PAE: M = 15.1 (SE = .206), p < .0001) and all of the maternal drinking variables 

(Preconception AA/day: PAE: M = .654 (SE = .054); No PAE: M = .003 (SE = .042), p < 

.0001; Preconception AA/drinking day: PAE: M = 2.040 (SE = .185); No PAE: M = .018 

(SE = .143), p < .0001); Trimester 1 AA/day: PAE: M = .124 (SE = .029); No PAE: M 

= .000 (SE = .022, p < .001); Trimester 1 AA/drinking day: PAE: M = .562 (SE = .078); 

No PAE: M = .004 (SE = .061), p < .0001)). Maternal education was lower and alcohol 

consumption was higher among the alcohol using group relative to the contrast group. In 

addition, an interaction between alcohol exposure and a MVM effect was obtained on the 

average levels of alcohol use per day (AA/day) in the first trimester. Those who had a 

history of PAE exposure but were assigned to having no MVM treatment had higher levels 

of trimester 1 alcohol use than did those assigned to the MVM group (PAE No MVM: M= 

.229 (SE = .038) vs. PAE MVM: M = .072 (SE = .038), p < .0045).

Outcomes by Experimental Design

The averages of the number of correct responses, latency of response, and variability in 

response time are presented in Table 2A for males and Table 2B for females.

Animal Stimuli Block: For males, a significant MVM treatment effect was found on 

correct responses (F (1,119) = 4.084, p < .046) and response latency (F (1, 119) = 7.859, 

p < .006) with those receiving MVM having higher correct scores and responding more 

quickly than did those who did not. There were no significant main effects of PAE for males. 

For females, there were no significant effects of MVM or choline treatment. A significant 

effect of PAE was found on number of correct responses (F (1,110) = 9.609, p < .002) and 

variability in response time (F (1, 110) = 5.343, p < .023). Females with a history of PAE 

had fewer correct responses and more variability than did those without a history of PAE.
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Vehicle Stimuli Block: For males, a significant interaction between PAE and choline 

intervention was found on the mean latency of the response (F (1,118) = 4.276, p < .041). 

Male offspring whose mothers were not in the PAE group and received choline had faster 

mean latency of their responses relative to those who did not have PAE and did not receive 

choline intervention. The treatment effect was not significant in the PAE group and was not 

significant for females with or without PAE.

Relationships between Outcomes and Choline and its Metabolites

Biological samples of choline and its metabolites were available on a subset of the 

sample (Baseline biological samples: Males n=80, Females n=65; Third trimester biological 

samples: Males n = 71, Females n = 59). These relationships should be viewed as 

exploratory but add to the group comparisons already conducted as it can contribute 

to understanding the mechanisms by which levels of choline and its metabolites during 

pregnancy can impact later development. Table 3 visualizes the correlations between 

performance measures of the reaction time task and biological samples of maternal choline 

and its metabolites collected during pregnancy. The information is presented separately 

for males and females. The strength of the correlation is reflected in the color of each 

individual cell in the table with dark red indicating strong negative relationships and dark 

blue indicating strong positive relationships. Significant correlations (p < .05) are presented 

in bold font with dark boxes around the cell.

Baseline choline levels were not related to performance on the initial animal stimuli but 

lower baseline choline levels were associated with more correct responses on the vehicle 

trials. This relationship was significant for both sexes and was of similar magnitude (Males: 

r = −.281, p < .012, q* < .0056; Females: r = −.275, p < .027, q* < .0111) but was not 

significant after adjusting for the multiple comparisons. An increase in choline over time 

was associated with more correct responses and reductions in variability in the response 

time on the vehicle trials for females but not males (Correct Responses: Males: r = .164, 

ns; Females: r = .316, p < .024, q* < .0056: Variability in Latency: Males: r = −0.047, ns ; 

Females: r = − 0.280, p < .047, q* < .0111) but again the findings were not significant 

when compared to the modified alpha level (q*). Males whose mothers had higher levels 

of choline in trimester 3 were associated with greater latency or slower responses in males 

during the changed stimulus class trials but no such relationship was observed in the females 

(Males: r = .236, p < . p < .049, q* < .0111; Females: r = −.041, ns). The relationship 

for males, however, did not reach significance using the adjusted alpha level. Lower levels 

of choline at baseline was associated with improved accuracy for both sexes but greater 

change in choline over the pregnancy was associated with improved accuracy for females. 

Trimester 3 levels of choline in mothers of male offspring, however, were associated with 

longer latencies or slower responses. In each case, the relationships were not significant after 

adjustments suggesting the effects sizes were not sufficiently strong and larger sample sizes 

would be needed to clarify whether the obtained relationships were chance false rejections 

of the null hypothesis or indicative of true relationships.

Betaine effects were sparser and were limited to male responses in the vehicle block of trials 

where recognition of novelty may have impacted performance. Higher Trimester 3 levels of 
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betaine were related to lower variability in response times in males (r = −.355, p < .003, 

q* < .0056) but not females (r = −.064, ns). This effect was significant after adjusting for 

the multiple comparisons. Males also had a significant relationships between the change in 

betaine levels and longer latency (−0.258, p < .043, q* < .0056) and lower variability in 

latency in males (r = −.252, p < .048) but neither relationships was significant after adjusting 

for multiple comparisons.

Baseline levels of DMG were predictive of preschool responses in females but did not 

impact males. In females, lower baseline DMG levels were associated with more correct 

responses, reduced mean latency and reduced response variability on the initial animal trials 

(Correct (r = −.526, p< .0001, q* < .0056), Latency (r = .492, p > .0001, q* < .0056); 

Variability in Latency (r = .314, p < .011, q* < .0056). The relationships of baseline DMG 

were significant for accuracy and latency of the responses after adjustment for multiple 

comparisons but the variability in latency effect was no longer significant. Baseline DMG 

levels were also associated with reduced mean latency on the vehicle trials (r = .362, p > 

.003, q* < .0056) and this result was significant after adjustment.

After correction for the multiple comparisons performed on the outcome measures, 

the prenatal estimates of maternal choline were no longer significant but a significant 

relationship was retained between the impact of maternal betaine levels in the third trimester 

on variability in response time in preschool males. In addition, the impact of maternal 

baseline levels of DMG was found to be related to total correct and the mean latency of 

responses by females in the preschool period on the initial animal trials and reduced latency 

in the vehicle trials after adjusting the alpha level. Caution should be used when accepting 

the null hypothesis for those effects that were significant but did not reach the q* threshold. 

A total of 54 comparisons were made and on average about 3 of these would be significant 

based on random chance alone. A total of 12 relationships were found using the traditional 

alpha level of p < .05 of which only 4 were below the q* threshold of significance. The 

8 remaining significant relationships using traditional thresholds of significance continue 

to exceed chance levels of false positives, suggesting that some of the findings rejected 

are likely not due to chance alone and the analysis of these relationships suffers from low 

statistical power relative to the magnitude of the effect size observed in this study.

DISCUSSION

The impact of the prenatal use of MVM and choline supplementation in pregnancy to 

ameliorate the negative consequences of PAE on preschool reaction time performance 

was evaluated in a randomized clinical trial conducted in Ukraine. MVM and choline 

supplementation during pregnancy was found to improve preschool reaction time 

performance in males but not females. Male children were more accurate and responded 

more quickly when their mothers had been provided MVM supplementation during 

pregnancy regardless of their PAE status. For male preschoolers without PAE, maternal 

choline supplementation in pregnancy was also associated with faster responses during 

the block of trials where the class of the stimuli was changed from the original block 

of trials compared to males whose mothers did not receive choline supplementation. The 

results for the males are comparable to those found in infancy where both groups of infants 
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showed positive gains from the supplements provided during pregnancy on infancy encoding 

but only those who did not have a history of PAE had significant improvements during 

dishabituation trials (Kable, Coles, Keen, Uriu-Adams, Jones, Yevtushok, Kulikovsky, 

Wertelecki, Pedersen, & Chambers, 2015). These results suggest that multivitamin/mineral 

supplementation in pregnancy may have a longer impact or be more advantageous for males.

In contrast, the females in this sample seemed to have a stronger negative impact of PAE 

on their performance and were less responsive to the intervention than were the males. 

The existing literature on sex differences of PAE is sparse and conflicting (Otero & Kelly, 

2012; Streissguth, 2012). Unique characteristics of the stimuli (animals and vehicles) may 

have also contributed to the differences found in males and females but examination of 

the mean levels and ranges in the responses of those without PAE or intervention do 

not indicate this. An increased severity of outcomes in females with PAE, specifically 

alcohol-related dysmorphia and neurocognitive functioning, has been reported in another 

study (May et al., 2017) who attributed to their findings to the lower viability and survival 

of males. Differential effects of choline by sex have been reported previously in a cohort of 

preschoolers but the effect was mediated by maternal levels of C-reactive protein (CRP), a 

marker of inflammation. Improved preschool processing speed and reduced problems with 

social withdrawal were associated with higher maternal choline in pregnancy but for males 

this was attenuated by a negative association of maternal CRP on processing speed (Hunter 

et al., 2021).

An exploratory analysis of the linear relationships between choline and its metabolites 

to preschool reaction time outcomes suggest that levels of choline and its metabolites in 

pregnancy may influence offspring’s later sustained attention skills. The findings related to 

choline, however, were not significant after adjusting for multiple comparisons but occurred 

at higher frequency than chance positive results would have occurred relative to the number 

of multiple comparisons. Future research with larger sample sizes would be needed to clarify 

if the relationships persist but were of an insufficient effect size to offset the multiple 

comparison’s carried out in this study. The metabolites of choline were also found to 

impact preschool reaction time task outcomes and were more robust than the choline effects. 

Betaine levels, a metabolite that differs from choline in terms of one methyl group, was not 

related to responses during the initial block of trials but reduced variability in the latency 

of the response in the second block of trials was associated with higher levels of betaine 

at trimester 3 in mothers of male children and this relationship persisted after adjusting for 

multiple comparisons. DMG, a metabolite that differs from choline in terms of two methyl 

groups, was found to be significant in predicting female performance but not males after 

adjusting for multiple comparisons. Lower baseline DMG levels were associated with higher 

accuracy and shorter latency in the original block of trials and shorter latency on the second 

block of trials. The results support our earlier findings of the importance of metabolites of 

choline in mediating neurodevelopmental outcome (Kable, Coles, Keen, Uriu-Adams, Jones, 

Yevtushok, Kulikovsky, Wertelecki, Pedersen, & Chambers, 2015), suggesting a role for 

methyl group metabolism in understanding the impact of choline on development.

The increased effectiveness seen in the South African clinical trial of choline 

supplementation during pregnancy (Jacobson et al., 2018) relative to this study, may be 
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the result of the substantially higher dosage levels of choline supplementation and/or 

the high frequency of choline insufficiency among South African women (Carter et al., 

2018). Levels of choline did not differ by maternal drinking behavior in pregnancy in the 

Ukrainian women. The South African study did not provide choline to women who did not 

consume heavy amounts of alcohol during pregnancy so it is unclear from their results if 

the improvements in growth and neurodevelopmental functioning were the impact of choline 

offsetting the negative effects of PAE or just resolving the impact of choline deficiency on 

development (Zeisel, 2013). Choline deficiency is not limited to South Africa as studies have 

shown a tendency for choline intake to fall below the recommended adequate intake levels in 

both Europe and the Americas (Derbyshire & Obeid, 2020).

The results of this study are limited by several things. There is some evidence of differential 

attrition among the mothers of children participating in this study as those who had a 

history of PAE exposure but were assigned to having no MVM treatment had higher levels 

of trimester 1 alcohol use than did those who received MVM despite being randomly 

assigned to intervention group. The increased levels of PAE in the no MVM group may 

have artificially produced more negative outcomes in this group and biased the results 

towards a more positive effect of MVM. Choline supplementation was not initiated in the 

pre-pregnancy period or first trimester of pregnancy so it is possible that a critical window 

of fetal development was missed. This may be especially true for females as baseline levels 

of DMG were predictive of preschool outcomes with lower levels associated with better 

outcomes. It is possible that the higher levels of DMG reflect greater oxidative stress levels 

of the mother at baseline. The reaction time task was also developed specifically for this 

cohort so there are no preexisting data on its psychometric characteristic but examination of 

the range of responses obtained, including those without a history of PAE or intervention, 

indicated floor effects were unlikely to limit its capacity to pick up significant group 

differences. Ceiling effects were also unlikely to limit identification of the significance of 

factors explored in this study in the areas of latency and variability of latency in the response 

time but may have limited detection of positive effects, particularly in females, on response 

accuracy where many obtained perfect scores (43.6% on the Animal Block and 70.1% on 

Vehicle Block).

The findings in this study also may not generalize beyond this developmental window and 

may be unique to maturational changes in reaction time performance (Mahone & Wodka, 

2008) and brain development (Wu et al., 2013). Our results indicated significant sex effects 

on outcomes of the reaction time task and sex-specific effects of the intervention, the impact 

of PAE, and relationships between the outcomes and choline or its metabolites. A task that 

did not have specific sex effects may have been a better outcome to have used to evaluate 

the study’s hypotheses but may not be possible given the sex-specific maturational changes 

in attentional regulation skills. The fact that ADHD is diagnosed more commonly in boys 

(Gomez, Harvey, Quick, Scharer, & Harris, 1999) is well known and symptom expression 

of ADHD symptomatology has been found to differ by sex (Hartung et al., 2002) even 

among preschoolers (Goggin, 1975; Levy & Hobbes, 1979), suggesting the sex differences 

are inherent to the construct domain assessed as an outcome in this study.
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The sample and the design of the study also limits the study’s conclusions and the 

generalizability of its findings. The sample is unique in that Ukraine does not engage in 

folic acid enrichment of food products as do many other countries and many of the women 

in the sample were recruited from areas that may have been impacted by the meltdown of a 

nuclear power plant in Chernobyl (Dancause et al., 2010). Finally, relative to design of the 

study, choline supplementation was not provided in the absence of MVM supplementation 

so the unique contribution of choline in the absence of any potential interactions of choline 

with the MVM supplementation cannot be identified. By examining the male and female 

data separately, we also eliminated the potential for assessing potential sex interactions with 

the other three factors in the study (PAE status, MVM status, and Choline status), including 

potential three and four way interactions between these variables. Given that some of our 

sample sizes were as small as 8–10 subjects per cell, there was not sufficient power to 

reliably assess more complex interactions within the incomplete factorial design used. In 

addition, estimates of linear relationships that were positive using traditional p-values but 

failed to reach significance using the adjusted q-values exceeded chance levels of false 

positives, suggesting the statistical power for these comparisons was low. Future studies are 

encouraged to use complete factorial designs to eliminate this problem with sufficient power 

to explore the relationships within the design and between biomarkers and the outcomes..

CONCLUSION

In a cohort of Ukrainian mothers, the impact of MVM and choline supplementation in 

pregnancy on their children’s reaction time performance in the preschool period was 

assessed. Males demonstrated positive effects of the MVM and choline supplementation 

on aspects of the attentional regulation skills but females appeared to have stronger negative 

effects of PAE on their task performance.
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Highlights

1. Maternal alcohol and micronutrient use impacts male and female attention 

differently

2. Prenatal alcohol exposure resulted in impaired reaction time skills in female 

preschoolers

3. Maternal micronutrient supplementation improved male reaction time 

performance
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Figure 1. 
Outline of the initial fixation slide, a sample target stimulus, and the positive feedback slide 

associated with the child pressing the response button within 2500 msec.
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Figure 2. 
The timeline of the trials are depicted from top to bottom, including the first 3 practice trials, 

30 animal-themed trials, and 6 vehicle-themed trials.
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